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3 TAEIC 12 (visual working memory, VWM)
B MHEEARMINDRS, (LRER 1A 3~4 1~
T T 24 WA A AU T (Cowan, 2001; Luck &
Vogel, 1997), REMw TAE IS E AR, HigZ
IF 5T X A R A [, i &2 2 v mr LA
W5 TAEIE 12 W) %5 & (Alvarez & Cavanagh,
2004; Brady & Alvarez, 2015; Brady et al., 2016;
Song & Jiang, 2006; but see Awh et al., 2007 for a
different view), — R A, o TAEICACE
il (Alvarez & Cavanagh, 2004; Song & Jiang,
2006). FRIMT, 5 ARIEAE L, B EARRETER
A%, (HALSE TAEICAZ R 7 A 4019 R AR ) LS A 1Y
FEAE I B 2 (Brady et al., 2016), Ak, 01232
] B9 R ANGE i AL (Brady et al., 2009), ELACZS [H]
o B ML (Kaiser et al., 2014, 2015) Mi# L HITIRED
Z(0’Donnell et al., 2018; Rudner et al., 2016)}J5%

W H 4: 2020-10-15

M Ao TAEICI A & . 2, S 2RSS A i
T3 [A) A8 28 53 5 R Gne] g e A0 5 T AR G225 5, AT)
S L )

MEBRIE EoE, RSN TAE IS &1
SCURAFAE PR AT e TR 2L SRR [R) 2 )
B, IREIEMIL A M2 P JH P (neural resource
theory) B9 T — 2, ZFIS I K [RIEn T. Z24~ % 1k
MIRE ST 2232 BN K A 2 RAEE SRR T . AR
FEIN A PR (] o 25 A B S A B vy, R (] s
T2 B AR RE T 23 PR 58 4R [R) 04 il 22 5 50 T
[%(Cohen et al., 2014), N NFREIRTE AL H EE
PR RAE, SRS 280 2R BT A] BE R B AT
TARRE . BTG AZBS IR AL T 18 2 ub s 8% .
Cohen 45 A(2014)iE9C IZARIEIZE 5 (B 4n, 4 4>
L) SO R (B, 2 A HEFLA 2 RO 4
AT H I8 T e A% 0 iR 5% B R (functional
magnetic resonance imaging, fMRI)JI & 4 4~30
PARIEN 2 EERRE, 253K I A2
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AIH REAL BRI, X R AR A 2O
B [l MIRT 25 548 5, 4 ST H G 2 2 AE 2
J2 S TR EE RE PN X AR R, BRI R S A
BERE/N, TRAZEAE K (Cohen et al., 2014), Bl
J&, Jiang Fl Lee 25 A (2016)4 1 4511 25 9 I8 4oy
PRI TAEICA 25 &, BT T FL A 5
REHBMEH, LIWELE BT Cohen 5 A(2014)1Y
gE, R BCAZ A LA AN 5 gz 4 A1
LB 4 NG RECR T, SR, KRR A 2RI
IR 5 Fm AL R Yol S b L R 2 A,
X 1L B TE A2 BG4 1 L 5 H A i AL A R] 2
BN R aR VA2 S IO 75 - R Tuk VA e 2 N e a7
s 5 HA Y S R 2B IC 2SR . eAh, B
NI S P TR A 28 AR S BRAE T L 5 5 7
i B Y A ) S S, T R R AR A
NI R B 2 0 0 AR 5K T 2% T (Wong et al.,
2008).

[FIZE B3 3R BB (rate-distortion theory)
F TN — 2, R B IA TR A EA R YEE
RGNS E PRI PR ] (Sims et al., 2012), 3
FIX — I A BRAEDW I FAR A, A PR AR
HYZAS SN, 1CTCH B2 T F(Sims et al., 2012, p.
812), Sims 55 A (2012)43 5!l 3 axf — 153 ) S 4 Fl—
AR B B LIRS T X — ik, ] & IR AR
S 1 Sk W 1) 2R BE K B 9 T T2 B B L X e AR
A 77 Sk 3 ) R B B I C A SR i, Oy Ah— 28
RS R T LR B filan, XFE—2500
B (IR LT . Brar . R CIZ SR T AN R 2L
BB (UL 4415 ; Lin & Luck, 2009); ic4Z HiAH
[) B 493 11 L 7™ A5 9 SF- 359 1 L LY F AN [R] B 1L
A RS2 T FL RS B (Jiang, Lee, et al., 2016), R4
X BB 5T 1IN Sk [R) 28 ) i T #1111 AR
I, EAT N HIE B W] BE & 4% T &2 AR
Fo 25 b, FRATIA N 3L T BHACUUL I 224 0 A [+] 24 531)

BT — AR 12 sk S 8T il . s vh sl

HTF RN

PLHBEHE L7 PTREA P T TR IR Y . e, [RI2R%
A ARG 23 YR 08 R A 1Y) 728 S i LR S 28 0l A
Y DE AR AR S/, R, R 2R A 2 R A
SRR AR S TN
M, — 7, R AR SRR A2

AL, SR ILT B A SR Uk 4R A0S T fL
(Jiang, Lee, et al., 2016; Wong et al., 2008), Kl #f
2B UR S A A B BR W 55—, R
2SI B 5 FEAEUE DU AR 78 T — B, K77 v ke /D i
— B A2 A RR AR H R 2 2 R SRR
B ELHAIEE SRR o 38k, RSO RH X R
B TARICAC S S W 2800 2 G E 28, A A A\
FERIM, VIAESC TR0 TAE AL 75 1 5 e 1Y)
W R B A TRAE B B &R, mf ApFsEh
R IR TR A 2 A B Can v L AR = TR 5 2R T 34,
Jiang, Remington, et al., 2016; Wong et al., 2008)5
[5) 26 B #%08 (Quinlan & Cohen, 2016)F1EF &
Y45 R, AIRE IR T RO B AN H] . X2 K R
R MF BB R IE AR T 3B ) B — 2 OC B 1
JE Pk, T OC B N e Ja MR IS R R M A DL i BT
Bio A, A A& BLEYTR & 280 5 [ 28 I #4ak
7 AT RS2 R 2 A 1Y e A1 2 R A S v T A v )2
WRBIKRFRTE, B, 7eS9Ri0T 58 R A 1T
R EPENRSIEY/ IR =2 (=S RTan VY % = SO 11 ) N NG =R 0
RIABEABAL 2 5 TAEICIZ 45 & o ie42 3 H
A AL PE RS I, ARG 2 42 5 (Lin & Luck,
2009; Peterson et al., 2015), #FBIAHIME A 212
HEXICAZ I A R iy, DT B AR IC AL B ey, 3G 0
101245 B 45 = (Mate & Baqués, 2009; Zhang et al.,
2015), PRI, ASBIF 5% X0 R [R] 28 0 RS [R] 2 0 20 ) 5
S AAR IV AT TR, LA SO BR A
AL AT BRI . AN, SEEE rh A X —JE AR 25 5]
W 12 e A, Hrb 6 sk EAEAMHLILE, 6
sk BA AR LIRS LA 1),

ZEAATARM
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INER A BE TAEICICHY IR 200 A7l O 3 1191

TEYRETIE R R AT e i T AT 5L 5
ARV HIE B2 AT L ma v TAE e 45 i o
WURBFE 25 RS R ph 2 IR e, B4 0 i TR
GARBOEH, BIXIAS [R5 352 LA HOR 25 B,
RICNAER A BN EM TSI RE R, FHk, W
RUFFEGE R SR PR WSS B, T2 W% S PR [+
FHLH, FZEA BT Mic I A R,

TAEICAZAE: 55 8 1 AL & 4% (encoding) . PR ¥F
(maintenance) FlHE B (retrieve) = A~ [a] A i T
BB WSS HIE B AT LA A aE TAE IR 124 &,
B 2 25 5 8508 7T fig & A AE TAEIC A2 A H I T R
B BEWE? A7 0 SC IR AR MERS B FRATT A1 2 i — [n) Al
T FEL A 0 40 35 4 A 56 H A 47 R (event-related
potentials, ERPs)X} [R5 53X — [ 8RR 504 . B E
AT DAHS B FRATIX 432800 AT RE A R AR B BL . AL, AR
T SE R BT T — Bk HL S 56, SR ) 428 3R 3 5
(contralateral delay activity, CDA)X— H, A= FHF5 bR
Kt — R E B m M TAEICIZ A =R
INHIHZHLE] . CDA & — N TEICAZ 30 2 B & )
P A e 3K 4 B £ 08 U8, 3 O TR RN TRURR
Xk, ©RMRIE S5 TAEICAZ i R EER 21k
¥4 5% (Luria et al., 2016; McCollough et al., 2007;
Vogel & Machizawa, 2004), 85 TAEICIZ R +F
F I H B 3 Ny, CDA I IF 2 B K (Vogel &
Machizawa, 2004); #L5¢ TAEICIZH 4505 H
B /N, CDA IR 2 B#AIK(Vogel et al., 2005;
Williams & Woodman, 2012), Pltt, i 3% CDA A %%
B FRATT0A A S 5 800 2 75 & A 7R TARICAZ B R 5
Writ. CDA MY EY)ReIATE T Al ik — 048 /R 2 5]
AL NI AL, 2 R 2 A TE, RIS
R TARICAC A &, WIS AEAFE P AP AT
fig: ()ZNE S 228 As XIS LU AE T, K[
FHME B A LU L —A> KA, Minide A T
fRideFE it . AR BUHARR T AR 2850 50, [F
KT CDA MR{EZFAL QENE R L
FIME BAAASE TAEIENZ, (BRATE A, ZB
WU USRI 254, 2514 CDA 1)
R 2T 5
2 S 1. PUcHfE A 2RI

T2 E B T AR IC A

g0l

SIS 1 ARG [R] A 2 B A I E I A 2 S A
S TAE IR 7S 1 . AT Cowan’s K 7E

FHFE RN RIZERN T A W 225 it LA
MSE TAEICI A A, PICT W RRSL [a] 2 AR 5 3h i)
B (250 ms x SR AR ) RICE . A,
LS RGN T — A [ R AT ) A T 55
DL 78 X6t sh 4 85 52 101253 AR v T BE R T R S S
(Curby & Gauthier, 2007; Vogel et al., 2001),
21 FHik
211 #ik

20 #4513 Atk 4RI 19~32 %, P4
1% 24 HYZIN T 5 1, BHS M LRI R 2240 5,
HIES ISR, S50 5 45 T AN 24 53 5 4 AR R
P N AR DT B0 TE AR T TE 5 o B AN FE 9T B
1, JFTESLI Z A2 E TG E . ZBP A E
A B2 A BEATE OBF R B2 H ), IR LR
RN =20 R (o L A B 1 i

KT AR R GRS, B R
PANGEA (Westfall, 2015)3& T FiU] (55 0] & 817 Y
GET KL 1 AT R A o JE T DAEAH S B A T M A S
(Jiang, Lee, et al., 2016; Jiang, Remington, et al.,
2016), NARAFEIFEEE B R 1 (Cohen’s d = 0.80),
o ZKFBEE A 0.05, GEitIh®ch 85%M), A HIAY
FEA 220 17 D8R AR 20 458
N AT R AN S WA g T AR
212 HIE

PLBE 0@ 3 PsychoPy (Peirce, 2007)% 5 1Y
TR, AR 2t MR IE /G 0 CRT R
w21 FFRIE G520; PR 1024x768 12 FK; il
B 100 Hz), #OXIRIEIE B 5RHE2Y 70 cm. FIIH
BRI 17.5 ed/m® UK 35 5

ZRECR M T 192 kS aE K A, e )R
T 4 D EAEBI(ERSY . ZEKEIY . AEiD)
YIRS N 16 FRIEAZEHICH . 0 IR | i
e Bhah . RBEIE . NS L FEL B D 0.
iy LA . i), FRE A ARRE R, JF&
GIMP E#rilfE(WA 2.8.16, GIMP Development
Team, 2016), BMEEALKGITA 12 KiTEEIE
(2°%x2°), M 6 sRZEA ALk 145 ) A [ A
PRH)AT 6 SRZEASMABIOLIE 1), FATIHSE T 30
B (22 A, AR 19~27 %, AR 22 ¥)
XPEh B  #EAT AR TEE, 5 ST
T AR, 5 oA, SRR RIS 1Y
EARLE A3 M = 4.21, SD = 0.65) TRAAMRL
El A (M = 2.13, SD = 0.86), t(29) = 14, p < 0.001,
Cohen’s d = 2.56; A [R)ZE 5] i) & AH LA B #558(M =
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3.79, SD = 0.81)f TLAHMBIEI A (M = 1.83, SD =
0.6), t(29) = 10.7, p< 0.001, Cohen’s d = 1.95, 1.4},
BATHAE T 84— RFNMEHLA: B HER G RE
JBE(CK/N 0.1~ 0.36°, FEREAH 0.3~74 cd/m®)4HL A% 14 5
W (20> 2°) FH AT BRIRIE I A9 545
213 &itfERF

SEER 1SR 2 (et 2, 4) < 2 (R A
[, Al x 2 CE&: mAERL, AAER) A B N %
Tho 1EAZF 55 5 2 A EL 4 DS BT 4
Pk, PUCIUR R — AR, 75
—L i, PICIUE T 2 ANk 4 AR 3
A5, & F R — L2 . fE— 2Lk,
Y EY HA FAR L, WAE S — 2k, S ey
FEEAARARL . SE56 1 AU B T SCR# i T
T H PR 8 54 55 (B AR 5 —Fh) . TEIZAT
55, R B B P B g S — AN RN H
BURPOLHIWTZ I H & S AECAZ)P o i 2T . 7E
— 2 B HR R H S — AR AR R, 7R S —
2R BRI H 5 AR — A IR R ARk
BRI IT S A S C A2 T BIF A SR AR 51 B 4 4
S 595 (HEBRIC B 5, HAP WA s A m A
B, SN B A IR REE ) T B L B, 5
B AT, B block 44 7 S50 Y
RIS, HAE block NALS R —Fh K -1y
WHAEE ., ZIEA SRS 5%, 80355
g i 256 MR

SEE 1 M AERE 2 iR, BARIRE R
500 ms [ &S EFS, B 1 2] 9 BENLZEEE P
MECFTETE A o BRI (IR 4°) 230, IR 2R
PRI B IR ECT, LS 58 O H i
JE o SRJE F I — 500 ms (YTERL A, Seh i B
TS S—HEW, BTk, FEWANHEIE XN
(4°x12°) 2 T2 ¥ 51 500 ms 5% 1000 ms (kT
PUCT AR H, B R OIE A5 H A5 MR ) 20
B . 250 ms/3H), HAE A H Z [ B
BN 2.5°, BB EMS A 40, i8IZIE R IR
SAEPE A [l 7 B b S BUE #0100 ms, Ok

500 ms 500 ms

250 ms/¥i B

HERVIC TN SR« MERORIEOHE & /5 23 900 ms
2Bk, RIGTESERE O BRI H 2000 ms 5
A o B SR B I 5 R A AE i
S| RSB N I 3 7 WA N = STy X
AN 2 5 7 3
214 HEHH

VWM %13 F Cowan’s K (Cowan, 2001)3 15,
K = (H — FA) x N, H (Hit rate)J& >4 & 2E 28 fb N R,
FIWrZmIME3R, FA (False Alarm rate) 24 %A X
A AR R B2 A RE, N (Set size)/&ic 2
Ber o 7E SO A A, IR SO I TE] /N T
200 ms FEEH 3 R M 22 AR IR (B 2 B3k i 3k
DT 1%) FATE SeXt KiEAT Tigde g2, 4) x 28
SR, AlE) < ZEGEAL, RAEH =R HE
S T7 22530 o SR ARl — R R R A A 2543
B B 25 R P ARGEE— 20 B 53 A
22 ZHRMTE

ANFELE TR KEWRE 1 4 KT = HEE
SN T 25 0 T R R, e B e RN B, (L,
19) = 79.34, p < 0.001, 3 = 0.81, J& 7| F R 3%,
F(1, 19) = 47.65, p < 0.001, n3= 0.72, %&& FR
AN, F(1,19)=2.73, p=0.115, o425 Fi2 51
28 HARE R F(1, 19) = 34.94, p < 0.001, 3 =
0.65, CIZ i RS BEAEH WE F(1, 19) =
9.57, p = 0.006, n; = 0.34, KFIFLEEA L HAEM
B3 F(1, 19) = 14.51, p=0.001, n3=0.43, =[HN%E
THAEHALE F(1,19)=1.19, p=0.289,

XA 4 ey 55 28 1) 22 8] 2 0 28 BAE R R AT
T BN 43 AT CRFE A ARG OF, il 3a),

Bigfefmih 2w, RIZEGRR A K (M = 1.61,
D = 02 BERFAFEEINKXKG K (M = 1.47,

SD =0.10), t(19) = 3.36, p= 0.003, Cohen’s d = 0.75;
MLy 4 I RV REAAAE [RS8 [ R 25
M=2.79, SD =0.53; A[[J: M=1.81,3D=0.53,
t(19) = 6.69, p<0.001, Cohen’s d = 1.50], Itt4h, &
NI BIFHICAZ A5 A 2 0 4 IR R] 26 530 B KBk 2
ANFEZEHIH K AE, 75930 [F 20 0 F 0 5, IFRHZ

100 ms

900 ms 2000 ms/E 3| i

Bl 2 S286 1 AR GEIZI N 4 1Y)



%111 INER S5 A TAEICAZ A R 28 50 A7 i A 3 1193
F1 LW 1)\FHEHGETH KM+ SD)
T faf 2 1 far 4
A Pt : Pt :
A R 2 5] ENEES] A R 2 5] ENEES]
IS 1.63 =0.20 1.34+0.16 3.09 = 0.45 1.83 £ 0.69
AR 2 1.59 +0.25 1.59 +0.22 2,50+ 0.78 1.80 + 0.60
e HARIZEH] e AHRIZE] XA
fa AFEES [y = AEZEH re 2 BARAEML
3L L i 3L Rk L 3l * *
< 2 g
5 2 & 2T 2T
{§ I & | &
N N N
m 0 m
| n B N
0 0
ff2 fifii4 WATARRL BALARE ffi2 ffi4

B3 sig 1 4R

BNV AT t RS, RIS AT R 4 B [R5
LR (M = 0.98, SD = 0.66)%.3 K T2
faf Ay 2 B [ 26 B PL 00 (M = 0.14, SD = 0.19),
t(19) = 5.91, p< 0.001, Cohen’s d = 1.32, %45 R £
B, TigiciZ it 2 0 4 YR RIZER A,
BiE Gt 4 B, [RIZR I3 K

X O 5 A 2 h) B 35 Y 38 HOVE H EAT AR
B8N A3 BT CREIEAZ S At RS KSF- 5 31, AniEl 3b),
S5 s A R AL, R 2E5A1HER K (M = 2.36,
SD = 0.30) & K FAEZEGHAK K (M = 1.58, SD
=0.35), 1(19) =9.18, p< 0.001, Cohen’s d = 2.05; 4
BRI, FERERZEANRN[FZE: M =
2.05, SD = 0.43; AFZE: M = 1.70, D = 0.31,
t(19) = 3.15, p=0.005, Cohen’s d = 0.70], M4k, F
AT 53 30 XoF e A A1 223 25 TRV AR AL 223 285 i A ) 28 531 A
ANFEZEN R K B2, 153 [RS8 &, XF
RN AT A, A B AL A Y R 2 A
FI (M = 0.78, SD = 0.38) 35 K AL L
AR ZE AL HE R M = 0.35, SD = 0.50),
t(19) =3.81, p < 0.001, Cohen’s d = 0.85, N | #F—
A HER AR & [ AL B T s, FATD
PO T ARORE R0 348 285 [ 2 ) 5 v A B 228 25 AN T) 2 5]
fE KBS, KR RIEA RN M T
K (M =2.05, SD = 0.43){K 4R . & K T A Ras
AR T K M = 1.58, SD = 0.35),
t(19) = 3.82, p=0.001, Cohen’s d = 0.85, JXLbgk R

ACAZ AT () AN ZE S (b) WA R S [R) S SRR R VR, TDAZ 87 s ot i AR AR AR L 2 AR R OV E I (o) o 152
ZEACEBA N 95% M EF X [E], * p<0.05, ** p<0.01

F W TC I8 Bl W BT 52 43S i AR AL I S AR AR DL 5 A7 7
[ SIS, LRI 2 S A 38 o i 52 vh 28 A 2T
A LA 3 B o

XFIC A B e 5 A4S 2 18] 35 10 22 BAE TR T
T ROV S BT CRE R B AN KA 9T, A 3e),
Mgy 2 B, A E ALK A K (M = 1.48,
D = 0.13) it F /N T RS MA LRI K (M = 1.59,
SD = 0.19), t(19) = —2.82, p = 0.011, Cohen’s d =
—0.63; Micfc i 4 B, EAHRIES KK
K (M =2.46, SD = 0.47) &} & K TAAHLE KK AY
K (M = 2.15, SD = 0.51), t(19) = 2.55, p = 0.020,
Cohen’s d = 0.57, X245 513 B 2 AL 1 & 52 i
e TARICIC R A4t I HIX R0 32 241042
G far () PR o

SR, FRAT R B NE B RE R i L TAE
STRRVAR S S YR ot ] < e 2 S A

30 AT NS 2. PUCHUF S B B
PR (F B AL TARIC
175 1 Y5

TESZE 1 rh, AT R BT[] i 52 B [
R FRAMTICICEFEEE R, £ TAECICHTE T,
A2 IR 5 BTy 2 A [ I 5 3R 4 5
o DMEMTFERM, X PR BT AR 2 Fh 22 5
(Allen et al., 2006; Atkinson et al., 2018; Ding et al.,
2015; Gao et al., 2016), &5, Pifh 27 LAE g
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B BEUb S T AT BEARTR] o 750 S B0 B0 S N 45
) B 1 ) 5 BT 22 (Allen et al., 2006), HiUR,
PR 2B X TAEIC I A A&/ A
[l Biln, J 3 50T 68 2 DR wiE 0 i s B8 i
A4S TAEICIZ 285t (Allen et al., 2006; Atkinson et
al., 2018), FERIL R 2B 225, S5
2 BAESFTHRIC T 91 5 B[] 28 51 0 3438 1 2 A5
{HSRAFAE
31 FHiE
311 #ik

S 2 HEA AR S S8 1 A —4]
B 20 ZBEA(15 Sk, AFIRTE 19~25 % ZJH],
21 HS T 2,
312 &ZitHER

PUCTAE AL BE A R B P 5 23, B
A 250 mso BRULLISN, SC5 2 (BRI AR
55286 1 Ml .
3.2 ZHRMiTiE

ANEZA T KAEDLER 2, X K 4 71842 17 1o
(2, 4) x FEHIFZE, RFEZE) < LA, KA
o) = PR 2% 8 52 N i 7 254001, A2 B et R0
%, F(1,19) = 60.11, p < 0.001, 0= 0.76; 25 £k
N, F(1, 19) = 82.06, p < 0.001, n3 = 0.81; ig4Z
T far SN BEAE R B3, F(1, 19) = 61.37, p <
0.001, n; = 0.76; 025 fnf A2 Y 28 H AR i 3,
F(1,19) = 7.50, p=0.013, 13 = 0.28, SRIMLELEMNE

BON[F(1, 19) = 1.62, p = 0.219], &R FLEEHRAE
HAEFH[F(L, 19) = 0.55, p = 0.467|FI =N £ HAE
FHIF(1, 19)=0.14, p=0.710]3 N B & .

X e A2 1 fag R 1) 0 28 B FH R AT AT B0 0
SRR ACESIF, I 4a)3R W], il
T2k 2 AR5 K (M = 1.52, SD = 0.22)
BERTAREZERRG K (M = 1.38, SD = 0.26),
t(19) = 2.50, p = 0.022, Cohen’s d = 0.56; 4icfZ
fai A 4 B [ REAAAE [ 2 IR BB [[F] 2 : M = 2.63,
SD = 0.33; A[FZE: M =1.58, SD = 0.45, t(19) =
9.52, p<0.001, Cohen’s d = 2.13], Ith4k, Ff15051
FHICAZ 5145 R 2 i1 4 B AH R 28000 9 KRI85 A R 26
A KA, 752 RS DE AR, X800
HEAT RS, R BICIZ AT 4 B RS 3AaL
AR (M = 1.04, SD = 0.49) i & K TicA2 s Ay 2 it
1 [7) 2 B A% 0 (M = 0.14, SD = 0.25), t(19) =
7.83, p<0.001, Cohen’s d =1.75, %45 %M, Tit
iCAL e 2 i 4 AR RIZE R, Hidde i
far iy 4 B, (R ZEBIPLHTR

RAEEN G LEELEAFNARZE, ETEE 1
Mg R, TR R SR W CRCAZ 5 B P A KB
I, W 4b), 43h¥ 8y 2 % LA AR R 2t
WH K (M = 2.15, SD = 0.28) . & K T A2tk
1 K (M = 1.50, SD = 0.34), t(19) = 7.59, p < 0.001,
Cohen’s d = 1.70; AR IR A AE RIFE B 22 5
[[FZKK . M =2.00, SD =0.25; AEZEK: M=

F2 TW2/\MEEHETH K (M +SD)

ffif 2 i fef 4
YA Bt fuki
LG ES ENEESH AH TR 251 YNEES
AL RS 1.53+0.27 1.31+0.34 2.78 +0.51 1.79 + 0.46
ARAH AL 2 1.53+0.27 1.46 +0.30 2.48 +£0.48 1.46 £0.75
A FIZER] m AHRIZER RS
O R RIZER] b 1 RIS = AL
3L * w% 3L *k _wE 5L *
%) 9 %)
W 2 w2 i 2|
& & &
B L B2 L =By
0 = 0
yibiiv) fif74 BWAEAE BAMAER g2 fifi4

El 4 S5 2 g5

ICAZ BT (2) R 45 (b) X R S s R 2SR AR, 3842 6 oy 6 AR AR LS SRR TR F (0) o 1R
28RN 95%IE 5 X [A], * p<0.05, ** p<0.01
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1.46, SD = 0.43, t(19) = 4.88, p < 0.001, Cohen’s d =
1.09]. X $625 52 B TCIS 101200 H i B A5 MRS
FERBIAEAE R RS N R T i — D HEBR S
AU A (R 2 B e 34 T B, FRATT EL A T AR AH
IR R0 5 = A LS B FZEONTE K H B/
225, RIRARRULSS RS &M T K HM =
2.00, SD = 0.25) % Z K T = AL B A R 2 5] 444
T KAEM = 1.50, SD = 0.34), t(19) = 6.17, p <
0.001, Cohen’s d = 1.38, X2 F— R LB [ 2
S B4 it 552 2 A S T 60 o AR 2

X iC 2 B g 5 A4S 22 1) 2 10 58 B AN R A T
A1 B30 43 AT CHE 200 1 A AKOSF 5 9%, W 3c),
Midfe sy 2 B, E ARSI K (M = 1.42,
SD= 0.21) BE/NTMALILREY K (M = 1.49,
SD = 0.24), t(19) = —2.11, p = 0.049, Cohen’s d =
—0.47; MidiZfh 4 B, mARRLRR K (M =2.24,
SD = 0.41) SRAHLR I K (M = 1.97, SD = 0.44)7)
ZE RN B, 1(19)=2.01, p=0.059, XLLgEHEE
B A M 2 s TAEICAZ A A, Hidie
S BARET, AHRUEAA PIHIER, Sid2 i s
B, AR AR R

SRR, SEES 2 SRS K 1 SRR
AR, WESE T RME e % A LUF 91 O X 3, ()
FEME RSN IRAETE

4 MRELSCES 3. THIC I [R] A B
Pcmi 25 s BT a TAEIE
12,25 58 5 W 1) ERPs BF5T

TESCHS 1A 2w, FRATE & AL AL %
HHA RSB 72528 3, B T iE TAEC
NCFF R AT NP AR Cowan’ s KA1, FRATIA I & T HL
AR CDA, LAt — 4R 5T 1R S B L i 1y
IR ZERLH] o 2R [R]85 45 2 R T 5 T
YEICAZH TR, IR ATRIZEM 25 R ) CDA 1R
EERT ARSI M T B CDA H{E. AR

200 ms 300~400 ms

250 ms/Tji H
(BURTLRER M)

A5 5 38 A s ] 2 % A i AARE & 4 SR 4 v
TARCAZ AU E A, IR ARSI
1) CDA IR {HZL/N T A FRIZE & F T 9 CDA IR 1E.
PUOATESESS 1 MISEE: 2w, AN SRR R JEE g 1
B T RZEm e, BT ISR 3 rhiRig i R
FARARRLZE S AR, e D7 59256 1 Af1H .

41 FHik
411 #iR

HFZHIHI LAY CDA 5% (Brady et al., 2016),
AR R OREA By 18, —41HTHY 20 4495189
A, i 19~21 %, F 19 )T 505 3.
W 24 9l R 3 B 1 IR 2 25 Ok s e HE R FE 73 A 2 5h o
412 EitFERF

SCEY 3CRHT 2 (el tasa: 2, 4) x 2 (FH:
[F25, ARZOMHHN T A Tl CDA, fE7E
PR B 7R A0) 2 BRI 0T  ARHRE [ 198 0 D 3 B g
0T 4 4 ) 0 S A TR 0 X, R SR
i TR AR ), PRI Sk AR 8] (A [R)) 280 B
P I S AR [E] (O TR0 Ak, R 1 s g
HLONIE, AL ARMEEMEES . 810255
HEAT T 800 MMk . HAh ¥y 55255 1 AR,

SCHS 3 R AN S BN o BRI T LR I, BE
Fe b R A R ) 87 Sk 4R i A2 S 47 200 ms,
SRIGEI 300~400 ms MYFEALIER, 7E b E] H i
TR . BT ORAE WA TE X 3 oy (WA
4°x12°, BEESHLL 4°) R EANCIZ T8 GE A2 sk,
FEH1T00) 500 5% 1000 ms (B FRiC Wi . 2 ok
4,250 ms / WiH), P REH A ER S GE
1000 ms, 2R J5 76 55 X 8 4 o0 S B A 300 ©
2000 ms S EL 2B U BN o B ) R
FAR A A BRI IR A A R A2 F A R B, O
e IR A Ff A T AN R o I A
413 EEGiZH

K 25 [# NeuroScan /A A ) CURRY 7 R 4¢, %
EPR 1020 REY R 64 FHMIEICS EEG, i

1000 ms 2 s HEFIR M

>
>

Bl 5 S5 3 il AR R (L2 g 2)
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%i FPz 4% M, WHRAMIUZY 1.5 cm 4b22 B A0 K
AR, MR E T2 1 em kb2 8 i a0 st 1R
Mo DAZEMZLIE NS i, B8 25t B P 4 oy
SMFLIEREIMENES T . DRI 0.05~ 100 Hz,
KRR 500 Hz, AN HAR A Sk B L BH R AT/
T 5kQ.
414 EEG FikbiE

X %4 ERPLAB ¥} (Lopez-Calderon &
Luck, 2014)f#) EEGLAB #f4:(Delorme & Makeig,
2004) %t S 1 TE B U (R 29% 19 i 2 X T Y
EEG it ss4ab s, RH 0.1~30 Hz FAHIfL
Butterworth i JE %5 € 1% (48 dB/oct slope). F AT i
(epochs)#HCIZITE BLRT 200 ms EEIF 1500 ms
2 M2 AT B 2000 ms (4 ASiCA2 ), IL
PUCWUE PLET 200 ms fE A 54k . R ERPLAB i
A v TR B R S R B R S o T A AR v R R
HRT 75 pV IETHR, R step sRESI B EL IR
HL L 100 pV FIZK-FHR LR 32 wv RUBTRR . 4n
WML F R A BT 10% A9 30K A IR 3 5l 3
iz BN I AR, R4 5 bRz S B (2
M ALBEHERR)
415 EEG ##f

X ) 22 S5 057 308 3 A X6 TR s 00 6% 6] 35 5 vk
ZARMMNE Zh A58, EEECIZF N IE 400~1000 ms
F14) IS ) 7 A T ek 00 0 ] 0 2 S5 g o 35K A ) o 11 3
BURFET DIEBFST 6 22 1Y (Brady et al., 2016; Kang
& Woodman, 2014), #EETi I (P8/P7 . P6/P5 . P4/P3)
FITRAL(POS/POT . PO6/POS5 . PO4/PO3) X Ja A 1Y,
TNk HL AR A S HEA T HE— 25 40T o RS R YRR
IR T LIFELL CDA 1E A TAEIC 45 s b
RUHTEE(Gao et al., 2011; Qi et al., 2014), X T{E &
e R A7 A e R LA AR A ) R 2 SR
V¥, 24593 CDA f5F5 . XFIFE % A CDA 1~
P s A TIC Az T (2, 4) x BRI(FEZE, RFIZE)
1) P DR 2% A 0 1 7 22 9380 o
42 ZERMTE
421 1THER

ANFEZA T KAAEILER 3, X K 45 Rt 177
ff (2, 4) = BRI, AR 2) 0 W N 2 5 20
T 25T, G5 & IO T BV B, F(, 17)
= 134.98, p < 0.001, 0 = 0.46, &5 F R 83,
F(1, 17) = 95.54, p < 0.001, n} = 0.37, icfZ a5
KL AR 23, F(, 17) = 52.70, p < 0.001,
N = 0.26., i BN 43 M 2 B 241012 G fef y 2 B5F, [

R K (M = 0.97, SD = 0.23) B 3 K T A [E2%E
K K (M = 0.86, SD = 0.24), t(17) = 3.62, p =
0.002, Cohen’s d = 0.85; Y4icdiZfily 4 i, 7#7E
(R4 8 [ 2 e ARz [Tl 261k : M = 1.95, SD =
0.41; A[RZEAK: M =1.08, SD = 0.40, t(17) = 8.90,
p<0.001, Cohen’s d=2.10; W& 6], Ak, FM1o
SIS A by 2 F 4 B ) 251 1) KA 2 AN []
FR KAE, 7330 2B PR &, I X2
HIET t RIR R B, ISR 4 B R S A B
(M = 0.88, SD = 0.42) i # K FicfZ i A 2
BF F4) TR) 26 ) A B3k v (M = 0.11, SD = 0.13),
t(17) = 7.26, p < 0.001, Cohen’s d = 1.71, Z&5H 5
SCHY 1 FISEES 2 SR —3, RUITCIS DL T 2
21052 A PR R ZE HIL A, Hice gy 4 1, (]
FERNE AR TR

Fz3 XL IMFAEHLFTH K(M < SD)

285 fff 2 T 4
AH TR 250 0.97 +0.23 1.95 + 0.41
ENGEES] 0.86 + 0.24 1.08 + 0.40

*% *%

3L
) AR RIS
R e e PN
&
N
m

1k

0 r

yiviiva fifii4

K6 S 34T AR A2 e xR 2 aiA R 2Rk Y
YER . BRELRMSEHAAN 95% ) EAF X[, **p < 0.01

422 CDAZR

CDA W ¥R & 7a Fi7R. %F CDA %5 SRk
riefe i (2, 4) x EHNFZE, AR MM HE R
B Y 7 22538, A5 R BN RN B
F(1, 17) = 32.15, p < 0.001, n} = 0.65; icfZFfifhY
FROV A TE, F(1, 17) = 0.43, p=0.520; icAZ 1 faf
ML B ERARE, F(1, 17) = 0.16, p =
0.697, THRILLE(E 70)%M, HidlZifah 2
A2k CDA AP PMRM = —0.72 v, SD =
0.62) i F /N T ALK M = —0.90 uv, SD =
0.67), t(17) = 2.53, p=0.022, Cohen’s d = 0.60., *4iC
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a 5 1Y F2
b .
— FHFEZES
R CDA :
YA, 12 R3]
J
_1 L -
P8/P7 \’\J\/\,\,\ * xk
P6/P5 \
P4/P3 N , , |
PO8/PO7 —200 \, 500 1000 1500 S sl
3
PO6/POS VA z
PO4/PO3 WL =
S
4 O
L i T oal
H_ o
CDA
/\,\/‘V‘ \un ,mw/\
_1 . v
P8/P7 | WM X
P6/P5 \ VM 0
P4/P3 M\ | , . . | A2 g4
Pog/PO7 200 1. N 500 1000 1500 2000
PO6/PO5 \/
PO4/PO3

1t

B 7 (a)icAZ i 2 F 4 BRI TR A (P8/P7 . P6/P5. P4/P3)FITHAL(PO8/PO7. PO6/POS5 . POA/PO3 )X Il Xof il i [l 4]
B, IRELBEFRRICIZIUTFS 2B B, KEEIEE A CDA BHEE I, (b)E AF 2 B LR 15 3/ (CDA)
WeiE, CDA MICIZFFNIE RIS 400 ms JFHAI 2, 1R 2548 %78 95% 1 B IX A, * p < 0.05, ** p< 0.01,

{4 B, FEFERIFERZOV[RIZERAR: M =
—0.64 nV, SD = 0.63; AFEZEHIK: M=-0.87 pV,
SD =0.62, t(17) =3.43, p=0.003, Cohen’s d = 0.81],

CDA 55K M, ANigicte i KA, K55S
X} CDA (IR AA ), 4572509 CDA 1114
PR/ T ARFZRA CDA BFEH 5 0R . CDA 25385
T REE AL AR, 255 80T DUE S a4
10 Wt 1 N = 11 v T N1/ NG i
TARICIC R SR i

3 She

AW T BRI RIE BRI TAEICIZ
RIS, WAT NSRS R R, el
WUE AR 2 P9 2 0, Sh sy Ric A2 &
AEARLA AR AR, 53 CI0UAE G A 2 514 B AR T LA
SEMALSE TARIEI 7 i . BARR IR R 25 & R 1
IO 2 0 3 R TR 2B B AR 01245 5 ERPs
Bl on, SARZEMEERMLL, FZ000% K510
B CDA PR /N, LR 1R, JlE R
AT DR — R R, R4 R B AR RIE, M
M R TAEICIZ 2 5

AHIFFE 25 5 A £ 3 A5 A g ol — 2, R
FRIEAS AR, 00K BE B 22 (Sims et al., 2012), H
IR, BUCHAY R 0C R AR BN, v TAR D

TCHIA TR . BRERZ M 251 C R A6, &iEA
TR R, FARMI B 1E I HE ¢ R A2 L
W TAEICIZ 25 (0’ Donnell et al., 2018; Rudner et al.,
2016). fl4n, XF i SO SE R BT A an, e /R Bk
FERUE R FEER, FT KAL) I8 12 S 3B 4 T
X T SCIE SR B X A (A, 3T RHLFI 5 2K SR K,
1o R RERFF RN M) R AL B Ak o IX 28 & IR W)
REOUL G 38 A1 1) F50000 7T LA DA ARR J2 0 R AR A (A 230
EHTEPR)Y R B 5 )2 M SR IE (2R K R).
YT B 4G R 5 R B T B Y T AN —
o MR BTIRIRIE, AN [F SRR N AN S
MATHIRE 2, NOZRESRE M e TAEICAZ A B A
JE )T HAEHI (Cohen et al., 2014), FEGXFIA—
B SR ATREA IS . T, AR BEIRENE AYAS T
PEAFTERIR . 2SR, IRG R H R fr
1T A B (Jiang, Lee, et al., 2016; Wong et al.,
2008). UbAh, R JHHEA TG B & &R
K EFUREOVE A iCAZ T, B ISR 3] 28 51 %F L
B¢ TAEICAZ 0 (Quinlan & Cohen, 2016)., HIK,
FEARMEGE R, 55 S R i 2 B8 U5 B 1Y AFF 5T (Cohen
et al., 2014; Jiang, Lee, et al., 2016; Wong et al.,
2008)AH b, AWFFEA NN P TA] : (D) ABFFEAEH]
BYSZAMAS 2l A 20115 B Y B SR A g iz,
HEBR 14075 {5 BXHC IS 5 al GBS () AR
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VA A, B AR AR Sy — R AR ik 1 % AR
TEALE AR ICAZ th 3 A 2R 19 i T AL (Curby &
Gauthier, 2007). 24SR%F 4073517 8 it 2 T AE
ICICARH EE AT o 4079 (5 S ol RE 2R 45
WEEFAE TAFICALAT: 55 h R 2 BRI 2 4l 7y
filan, WERPUCHAAEA 5 R, B AL ] hE
RTEANTY, P ERAG B MR RIC WU A7
TEAE B, W2 WG AT Be e TR Ak, P ARl 26
OEH . PO ASBIFSE 2510 %38 FH Y0 L PT REAA e —
FE SRR o AR I 5T AT AR 28R A0 (5 BT b
TAEICAL S 1 B 80N 5

K ME B R AT P KA e ARG A2 & =
We? ABFFERM, FE BT LER —FhH R
BB R BRI RAE, Y KA TAEICAZ 1Y
K, HEARETEICIZHE O R IE (Bays &
Husain, 2008; Cowan, 2001; Luck & Vogel, 2013),
il R 3 — PR ] Y — Ao 7 32 2 B T LSRR 48 5 B2
AR — A RRRAE P o A% 2B 5 2 AH B (Gao
etal., 2011; Peterson et al., 2015)F13L: [ Ayiz (Luria
& Vogel, 2014)# ] LA i 2 215 B 5% i AL vt T4
IO 285, Gao ZE AN (Q2011) & B 4 /A IR B €2 14 7
TEREE B RE & B — A 3RAE, NI 4 /A1 [F] 0 1Y
T H—ATTER) CDA A 25, &1 CDA Yy
T 4 DR B Er 8 . Stz s, diE
15 3 B AR 2 U — AR Y SR AE (Luria &
Vogel, 2014), WAk, &A HABIEFEH R, Flan%
PR 2Z (8] B9 AT BE K 2 (O’ Donnell et al., 2018) 1
PR FE B L (Kaiser et al., 2014, 2015), ¥A] LA
YERA S TAEICAZ h AR H R T X o AT RS
REW, BARZ 2506 R L] AR Ry —Fh e
W TAEICAC TR AR AT 20 7 =

FE TR0 8 AR ALPE A 20 LR Tk B KAl 2
PR BE B H LA M A E WE? Brady 55 A
(2011)4& i 1y TAEICIZ 2 Rie N, TAEICH
RIEAFTEZ Y, BFFIRZ R ERAE | AR SRAE
FHE G RAE, A, XEERAEIL Z B IHCAZ1F B
RN . FISEAR U 8 T2 R B RAE T X, AESY
M) TAEICAZ I i B B o ARBLI BARBE S B 5 il —
AR AT A, A HE 0 12 R AE (Brady &
Tenenbaum, 2013) AFFER M, HICILIRCRHE N,
FEAILERS & CDA BEiREn, ICARIE S
K CDA PlRAEG I, 41242550 0 Kk 41 [F] i,
AL Z AR R CDA IR AR TIRAR AL % 4K (Zhang
etal., 2015). WAL UL, A K AR 125 14058

AR T AT A R, BEARICAZ ey, R
P RICIC A w . Ak, FEEER S IZH E .,
AL LA Y H/iT ) TAR I RAE SR A G AR A, 31X —
LAY h Z2 AN RRIE AR B2 A A, B 35 0 5 R FIE FIRR o
FE R SRR 7E g i [R5 A5 BT, O A 1Y dnid
LAY T] DL T X [R] 2 51 & 4K 19 9 A% (Brady et al.,
2011). filtn, kA HFFERBIE A KEHCIZ R TE
ORI fg e & 0] DG ok 1 2800 5 X KR TAE
1812 % # (O’Donnell et al., 2018; Rudner et al.,
2016). FRATAY S50 235 H TN W A b S R T X R
W g AR RL AR RE, 3 S SEE AT R A R R
FREAT LR TARICAC R F-E B A it, JIF B
R FR A RIS EARIE &1 CDA IR IR A 2251
FARIF R E) CDA BEAR, #F— 201350 A2 5 L 3
BN ST o FE A e AU S . S,
T AR AL M B ZH UL Tk B KB S i 2
S 2H SR A TR 2 WL O T A TE I 2 A L2 AL,
W B 22 5 £ 2ok A T 26 A KiHd g fF B ny i
By o ik H A BHCAZ B2 5IE BT TAR L2 25 5
P PP B IA A R T i — D R R

CAZ AR 3 A SR AT A A SR A R, (2
Tt CDA Zi Rz k. XMpERalfeeh T
YA B 55 55 2 A R R g AT, e T
YEICIC A 2 A, — et i, 0ot 1 5 %) SR
(1 tn, B8 FIE 5 TEOE R ic A2, e TAE L
TS KA 3 3 4 4. BRI, KEMFFRERWICZ
T B A S BRI GE T AR 12 45 & . Gao S8 A
(2009)LA CDA JMEAE R0 TAEICIZAS s TE bR,
RIADE TAEICIC A AR B 1, 232 #8300
W ZeErsem . Midie B A2 BT, 1242 5 T
M2 ANHE ] 4 4, CDA B iR AR Z 38, 1Y
TCAC TR R IE AR B, 12 B e A 2 A E] 4 4>,
CDA KRS Z 3G, &4 W5 (Luria et al.,
2010) & LW BENL 2 3008 s el 0 o8 T AR IC12 %%
s T, I, BMESY) 8T AI X T 552 3h )
B R ot TR e faifl, SR sy A s
TE AR RIMA R R RRE AR, i A5G TAF I
TC R ZS B A AT RERE P sh ) 09 5 5205 Rl i i o
Pl 3R 4 R, SEE 1 ORISR 2 g AL S 0
FEE B TAERIZE NS a2 4 B ALSE T AEIE1Z
25 i LR 25 (BOR [RI G ic A2 g Sy 2 B BE R 5
AL B (2 50y 1 2 3 3k 7R AR [R] 28 5 FUAS [R]85 PR 2R T
3 HCIZ 5w R 4 B T AR ICAC 7 e i 2 e A2 17 i
A2 B TARIC A ST RAS B2 0 1y 800 &
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PO UiP S L o AN RN VAR TR S VA WO L . M [ B
BHIP: 3 Lo N O RTRR VAR S IR N o N [ B 11| B S
PR B2 RO B, 1(19) = 5.91, p < 0.001,
Cohen’s d = 1.32; 3285 2. [RIFERFREIZERHI LT
ORTRR VAR TS VA R T a2 N G371 B3 & o N R )
T2 A7 e R0 H, t(19) = 7.83, p < 0.001, Cohen’s d =
1.75)0 AHJZ, 4N b BTk, Ch 23 it G o 32 208
WX AR AR LA 51 . CDA RY45 R
R, NEEBL 2 MR 4 ATH, AR TAECIZ
AR SoC R AR ], BI04 B, B
MHRITN IR E B 2, X0l LU#RRE 3 30500
PRSI BICAZ A R0 1T CDA 253k f
WO AR RN T & o BEAh, BT sisi RN
R THRHASH, BN, RS ERMESLE
i, B HAE TARICIZ h A7 25 5 AR RIS
I BB AR B A7 it 25 5 (Brady et al., 2016)4H
BT A PR AR A7 2 A T IR, B sh¥ e
BRI ARGEAH N E RN ELER A A
EiE

7 R S5 1 25 SR 2 B 0 AZ G e AN AT LAJE T
ZEME B TAEICAZ A I sg ), 38 n] DLR T 2
AN TARICZ A R . 2 FRi—FPsgm, 3
AL AT R 28 FI RIS 40 A 4 B[R] 2 )
P SARNE ¥ 8 3 K e A2 B A S 2 s g ] 288 310 £ 4
BN o 3T R PO BT Ry 2 IS T2 )
MHLVH A KA, TR AR IEARGE ], BT
PARIZE RIS 8/, i idiz ity 4 B, id
e B gBad TAEICIZ A, RA T H
A 2 SR BT AT BR T AR IS IZ 45 5000 5 A fig
W Z IR AEAE TARIC 2, B RH 05
e ZUHT T T AR I 25 1 i 48U S F 2001 1
LN A BEE AR R I oK o Z T a2 1 g X 4%
AARUMERON P52, 9250 1 FISEES 2 A4 R34
N, MiAe g R 2 B, A AR X 2 A
RO, MRSICAZ AT N 4 B, S AR 45
PRI . AT RESE 240425 H Rl 2 B,
TAEICIC IR 7 2, RIE TAE L2 02 R
(Brady et al., 2011), MAAHZX BN H 1 7%
PRIKT B RAE A 23 AT R IE KT 1 R AE . 7E A
LU ZEAET, SRICT S TH FE 2 2 BE IR 4T H 1Y
SFAESEATRE AR BN T, ELAR U FRAE R 240 5 T3,
PRI TARICAZ A 1 23 AR TTAE A AR L S5 1
T, IRCTURRE 2 S AR, 5 FIlFATRRIERAE, H
AHE ZF) 2R {ARHIE R TR, PO TAR IS IZ 4

FXTF RSS2 TE . Bk, 7EidiZ ik
2 B, A 2 i SRR I IR . Y
WCICTE RN 4 1, TAEICIZ 98 I8 Tk 2 X 44>
VCALIHEAT BARKOF B FRAE, AU ) T X5 151 5
FTAEARFTAE, B RIF I RE S {2 2F 48 1A A (Son
et al., 2020), B, 7EICICHM A 4 BF, B
PEXF T ARG I 2 1 0 B AR i R B AR EROR . i
2 A7 A %ot 288 590 2550 7 R 2% 25 R AR A A58 1) AN [ 9 4
A, Jz e 28 3104 5 R0 AR AR X AR e 12 %5
AL A TEA R Z 4L .

gE LA, BFIEUESE T LSE TARICAZ A B )
[ SIS0, 33K 28 BH &R 9 28001 56 22 T LAl 5k
H5 AR ) 2 500 ) 5 A L2 4G O X0k B Kk e T
fEiEAZ A it o [RIR U B AL 58 T AR ICAZ A 25 A J2 [
SE WY, TSR] ARG M ARk o Al AR £k B T fa] b
FKRMERBEIC. BLAh, B — 2 R AR
ML 3 A5 7R (18 T ] L MAARG 7K - 1) 0 B R AE 4
B = 7K B MR SR AE
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Abstract

Visual working memory (VWM) is a limited-capacity cognitive system that is responsible for temporarily
storing up to three or four items, maintaining their availability for current cognitive processing. Although VWM
capacity is limited, the limit is not fixed. Factors such as the complexity, statistical regularity, real-world spatial
regularity, and perceptual grouping principles of memory objects can modulate this capacity. However, the
potential influence of higher-order conceptual regularities, such as categorical relationships among memory
objects, remains an open and controversial issue. The effect of object category on VWM capacity, if any, has two
possibilities: a mixed-category advantage and a same-category advantage. The first is consistent with the neural
resource theory, by which the ability to simultaneously process multiple items is limited by the extent to which
those items are represented by nonoverlapping neural representations. The same-category advantage is
consistent with a prediction yielded by an ideal-observer analysis of VWM, based on the rate-distortion theory.
Although the mixed-category advantage is predicted by the neural resource theory, almost all current supporting
evidence solely involves faces. On the other hand, although the same-category advantage is consistent with the
ideal-observer prediction, there is still lack of direct evidence to support the generalization of this prediction
from low-level to high-level features. Hence, in the present study, we used behavioral and electrophysiological
methods to explore this issue.

Here, we report two behavioral experiments and one event-related-potentials (ERPs) experiment that assess
whether category knowledge affects VWM capacity. The experiments were carried out on 60 undergraduate
students.

A 2 (memory load: two or four) x 2 (category: same or different) x 2 (posture: high similar or low similar)
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within-subject design was used in Experiment 1. The results showed that category knowledge modulates the
capacity of the VWM and leads to a same-category advantage.

In Experiment 2, we changed the presentation of Mls from simultaneous to successive and replicated the
findings from Experiment 1, demonstrating that category knowledge leads to larger memory capacity in the
same-category rather than in the different-category condition, even if the MIs are sequentially presented.

In Experiment 3, in addition to Cowan’s K, the contralateral delay activity (CDA, an electrophysiological
index of VWM capacity) was measured to further explore the processing mechanism underlying the
same-category advantage. The CDA results show for the first time that same-category objects can induce a
smaller contralateral delay activity (an index of VWM capacity) than different-category objects. The CDA
results combined with behavioral results indicated that category knowledge can help compact the representations
of same-category objects and therefore enlarge the total information capacity of VWM.

In conclusion, our data clearly demonstrate an advantageous same-category effect on the capacity of VWM,
which indicates that categorical relationships among objects play an important role in expanding the capacity of
VWM by enabling the grouping of same-category objects. This suggests that VWM capacity is not fixed but can
be flexible depending on the type of information to be remembered. Moreover, our data also suggest that the
ideal-observer prediction can be extended from low-level to high-level features.

Key words visual working memory, category information, contralateral delay activity





