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2020; LaRocque et al., 2014; Nee & Jonides, 2013;
Oberauer, 2002), APLL 5 Y HiE 55 A1 I ICIZFR1E,
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S 0.01, 0.06 1 0.14, AT B AAEA ¢
Kr 36 A 43 A AE & A8 AL 57 A A8 Ak 43 Sl R HE 228 AN
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i, 0.2 < Cohen’ sd<0.5, FaR/PNIUvtE; 0.5
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B 0.8s vs. 1s)H M 22500 . 45 RERW, 7EL
Ffar, 1CIZBLSTRIE R (] B X =A™ 3R 1Y) F2 3500 2
B3, Fs > 16.10, ps < 0.001, 12 s > 0.36; EZ 6 fif
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17.52, p < 0.001, 0= 0.38, BIXIFEA ¢ K060 0 Hr s
RN, LSRG = fr 454 T BT
TRAATT S50, ¢ (29) = 6.75, p < 0.001, Cohen’s d =
1.23,95% CI [0.75, 1.70]. [RFEML, BLASICIZMST
Bl TE LR ACAZ B 38 KT i B BEAIR, £ (29) = 3.044,
p =0.005, Cohen’s d = 0.56, 95% CI [0.16, 0.94], K
[ 25 F T Y 2x2 B4 Iy 2200 BT 45 SRR B, il
1C S FIFE LR T far 1Y) 0 3 3, F's > 16.02, ps
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L HAE, F (1,29)=36.24, p <0.001, 0} = 0.56,, At
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R BICAZ S W 35 TR, ¢ (29) = 8.68, p <
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BN R BABEAE S Tt A2 AR AR 1k, £ (29)
= 0.81, p = 0.42, Cohen’s d = 0.15, 95% CI [—0.21,
0.50],
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CACR G e o AR TS5 R ICIE I 10 e 3k
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RN Zhang %5 A (2022)HF 5T 45 55 ¢ IR 70 s B
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Ak RS 2 1 g A AT B 1 1242 LS Y5
Wi, AHZTE 0.5 s IS S5 1F R, PR RARIR TS
AR VLK A N ) A 285 R T o SR IR AR 1A T
AT, BEF 1 (BB BB TEZ RS 2
(TELRASAAE) L A RS2 . R RS 1 Y
TEACFRAEAR A4 I T AR RIS IR IR 1 s IR
ATSER, LR RES 2 b Sk I 0.3 s, L
R PRSI 2 ARSI T, FERXFPIGOLT, PR 2 3
TELRAS A DL N T3 A8 58 42 T DAt 48 3R 31 451 132
LRI T 58 LR FEEAT, F nT ke g B i
R BN o WA AR o, T 0.8 s [YAE
IR AT BN JE A 3 11 ol 28 0 i A5 2 50 B AR T
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RS 1 RS RAE, [ HACIZ S & At
Eo L, PR R B A1 T A R RIS 2
IR f - A ] | I I TRRVAY '
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AT RIS EOR 4 5528 1 AR,
(ASCBG R s AT 22 BN 1) ZEAR LR h, A
VCIZ RS Z ] 1 B (i) (] g 1 0.8 s B3 2 A 4t
BRI 0.2 s B 0.5 s (KEBE),
ZFEFNATY SR BEAIL S22 B A s U350 H 52 B ]
HPBETE, BT E K . MR ME S
H, BHA 32 MR, ST e R P . 78
IER TR, A 20 s R e i
8 ALK LU T s A S g0 e o
32 #Ritit

B3 RScss 2 1725 R . AT M IER RS AT
55280 1 MRl B e T 2 (FEER AT 2 vs. 4) x 2
(eI G FELE vs. BEEE) x 2 (RIAHHE:
0.2s vs. 0.58)F & & )7 225007, 4R Bos, id1i
BLZ RN AE 26 T faf ARG 3 1 2RV, Fs > 22.96,
ps < 0.001, nis > 0.44; LT [a]FILELE ffar 22 8] Y
THAEHEE, F(1,29) =8.23, p=0.008, n2 = 0.22;
ICIZ LSRR 26 B fof 2 0] A S8 BAR A i 3, F (1,
29) = 81.68, p < 0.001,ns = 0.74, #RJ5, FAT/H5>
B A 2 IR TR RS I i G
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B3 SE5 2 BAT N IEThZAs
H: ** R p<0.01, *EKR p <0.05,

X TR IR N AT R AR, 2 (TEL i 2
vs. 4) x 2 (ICICM G TELS vs. BLES)EREM
MR R, 00 RETNTE L T 1Y 5L
N¥ 2, Fs > 19.56, ps < 0.001, ns > 0.40; iciZ
ISR T faf Z A S35 s AR, F (1, 29) =
35.60, p < 0.001, n) = 0.55, FECXTREAS ¢ K645 S %
B, o U 45 R T RS G AR IR A7 g 2%
£, t (29) = 14.70, p < 0.001, Cohen’s d = 2.68, 95%
CI [1.90, 3.45], [AIFEHL, FEZE4 w2 384 3]
4, BEERSWA - EN TR, ¢ (29) = 3.66,
p=0.001, Cohen’s d = 0.67, 95% CI1[0.27, 1.06]., 7E
KEMAMT, 2 x 2 TR &7 250 Hr 25 R WA 5
R— N BERZHAEH, F(1,29)=62.28, p <0.001,
ns = 0.68; [, 1042 MG FITE LR G fir il S 85 07 35
B3, Fs > 18.14, ps < 0.001, nJ > 0.39, BCXIFEA ¢
KR ah R, AL SO G & T fr 544 &
25 TR &4, ¢ (29) = 8.85, p < 0.001, Cohen’s
d=1.62,95% CI[1.06, 2.16], 2RI, 7ELAERIC
157 a5 500 1 B 38010 Bk A B 2 5
1(29) = 1.12, p = 0.27, Cohen’s d = 0.21, 95% CI
[-0.57, 0.16].

LA LIRSS, PRSI 1 TE 0.8 s A AEIR [1] b
M RS, Rtz B ik T &2
FEgl 2 I, EEE, RS 2 B2
[, BEMEIHPRIES] 2 1012 5 g A AL XS 1 3042 A%
SR o X —Z5 BT A DL E R B IR S 5 i
PUEABBE, B, ZERFEH) 2 L BURTE], M5 1 )
RS R SRR 2 B9 12 511 T,
AT 38 B 3 AN A R A i gl i, 1420
B 1) FAE R3S 2 38 1012 R IE N FE RS A7 6% &
SRR E RS R G UL T HEWT Zhang

S N (2022) 5T 45 R 517 S BE IR B BRI AR
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BOR S 4, [RIRFRED 2 S0 ()4, Ay ket
51 2 ARSI R, BES 1 1) B 228 By I [
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4 B

A5 T 7E 8 7 FCAC R BGE X % R T AE
1CA2 B 2 A AL AN o] B #E 2 A 1010 AL 4
Ao FESZE 1, FRATTNT IR 1 22 1] 1 ZE 3R [H] & (0.8 s
vs.1 s)FIIES 2 BICAL 0ty EA TR O 25 R )R, T
0.8 s ZER IR AT, FRA 2 (FELASAFAE)IC 12
TR AR T BES] 1 (B LRSS B B 35 15
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R, 5] 1 IS IZRAE RS TAE e 124
BOHR G 0.8 s BHBTESAT, EAEICIZRIBLIHR 1 s
JEME SER . RTS8 1 A4 HE, 25 2 R 0.8s
B RS SEIR [E] B, JE43 L 0.2 s A1 0.5 s B3 5
PR RIS 2, G5 IR, KRS 2 12 B
A 0.2 s ZERZE 0.5 s, BEASIHBRIES 2 1244 1 far
AT RS 1 A BRI I o8 45 0 S R 3R
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Abstract

Visual working memory (VWM) plays a foundational role in advanced cognitive functions. The state-based
models propose a hierarchical organization of functional states, where memory representations with high
attentional priority are retained in an online state (i.e., active state), while those with lower priority are kept in
an offline state (i.e., passive state) for later use. The memory representations can be dynamically transferred
between the two states according to the task demands. However, there was rare work to explore how the memory
representations transitioned into the offline state from the online, generating the offline representations. Here,
we put forward two hypothesis, the consolidation hypothesis and the fade-away hypothesis.

To explore this question, participants were instructed to remember two sequential memory arrays, with
Memory array 2 being detected before Memory array 1. In this memory task, Memory array 1 was held in the
offline state during the active maintenance of Memory array 2. Colored squares served as memory stimuli. 30
healthy college students participated in each experiment. We primarily modulated the temporal context related to
the state transformation of memory representations: the interval delay between the two memory arrays in
Experiment 1 and the presentation time of Memory array 2 in Experiment 2. The load of online memory varied
between two and four in each trial. These variables were within-subject factors. Experiment 1 aimed to verify
that the shortage of interval delay between memory arrays led to the failure of state transformation in the
condition of 0.8s-interval. Experiment 2 attempted to determine which hypothesis, consolidation or fade-away,
aligned better with the state transformation process.

The exploration of representational state transformation was built on the resources-dissociation account,
which proposed that the offline representations are independent of the active processing of online
representations. Memory arrays 1 and 2 were used to test the offline and online memory, respectively. The
results of Experiment 1 showed that variations in online load did not affect offline memory when extending the
interval delay from 0.8s to 1s. This indicated that the state transformation of Memory array 1 continued beyond
0.8s after its disappearance and could complete within a 1s-interval. In Experiment 2, the interval was designed
at 0.8s. We observed that the online load variation had no impact on offline memory when extending the
presentation time of Memory array 2 from 0.2 s to 0.5 s. This supported the consolidation hypothesis, indicating
that the sufficient presentation time of Memory array 2 allowed for the state transformation of Memory array 1
to complete before the subsequent processing of Memory array 2. Thus, we concluded that the state
transformation involved a consolidation processing to transfer the online representations to the offline state,
rather than natural fade-away of persistent neural activity.

In summary, the state transformation acts as a process of consolidating online memory representations into
the offline state, thereby forming offline representations. This process can be completed within a sufficiently
long retention interval, or continue during the presentation of subsequent stimuli when providing a deficient
interval. The current findings provide fresh insights into the mechanisms of representational maintenance in the
two distinct states.

Keywords visual working memory, state-based models, offline representations, state transformation, consolidation



