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SR, BKREH, 2007), ¥R DR HAE m xF g2 4h
FERA ISR AR D BERIE, 81X 5 A AR
BEHNIER . s MR E RS
M SR KM RS B AR . EHl S
435 (Chun, Golomb, & Turk-Browne, 2011), F i,
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WRRFM, KEOATIRE RSN, REA T
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SEWWRXT T SD GCACREEE ), LR ARV E
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PO AR B S AP E 25 5
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SR AR T Py ARG FEAE RN, F(3, 60) =
6.17, p <0.001,n* = 0.24, HPEWLKREMN PS5
KO TIRLRSEM P, AMEAEREZESR, 120) =
0.46, p = 0.649, 95% CI = [-0.01, 0.01]; IE#H &R

M P, B O TR REN PoAFEERE 2R,
#(20) = 1.30, p = 0.208, 95% CI = [-0.04, 0.01]; iF
WERRLKMN Py BEMNTEMELTLREME P,
#(20) = 3.38, p = 0.003, 95% CI = [-0.07, —0.02],
Cohen's d = 3.83; KO TILRFZMN P, SEA
KT RFZMN P AR EES, 1(20) = 1.58,
p = 0.131, 95% CI = [-0.04, 0.01]; KEOH T
KK Py, B EACT M H PR & R AW Py,
#(20) = 3.41, p = 0.003, 95% CI = [-0.08, —0.02],
Cohen's d = 4.09; O T LR FZM: P, 55 0] R
TR FN Py NEER E2E 5, 1(20) = 1.90, p =
0.072, 95% CI = [-0.06, 0.002].,

S SAE XS T Py (5 I ) A AE 3 RO,
F(3, 60)=52.14, p < 0.001, 0> = 0.72, Hh F 4%
%M Py BEMRTIKOFTIREREM P, 1(20) =
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4.38, p < 0.001, 95% CI = [-0.08, —0.03], Cohen's d =
3.76; KO TIRL RN P, B ZIRT R AR T
ML RSN P, 1(20) = 5.09, p < 0.001, 95% CI =
[-0.14, —0.06], Cohen's d = 5.03; A THLZE
HA Py s EAR T R B B TC L R AT Py, 1(20) = 3.19,
p = 0.005, 95% CI = [-0.11, —0.02], Cohen's d =
3.02,

S S A XS T P (QE A4 50 A7 A B 3 R0,
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P B E TR LR P, 1(20) = 5.68,
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(BN KR . BRIE, 7ESC5 3 haRATTREMUE R T4k
R T IR SIS Emal (50 ms ZE
K% 100 ms) FEFTHE KK AR LR LM,
TR 222 5 I 1000 ms AR 5 3, K
KR O R RN 5 HA SR A2 AT LB, T L%
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ORI 5L R R A 1000 ms)FI% b L%
M. BN, RO TRLR MR R ICL R
SRS S 2 —3, (IR S 4R E IR T
BEEY AR TE] B A 450 ms ZEK: % 500 ms, Jf H K [A]
WL ZR 1) d5c i 2 PR R A 50 ms ZEK 2 100 ms. %F
A SIS S 120 ANk, 3 480 MR, ]
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B30 s B[] o 7 I 230 56 T 4w gt 7 2k
FTZEA 16 DR 2TRR PR UE T S04 55 A 7o 0
TH TR . BRI AR K ZY 40 J34h .
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(Py) . TRIER(Po) L K IEW s B (PYM LR E 6
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LREFKMN P, REEHTKOATIMEERSKMN Py
(#(19) = 4.88, p < 0.001, 95% CI = [-0.12, —0.05],
Cohen's d = 6.83) . KKOIHLRFZN P, (¢(19) =
7.30, p < 0.001, 95% CI = [-0.11, —0.06], Cohen's d =
7.37). KIREAKLRFEN P, (1(19) = 521, p <
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0.001, 95% CI = [—0.11, —0.05], Cohen's d = 5.91), IREMREL . S50 3 P K AR TR R A5 K R
RO TIRERFEM P, SRIKOIFHLRESM P, TREFMAER 22T 2 R R —2,
WA XS, 1(19) = 1.10, p = 0.285, 95% CI = WK AINAN B oy B f2 it THESE, JfHdade 1
[-0.01, 0.03]; KEIFTIMLREFMN P, SKIKAIR HApr 4 Fofofige 88 [ 9 2 2R 350 1) (B 1% o

KEREM PoAFAEREZES, 1(19) = 035, p =
0.727, 95% CI = [-0.03, 0.02]; KK OHmLELK
7 Py SKIREARKRLRFN Py MAEREES,
1(19) = 1.28, p = 0.215, 95% CI = [-0.03, 0.01].,

X Py (FEMNER), SEE S AEAE 808, F(3,
57)=27.49, p < 0.001, 0% = 0.59 , %% 5 i 753 J i) g G
LRFMN P, BESTKOATIRE RSN P,
(#(19) = 8.44, p < 0.001, 95% CI = [-0.20, —0.13],
Cohen's d = 5.83) . KKK FKM P, (1(19) =
5.47, p < 0.001, 95% CI = [-0.19, —0.08], Cohen's d =
4.04), KIREAKLREM P, (1(19) = 6.55, p <
0.001, 95% CI = [—0.20, —0.10], Cohen's d = 4.96),
IKEARTIMERZMN P, SKIKEOIRELR KM P,
WHBEES, 1(19) = 1.92, p = 0.070, 95% CI =
[-0.07, 0.002]; KA THILREZM P, 5 KIKEAIF

KRR PA WS, 1(19)=0.92, p = 0.367,

95% CI = [-0.05, 0.02]; KIKREAHLEREN P 5
KIKEOARKLREM Py AMEFEREZESR, 1(19) =
0.71, p = 0.485, 95% CI = [-0.03, 0.06].,

XFF P (IERI R, S A PEAETE R0,
F(3,57)=83.45,p <0.001, n> = 0.82,, 4% % i 7~ /&[]
PICL R &M PRI T KO TIRLR LM P,
(1(19) = 13.57, p < 0.001, 95% CI = [0.21, 0.29],
Cohen's d = 2.04), KKOIHHLRZM P (1(19) =
10.60, p < 0.001, 95% CI = [0.02, 0.18], Cohen's d =
1.60), KKEOFKLREN P (1(19) = 11.09, p <
0.001, 95% CI = [0.19, 0.28], Cohen's d = 1.76), JK
IR TR RZN P ERKOREREREZM PR
FAERE 2R, 1(19) = 1.32, p = 0.204, 95% CI =
[-0.01, 0.06]; KEIFRTILRFZMF P 5KIKEIR

KRR POA BEZES, 1(19) = 1.43, p=0.169,

95% CI = [-0.01, 0.05]; KKOIHRHLREN PS5
KIKREA KL RKN PRI E 2R, (19) =
0.19, p = 0.855, 95% CI = [-0.04, 0.04].
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WFFE IR R G R B EAT IR UL, i R R X
ol RT BE A AR ), ASBIE T 1 DA By s AR
B AL 4 RGBT X AR S AP . =
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(4 T 23 4 v i AR I 4 1] — 00 19 B AR 193242
FEI, RIATHIR A 1) £ 2R 00 1 % Bl BT 5 B A 1)
HARHEAT IO . A BRI, MIFRE XL R
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Abstract

Retro-cue effect (RCE) refers to the phenomenon that individuals can use retro-cues to improve their visual
working memory (VWM) performance of target items after the disappearance of memory targets. To explain the
mechanism of RCE in VWM, five different hypotheses have been proposed by previous studies: the hypothesis
of enhancing target representations, the hypothesis of forgetting non-target representations, the hypothesis of
preventing memory degradation, the hypothesis of preventing interference from probe array and the hypothesis
of cognitive phase separation. Although RCE has been repeatedly observed in previous studies, the mechanism
of RCE remains unclear. In this study, we conducted three experiments to test these hypotheses.

In Experiment 1, participants were asked to memorize four colors in a recall task. They needed to recall the
color of the target item when the probe array presented. There are three experimental conditions, the normal cue
condition, the short interval no-cue condition, and the long interval no-cue condition. In the normal cue
condition, a memory array (four colored squares) presented for 200 ms. Then, the memory array disappeared for
450 ms and a retro-cue presented, followed by a 900 ms blank. Then the probe array presented. In the short
interval no-cue condition and long interval no-cue condition, no retro-cue presented after the memory array, but
the probe array would present after the memory array disappeared for 450 ms (short interval no-cue condition)
or 1400 ms (long interval no-cue condition). The design and procedure of Experiment 2 were similar to those of
Experiment 1, except we used a grey-wheel cue condition and a colored-wheel cue condition to replace the long
interval no-cue condition. These two new conditions were similar to the normal cue condition, except the
retro-cue would appear with a distractor of a gray wheel (grey-wheel cue condition) or with a distractor of a
colored wheel (colored-wheel cue condition). The design and procedure of Experiment 3 were similar to those of
Experiment 2, except a long-grey-wheel short-cue condition and a long-grey-wheel long-cue condition were
used to replace the normal cue condition and colored cue condition. In the long-grey-wheel short-cue condition,
the retro-cue presented for 100 ms, but the grey wheel presented for 1000 ms. In the long-grey-wheel long-cue
condition, the retro-cue and grey wheel presented for 1000 ms.

The results of Experiment 1 showed that there was no significant difference in memory performance
between the short interval no-cue condition and long interval no-cue condition, while the performance of the
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normal cue condition was better than that of short and long interval no-cue conditions. The results of Experiment
2 showed that participants obtained the RCE under the normal cue, the grey-wheel cue, and the colored-wheel
cue conditions. However, the degrees of RCE obtained by these three conditions were different (normal cue >
grey-wheel cue > colored-wheel cue). The results of Experiment 3 showed that participants obtained the RCE
under the grey-wheel cue condition, the long-grey-wheel short-cue condition, and long-grey-wheel long-cue
condition. The degree of RCE obtained by these three conditions was the same.

The results of the present study supported the hypothesis of cognitive phase separation, which suggested
that the retro-cue can separate the internal attention reallocation process and decision-making process, avoiding
cognitive interference from the probe display. In addition, when the retro-cue was accompanied by the
distractors, the type of distractors (rather than the presentation time) affected the degree of RCE. This study
provides further evidence for the hypothesis of cognitive phase separation, which is crucial to solve the debate
on the mechanism of RCE and to understand the relationship between attention and VWM.

Key words visual working memory; retro-cue effect; cognitive phase separation hypothesis; internal attention;
recall task



