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P 3k W & A AE R E IS TE] R M A S5 7R R IC A2
(Tulving, 2001). HA I Hid1Z(item memory) &
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1¢3% RPE 5207 miAH 2, H RPE feigfe#tidie
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H SR ARST R E N T 22 F 5605 V8 17 RPE
SN FHCIL RS2 (Aberg et al., 2017; Rouhani &
Niv, 2019), 7 2% 2] Fm it i ) Bs i (e) iy, 3k
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F 1, FHR R 0), JOCs ARSI . A ShE . HH
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SPSRQ 434, E 544 SR /4R SP 434Ul 2
(B, PR RS 2 S AR U 25 (40

S HiT B3 HT 77 22 (Rouhani et al., 2018), j#
it R ORI SOR A 80N Ze PRI A7 Ry i
17530, G 2N oV S AT AR Ik A A 5
I3HT o VAR ZEHESE HoB RPE VE AT R 1, 20
T RELE AR B2 (Brgo et al., 2020; Jang et al.,
2019; Rouhani et al., 2018), {H2Z¥ 4558 F1 RPE %
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TEAEXT R S B AL, PR AETETRYVE, R
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Ry 3% S AR w (RIS H 122 MR ZS 1812 JOCs), TR
BN ZEPERE AL (nlme A2 H 1Y Ime PREOIETT 43T

X5 2K RS I AT AT, R LA R A
4 (B ALC {EL I AR A R g, e ol
xR N T B 2 A BAE RS, AIC {EREAR, W
[F) i 42 15 A 19 SR80 S S AR T e 2R b AR
SATES S, RPE 1) 328400 3 W & B A7 7F RPE 4%
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N o XT3 HEAEM, @ik ERN I b (R T
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PR A IE s HAE, DO —ANA8 i3 K S
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2.2.1 EEWMNIREXIESICIZ KSR 0

TN 2 2 >3 B B rb e oA A A0 55 D0 4 ek
WK, ANE RPE 5440 F, W H MBEZSidisd b &
IS (E RIBRME22 QN EE 1 TR, RPE FIE 45 1l
TSR B SEM TN 2 FiR o

XA ETHAT /AT (R 2) B, HHEER(p =
0.610)F1 RPE (p = 0.217)%} 30 HicAZ 52 A i 3%,
URPE (p = 0.070) A9 52 Mt HIk 3 T i 2% i 2 7KF,
FERHI 12 A B M T i R X
FEREEICHL, BB LR (p = 0.002)F1 RPE (p < 0.001)
FR I E, RN ERFLLG M RPE IERUN#B
SRR G D G A R, L A B 2 Y 7
M HAER(p = 0.001), FAREE X BERMIE K,
RPE &4 YR80 2355 ; URPE B 520 {2 35 (p <

F1 KW 1 MEMBKERIZEPRAEMREE @0 =34)

) RPE
3
-6 -3 0 3 6
W2 0.73 (0.21) 0.73 (0.16) 0.71 (0.13) 0.75 (0.17) 0.79 (0.25)
BREsidi 0.32 (0.32) 0.43 (0.17) 0.62 (0.13) 0.43 (0.18) 0.42 (0.36)
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55 6 1 S A BEETIN R 2E XTI H MBS IS 1 43 B . Jeic e IfE 881
F2 XWI1IDMBEMEKEFRIZEPE NESHRERBSTER
- RYINERTRAVAG L LR S Begs it h R
b z P 95% CI b z P 95% CI
intercept 1.11 7.18 <0.001 [0.34, 0.68] —-0.17 -1.21 0.227 [-0.46, 0.11]
RPE 0.03 1.23 0.217 [-0.02, 0.07] 0.14 3.54 <0.001 [0.06, 0.22]
WR LR —0.02 —0.51 0.610 [-0.07, 0.04] 0.09 3.15 0.002 [0.04, 0.15]
ZHAEH —0.04 —-5.03 0.001 [-0.06, —0.02]
intercept 0.89 0.64 <0.001 [0.60, 1.17] 0.12 0.96 0.335 [-0.12, 0.36]
URPE 0.05 1.81 0.070 [—0.00, 0.09] —0.19 -7.13 <0.001 [-0.24, -0.13]
EACt 0.01 0.64 0.525 [-0.03, 0.05] 0.08 3.54 <0.001 [0.03, 0.12]

0.001), HKZEICIZ LG AEAR ™ 1 14 B B o

XF PR IE A R 9 s g B R AT o BT (3R 3), 45
IR I T F A5 0 HE R R 25 101 WU B
() 5 F AL HEAE H (p = 0.002).

%Eﬁl@Eﬁ%ﬁ%ﬁaﬁMﬁﬂ%ﬁMﬁ
S AEZE, PR 2 5 AR R 22 AT
KT HER LI, AEMUR @%ﬁsmaﬂzm
SEEMM IR T E (= -0.25, p = 0.147), HS
BRES 10 LS 22 [E AR DG .25 (r = 0.39, p = 0.022),
Xof 2 AR ] s X A 3 S AN ) 90K, 7E RPE
Eﬂﬁﬁmﬁ%ﬂmﬂ%AEm?ﬁﬂﬁﬁo
2.2.2  REFMIRZE XS O F W7 59 %20

W) 25— 24 A< AR AR 00 0 BT 48 3 1 1) A (43
PR T e k), M kel alrE = S B Beik
A7 A8 R A T A R AE T B B R A 1 o ) DR

FIRIRR, TEATE RPE 24440 F, ARCIZZEH T
5 AT AR SE 042 TOCs B {EAbRAEZE N 4
Fii7R, R ATESf 12380 RPE X JOCs By R
mE 3 frs.

X HEZ JOCs, 15, W H g 1245 R
k(b = 0.76, t = 17.48, p < 0.001, 95% CI =
[0.68, 0.85]), Fi-TA A BT (1415 0 (A L PR IA B 1R I
E%oﬁ%E%%%,LﬁEMﬁ%%£ﬁme
M& JOCs MHERATE, 2 HAWAS i FCIC 45 1A W
FW R HAER, WRHIZAS B ARSI JOCs HfEM
P TERHICIZEE AR F R LAk b, 2 T
RPE Fl URPE #FATIR & ZMERIE 50T (GR 5). 45
K, =B 5104245 R A58 TAE AR
F(ps > 0.100).

XFFECES 014 JOCs, BRE5IEC 4, 5 1 52 i [R]

x3 LW 1MBEMBKEICZEERTEGEEENSMER
. I H 02 SR B (ms) WEZ5 02 SR B (ms)
b t p 95% CI b t P 95% CI
intercept 1914.56  28.84 <0.001 [1784.32, 2044, 79] 1949.60 19.03 <0.001 [1748.41, 2150, 78]
RPE 823  —0.98 0.327 [~7, 80, 24.24] 2.13 0.16 0.874 [-23.83, 28.99]
Wi ok -10.23  -1.01 0.314 [-30.67, 10.22] -49.95 -3.18 0.002 [-80.55, —18.77]
intercept 1856.27  29.24 <0.001 [1731.749, 1980,79]  1916.96 19.47 <0.001 [1723.65, 2110.28]
URPE 10.77 1.21 0.228 [-6.74, 28.27] 11.51 0.80 0.426 [-16.88, 39.91]
W ok R 244 032 0.746 [-17.26, 12.37] -47.31 -3.86 0.003 [-71.37, —23.24]
R4 TIEHMBLEIZIZ JOCs HEMIRHEZE (n = 33)
RPE
JOCs
-6 -3 0 3 6
I H1d 12 JOCs
PN IERH 3.07 (0.81) 3.00 (0.93) 3.02 (0.82) 2.99 (0.80) 3.21(0.65)
PN IR 2.57(0.75) 2.31(0.77) 2.45 (0.6) 2.21 (0.73) 2.53(0.91)
BR&5i042 JOCs
[E14Z. 1E % 2.35(0.87) 2.49 (0.66) 2.75 (0.55) 2.81(0.70) 3.14 (0.85)
[ 255 1= 2.64 (0.81) 2.54 (0.58) 2.38(0.52) 2.40 (0.58) 2.45 (0.69)
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0 1 1 1 1 0 1 1 1 1 J
-6 -3 0 3 6 -6 -3 0 3 6
RPE RPE
a. RPEXJ T B {C4ZJOCsHIZE b. RPEXTERZ5ICIZIOCSHRE M
13 958 1 RPE AFSTH (P8 a) MIIKES ICAZ (14 b)JOCs MR (R R bt i)
x5 LW 1JOCs BELMRBSMER
- i HiL1Z JOCs HRE5TIZ JOCs
A
b t P 95% CI b t P 95% CI
intercept 2.47 29.91 <0.001 [2.31,2.63] 2.46 28.01 <0.001 [2.29, 2.64]
itk 0.70 29.91 <0.001 [0.57, 0.83] 0.05 0.52 0.602 [-0.12, 0.22]
RPExiCZ.44 -0.01 -0.76 0.448 [-0.03, 0.01] 0.03 2.19 0.029 [0.00, 0.06]
WP LE FoxqoiL gk 0.02 1.20 0.230 [—0.01, 0.04] 0.05 2.79 0.005 [0.01, 0.08]
Intercept 2.47 29.96 <0.001 [2.31,2.63] 2.46 27.89 <0.001 [2.29, 2.64]
itk 0.71 11.34 <0.001 [0.00, 0.09] -0.05 -0.58 0.564 [-0.21, 0.11]
URPExiC 245 % 0.01 0.62 0.534 [-0.01, 0.03] 0.00 -0.23 0.817 [—0.04, 0.03]
WRLEFoAn L EE R} 0.01 0.96 0.335 [—0.01, 0.03] 0.07 5.36 <0.001 [0.05, 0.10]

FERE(b=0.26,1=5.47, p<0.001, 95% CI = [0.16,
0.351), YBEZE FZIERN, ki 150 H0 W (a5
1o TEKE P8 RN T P T A S6ml B, 53 3%
RPE Fil URPE (52 M i 111 A LR 3 5381 (GR 5)
ZEIR LI, KELE R (p = 0.005)F1 RPE (p = 0.029)
A3 S04 45 A E ) 58 EAE T B 3, R B A
A1 RPE R XTHEZE 1012 JOCs HERPEAEAE i 55
Wi, B 45 R TFE M RPE IE 8% M # 4 oF 1 6 45
JOCs MERPERIARE . {2 URPE S5iCi245 532 H AR
AR ZE@p=0.817),
2.3 itig

S 1, RGO B3 H SIS A
W, RAFEAE HiCZBE RPE ™ Sk T 5 i 1 K Ay
e XTBESE T IUN B BT K R 3s, gl
FEVUH B Bk O 6 B R 64T T 5 w1 A S 5t
B B B 2 i A A I 2545 8, AT S5 T R B B ™
AR RPE X305 Hic A2 da b i s i o AH AT A AR
IFEF (Rouhani & Niv, 2021), #{/3% T URPE
POR SRRtV R E -2 A NS I 1PN s s
fHR 1 2100 [H] L8 508, ARG R 1.
4 7 =ASHEEI, RBE BN T A B IR Y

A E 1L 0 N = 7 L1 5 R O N 053 S N v 1

AF R, BT RF a5 R KT IR A5 1242k
SRRV IS, FRAT B 1 R A5 102 B
RPE IEAN AR AL eAh, AMARRET AT G
23 30 32 52 W 22 5 B MLAE T ek AR 12 A2 Bl S
(Aberg et al., 2017; Rouhani & Niv, 2019), #1EfH
BEMEZEE W T R, M L T2 B s L i
RS RIN, 32 225 SIHL A URh B 8 0 A T X
RPE IEALHT N, BRESICAZ G2 s o

BT S e 1 e A AR B T i P, JOCs R 1
CAZHE P A DT A W AE R 1 o 2 FE X ERZE 02
A PRI B S, — T, GRS K
PEw TR ICIZPR IO A M, Oy — O T, BRAS I
TCAEHCP A CIC I M AE R 2 5L 45 R RPE IEAK
PrEsEERR, H RPE IERUT B a0 v

30 SCH 2. MBI LRZE X H A
WK 45 G Bt v R Bl 4 52 i
FESI 1AL L, ke 2 RABREHA, %

£ RPE 0 AN X 100 H AR A 1014 S %
FOCICIZEE R AR o SC56 1 K i B B Be = 2
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T HICC SR BTSSR, I sE s 2 HhekgeE )
W B T [ BEINF 1) bl 3 s 28y 20, KH T M S sk
BrBemtial iy 3 s ZEKF] 45, LABGSR S B B Al 5%
ERSRORGRRVA S} Al
3.1 Ak
3.1 #ik

2% B AR 2 3 B v 23 5 R A A i s Ak 5% 1 3k
W, L8 2 K2E S B Bk Bl 60 B9 100,
FERZU /N T 8l o 35 mil 23 A, Hop Lotk
17 N, 0 17~23 2 (M=19.79 %, SD = 1.89 %),
P EURT IEAE ) TE R, TRl 2 2R g8 LG BB R
g AR A ES ML, I B A
B, BAPERIRE B A R4k 28 T,
3.1.2 EImMBlE5NeE

RO R R S5 1 A, R
Eyelink1000Plus 3 zCHR 14, RAEH A 1000 Hz.
FrHRILE%R 60 Hz, /PR A 1920x1080 4%,
PR HR I 5 PR R B N 76 cm, FIFA RIIBCER 5L F1
TERIK AT 5 E, B K/NA 600x400 R FK, idx
A R A IR Bl
3.1.3 it

LR FARNE HAHESFHESLE 1 M. AR
()2, R o B B 4% Bt 1) S A (), J040 B B
AR IR 2R, i e B E R = B By 4 FD,
HER T BRI GG B B a5 Ak, B3 9 ¢ ] #i4
A — 600~800 ms MYEM w25 Bf, KRS W5 b
A —>800~1200 ms AYE M 225 BF o 2% > Br Be L4
100 3K, MERH B 200 KK, 58 %k~ iRk
Ja, JetAT LS HE, RO HIRZACT 0.5,
IR, LIS

TE > B B ) 8 S 5 e W SR IR sl 8l . —
J7 U, DAEDR R A IR D4R X, 43 ) A 4R

WA E LB ] 55— J7 1, 12 SR R N A 3 1 i
FLEAZ
32 HERSW
3.2 REFMMREXNESIRIZHENZN

T 2 2% 20 i B e 1 08 A A 0 1L T 7 3K
J&, NIl RPE 240, T H Mk LS 0428 iR iy 1
{H AR UE22 413 6 Fif/R, RPE M B 45 Bxficizdy
TSR AN & 5 TR

XA G AT AT (R 7)o X THH A1, &
Se, BEEEF(p < 0.001)F1 RPE (p < 0.001)F 55
Y, HMEAERENRIZEAEM@E =
0.002), &% 345 BA RPE AR #2310 Hid
TR BT, (AR RN 23 Bifi 5 4 5 45 L i 34 R i
HI55 . HIK, URPE (520 0 2 (p < 0.001), i H
ICAZ MGG RPE (Y M w5 o BRASICIZ
SR E R S 1A, EFE LR (p <0.001), RPE
(p = 0.002)F1 URPE (p < 0.001)[¥52 044 %, H
RPE 5% FELIRMN ML EAEMNEE @ < 0.001),
BRASICIC LS 52 B e K F A5 R n ek, HAFAE RPE
TERAN AV S R A, Ui R0 23 32 e 22 5
S50 55

X PR A IE A R R Y S B IS HEA T AT (R 8), H
KB T URPE XTEXZEICAZ N i 1) i & s (p =
0.011), RPE /™y & PEAY I/ MIE 3 T B S5 10 A2 B B
JEE B

AR HURNME 2 H 5 1F AN 35 H 1812 18 51
ZAH(r = —0.05, p = 0.840)FIB L5 1L LG 25 (H (r =
—0.11, p = 0.630) FUAISCHRA & .
3.2.2 REWNIRZEXT 4G R R E 00

i) 2 IR 2 50 A S i A A v 2 TR AY) 3 4% Bk,
XFPFRA 20 2w, Mk iz iR i 2 800 s E
ML) /NT 50 ms (iR, RG24 Rk 9 fr

23]
B

YrEsE

+7

P— T

5 min

5s 0.6~0.8 s 4s

IFI G

Wz
BBt
v FH JIH

5s 0.6~0.8 s

5s

K4 sco 2 AR B (e (R it SR R IR Sl A b, TR 18T rh DAk RERR )
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F 6 U2 MBFBEEICIZEPEREMIRAEE®MN =23)
RPE
raRvae Sl
-6 -3 0 3 6
i H i1z 0.85 (0.11) 0.75 (0.16) 0.74 (0.13) 0.78 (0.17) 0.81 (0.18)
BRE51042 0.33 (0.21) 0.31(0.14) 0.51(0.14) 0.38 (0.18) 0.43 (0.21)
wor TEH oo " 1.0 R
0.8 - W 08r T T
ﬁ 0.6 . Eﬂf 0.6
# 04r T g Hgy
02 0.2
0 -6 ' -3 ' 0 I I 6 ' 0 1 4 7
RPE PG
a. RPEXJI H FIBRE5CAZ e b. RE ARSI B FIBREHTIZ I
B 5 SEE 2 5(a S~ RPE, b 25045 50 X3 I H MR Z5 10125 vh 3 A 52 i (R 25 2 AR LR )
K7 ZW2HMEMBRERIZERE EGLKERESTER
- BT S BTN v e o SR TRl VA e o
b z P 95% CI1 b z p 95% CI1
intercept 0.82 4.09 <0.001 [0.53, 1.06] -0.14 -1.03 0.302 [-0.42, 0.13]
RPE -0.15 -4.16 <0.001 [-0.22, —0.08] 0.10 3.07 0.002 [0.04, 0.17]
L& 0.09 3.38 <0.001 [0.04, 0.15] 0.12 4.25 <0.001 [0.06, 0.17]
ZEHAEH 0.02 3.04 0.002 [0.01, 0.04] -0.03 -4.06 <0.001 [-0.04, —0.01]
intercept 0.96 4.99 <0.001 [0.58, 1.35] 0.20 1.60 0.110 [—0.05, 0.44]
URPE 0.09 3.57 <0.001 [0.04, 0.13] -0.18 -7.72 <0.001 [-0.22, -0.13]
E4 e 0.04 2.11 0.035 [0.00, 0.08] 0.10 5.21 <0.001 [0.06, 0.14]
x8 T 2MEHMBEGICIZRERT XREEHEESITER
AR 51 H AT AL L (ms) 451 12 S Y (ms)
b t P 95% CI b t P 95% CI
intercept 1643.47 24.73 <0.001 [1513.13, 1773.81] 898.77 11.10 <0.001 [739.81, 1057.73]
RPE -1.85 -0.31 0.760 [-13.73, 10.03] —4.04 -0.48 0.634 [-20.70, 12.62]
EA -12.14 -1.500 0.134 [-28.02, 3.73] -13.23 -1.30 0.195 [-33.26, 6.80]
intercept 1656.91 25.55 <0.001 [1529.73, 1784.09] 854.83 10.84 <0.001 [700.02, 1009.64]
URPE -1.98 -0.299 0.765 [~14.95, 10.99] 23.01 2.55 0.011 [5.27, 40.76]
EA -14.08 -2.423 0.016 [-25.48, —2.68] ~14.63 -1.86 0.063 [-30.08, 0.82]
=9 LU 2 FFARETE (ms)FEFL L (um) W E IR E (n = 20)
RPE
HR Bl 48 A
-6 -3 0 3 6
Pl AL 1) 2660.54 (460.5) 2576.9 (403.95) 2572.34 (356.85) 2686.05 (367.19) 2721.83 (373.85)
S3AE A B[] 506.59 (224.34) 542.96 (212.07) 550.89 (246.87) 486.1 (202.6) 437.07 (176.77)
fiEE FLAS AT YR —-69.78 (67.04) —42.83 (62.85) —33.84 (48.4) —44.19 (69.11) —42.25 (82.59)
ML AR fL e K 159.72 (57.69) 174.92 (61.73) 176.47 (57.2) 180.08 (58.26) 210.06 (98.49)




i

% 6 H JeE A RBTUNGR 2 X T H B A I W B 4y B . JnidAC e 885
10 XE2MHERNVESKEERSTER
- R i3 L ] (ms) A3 A LT ] (ms)
b t p 95% CI b t p 95% CI

intercept 2607.41  30.35 <0.001 [2438.91, 2775.92] 528.31 10.53 <0.001 [429.88, 626.74]

RPE 8.72 1.46 0.143 [-2.96, 20.41] -5.72 -1.50 0.133 [-13.16, 1.74]

A gl L 1.98 0.25 0.801 [-13.43, 17.39] -2.09 -0.42 0.676 [-11.92, 7.73]
intercept 253179 29.81 <0.001 [2365.20, 2698.39] 851.26 11.77 <0.001 [484.36, 678.15]
URPE 15.66 2.41 0.016 [2.93, 28.39] -11.51 -2.78 0.006 [-19.62, -3.39]
A gl L 10.81 1.90 0.058 [-0.36, 21.97] -7.95 -2.19 0.029 [-15.06, —0.83]

- fi# L A6 F- 2 1 (m) It L A5 4 5 K AA (pm)

b t P 95% CI b t P 95% CI
intercept -25.94  -1.84 0.067 [-53.66, 1.79] 192.32 14.50 <0.001 [166.31,218.33]
RPE 7.06 3.05 0.002 [2.53, 11.60] 4.40 3.63 <0.001 [2.03, 6.78]
BEEER -2.08 -1.11 0.266 [-5.74, 1.58] -3.33 -2.08 0.037 [-6.47, —020]

2 HAEH -1.09 -2.28 0.023 [-2.02, —0.15]

intercept -21.52  -1.46 0.144 [-50.40, 7.37] 194.58 13.95 <0.001 [167.22, 221.95]
URPE -7.84 -2.97 0.003 [-13.02, —2.66] —6.67 -2.95 0.003 [-11.11, -2.23]

A gl L -2.80 -1.38 0.169 [-6.79, 1.19] -4.28 -2.45 0.014 [-7.70, —0.86]

ZHAEH 1.18 2.12 0.034 [0.09, 2.28] 1.83 3.82 <0.001 [0.89, 2.77]

N o Xof L A3 (R A ) L R i L A A A TR
B ERPERAL AT A A (L3R 10).

# 52 RPE Xif &) 153 (0 W A (] B4 5% i &85
&I, URPE X & F i LA (] 52 i 2 (p = 0.016),
RPE "™ 5 P A 3G RS A 1y LI (A 44 . URPE
XA (B AL [ A B 52 (p = 0.006), RPE ™
SAETE/INEE, B A E R TR A, R
1 RPE Y& AR [B) B 52 mAS fl , BE 2 A
RPE 43 (B ] 52 M-t A 52 (ps > 0.100)

BT AL AR IE, RO (A 5 5 5 L 3
HI 500 ms AFRIREFL ARME N LR, i Jsik i A
(BEFLARMUAE = RUBRBRIEFL /N — JEZRMH), 30
1EJE R FLAR A I A KIE (RS 45, 2020),
% %% RPE X fALAE MLy, 255 R, XF T sl
AL F-H4M{H, RPE (p = 0.002)F1 URPE (p = 0.003)%
TR, HREHGRM RPE A B FEMAEH
fEM(p = 0.023), KEL5HM URPE WA W 1E ]
ZHAEM (@ = 0.034), £ RPE IEM FME™N B4
ABGEIE T M FLAS Ak PSR B, RIS 5 25 SR
B R SR AN R, PR BSOS o X T L AR Ak A
KAE, BHLEF(p = 0.037). RPE (p < 0.001)F
URPE (p = 0.003)fy T2 0 i 2, H A BE5 LA
URPE fi i F IEMZEHAEMH(p < 0.001), FH RPE
TE RGN A ™ P A0 A2 1 T e L AR Ak e KA B 3
T, TRD A 2R 8 S B R S B ™ B P AR

3.3 it

TE 4 5 WU Y BE i, I 2B S 5 o B i) S 3
BHAIZ S, SC80 2 &8, W0 Hidie 77 7E RPE s
M5 E RS, SRATWFHIAELT . B Hid2
Xof A B B2 15 B B A R 9% R 1) 5 4 VR A AR B 4
G A RPE 840, SE86 2 RIS UE T BRE5 1012+
f) RPE 1E 8504 AV ™ o M 34

AR 48 bn SO T ocic Az d il it B, o i il st
(i) 52 I A A AS [R] 38 A 2% > B[] 43 Pl (22 e
45 2016), FEZF| T RPE ™ BYERYEEN , 24 RPE
I AR, R UL e g A I 2 1 2 1 SR
JEA T XA ) 2 ST I [R), RS 7 AR R 2 T2
L o 1124 RPE (PR K, RBIRA 1Y S i
ESCIIRAR, Wt B 2 2T B[R] AH R A8 4

it £L B AR AR b R B T Bl 0 BRSSO R
(Ariel & Castel, 2014) . 1 1F J5 f4) i FLAE FL - 24 {E A1
B RAE S5 AR, RPE E 80U FAR ™ WAEAE i T
MEALAE A, [RIBS22 545 S S ), RPE AL AEfk
HISI 2R, X5 RPE XFBESEICAZ A 50 JEA
ARAST, W1 REZE I I FL AR A A8 b 32 R e T AN AR AE
W HNAER (S WEGRE . s 45, 2020) F x4
(BN T O BRSE I REE

SEUY 1R 2 BT RPE &0 ™ i M X 10 H A
RE5 10 3 g5, JF ik — PR T izt & A4
AN L] ——2 A5 Bl T oeie 2 s il A2 T
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55 %

L

ANRXTIE FIE S G i A0 B IR o (R AEIX
ASLEH, KB RAE 3 K, SEE K
FHERS WS IEA RPE ESE K, BARSGIT
AT AR L5 I8 T R B A R A, © 2R HE
AT RPE S A B (500, 1H 3558 3% 45 2 1
G B, FhFRIEATILE 3, HAYRBETR 1 M2
RPE LM XFiCAZ B G#  r fe e v, IF R R g ik
RPE /™ P A 5210

4 SEEy 3. BTN R 22 X1 H
PRES 1A ST i AR 1

Scgy A2 vh, RELEIR A 1 4T =R, &
HOE W GE R 7 X RPE A 0 R siHy, ik
FLE 1 XN Y RPE A 0 FOERUY, HA e
TR 4 XS R IERA . 0 Fp . PR S
55 3 v, BT RE N 1L 3. 5 R 7 Ak, LU
¥ RPE 7K, Wi/ RPE ZCH R B 45 SR )
HE, BUF RPE RCo AL Xt 100 H A g ic iz
A R RSOE 1

41 FHik
411 #ik

W 29 N, BBk 2 250 Hidls o PR KT
0.5 Bpiik, e ait 27 Ao Hptk 24 A,
AEREY 19~25 (M =22.11 %, SD =1.98 %), i 1k
BFIEMLN B, T ARG MO IR . i
YOk A S S, I BPaLAE R E . &

AR RS FLSE I A K -3 292 19 T
4.1.2 EIawrel

R R S RIS SR AR ] .
4.1.3 Xt 5RE

SEE TS SN 1AL (HAE B AR AR L,
WL P AL A 1, 3. 5 A1 7, ‘EATH B e
TEE M EE PR 122 03 0 4, MEARE R A
h4:3:2: 1, HPRF SRR 45 H 0RO A
Z 274 RPE 456, -4, 2.0, 2, 4 f1 6 LFh,

SRS R RIS B S K 2 ML, AR
&, BE, RRE TIRUOIT A RIS B, HR,
2 L8 FN M E T AN X A M BE I A, K2E T By
B {8 5 15 5 1 S AT [R) B 31 S FD, 22 2] B Be
5 100 Bk, MK BLAFE 200 iK1 .

4.2 HERHH

W) 25 27 > B Bl il e A AR H (G DU 44 B 1Y
WK, A RPE 50T, W HMBEEiCgd %
(I (E ABRUE 22 Q026 11 Ff/R, RPE A3 45 Xl
TR manE 6 Ui .

XA MG AT T (GR 12). XTI H R,
55255 2 MR, 2E 4R (p = 0.001) .RPE (p < 0.001)
F1 URPE (p < 0.001)#ysZ ¥y it 2%, H RPE FIX ¢
SRA REN R EEMP < 0.001), KL
3 R AR T I H G2 S R, W H O AR TE
RPE AR LA S i ™ A3, (BB a5 1
PE 2 I 58 RN RN o BRESICAZ A R S R A~ 52

F 11 X 3MEMBLEGIRIZEPREMREEZ@N=27)
RPE
S
-6 -4 -2 0 2 4 6
W Hig 0.85(0.19) 0.83(0.14) 0.81(0.12) 0.76(0.16) 0.76(0.16) 0.83(0.16) 0.89(0.23)
TRt 0.18(0.27) 0.26(0.19) 0.34(0.12) 0.46(0.11) 0.33(0.12) 0.28(0.21) 0.26(0.29)
T ——mE e Wk SRR Y
08 t W 0.8 T
% 06 5 06
= - %
04 . 04 f
2 ~T.
T ST
02t T 02
0 0
- 4 =2 0 2 4 6 1 3 5 7
RPE RRAER

a. RPEXI I H FBRSS 1T I R

b. B EERXT T H RS IR

K6 By 3 %%50(a A RPE, b R BUEE A X 0T H AR S5 ICA2 0 o AR 0 (IR 22 SN FrifiEiR)
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F12 ZWIMBEAMBKERIZERE VBEEUERBSNER
. By E Rt VA i R BRE5ICZ bR
b z P 95% CI b z P 95% CI
intercept 1.02 5.61 <0.001 [0.66, 1.39] -0.18 -1.48 0.14 [-0.41, 0.06]
RPE -0.21 —4.48 <0.001 [-0.30, —0.12] 0.21 5.14 <0.001 [0.13, 0.29]
KR LR 0.09 3.23 0.001 [0.04, 0.15] 0.05 1.91 0.056 [~0.00. 0.10]
ZHAEH 0.04 3.64 <0.001 [0.02, 0.06] -0.05 -6.00 <0.001 [-0.07, —0.03]
intercept 1.11 6.31 <0.001 [0.76, 1.46] 0.18 1.67 0.095 [-0.03, 0.40]
URPE 0.12 3.81 <0.001 [0.06, 0.17] -0.28 -10.23 <0.001 [-0.33, —0.23]
KR LR 0.05 2.14 0.032 [0.00, 0.09] 0.05 2.51 0.012 [0.01, 0.09]
F13 XEI3IMEMNMBRLEICZEERBEEEEBESITER
- I H 0 A2 5N i (ms) BR 251042 5N it (ms)
b t p 95% CI b t P 95% CI

intercept 1704.79 26.76 <0.001 [1579.85, 1829.74] 1156.36 12.21 <0.001 [970.49, 1342.22]
RPE -8.22 -1.17 0.244 [-22.03, 5.60] -43.81 -3.26 0.001 [-70.18, —17.44]
WHELIR 5.77 0.68 0.500 [—10.83, 22.37] 8.18 0.62 0.533 [-17.54, 33.91]
intercept 1712.91 27.53 <0.001 [1590.88, 1834.95] 1052.67 10.37 <0.001 [853.47, 1251.86]
URPE 8.42 1.02 0.308 [-7.77, 24.62] 121.64 4.16 <0.001 [64.33, 178.95]
E4 e -0.30 -0.05 0.963 [—12.85, 12.25] 4.99 0.34 0.737 [24.15, 34.13]
2 HAEH -11.83 -1.97 0.049 [-23.58, —0.07]

I H1Ll, RPE (p < 0.001)1 URPE (p < 0.001)f#%5% 1
¥iw 3, HAFTE RPE SRBEER W EM A ML H
EH(p < 0.001), (HRFLEE LA FEMm Hik 3] 7%
BEKFE@ = 0.056), FLHBKLECIZSATAEFE
) RPE 1ERCA AN R 3R, A7 Bl 2 5 45
ORI E %, HHEAP R RPE RN RN B2
2 3 R B A R 5

X P I A R VR Y SR B HE AT AR BT (R 13),
RPE (p = 0.001)F1 URPE (p < 0.001)XJBLZE 012 [
NI X 2, AR5 RS URPE MAC BAR
W2 (p = 0.049), 3R UIEEZS 1012 1 48 B B 78
RPE IERL M 5™ b PR ARE pR,  H A5 45 3k
Ja 2 HIE5 ™ A RN .

AR 258 5 1E FUUn [ 3 H 242 8 5t
ZMH(r = 0.02, p = 0.940)FIBKZEICAZ B2 (H(r =
0.18, p = 0.370)AYAH AR A B3
4.3 iFig

¥ RPE [ 7K-FEGE s 7 J5, 1IEAZN 5 &AL
B R E N/, 2 RPE X0 H FIBELSC1Z
BRE Y RZ M S5 9056 1A 2 AR, X B RPE 2L
GITERTE PO R NE R SRR VA ibE A 1Py SPiepcr (iR
RPE ZCH 1Y 52 ) - E 2 Hh 22 B 45 2R 22 e m iR rY R
P45 5

FFEESICIZARBUS R, L0 1 PRI T
B A TR BUR G R R, MSEYE 3 6 RPE 2L
R F R SRR i — £ B 5, K3 RPE
TER B RS TSR G B TR, (] A 22 5 25 SR
SEMAAN P B 3 o RIS 1 AR B A R Y5
Al AV A T RPE AR o

Sy 2 A3 R AR e A AR SURME S I 5 RN
51042 RPE U0 80 I AH OG,  HLSIZH 1 H B AH G
FRBEAR A, 31X 7] AR A2 B T 32 F1 35 1Mk R A X
AR BB AL S I AR o 25 B DL RO
BIBREL, RIS FORAETT Y UM SR i 4y
BB ECRBEIMCT 0.5 (L8 1, 5. 043, 1E
$il: 0.40; E 2, ¥FL. 046, FES . 0.29; WK
3, ®E . 0.15, fET]. 0.17), B HUREEE 4 T HRK
-, BUE T RS

5 Eihie

BT A -, APl 3 A
BRI T RPE RLHr A 0k el — 455 th i i B
MEREHCIZIIAN R R . 525 1 R B, BRATICIZ AL
LUFFAE RPE IERUH MR ™ DL, L JOCs #ERf
PEFE RPE IEAUI N S R . 5088 2 E— 2 L B H
ISR SERESICICAH S RPE SR H Fil g
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55 %

my R AEOLE, Hal IR ShH R Z 2 i Y oo
INENEE S & B, RPE IEZCH AR R & T
AR EFLAS fE - (E g (s, H RPE %™ W4k
Sy T8 o (10 /1 T DO ST A 3 ) e /W T N 8
3T RPE /K, FUREKIE T RPE XF i H AR ZS
TCAZ AR S FE I
5.1 EEWNNRZE XTI E B L1812 ) 53

a8

RPE &4 %351 B AR 25 10 LA AE 53 2 152 1]
W Hic i i RPE Ut L5 Wimmer 46
(2014 & BL—5. RPE IERUN REMS (R B L5 1012
G E R, 5 I XT S5 (Ergo et al., 2020) ., 44
F—H FLEK 25 (Calderon et al., 202 1)1 FL—4 5 &
4125 (Aberg et al., 2017)IRT A STLER 45 - — 5, 1A
BT A E12 % RPE IERUM L #2851 — e

RPE (" & X350 H A S5 014 A7 7E 23 25 11
SZ0R . RPE pap i i M35 H 2 r9 A2 VR F S 1A
FiIE(Rouhani & Niv, 2019, 2021; Rouhani et al.,
2018), RPE f&h X BR A5 1042 iy /R I 5
Rouhani %(2020)A 45 R AHAF . 1 H 55T AFRA
[F], ASBF5E b o B -2 F LS 10290 S s i) &
BTG, P FE R EES W, RS ICAZ it
PERON AR BE ) & RPE ™ e 0 ELEERE N . LAh, 7E
SEE 1, T HACACTEAS R TSN B s,
o T AL BRI, TS 1E A2 B et A
PAIRAEAE, HIRE RPE ™ WM HIEHF
BRAS 1014, M7 AF 38 32 52 e A [R] ™ e i 3 H i i xr
INHIGEIE Y o5 P R4 77 4
5.2 REWMMIRZEZIMSIZHmBHETIZIZES
5.2.1 MM T Tig Iz EE S Y 20

TR R IR S 122 (Murty et al., 2016)
RE 5 | il PR PR3, TR NHZ I, Y X R E
T EUES Y RPE IERLUT B, A i FLAZ A3 K,
XATREREL T/ MAA T H SRR SLE, o
T TG LT il 3 5 X B 45 104 DA R T 43 L Y
AR AR T R AU SE R A (Pessoa, 2009), —
D70, 2 FR B K J2 b iR NE A5 31 1 5,
REM LT 2 Sy —Jr I, MRS G s A T
DRE, fEUEREA N TIRICE . teah, fEA )2
I, RPE 1E 0041 {7 1 0 55 X 19 22 U2 B 0 W 2 o,
M R AT B 22 B B 43 9 2 (Schultz et al., 1997),
X 2 [ AR A I RE A% A Ik I 0 A IR G AR AR
TR BB ) A, DN ITTFE IR 45 1012 4 i ) B8 G )
A E 7= A AR 4 F (Bethus et al., 2010),

M RPE ARLHY B, XFHREE 1014 /Y B IR B A
b, SR BRSSO R GTREAR . (HX T30 H gL,
ARG TR IR, TEHRISH B, RPE HUH BARXT
SURMR A TR 55, AR B A 19 PN IE B 25
FEIE R B R B R HL AR Tl B 1] 7E A ok
I PR KA ¥ 5 384 77 BT K (Wimmer et al., 2014), X3
B, RPE AL BARTE & T 55T ahil, 4
fe T Hidizgmts, M4 7 HidiZ R M.
522 OIEMEXITIEIZESR R

AR h2h JE R 0H, o™ S X I R AN m s A
A & < BE IS 1Y, X —Jie A il i F fA B
T H ARG X AR e g, R T H A7
RPE ™ I P 1) 52 i) 6 L 14 40 5 B XY 32 22 S A
RPE "™ i AR R 25 5 5 T A vt 2 2 82 1 /DS, AR
' PR R R T B S AR S TR A, R T
SEUMASMERE, N TR . T TR A E A
it B ICICIZ M A N TEZL R (Koriat, 1997), 43
PR AT Bl 2 R PG e % IR 2545 2 40 T B 22 A R %
M ICICALFE R WE o — 7 T, FER T S3E Y 2 2] i)
(B, DAINERAZBEWCES iC IR, 55 —J7 i, LAt
fEFLARfb IG5, FBH T Bl in T I5C 445 4 AT 1Y .00 2R
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Abstract

Episodic memory consists of item memory and associative memory. Individual cognitive resources are

typically allocated to more valuable information during encoding through metamemory, leading to competitive

processing of item and associative information. Reward prediction error (RPE), defined as the difference

between reward results and reward expectations, has two properties: valence (positive or negative) and salience

(degree of difference). To examine the impact of reward prediction error valence and salience on item and

associative memory, and how reward prediction error influences memory based on metamemory, three

experiments were conducted.

In the learning stage, participants were presented with indoor and outdoor scene pictures. They were asked
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to predict the score of each picture and then received feedback on the actual score. Through this reinforcement
learning process, participants had to find out which type of pictures is more valuable, and 30% of the scores
were accumulated into the total score. To induce the effect of reward motivation on memory, participants were
introduced to the opportunity to choose between two pictures and receive the value of the selected picture,
although the actual program did not include a decision-making stage. After the learning stage, participants were
tested on item and reward associative memory.

The findings of the study showed that: (1) There were advantages in associative memory performance for
positive reward prediction error valence and low salience, with higher accuracy of JOCs at positive valence. In
contrast, there were advantages in item memory performance for negative valence and high salience. (2) In the
eye-tracking results during the encoding process, positive valence and low salience of reward prediction error
resulted in increased mean and peak pupil dilation after feedback presentation, as well as longer value fixation
duration and shorter picture fixation duration at low salience. (3) When the reward prediction error level was
increased to reduce overlap between reward results and reward prediction error effects, the separation effect of
reward prediction error on item and associative memory performance remained stable.

The results of the study suggest that the effects of reward prediction error on item and associative memory
are distinct. During the encoding stage, individuals use the valence and salience of reward prediction error as
cues to allocate cognitive resources differently in item and associative memory encoding through metamemory
control. In the retrieval stage, positive valence of reward prediction error enhances the metamemory monitoring
level of associative memory retrieval.

Keywords reward prediction error, associative memory, eye movements, episodic memory, metamemory





