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F=HE AL AT RESA [ THRES RAL 0 1 45 Bt B e

XEIR KAEHOIZ, TAEICIZ; BREEICIZ; alpha =%
S2ES  B842
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K212 (Long-term memory) ) i & 45 i S %
AR, AARBRE L Ll LR i) To %
Y 5RIRIE S, KEHCACRAE R M 255 £7 1,
JFH AT H A9 RAE 2 5 2 R RS RIS 2 2
K W) 3% 1E 45 #5 #4 i (Brady, Konkle, & Alvarez,
2011), SKEHOCA R A FIRARE, TR
1Z(working memory, TAEIC12)EA B B 245 &R
i, Jf H-F s HA 3~4 A7 (Cowan &
Nelson, 2001; Luck & Vogel, 1997), {H TAEiCH24E
H— ARG 6] LU s ici2 5
KBHEAZ, FERTX A B B 5 S 7 TR Ak 34,
DU 58 1 4% il 136 3 (Hasson, Chen, & Honey,
2015), O A7 R WF 585X & 1 & R AT R 1T
(Brady, Konkle, Gill, Oliva & Alvarez, 2013; Schurgin
& Flombaum, 2015; Thavabalasingam, O'Neil, Tay,
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Nestor, & Lee, 2019), HXFKAHCIZFRAE
M) 1/ TAETCAZ B 58 HIAE X 3

HHEr, —265000, Kihdfext TAEICIZ e
# W (Olson & Jiang, 2004; Fukuda & Woodman,
2017). Biltn, £ TARCAZAES b, 8 EE H LY
BB, XS ETEFEAT: 55 45 o 5 B B e A2 (Bt
RERE HERA PN ), HERE KR 5 A EEZKIEAE T/
AT 55 B R I %A 2 5 (Olson & Jiang,
2004). 73 —EEWFFEINN, KAHCIZ e #E Y T TAR
B 5E i (Liu, Grady, & Moscovitch, 2016;
Oberauer, Awh, & Sutterer, 2016), 41 HALE .
BEENS  BEAS L A] S RN B AR (2014)2R HIZE b 5e 5%
T2, ZERBTEBGEAZ 6 I H (BEHLIEH ] 8 4>
[#] 5 TR 0 68 4 T 1 R 1 AR IE AT 55 . &5
R, AR A 2L 5 #4775 i
Az, WIAT DL 42T S TAE I 2R 245, {0
R AAE TAE I AE 55 XX 635 HIE B T
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sk 51 A KITREE RAEXT TAEICAZ A il 280 563

Pz, WIS TAEICIZ A . fEEIA R
o A K I AZ i A HEVE I AT B 5 H R AE 1Y 0 7
A, RBES T #0580 KNS IZH >, R4
K LI RAE 2T TAEICAL B Beds A 888 B BLT&
AP, BERT DA #E SR TARICIZ N T #E . 25,
Oberauer 55 A (2016)F]H [F12 4 5=, BARRNT
TREHCICR TAR A A i SR A 2R o
TR ATLE B2 120 B G IIR, A id12
BRI AR IIEAZ o 45T Rl 5 U CAR L2 1y 1]
PCARAEAE 55 (212 3 350), 3 IH 2, 150 K
13 A (0ld match), 13502 A H 33 1) 428 1Y
YA (new), — T2 K I 102 2 {H B 3> — 4>
R )R (mismatch) . iCAZFEFNTE 2S5, BEBLER
EE—WEEE, 4558 &M, old match iCfER
MER B2, mismatch Fl new AYICEMERE A 257,
SRR R BOA 22 5 . XY, K RIER
A m T B BRI TE ARSI AR A It H A=,
EASSEEICCREEE, IR A I e 42X TAEIE
TCFRAE AL O T AR BE 4 T4 . Oberauer 55 A
(2016)IN A TERKIFCAZ A1 TAEICAZ A AEAE— M5
WA R o AR EHCIZ A AR BB 4E B B
FEIRVERC, ICL R G A — DR IR A 5 RE 1 i
CAZXT TAEICAL = A TR, SR — BARIHCIZ R AR
XY TARICICAE S AR, KRESTTE, #he
HETAEICAAT 55 1 58 o

Ph b 2% K L A2 52 ) AR ICAZAT: 55 1 F 58
PR —I0 H RAE , BREHOIC R G — DR
AR B 4, 715 3 45 TP 41 21 5C & (Eichenbaum,
2016), Hrp b I 2| R AE—FAE (8] A 5& 5 (Wang et al.,
2014; Zeithamova, Dominick, & Preston, 2012), %
HE Y 5% 22 (Ezzyat & Davachi, 2014), FAF)Z4 %
% (Zalesak & Heckers, 2009)% . iCAZBE45 K R A
TICICHRATE, flan, B LW, #5324 KR
ABSRTT LLSE I H A2, [HEITETE 58 Uk 4 G & 1)
1C 14 (Eichenbaum, 2016). % AR A AT 5% [FIAF &
B, W H I SIREICAC A AR RIS .
AT H L2 B PR IA G R AR S A M (R S AR 5
BN TR RO AT B e A i S B B AT 58 1, 1
PR Z5 102 1 PN 2 1T 22 (%) A48 T 1 AR (g A AR
SR Z AR, BOE AP HUA T i 7)) (Sauvage,
Beer, & Eichenbaum, 2010; Yonelinas, Aly, Wang, &
Koen, 2010), XU, BEE5 1040 FRALt & e H
ICICE R AR,

W15 58 T B A5 1 1S AE A It A2 G it il

AR TP E R o R A RAETE Gt [ B T LA
TR, B A UEARRIE, (URSEAREE
[/ A 7] LA 58 B BK 45 74 1A (Guillaume & Etienne,
2015), A g% Reas AL SRR S5 1012 ) PN /R .
BT A PR T REYE : — BB A 1Y & A LA
TSI H RAER BT AU, ARk BT 2 Y
FERPO BN LS i, TS 1% BT H
) BEUR, AN H A2 T T B (Ahmad &
Hockley, 2014); 5j— Tl e 8 G 76 A 7F 5 45 ARl i
AN I H FEIN, PR A H 45 G A 2 75 25 H G i 1Y) Bk
it Eoe, RATEZ NI H miS 25, A A HE
&4 (Parks & Yonelinas, 2015),

16 28 AR X B C A2 1 52 e TGk 1 B T AR
i FETARCIZ s, — D WL 2,
WEFE AT A B B Z (Bl BA P 7 i 6 R, JFAE
SEH BT IR S PRAIE X — 5 AR AE I SE i 5t
FZREM I, MR ERR 245 B Z B
HA RO SAFEERE,, X240 1em HIR
XEBE IS, G ZE TAE DS T, ik, JFRA
LRI I8 BB B 45 R AE X TAEIC 12 /)
S, TEYETRIET IR, AT R D
T4 A IR 25 RAE X TAE IR In T2/ HA
W, WRAT, XA IR PR . RS B A
a0 i A SR TR VAR 8 W 3 S Tk VRS R E DO TRk VA
(Bastin et al., 2013), A5 551 B i 2 5T R
Fr—2, SRAIE XS, 1Y, o SOk
O PUSEAARLAY 2 A0 H BT R R .
TOMERGAR, ASCH 2 A3 H 20 BRS¢ RARN
BREER/AE . 78 TAEICHLAE S5 i B R LS (A IR EE 3R
fIE) 5530 57 (B BREE R AE) A 2608 o TR 212
PREEFAEZEE X TAEICIL = g . BRES R
A3 E PG ECXT, 7 A5 N AR AT H R
FOX R BHE, WIRIKGSICIZE% TAE 2
TAFTER W, AR AMRES AT AL S IV 1% 5 kST
A R ARG ICICX TARICIZ TR
M, AR 2MREE A5 A e BRGNS M ST SR TC 25 5+

2 SEES 1. RIFEREERAEXT TARIC
Aok Al

21 A&
2.1.1 #Hik

—J7 T, T LM TR EHEIZ TAEIEIZ 5
W fF 5% A BEAS & (Oberauer et al., 2016); 55— 51,
FE T AH ST 58 i 4 A 28R 1 DL S TR Y T RGU(E
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0.8) Tt F I FEAR T (THA R GPower_3.1),
SEES 1 RIREA . 15 AL L e Sui Lk H
19 21 TIE KRFIER AR AE S5 A, F 45
1% 21.1 £2.5 %, G EHE 20 2 25 205 8 A,
7 11 N)o #OX¥ R ARTF, MAOBUFIEIER, T
2B L. SRS 4 T 20 TR .
B ATE S 50 B S AN A B A R, IR T
RN 2 (o L A R 1 R i
2.1.2 IgHHE

SEITE— A B I TR 1)/ o (B N AT o A
SRt AR OGR4 R OCH],  HA S AT LA
WAL, USSR R BTE 19 JFRIFTFER 60 Hz
) LCD & UMl s &% b, 3k R4y HE R N
1024x768, F&A SIS R K A(195,
195, 195) ., SZ 56 5 1 1) 52 B0 -5 558 e 546 E-prime
2.0 SEHL, SERRIEIA 32 (16 X)) AL
Emojis & ' (www.emojipedia.org) . B4 E F K/ K
2° x 20, R, IEIZRIEEY 6 skAS R Y ]
AR A E— A2 N 4o ny B LR L, A
B =AM A, PR S SR 2B KR4
60 cm, # iRk 58 SR
213 KWIERF

B T AR50 % S0 02 R g A2 Bk 45 R AE
X TAEICIZ g m, ik, #A 5¢ d s K it il
(R EE FAE S TARICAZIM T 55 o K iHEAZH%
ZERAE MRS T HRET— RICIZ 32 4~(16 XDHE
D0 B i 5§ W0ty £ L1 T VAR w5 i
ML — T H, BT 7E 3 BN I 13k
5 ZEC I H , A S 4 [ 24 1E i A 55 m
I, T ARSI S S0 25 5 PRk, DU ialah
RN, A gaTE TSI R4 1 )q, Yhe
B a1 1235 H B xt, B2 IERRLF] 99% LA . i
B TE TAEICAZ I 56 33 A2 v X i — KA e 12
S RAF I AR IR

SEES 1 2 BB R (ERES vs BT x 2 BB
[#](500 ms vs 1000 ms)i% it TAEICIZAT S5, R4k
Mg B A B AT EL. B, BREE AT
CAZEEFN Y 6 AT H Bk JE 3 XF, (HIH i LI7E 6
A E BRSSP 6 AT H AT,
R 2 ANTH PG R BREE K R 75, % Xie M
Zhang (2017)0BH5%, [RIEE A 1 38 i 52 56 i Al SEPE,
FE S BEF 1) S BURT [R] 15 B4 500 ms (FR AT EIA
JE)5 1000 ms (S A5 a] 78 2 ) A4S 7K S

AR TR 52 56 5 R S 20 ST R I 1 AR b b 5%

X, BARWE 1, B d e 28 200 ms 19T
LS, $ER B0 12 e 5 BIOKE B, B S A B
500 ms 3 1000 ms ICAZFES, 01230 H 24
FREE R A 6 AN H, BEJS 23 1000 ms %55
Bt LA dERE, BJS 2B A, FEALEE
TCREF R 1 AT H, P BRI I H 5012
SRy B RS R A AR, IR kAR AR O,
WA R €4, BRGNS SO,
IEAf R PRI AT B 2R, trial 5 trial Z [A][H]
B 1000 ms. #&ASCEAEA 4 4> blocks, %> block
i 80 A trials, 3t 320 4> trials, fHfisE—1
block # RS 2 4.

LA {1
Jiree + o @]
© 5 ©®
I
bLaYA + e LY
(A~ ®
200ms  5005%1000 ms 1000 ms HEIR R g

B o1 S28G 1 R ERES  phor AR SRR, iCAZ S
I HEE P 500 ms =2 1000 ms,

2.1.4 HIESH

O3B aR R FH SPSS 19.0, ANF54 BRI %0 p
{HRJH Greenhouse-Geisser MK IE, 11584 Eta J7
(eta-squared, no)VE AL A AR o SE A0 1E
RE0C AR K EMA A E I8 bR . K B3R 7
Ak H Cowan (2001)HIHA AR : K=Nx (H-F),
K F/Ricie g, N £R £ 8T H 5 H, H #onidih
RROEHA RN AR B B, F3Rom R 3 (iR
[l A AR AR SR I EE i) o SR FH 9 PR 25 o AR 0 )y 2
43T (analysis of variance, ANOVA)Z3 5| % 9% i 1F #f
FE K AHHT T, 0T RZ SR 0 S
AL MST AR, EIETE(500 ms. 1000 ms).
22 FKEHER

SERE 2 Fis, IEMRER L, 237 E
Ry, F (1, 18) = 14.640, p < 0.01, 0} = 0.423;
SLERH ] R0 2, F (1, 18) = 31.972, p < 0.01,
ny = 0.615; L HAEFHAEE, F (1, 18) = 1.395, p =
0.251; 3% )5 BCXT A 56 25 SR 42 7R 1000 ms 1Y IE A K i
FFT 500 ms (p < 0.01); JhS7 4/ ER R B &=
FHEE X (p < 0.01).

K 5 IEM%R—8, 20300 8%,



%5 g Bl A% RKATERLE R TAE A2 A0 ) 8508 565
035 gy 5 omy 30 SEEy 2. KINIBREEFRAF N TARD
2 £ ) T
osol 2 is| o [ 4% 45 B B 1 5 1
0.75 25 SCHG 2 A IO ER G AR XS TAEICIZ 50T
o0 AEFERFE I FE ST K 22 SR FH X0 R B 75 4 1)
"7 500ms 1000 ms 500ms 1000 ms CDA fEh TAEILIC 4 7 46 5 (Feldmann-Wiistefeld

B2 286 1 255 0 2B 5) S B ] 500 ms 5 1000 ms
B, BRZE . BT IR AR T IIER R (L) S K |
)

F(1,18)=11.027, p<0.01, n; = 0.380; “LHLAT[A] E
BN R, F (1, 18) = 30.421, p < 0.01, np = 0.628;
THAEMASLE, F (1, 18) =0.599, p = 0.449; HJ5
TC XA B 245 5 715 1000 ms 19 K AE 5378 T 500 ms
(p < 0.01); M7 20y K (8 3 m THeSs 5 (p <
0.01),
2.3 it

SEEY 1 BB K B I FRAR Z (B B 25 C R
X CAEICAZ = A se o 437 2 A BT,
X EE TR ZE RAE 5 b 7 RALTE TAR L2455 T iy
FI ., SER A, JILJE 1000 ms ifJ& 500 ms, B
LELAMFRICIZIERIR S K (HY B KT ar &4,
VLI R E A2 B S5 R AF o] e XF T AR 12 AT 45 7= 4
TR

FIF A 5T o 6 B e A2 B9 7 57 R TG AZ s A
Tji H (Brady et al., 2013; Oberauer et al, 2016)fY 451
R, KEHCIZRIEX TARICIZ B AR i
IR 28 RAEA [F] T BT H RAE, 0 H 02 IR
ZARFER L SE N, MRS 1042 ZAKEE A8, L
EREHEIC R G A AR . B, HEEkES
1CAZ AT 2 R TARICAZAT 55 T 2L, ARBFSE
A AL EAE B L R RAEZ AR, (T
BAMBRGE RN 2 DWH A KBS EE RAE, X
FERT DL A K B e 2 ik ST SR E (JC B 245 ) 5 Bk 45 R AE
X TARICAZ I FE A ] 22 57, 35 1 22 Sl )2 Bk 4
ARG TARICAZ = A 52

SEHS 1 A5 RS ARSI IE R R 5 K(EYY
WEAR T S5, AR RPN BEHEI K I 2B
L5 RAERT TAEICACAT S5 P24 TVRIVE R . i a5
1 BT, TEICICH gty . A0 . SEEIU Be sy
A AT RETE OB FR 1Y 22 5, T AR IO e B
HeFFOBE, IS ABKEE FAE I HIVE I K AETE T
RIS I e FE B Be e PR, S 2 SR FH v s ] 43 3¢
210 i L AR B B ICAZ BR 25 SR AEXT TARIE 12
SRR B B B S

Vogel, & Awh, 2018). H T AW 54T 55 75 A A7 LT
[FIFIC 2, PROHCAE I fe 48 AR Y e #% |, SR alpha
BT 7= 1 (alpha power, 8~13 Hz), Alpha =% 7E TAE
ICIZHERE BT B, BfE G20 B AR 2 i ok, 4
A3 B BOEE B AICIC A BN, alpha 7235 313k
Tiei, R alpha 7235 AT 26 S AR T AR 142
% & (Fukuda & Woodman, 2017; Kcs, Robison, &
Vogel, 2018). 3 #b, alpha 7= % 9% A b 2 1 2 SE
HEFFIICAZRAE 1 faf i, alpha 5235 R (X B ULIY)
S XE, HL LI ) B T T S R Y
A A7 1) # (Fukuda & Woodman, 2017), #&ASE
Bt 558 1 R . ANRIALZ: BRiBeZs 5
SEWFP SRR BB SN, L 2 AT BIEH 2
T, 430, 6 WOIEHNIII—1> A2 i,

S 2 PO, ST AREE ST, ICICHERR B B
1) alpha &7 YIREE 10250 B AR N3G K. 78
B R BT FRTHR T, G SRAC B A2 B 25 R AR X T
YEICAZ I IR T A A= e AE e B B, IR A BRZ5 451
T alpha 7% 37 W I 22 W 3% LM 7 B8 380 TR TH A
WA B C A2 B 45 R AEXT TAEICAZ A4 6l /B F A
TEAERF BT B A, IR ABKES 25F T alpha 7235 (3T
RN R S A RIS
3.1 A%
3.1 #ik

—J7 I, BT LMER TR ISR TARIL 1L
Wi F 5% AU FE A £ (Oberauer et al., 2016; Fukuda &
Woodman, 2017); %5 —J5 T, FFHRUF5E P45
1 R4 i DA R B 1 D) BB (0.8) T i B AR A B
GTHE AR GPower 3.1), SE& 2 JHRIFEAR &
15~30 N o528 2 BEALIEHR 27 2410 T IRE R
TERABHAE ST LR, P AR 21.7 = 2.3 %, 4F
WEFE e 20 2 25 ZE(5 11 A, & 16 N). #ik
IR TF, S IEIER, TR L,
SEH s T il Y I A A Bl S S S
[5e) 52 125 22 U (W) 245, JF AR 77 Iy R 248
Mot Hobf 2 Aol B T7EE
I A Bsf 1) JE K trials 3o 22 (FEAT B AR AF L 30%)
PR .
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3.1.2 awrsy

A S5 1,
313 XEREF

AT A IHEAZ B4 FAE At A 5 525 1 AH IR
oG 2 2 2 B ERYS vs lSr) x 3 EHEH (2
Wl vs 4300 vs 6 W), TAEICIAT 5 KREUS L5
1 AH[R], AFEZAE T L4 T 2RSS 1000 ms
PIAcAE, DR S AT (R 2 5 [ B KR 2, i
ik B ST 6 v R By 23 3 B RN o 123 H 4L
wHAE N AR, BRRARME 3, FREREhI 2N
500~800 ms Bifi AL =33 A0 o (B 1k 0 R A A A
AH ), $RR g 12 R 5 BICKE B, B S
500 ms i ZREF, 042 I B IR 2k S5 R B R JE
Ey 6 DIH, BJE 2P 1000 ms 23 5 LACAZ 4k
R, Bl e S IR AL, BEHLEIC 2B Y 1
AH, AR 502 8] g E
Tk, SRR A AR § O, WA &AL
e f B, BORBAZME SN, R E AR, IR
W) LT P B %, trial 5 trial Z [H][A]BE 1000~
1200 ms, ALK ILA 6 4 blocks, F4™ block H
£ 5 100/ trials, 3t 600 4> trials . B 5¢—> block
AR 2~5 min, AL R RMERFLE 1 he 76
B EE R Z G, HUGH TR A2 i, I
AR BoR, i gl 7E TR 15,
A6 1E 1 a1 42 350 H Fe X, X6 fic X5 A9 16 B 12112 %655 3]
98% LA I+ o U IH Y I 7E 1E 2 S g0 i B o R — KK
B CAZ N Y FRAE I T AR 3t A o

635 4351 207
+ [.‘ ) [_11 O
e SLET @) ® 4L
" P @
v e R
- X
L lle &
[ 288~ (N
500~800 ms 500 ms 1000 ms BB >

K3 sz 2 A SHER.
3.1.4 HURS
(OAT IEHE 53 B
TS S 1 AR

(2)ligi L B 0 BT

Boda R AL a7 2% Biosemi A Fl AL 7= 1Y
Active Two ZiHEFE S RIE RS, 2 10-20 F7
HEFIKRARGY ERY 64 FHNIEIC R EEG 4, LU
Cpz RAENTELSH WM . I MR i Sk K H B
PREFIE 10 kQ LUR, REEBR N 512 Hz, R E
41 0.01~100 Hz.

Xl EEGLAB (Delorme & Makeig, 2004)% {4
AL BT B . KRB 2E EEG Bl 1T
@M, 30Hz BRI, DIAUHFLE M1,
M2 1E 2%, LB FEF 2 BUET 500 ms £ 104265
S G 1500 ms @0 AT 853, 20 Betl &
ARG B ILZR LA R FRAT IS HR A I ] B2, EEGLAB
XF o3 Bea W B A T A2t . Hofl Al & LH, Sk
gly, A Db B Y i T 3 i 07 2 — 20 19 R
IF22BR o HARRKT-IR 3 5 iz IR O3l R T 2 40 ik
A2 ST 85343 #r (Independent Component Analysis,
ICA) 7 K IE(Jung et al., 2000), % i ARLE X HE
AARKTTHR, J3 A 78 7 A5 Sk B 0% 0 ST H AR R
(Independent Components, ICs). i, & #HIATE
2 WERSS . 2 WUphAT . 4 THRSS . 4 WY . 6 JHHK
gt 6 WAL S trials K0 H AF 70 4,

Alpha 523 B RBCR IR HreoR o S T3k
PSR MR LG AT SEAY I F 25 2R, PRIk EEG R
SR FEHE) 58 Morlet /NEEF ., 7E MATLAB
/N T HAR R ewtom pREL, 7624 B B2 N
S HRUBRIN D)8 A e 5 1) B TE A AR
YR8, JF R DURIE ChR A (10 < loglO (RE
/LK) THEAEXT T IC ISR A 2 0 2 Hif Y FE L s
] B& (—400 Z=—100 ms) alpha 7%3% (8~13 Hz)AY 28 1k
IXRE Y B LR RE S ik 0 R0, DT AR TR HEEL
BAEr- ARt . AR MR 0T 58 0 5 © A A OCHE
%% (Fukuda & Woodman, 2017; Kcs, Robison, & Vogel,
2018)EHX LA M : P1/2, P3/4., PO3/4, O1/2, PZ.
A 1] 2 A i PR 500~1000 ms F94ERRREL .

K1 SPSS 19.0 #fFXT alpha 5235 47 W K R
B & 75 2237 (analysis of variance, ANOVA),
M R AL R 7 RS & ML), il
TCIEE Q2 W, 4750, 6 ), AFFEERIERET p
{H% ] Greenhouse Geisser M4 1F, 1158 Eta J5
(eta-squared, np)VE MR 02 1
32 REER
3.2.1 {THER

LK 4, ANOVA Z5R IR, M4 b, 2



i gl A RKITBREE R AE XS TAETCIZ A i 2800

567

2 K
IE#R —_— 4 — &
0.9 Oy Oy
0.7 2
0.5 5 4 6 0 5 y ¢
&l 4 SCEG 2 47 WSS HE T ARk 2.4 .6 T, 1€

g5 JSE PR AR AE R B IERR R (Z0) 5 IC 12 B O
4. 6 I, WREE | MMAL PR AR T RICIZ A R K (H.

TR FEROARE, F (1, 24) = 1.440, p = 0.242;
IO HBCERON i, F (2, 48) = 146.823, p <
0.01,n, = 0.860; 3¢ HAEFIA W2, F (2, 48) = 1.197,
p=0.311; =55 Wi PR 56 25 5 R ic 42 2 T
BRI B E T 4 Ti(p < 0.01); 4 T IEHFEE
=T 6 i(p<0.01),

K (Ef65 b, IR AEE, F (1,24) =

P
BESE
% <30 2 H;é’n 50
5.2 20 fg — j :0
810 - =50
= =500 0 /500 1000
5 » Tims (s) 4Bt “
5320 — j ;0
g=10 50
= -500 0 500 1000
> Tims (s) 6B
g Agg 50
L e .,
@ —500 0 500 1000
Tims (s)
— 2--BRZ
20 1 — 2-J5
— 4-BR%S
— 4-Ji~r
0 6--Ik 4

— 6--Ji5T

_20 4
_40 4
) EE—
=500 0 500 1000

Tims(ms)

alphaf%¥%; (H 43 HLAE4k)0~500 ms

0 2791 470 673
-10

-20

-30

—40l EBE OMsr

0.996, p = 0.328; 10423 HE FRUN i3, F (2, 48) =
49.149,p<0.01,m; = 0.672; LHAEHARE, F (2,
48) = 2.155, p = 0.144; )5 PIPIECRAG 56 25 21 12
ZRIGHZ 2 U IERR 30 25 T 4 Bi(p < 0.01); 4 I
(1) IE R 5 2 = T 6 Wi (p < 0.05).
322 WEBLER

24 5% 5 B H 25 57 (0~500 ms) : W1 5, ANOVA
5L W7, alpha power 7E 2 8L =0 I 800N A 3%,
F (1, 24) = 0.317, p = 0.579; icA25i H B 500 %
#,F (2,48)=3.190,p<0.05,1n2=0.031; &LHAEMH
AW E, F(2,52)=2.165, p=0.126; )5 P %
oz 3 25 S 7N 102 4 Y alpha power 5 2 Wi R
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Abstract

Studies on how long-term memory affects working memory (WM) have found that long-term memory can

enhance WM processing. However, these studies only use item memory as the representation of long-term

memory. In addition to item memory, associative memory is also an essential part of long-term memory. The

associative memory and item memory involve different cognitive mechanisms and brain areas. The purpose of

the present study was to investigate how associative memory affects WM processing.

Before the WM task, participants were asked to store 16 pairs of dissimilar pictures into long-term memory.

The participants would obtain the associative memory of these pairs of pictures in the long-term memory. The

WM task was a change detection paradigm. Memory pictures in the memory array appeared in pairs (associative
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condition) or out of pairs (independent condition). In Experiment 1, the memory array with 6 items (3 pairs) was
presented for 500 ms or 1000 ms. After a 1000 ms interval, participants needed to determine whether the probe
item was the same as the memory array. The design and procedure of Experiment 2 were similar to those of
Experiment 1, except that memory array was presented for only 500 ms, and 2 items (1 pairs) and 4 terms (2
pairs) were added in set size condition. Alpha power of electroencephalogram (EEG) was also collected and
analyzed in Experiment 2.

The results in Experiment 1 showed that WM capacity and accuracy were significantly lower in the
associative condition than in the independent condition (for both presentation-time conditions: 500ms and
1000ms). The results in Experiment 2 showed that the alpha power in the independent condition increased as the
memory set size increased (2 items < 4 items < 6 items), while the alpha power in the associative condition
reached the asymptote when the set size was 4 (2 items < 4 items = 6 items). Both of these two experiments'
results showed that WM capacity in the associative condition was lower than that in the independent condition.

In conclusion, long-term associative representations inhibit the current WM processing and decrease WM
capacity. This inhibitory effect is not affected by the length of encoding time. It implies that the reason for the
increase of WM load by associative memory may come from the disorder of attention distribution.

Key words long-term memory; working memory; associative memory; alpha power



