OHRLEIERE 2024, Vol. 32, No. 2, 287-299 ©2024 R B BT ST
Advances in Psychological Science https://doi.org/10.3724/SP.J.1042.2024.00287

BEAR X 2240 L2 S RYiCIZ I EER”

B! AFEH® R KA

(" DU 2 0 5 0 B 2 BE ST B, BB 610066)
CHFBRFOIHER, BSAMNBEEE RS LRE, FE 999077)

W OE ORRARSITICILE S R R AR ], KR AT T 6945 A A AT EAT R B A iR, KM AiTie
AR e dd A Wi A2, BARAR A I FNR LA AL G KRR RIET EEHER, JLiek
A RE, BEIRAR MO I E 69 VE R AL E PR R L Rl B, BE IR 69 R B B A 45 42 54 R ) £ ARSI B 69 % R 4
HEF, ERAFFRE AR, SRR ILBF A, PE EAMR LR TR, IR A A LI E 8
FTEER, AFTEENERGELILE ARLEHZHERGEF AL, FIREREREG., TUEHFE
Mo Rk B, B4 LR, B AMB-T S 5 20 mR AR E80F, BRSER. BRS
B AR B LB IC LB OB A TR T I e AL R R0 B AE R B 8GR £ RN F, I8 B4 JLREIRAR
BUEITICIL B 6947 A A I AT 0 69 dE R, A B AR RE IR BL 40 )L 3] eg iR ic L EAE A

EgEE ByL, BEAR, TICHE, REARIE IR, BEERL 4B

KES  B844; B845

1 51§ MEHF IR B E S T — H R R E Nk
B A B R 3 — TR = (Walker et al., 2002), X2 F 2% ~J & BEAR 5 i BLAY

EHN e ‘ i -, iy oY — — . e b 4 vE b
SRR WAL IR o O SR XD T e kA AR 6
SR . FaEh 4 % (Bkinci of al., 2016: Hatzinger (Eichenlaub et al., 2020), X F i Bl HIR 2 A 130
et al 2;)1‘30 2014(' Przepiorka et ai’ 201;) ﬁﬁﬁgﬂ E T RSBy R B CAC L (Stickgold

. , 4 2005).,
[ElE 12 AN 32E 2% 3] (Stickgold, 2005)., . . . .
BF 5% 11F BH B AR GF 46 38 14 F A2 7 1235
WIS 5 B, 25 I 1 R WA B - 38 3 BN BFGEEDIBECAT PRIETE AL 7 P2 29

N . HA & E H (Diekelmann et al., 2009; Schmid
FEHE R, OISR K S /N URTRR f ; 2

ij?jet L R *;‘jgsf\ et 2020): SIARFINIIL, ) HIFIE
I T SIS T ) e AU T B TEIC, 11 ELE T R
35 2% 2 DL B B A e I [ Bi——id 42 94 B (Wang et al., 2021, {ELXHR I 0 02
B2 BT 12 18 3R (L FK O B £k 3T ) (Walker, S e A, Z e TR s
o s RN L Hile FE X7 12 72 YL [ 1Y il A4 22 AL ) FT Be A AN [+

2005) BT DL B AR E (HERio7 21 JF e 3R AE) e 11 T
. A R (Ackermann & Rasch, 2014), 58 & B, Briddkid
B B I F ARG T HERR, 13458 (ETE E N E R IE T 7 TH | /ol 6 34 T 2 ] | . i .
SR I B B A 25 {E MR IR A (AL Sharman & 12U 25 080G Vi 5% [l D R e i . PR L
:m fon. 2014: Farhadian ot al.. 2021 S A AN/ (van Dongen et al., 2012), T2 FHic

iengsukon, ; Farhadian et al., ; Sugawara o . o ,
TCILIE NS5 BRI W5 /NGRS B0 2

: 7G4 S

et al., 2014; Walker, 2005), 4 2 /5 £ HBEIR Y 154 X (Albouy et al., 2008; Cousins et al., 2016),
[R] B 5 30 2 B0, R P eI A WL T = B R A 7
Wk H 4B 2023-06-15 ARpe 3 AR 3l (non-rapid eye movement, NREM)JHE i

* K HARBIEEE 4 (32271102, 31920103009), [E %4 BhES (Rasch et al., 2007). TiBLREHE I
. . RN
SR QORZDISH LR TR F OO o © i - W
354> (2022SHIBS0003) %5 1y F & A AEYE IR 3 (rapid eye movement, REM)
WS SHE, E-mail: zhangdd05@gmail.com HEAR B Bz (Plihal & Born, 1997; Qian et al., 2022).
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[ I S A ILIE M 5T R W, B I &7 dpl o o 2
) B IR T P S P 22—, B IR 207 R U 1% 1 A8 R
Wi 2 B R 5 R X 15 S LI LA Bz i A2 s
F YA (Ulrich, 2016).

BOLZFs A G 1 2 DN & (a4 #irE L
B, A AR 28 REANRYEEL); 4h)L248 1 2 5
3SMET(ARZEE 1 8] 6 X IWET). 241 L
WEFE IR AR AR 7R T AR XSO I DL B R HEVE T . 47
JrE W R, B R BE 4 5 B 4 L % o) B
(Berger & Scher, 2017; Sechagen et al., 2015), J5
B FEAR B LA L T 1 B BOH R A BE Y
AEJ1, Blnis S Re (4T . ARy . i Flgy
FEAE) . BRI ] GR BB AL SF) (Veldman
etal., 2019) MBI LM, 1EB 4 LEAY)
2 W 1R DX 2 T I £ B B B T U
1% (Johnson et al., 2020), i HLHFFE s 1T 22840 )L
R 2SR 1) B AR 0 T T2 L T 5 e IR 45 A AR A
Z [B] B9 B & (Friedrich et al., 2019; Satomaa et al.,
2020), SR FT LR AR, A AR 7 AE A 1Y)
BN L T RE & JE (Iglowstein et al., 2003;
Jenni et al., 2007), 224 LAY BEHRAE X 5 B AAFTE
RKRZE ST R R, B LRIl T 24
MEARASEZC, f0dh 3 FRARHRISHY . FFhREHR . 2
BIEE R R AS 7 5 B B (Ednick et al., 2009), M AR SR
% 2 ANHA R, EIENGE #EAS B REM HEAR,
L IEAR A5 B NREM BEFR (Jenni et al., 2004;
Kurth et al., 2015), M A NREM BEHIR A REM HiE
WS B M 58 B AT, K20 90 43 Bh — A JA
(McCarley, 2007); 3 H 2L AY X W1 e ARG 25
KAEE 60 434 & —IR (Davis et al., 2004), E4:
S — A b, BRI R I 1 2 R L RS [
3 S8 R A0 R T P 24 4 S 1 5 2k B A A i
AW E (D' Atri et al., 2018; Jenni et al., 2004), HE(R
iR 2L 1~2 H i E) H B (Grigg-Damberger
etal., 2007), 1M 12~30 H i Asf A B 25 F 30 19 2 2R
255 FE 22 s (8] FF 4R T P& (D' Atri et al., 2018; Page
et al, 2018), Jf7EH& A A iy i 1) op 47 22 K B
(Clawson et al., 2016; Lokhandwala & Spencer,
2022), BEHGME B PTE 2~4 H 2L W 5% 3
(Fattinger et al., 2014), 12 B 76 2 A e 9] JL4E
B, IR F I ETS 1R > (Campbell &
Feinberg, 2009) . % JLIY == 5 F) I HE 25 2 I A1 e B
18 i X RO A2 1Y S B RN LI AR A AR .

AN AN R, R B R (B /) B ) 2 22 4
JU I i IR 4 5 DL 4 R 43 (Galland et al., 2012;
Iglowstein et al., 2003), XLy iHiciZm kR 2
X% (Horvath & Plunkett, 2018), B4, I KHE
W AT A 0 B 40 LI R I R 2 2] B A
MR IZ MR E R A ME . AR AL, 6 A
12 BB ILTE2: 2T G 4 /NEFPErT 30 434
DL b /0N ] A2 AR 745 BE K (Seehagen et al.,
2015) YK, AR BEAR AT LS AL 2R 40 LI 2 2 4L
R PR RN, BYIUES IR s iR B
e — 50, H B RE KT & B3 S (Berger &
Scher, 2017) %1 W F K B IR T DS 5 22 40 L2
it BRI A ET AL

25 b, T 2R LN B A B IR 09 25 4 R0 A=
FRALHI 1 2 A B ARR, TR A B R
M IE S L 1 R IS fig LR T B 2 4L
W RIS, FR 2R L ORI AR i T A R LR
PR MEBR AR, 5 52 240 LR IR X e A2 U [ i
JHATHE— 25 B FAT T I A AR A P 12 12 I 11 A pL
Tl B o AR SORR IR R AE 22 4 )L iCAZ L g e
MIVE HEAT 2838, 43 BRI PR iCAZ R il
T2 B RENR DL AR AN 7 T AT A4, HIRAT
fRIERXT 2L LT . INMER, Bk E
A5 M B2 (AL 30 JE A

2 REARXTZELDJLBRARMEIZIZHTLE

FEREA B LI, R /0N B DA A 7R L [
R MEIC0C J T K 45 A B A H (Mason et al.,
2021) BB M ICIZ A FEAE S CAZ (5 B )l zs (0]
AR B A A% X AEA2) i ez oo — R Y
iI012). WEFRHNE, HTERYIIBERTEE
Jr Hh T SCRR AR A Ak S IR RE ), B AE TR L
ICICHR Ay, FATTHE T A A 7 M R 22 4 )L i =
WEZ AL RE 1 2
21 BEERMMZ24ILEFIZIZHILE

7S 4) LR IR (1155 501258 1, Horvath 5§
(O18)fd FHML B XS L BAL S5 B4 T 3 AL
) RO IR AR M I I L, R AR 2 S g 4/
ME(1.5 /NP AY S LA REIC AR 2 2] i AR ARG,
I H B L2 20 1 13 55 0 B A e 8 A AR 56 . 2L
Xt 8 A 7= A2 2] 184k (habituation) T 48 %) B [A]
5 85 - ek I 275 R 38 1) %% B RS L o 32l Spencer
DALl FH P A [ 0 R R M 24T 55 %5 42 T e
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RXT 3~6 %41 JLIESICLIEm . 55 —Hibk 5t
(Kurdziel et al., 2013)>R FHMLGE2S A]2: 20 (145, &
P28 [ /INREE 14 ) L) 38 ) o Y T2 T 2R
EFAREGT/NERLL, HIX P27 24 /NG
5 8% 0 2, R IR 275 I 05 199 %% 2 5 T2 T 1 e i e
lo 58 ZI0HF 5% (Lokhandwala & Spencer, 2021)3%
FREE R FFNHECAE S, A & I 2] 5 HEAR
21 2y LA 2B 3R T b ) A2 0 B 236 8 18 R4 40
JL, BHE2ZRTE 24 /NIHERR B3, [FIHZIEH)
6 5518 I8k I IR B[] 222 1EAH 56 . Spencer B PS5
FEHH, B BRG 0 AS [) R AE X5 &I L %) AN () 55 e ik i
1A TERR BIRK « 25 (BI04 T BETE AR 36 T IR IR 25
P, ME 5P FICIC T RETE 22400 T R HIR 12 38
FE R {Jj (deferred imitation)&— ) 1ZIA
af ()1 5 i 12 1 U & 77 ¥ (McDonough et al.,
1995), AT 55 1 0 — BE 1] 2 i WA 3 14t
NAT R FEATHAS; . f21E Seehagen MSIZH 7E 3 Wi
FEH R AR IR AR50, TR B LT X T ULE 2
Hicfe s T LR NS RO N E . it
T4, S %5/ NEXS 2L ERid
TZWIVER o 2F— 01 57 (Seehagen et al., 2015) & #i
TENERM 22 Z G Gl /M, 6 AT 12 7 ik
B L% Fr 2 sh VR BC I 5 i R B R 38 i 22 )
J5i A /INHE B[R] AE I 2R L, L A 4 ] 22 S5 RE PR 5
Z/0 24 /N ZT AR E T SCRFREIR X — % LA
L BR3P 12 A2 AR R Y B S 5 R AR
Sechagen 841 ) 25 — 5 W 5% (Konrad, Herbert,
ctal., 2016)& B, 7EsfERLs %~ Z )5 Gad /N,
12 A B ILAMERS fr 22 Sl i 12 8 W e & T
ALy /INHE A 2L, T L E A 2 B i i b 42
B Z T2 S, R W RN RE S B 2 LA
R RAT AR R F 28 45 1 . Seehagen TR
20 1Y %6 =54 5% (Konrad, Seehagen, et al., 2016)#
— 250 12 IR ILAr 2 2] 5 IR A | I P2 AN
FLAHCRa2=), BB H T
B0, AN [7] 1) B B (481 40 b 2 2 a1 400 BR B A
TEMR B B4 A € i /N B Be ), A 42 3T A
TOICRY R . 45 5 A PR IR 4H 98 30 8 X Pr 2= 8
YEE = e o g, B VS IR S Pt AT i A4
Eat B BVE, 2000 3R W MR AR T 62 i 28 LK B 2
FIRRENATFRULERNIENER. &L,
Seehagen PRAEAL Y 3 Wi 5% 327 3% BH MBI %o 22 ) Lid
TG LA YL E E A B 224/ H (Seehagen et al.,

2019). L4k, Konrad 55(2019)7E 75— Wi {14505
WHoE B 28 T 4l )L PR B IR AZ U o ISR
FAEE ] W B R — T 1) 15 A 24 %
g LRER T T THAE 44> BrH A ARG S (1 an %
I Be FL 4 A B A Lk 2 T AR AN R DG 3 1R
(B A% B Do 42 05 MR A, 4E45#r k)3t 8 A3)
TERFF, K IAE2: > 5 7 4 07 MR AR 19 41 JL R A7)
RE T ZHi2E 2 8 N EERSIME R, mis
D3 T RERR 094l JLIF 1A RIS AN T A2 A
X MATHEXS 4 ADBCEARSCIEAR B 1icig .
IZWF T B RUE W] T 4 )L A 36 438 1 B AR S 2 L T
BV e M PT8 Bl 40 LA e 5 b < fl 77 2 2] P AT
RS AR TE T B B A5 EL
H#ric 42 B 075 (targeted memory reactivation,
TMR)J2 % % il B A6 M 10 12 U [ A 2 HL I Y =
FE (Hu et al., 2020), B AMF5E & BLBRIA PR ICIZ
) TMR b 7% Wb 25 8 1 5 55 0] | e ik 60 R 0 0 -
S0 AR K X (van Dongen et al., 2012), [
Ghetti PR R T TMR {80 55481 2 24110
) R AR X155 S T 12 AE SCiE A2 UL A i 2 AL o
TES — WU 5o ic A2 W 55 i (Prabhakar et al., 2018),
S LA LT SE B 18] 5 45 Dol B B I F U vy
Hprich, SR 7S 25— Ay A SR Ia) B AR
5 750 A it AR St O R B2 ) BE W L AR A
o SRR, YA HEIR PR S SR LG
MIICAZZ R I (H AR, 1E 1R R30I 48 i
PAFR & AT), SRR 0RO AR e, 2 LU H
S G B A T S 0T 5 4l L B B
it 55 B (8] oz B B4l 1 DG IR 1012 ME i B 52 E AR
Ko ZWTEAE R T S TE RN L & o R s R
ICAZ L EZAE . Ghetti B 55 301G
02 5E (Mooney et al., 2021)ik4h LR IEICIE
U220 3 4 KW 3 A s A R (B e e A 2
TR, HEWG R LT, REFMRET
el (), — ELglLREHE B R0 B B Rt i 3
XY -z R, LT 8 A4 LR — &
B il Al (B bR il ) o 45 3R & B4l LAE 2 2 ) 4E
IR — Ja g 0 3 AT R A b 10 A A TR A AR R
B B (RO (R AL IS 25 o 2 > — W] I 7 i
IS0 (R0 478 s A a2 30 I bty (55 S At
AH L0 ) BE 0 A I T b 22 3 Bl KT 5 4 LR st
D 202 HET B 2 AE AR O, T 5 28 Al B e AL
RGTC R FE ARG, XA TGS 5 E T 012
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Z IR B R . IR P IURE 5T (4 1 ) 0 4
123 [N SR A AN — B, 30T RS2 92 >R 1Y
WCACAESS AR SRR . 5 — BT i T 8 —
23 [0 B XS AR 55, o IR 5 i T [ 2 s
Vi) {37 B O AZ AN R 2, T A 2R
eSS . BT % IR A 25, nlfg
FEGCALILIE B HLHIA BT A o FATER R
KAEAEZ M TMR SER it — 20 25 42 1 5[]
3242 LA Je 23 Al B e A2 Z M I 56 7R o

B2, RO, IR A S w2 A L
Rl A B EERE A AL B R (A AN
[F) 28 700 {1y 1 S5 iC A2 e A B A 2%, LR BIR
F18) AN [6) ARE AE (an 275  30 R 38 ) %o AN [R) 49 S e I
MR TTER . AR, BE IR REAR IF 2R 4l LY e %
PECAZ LB R RIRAE RS, R R0 1 5 45 g
AHICI X o 33X LEAFF 5T g PR AR MR HIR X 4 o & ik 72
Hg SC A2 B sl B AL T A M E A R
2.2 HEERERXIER4h)LIE XABIZ Rz EE R0

SiEsactZ 5L, H R M/ NEXT 24 LTE L
WAL A AR R B2 7 — TS PE I 5T
H1(Horvath & Plunkett, 2016), #F5% @ik 5K
B REIR H iR ICEIFIC S 8~36 HiR %41 LY
LR AN ] B AR A 45 53 R B S 40 )L 1 RN e
UK LA R A [T BRI AR 5 4 DA R4 L= ik
(R 2 ) F A R B R R A T R A F Al
JFH R ) F422 52 M AR (16 2 20 35 BE R i L IR 36
A TR SCRATRINI) (1A 14 5 TE AR DG, T A V] B I £
FRE AN A )Y B A S

FES LB & 2 ) S s R b, SRR
Nadel PRAEL 7E PTI5 52 56 vh R FH 2 450 —F Sk i
Wk, BHETHEIRY 15 A W4LIE S % 1
Wi o AP 9T 2 L4l LS 2 = 10 5 8 BRI A 1
24 A NTPhin) ik &, ARG FEL) L/ INE J It
AT i 2 R 1AL o B — TS (Gomez et al.,
20060) K, 2] Z )5 /NEA BY T4 JLNE %)
F189 BRLTR) 5] r A AR 0 PR RN, - s R DU R
7 A 2 T 3 i ], 5 ZIRESE (Hupbach
et al., 2009) & #, @)L A FE2E JEHAT T /N,
A RETEF ST IE G 24 /NI E AT X BE i
ML o LA b W ITURFE 5% 45 S 3 B e Al XoF 40 )L i
B2 MO B R o Ak, Simon ££(2017)
2R FH 2T 15 AL % Sk A e fe X5 48 1 R IR XS 6.5
AL RE R 2= T g, R R4

b /NEE B B LA B TR T g LA, IR HiAD
T R 5 b L 15 A2 Y alpha T theta BB 2 L
TR~ g DX P g B 4 IR DG L BR T A 15k
{53, Williams 1 Horst (2014)3% 3 P14 45
BT REAR XS 3 & 4l LR S s . SR
ik — & LB e A — AR 3 ki o3 — 4140 LB
B3 NSRRI ECEE, H AR g b BB
HgR], 22 JE B A B R A HEAT kA A, ik —
L LT NEE, 5 —PALR R R . R TR
5] 2.5 /N 24 /MR —JE S #E1T 3 il
AR o 25 AR PAS B 220 590 vh 357 2% B B IR 241 %)y
DL B i) (e A2 0 B 3 e T IE MR, U
W AR X 2L 1) % ) ELA CAC U AR k4 3 5 1)
A ) 0 19 4l L L el 32 S [ e 19 )y Lok i)
[2¢ 2 FCAZ SR B4
YT 55 02 5 4 B 4l Uik S 2] Rz
ffie 1 iy R Ve, FEE Y Friedrich PR F)
FHIZAE AT 456 i A8 AR (N400 FIZ5FRI), 7ER
G5 2 42T AR X 22 L MIE 55 IR 310 2
2B B e 2 A Mz AR AE . B — Wk 5T
(Friedrich et al., 2015)%& B, 9~16 H #2245 JLE/IN
ME(Z) 1.5 /NG AT LS 20 042 3 7= A6 3 i 18 S
W, JF HXRE SO AR (45 BT ARG 1 2 2] ik
B AARZE)S80 . T, A ok (X B 207 S % A1) el 3
B IFAHSE & “IHFST (Friedrich et al., 2017)%& 1
6~8 H B ILTE A TRl 2 5, HA
27 7 NREM MERR A 877 A= o Sz fbakns, Hiz
AN 5 NREM Biv B 114 Hsf 4 T I 275 B 0% 1) it o5 4%
LIEMSE, MEMECRZH NREM BEIR B2 L
SURBIRL 8 5 BN A D042 o Bl X R SR
FHY IR 28 5 25 6 ik i 1Y) N40O F5FR % 42 T
14~17 F ¥ 4h LGB A3 SCIe A2 A Stid 2 A
.5 % (Friedrich et al., 2020), N400 J2 K o de—
001X B B 1) 9 T, PR SO R 955 75 BT % .
Friedrich % (2020) & Joil4h L% > Wik 5 E# 2
BIBR 25 BT (SE )5 2 B R RN bR 2, XA
FEIE R TG Seilss . e ik — A4 L/ ) —
AR IR, e 7e R B ) 4 L2 B 2] i
IR (B R RUB B A, A P AA o 501 2 R
W, — K GEMRIONARZRXT, 75—k GHRE
FIFRAERCAT o S5 LB, B A4S AR 2 AR
FFA LRI & T N400('5 TE B BE X 45 40 1L),
e R PIRGIEU N b A & TR VAN |SE 7/ N
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RIS AR 2 AN T I 4 (T R 2 R AR 21 % LK
i35 % T N400(55 IEAAEC X 25 {440 EL); 1T 1H #9044
— I Bt 28 T 7 B IR 28 4 )L A 35— X35 & T Lb
IH P R 5 1R 23 o W8 2 0K 7 I (O W T 17
TCACALRT ), ELZ M FEL 8 1 R 5 785 - e IR 25 e
PR B R OE . RaREE SRR, LR A HEFT
1% 5 FE 2F 2] i, MR AR BT DLIL S 52 ig 12 9+ -
FPORE B 14155 S T2 R I M e A7 o e i T
Yoo BEAh, A WF5E(Spand et al., 2018)F FHH) k-
MR L L REM BEIR X MLR & & R G454
JiE LI LR S ) (R, 5 00 & B R R
4 1~4 25 %)L BA 2 D5k /NeE A BEZE CAZ Ja Il vh
PRI B = R R, LR AR )12 12 I [ 3500 e
/D REF 24 /N, [FIEF REM BB B 5 0]
A MEM R B LA, MR, BREAERILE
2 I3 /N S5 B3R SR ) I HERR R 5 25 S SR AR R
HERA A LA r T R, B3R5 REM By
R TG 6 3% 2 H AT A 1K REM BRI 5 Rkt
TCAZ I R FR A Ok 1R, H 5B v SR T
e R IO S

Wik 45 2 20 A1 55 (URR R e B e =0) 5
YIR-ZMT S5 AL, FR RS R e iR S — 1
B IR (4 FR)AHIBE R 193 B . Horst 78 5 [ R R A
G B TR AL 2 SR FH ) MR i 44 5 20 AT 55 25 5% /N T Xof
2.5 % 4 LI LS IR 55— AF 5T (Axelsson
et al., 2018)i ik [r] 4y L 52 BB 40 14 ) R B 1]
T, L4l LB T A R B iR AT I X e 2 2
iR, N B Bl 4l LAR S 2% 2J 2 i ) 7 42 B
FONAE BB LS N IR E . IR A,
2 2] JE MEAR 40 4 LAE 2% 2] J5 4 /N R 24 /NG IE
T2 2 R B B Y L e Y 2 R R
T 5 R 2 20 LA WA R D HP 1) [ 12 0 i SR 2 (o
T IEARA L L, H2:I 5 24 /N A9 IaR St L
22005 4 NI R B G R AG o AR AT 3 N R
A BT 4 R 51 U 2l LG P 4A i 46 24 2 EAZ o
UL 26 I 5T (Axelsson et al., 2021)7E24 ]
i BE3f o T ic 12 s AL R, B A0 ik — 44 FR R
G ) AR AT PIIR . 9T 45 SR S A — T A
FERAL, HE B0 T g2 AL I B 4l LA B
WHEIR (24 2 5 4 /NB D 24 /N H 9 i 5735
o T2 2] Ja BB B SR, %R BN T /N
Yot i 44 2 2 B AR o

AR an & 2 AT 55, (AE S ARk

2y JUAR I8 24 Bk 0 18 7 76 5t L4 05 B i B4,
T2 75 T 1) 44 BRI UL Al AT H AR iR A 7309
PR TR IS TR, 3348 R PR S 12 A5 285 T U i 4
(intermodal preferential looking, IPL; Golinkoff
et al., 1987), 9% [E 1Y Horvath -5 2H % ] IPL #5847
FEWIHFFE P %2T 16 A W4 L3 a2
MIEM . S —IHF5E (Horvath et al., 2015){E%% >
OrBaik gL PSRRI E AR o 2 T SR
Je B G LB B o B B 20 PN R AL, e 2D )R
BIZF0 2 /NS SESR J5 AT Uil i, &5 8 e IR AE
2 2] J BN 20 R P A 4 LY R B 22 5, TITE
M HIR: 2 28 D3 /N B Ji5 70 26 — il i e, B BR 4 %07 L,
TEWT 3 42 FRARSE Je % F AR 4 1A 68 3 1 I (1] L 7 1
M LA o PR 2 1 5 — 5t 5 (Horvath
etal., 2016)% 52 T /INEX} &) JLiA] Sz fkfig 1 i) 5%
Wil o &l JLTE 27 > B Be b S WA S G 3 hR 45
B S AT B2 e A2k . 2 5 4 LBEDL S R
MEARZHFIVE R, 7€ 1.5 /M JE Bk iiticdZ . #
PRI, S 1) ) LS I A TP R 1 2
AT 2RI 5 25 2T I A [l EE AR AR ) 64 490 4
VIR AR Z: 23 Bk . S5 54 IPL 845 1 k3
B R ZE ) AN B AS AR BRI ZH AR
B T 38 25 I 8 B 0 R 1) T 0L e 1) S 35 1 A
(5552 J5 B 200 A He ), T 2 X H AR A
FA) T AL R ) A P O 22 S S 3 IR R
1 /0B XS &)y JLTE Sz AL RE T AR, BI/)N B 2
—ANFEIORIOR B SO G OB IE M E 3 i =
RAESG IR FE

i SCHE M 19 H AR iC A2 B 0T (TMR) a2t vf
T 540 SGRACILIE i 22 HL . BR T 5l
12, Ghetti PRZA BRI TMR {5054 T 2 £ 4)
JU Y G 2 G A 7 i AR o I [ 2 3 Y 50
(Johnson et al., 2021), BFFESEiE4) L S YIE—H5
BT 55 o S Bl (R I i 44 12 ), JFAEE 2]
Jei B2 LA B — J] J %2k ) B ] it A7 e 2 i
SERWoR, )L TR, JRE— R 1 RE
PRAFX B F BAR A IC 12 o TE— RIS #Y F AR 1] e
W IR B A IC A 2R (5 ~T 3 1 S aa) )ik, 4l JLZE )
T R0 2 A0 A O350 P T (45 R 2 e B R
AR L), Lok 2L DX G K 5 4l L 25 B
W AICAZHER R 3 % BRI A R AR
Ko MFFEUEN] T LI T S A% 18 P O30 7 1
SGEAZ LI R EIVE
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Zi b, AR RMEMN, %35 Lan
/N T IR [ R 3 5 2R 4 )L BR A 1 12 42 (Mason
etal., 2021), B OR8] 90 A2 A0 G Rl X 1) 3% 0% (if
PR A ) L % AR I R S A (L5 R U L 12

1 B 2 ) 78 2 4y JL R I A2 1 JUTE R 4%
TEERBAE M B, AR SOR RE IR X 22 4 L
WA P T A2 B I I A T A S 56 F 5 R AT T A B

1),

F 1 RERIZELILFRREIRIZHTLE

- witEM ik N N - \ .

A ﬁ‘% ) S < $Z.30358 B %ﬁilj R
g BREAR AR SEAESS il AR [ IS FERN
Axelsson et al., First JR&#It, 252  Heliskdh  BImF. 4 /NEREE R/NBE . BIIBENR 0012 OE AR . B AR

Language, 2018 40 R 24 NEHAER H>1H R
Axclsson et al., Brain R &1, 2.5%  MRaEBuU  BIEF, 5 NEHIE OR/NIE . RIAIMEAR 42 TE B R R R
Sciences, 2021 40 SR 24 /NEFEESR 2>V TR AL
Friedrich et al., Nature R &4i%it, 16,19 ¥k -3¢ 1.5 /MEFEER EPNINIA e I 26 1 3L N400
Communications, 90 A ) N200-500
2015
Friedrich et al, Current 3B &%, 6~8 1  # k-2 1 /NRIER EPN T WE 4 PR R ) E
Biology, 2017 107 5 By B 2
N400
Friedrich et al,, Nature R & i il, 14~17 Pk -3 1 /phAHER EPNAN:S BEHR 20 N400 342k,
Communications, 60 H ) HE FTMR
2020
gémﬁzlet ?1-,| BAEWRI, 15H AL - 4 /NEFIER EPNIN 3 T A] . AR 2 <
sychol ogi cal 48 3. s 1] 4 <5 TR 4
Science, 2006 e Skt o s il 20 <V R 21
Hupbach et al., “AWEit, 15AH SR e - 24 /N RER SEHy 1: FUR/NBE,  FERURSE] o BEAR 2 <
Developmental Wi A 50 iy A 4 SR 2. P IH] EAR TEE
Science, 2009
% 24
Horvith et al,, Journal R &4 #it, 16 A BT RIS, 2 NEE HR/DE LT . R 4 <
of Seep Research, 2015 3 AR 4T R ERE L
Horvath et al., Sleep, & &I, 16 4 BHEAE B LS/ /MR AL A] ;B AR 2 <
2016 28 AR PN T e
Elorvrith et al.,I Amit, 3H AT XS 1.5 /A REIR EPNAN:S A s [ < B B 4 <7
evelopmental 45 bk ¢
Science, 2018 e el
Johnson et al., HHN&I, 2% Atricts  BPEF. —JEJEIE 7 A) RERR LS ZEMET N
Current Biology, 2021 g I iR MGG . H bR
T >3 5 5115
Kurdziel et al., PANS, B & &1, 3~6% ftezsm BIEE. 5 /NBHEE  FR/NBE . BEIBRIR [ 12 0F B % . bR R
2013 40 %3] R 24 /NBEER A>TH AL
Konrad et al., WA, 128 ZERBUF 4 EHIER | 24 FIR/DBE. BREIEEIR R 4Z OF K . IR
Neurobiology of 60 AN AE IR 41> MR- L 4
Learning and Memory,
2016
Iéonridd et al-,l BAWR, 128 @ERE; 4 /hEHIER HR/NE , AR IR [7 12 1E % . IR IR
evelopmental 48 2H > RS ¢
Psychobiology, 2016 AT AL S
Konrad et al., Journal  J& &% it, 15,24 SERB{G 24 /NEFHER FUR/INGE . R ATIEAR G 5€ 3 £ 1112 1F
of Seep Research, 2019 g4 H o FEL I <IN <
THHEH
Lokhandwala & Spencer, R &iit, 3~6% RilE A RIAF. 4 /NBFIE B R/ | 7 () PR HiR TCIET R . BEIR
Developmental 22 FAIOAZ 3R . 24 /NEFEEIR 2H >V B

Science, 2021




%52 X MR 40 LA T 1 iC A I 1R 293
e
I igzé i? SRS ACAZ IR i) B G 24 40 FELH
Ik
Mooney et al, ZApNikil, 2% Atricie  —HEEIER 2 (1] H AN S . B
Developmental 48 AT > 5% 3l
Cognitive
Neuroscience, 2021
Prabhakar et al, PNiEil, 2% Hirigtz —MJEER 7 15 e ARG UM S0 . H AR
PNAS, 2018 2 A Al > 5
Sechagen et al., PNAS  Z [ i1, 6. 12 JEREY; 508 1.4 /MBFRE 5080 1. HR/NEE, [HZIE 6% . IR
2018 g 1 A2 S B 2: 24 HW 2 WEER  AI-TERRAL-2EL41
9120 7196 JINB S IR
Simon et al, Brain JE&#il, 65H ik - 1/ARER EPNIN! AL A] ;B AR 2 <
Language, 2017 37 5 S A o P H <TH RR4H
Spanoetal. PNAS2018 (R A4 it, 1~4% Wik -2 1 /NRHHER EPNAN:3 BEAR 2H N400 4%,
50 ] 3 FTMR
Williams & Horst, JR&i#it, 3% W B S B 2.5 /NRTAE P R/INIE . BCMRIBEAR T AZOE R . bR IR
Frontiersin Peychology. - 48 IR 24 /MR 41> L

2014

—JH 5 43R

3 RERXZE4ILERFMEIZIZHILE

PRI IC W AR N REICHL, 8 RATX+
g AT R AR, e fEck B FE M
240, AN—E A BN B RSk , PR RER)T
PEE TR LR BA SRR, B 22400
W2 3hae ) b T &2 R B, HEICT 2440 LEENR
SEFHEICICIE TR, NI,

i R B — i B 5% (Fagen & Rovee-Collier,
1983) Y1125 3 A 25 )L 3k 15 R 1) S/ ke #8 3 22 L
RETTFHL. WG FRERTFIL, &R
(B R 2 4R 9 £ BE ME %) 5 L LA 3K 79 3 0 1)
f10 B B B 1] 52 TEAF DG . Gibson 45(2011)7% %2 17 il
X 12 H #8228 LAz gl A& SR )52 e, 38 3 3% 2lid sg
S, B o 7 B 22 40 LR IR 7] 45 of 1 s 22 L
2 — JE A B BRAROE, O3 a4 0 R R B B B
#:(ages and stages questionnaire, ASQ)fii 22 JL,
AR, 2R A, BILKEMERSCES
ASQ [7]45 i e (] (815 5E FOkG 241042 3 Be 71 194553
YR IEAHC, 22 B R IR AT 4R oE 2L £ 15 s 3l
K&, DeMasi (20234 10~19 H & 2 4 Loy
R AT R AR P, I8 o R Bl Ok
A 1T R B [0 %) B TG Bl . S5 IR R B, AT
T 25 o 2 B2 LA B IR Y] (6] A B 2 R LA 9 35 31,
H B RE SR EE /N b . R R 2R
(i) R IR 15 ] B P 35 B B % 38 ) B g A 2 > Tl kA=

ARk, A7 40 0 B L B HE A0 B R 30 (1) 1) B A
BER W, Hik, 24 LMEIR 58 8h 2 A0 B 5
Wi AH AR, 3% b T R A R A
KA EEAEN . 7RIS AR b, 24 LY
PEIEAZ B T AR D, EAG 40 25 35 26 W Dk AR 275
R Y0 N I8t I I 35 81 5065 Al 2 B g ) 2 T I
A5 5% . il 0 Satomaa %5(2020) & PAE 8 HIR%L
V14 1A 1) e B P, 2 L0 o AR R I ) e H 5 H
iz BhfE J1 B A, Page Z5(2018) & F 12~30 H
BB LK A2 588 715 NREM HEHIR theta
TGS IEADE, 5 delta TR kG,

Wk T AT 55 R 2% 22 B 4 LI 32 2 ) At e il
AT — MR JE R (Brawn et al., 2008), 7EIL
fE55vh, BEILBE R E e — SRR T A, AT 2 ek
A B A 3 I 3t 37 AE BRUICA ) A BEE A R L 22 L
FEYI R B Bl o 3F 5 1 $E o (76 B 38 53 — ity i 5
BRI G| )L R F e Tl it bEiE . 2240 LAY
iz sh R BT i AT 55 T B BB, T
Wk T8 0% B[R] DA 75 B4R R M BRI . SR
Berger A 7E 3 WWFSE PR FZAE 5542 T Bk
MRt B2 L2 sh24 ST e, 55 —T0AF 9% (Berger &
Scher, 2017)il: 9~16 F #1224 JL2% 2] BR B AR 55,
P A 2 Ji 20 0 AR 28 7 /)N Bk f) B2 4y Lot 32 B i)
BB fR DR, % DA IR A L R4 T O D B R R
LA AL BETE . 55 T 5T (DeMasi et al., 2021)
1 10~19 AW B L WA, Hrh—4 2



294 O B R 2 ot B

532 4

x2 BERIIBLYHILEFERIZHAER

iCAZ I E] B AR 2 A FEEM

- Bt .
i hE B \ RN ST
WAR SR A Bt POkAERY SRS
Berger & Scher, Journal B &% i, 9~16 H BiE{ES
of Experimental Child 28
Psychology, 2017
Csébi et al., Frontiersin = B &% it, 8~11% JFFI A

Human Neuroscience, 2016 3o

DeMasi et al., Infant
Behavior & Development, 59
2021

DeMasi et al., Infancy, #ak |k 10~19 H 6

2023 it, 78

Desrochers et al., RBEBI, 3~6% JFIZMNA
Experimental Brain Ressarch, 3

2016

Fagen & Rovee-Collier, ok W 3 H 3 BRAT 55
Science, 1983 it 16

Gibson et al., Seep and Wt o 12 A ¥
Biological Rhythms, 2011 it 52

Wilhelm et al., RAEBT, 4~6% PR

Developmental Science, 35
2012

Satomaa et al., Seep, BAA T, 8 H ¥
2020 36

Page et al., Seep, 2018 WA, 12~301 &

36

BAWI, 10~19 4 BETS

BEES L 6 /MBS RN
FiESR

PR MENRZH < TR

BPmf . 12 /8 RIEIRENR W2 IERG 2 A S 20 > 75 g

R} SiE 3R 2H; SO s R <3 WELH

6 /NIFIEIR  FIR/NEE B R 3 RN ZH <JESR
ANIELL; FHYIACE . S
BT/ B 2 < 3R /)N i 2

i W BENS AR IE B mATE

LA TE LR

BURE . 5 /NEE FR/NEE . SONER . BRI ZH <3 R4
FEIR | 24 /N RJEIREAR

fif 4iE 3R

L JE PEE AR 5 R R 5 e AR A (1] 522 1E AR G
L —JH B BERR 7 ) A AR A0 3R 5 e e ) JBU

REFIRT 4012 BhAE 1 S AEAH G

30 ¢ ghE HR/DEE ROV BEARZH<IE AR

iR |2 /NE R

R

J PRV REAR 250 Pt R I 7 B B 148
XS4z shiRE ) 2 IEASE

J WIANEIR  KE4Z S S5 theta T A

BIEME, 5delta At E M
LiiBS

SJESr VNG, 53— TR SRR 4 /NI
T/hEE, RIMAE22TJE 6 /N, SEEIN
il 2 L 48 33 /)N B 20 75 2 T /0 %) 4 7 R ) 3k
uN SIS RN SRR3R E S O R v e
T S B R R 22 4 LR R R A LI
HEZAEM . 5 =HF5 (Horger et al., 2023)#
10~19 H i ry 224 JLBEPLSY R 3 4. =2 FIE Ik
W2 [A]/NBE 20, 2% 7 R R Uil =2 (8] £ 45 1 T
2 N2 2] J5 S BN AL, 3 A B AR AE 22 )07 F AR TR
(] B R P . SR R BN, 2 ST A it
22 [6] 7]~ i 2 0 375 T 2H A 5 — YR D 3 v 1 B G
PN R SN 2, (AR Y ki A R 2H
8 23 AT e R AR TS 2, R W RO S
=3 Jaar BU/NER S )L, A Reiff —2 it B4R
TR I e R L 461 2 M 3002 AT 4 i At AT T 7 32 Bl AT
SR, MAL, AT H LT KR
T[] B R X 22 4y JLFR P P IC PR, ) 2k

WFITER A T AR AT 11 S S8

77 5| ) 3 B} AT 55 (serial reaction time task,
SRT)Je W51z 8 °7 > BE I I A MG, AL 55 %
SR 2 2] 4% IR — 2 I I e N A TR
Wilhelm %5:(2012)2 Jf] SRT #£LHEIRXT 4~6 %4}
JLEEFFEICIZ R ILIEIVE T o B Sk 2l L3R A
SRS 2 2] AL (40 B4 52 10 YA 30 RUIZR), i
W LTE T 5 PRI (30 23 e R ik, 2
NI SE SR 3K, I AE PO 3 =2 8] 5 A /) Bl
Fel . SRR NG AT mBEET G, /ME
A ILTE 2 /NI SE RN 3 b 1) B I A IR T
B AL, WiREHR YT SRT S5 I i A 52 i 76 I 5kt
FEZ 2] A NN 3 AR ST AR ] B IR X R Y 1
TEAZ I L AR FH 340 52 300 115 4 LA o 2% 2 K7
AYs2 I . Desrochers %£(2016)>K ] SRT %5 A A
FAVEIR XS 3~6 % 4 LR FEICICHsEm, firf
WILTEFE T G 20 3 Wl (=T E ) 5 /it



%2

W SE MENCO2EA) L2 T BYICIZ LIS 1 295

FER PR L 24 /NI RER K)o 4550 B IAE 5 /NG
SR P, /INEE AL &) )L A S5 B R IE iff o kst
52£ 2 5 B ZI M & W3 25 5, [BAE 24 /A
Ja (07 T B E) B AR ), 35 T 520 B R 1E 5 0
AT HEES B . 5 Horger 45(2023)1M & L
— 3, AWFFE BN TR P > b L o A ]
W HIR 4 RETE BURRE BICAZ RAE o Ab, B WF5E R
SRT K HAR V) R REAR FEAF AT 8~11 % LA A7
FEPEICAZ LIS 540 (Csabi et al., 2016), 4554 % B
55 R L ZEARAL, R AR I B A 25 A AE R LR
JPiE2E )5 Gat AR R BEIR, 3 0E T )75
Fie B 11 B IO B A IE A 2R, 35K 3% HH I IR %o £ A e IR
R L AR e AZ T b A B E o

Zr b, BARERETC T E 4 LIRS 7 il
TZILE R T 850, {H F R BFFT B 2 B T MR B X
B LRI IS E B AE T AR A1 3
HAEEX RN RAETEREIFRE, FRilZEH AT
LILF 5S8R A3 S REM BEIR, TS5 E 584
FW]T REM Al R X A2 77 M 0 12 D [ i) 2 2k
(Plihal & Born, 1997; Qian et al., 2022), #xJ5, A&
SCH B B X 22 Al LA PP A AL B LI A G 52 56
FFEHAT T HEGE 2).

4 BESRE

3 3 % LA SCRR A B, AT S 0 A AL %o 22
1 LB VE R R R 0 A2 YA A ILIE AR,
Horp (3 R/ BE 0 25 1 B R R 2 B LR T
AH T BRR RIS L, 7 M IC A2 YL E X 1 8] B AR
AR AR AT B . R4 LR REIR B, 51042
T K I DX ANV S AR 25 23 B 0, IR
Zh R | 1 U I S R IR A PR RRAE Y AR b 5 B
YLICICILEBRAE S . RE Wk, B RS
5 — 2B [a) R A ke, FRATTERBER R BILELL T IL
A ] U R AIF 5T

B —, B A X A L A A e A2 L [ E
F? H T MRS SEAZ 0L [ A9 B 55 22 46 P 7 s
LR /D4E(Mason et al., 2021; Schmid et al.,
2020), Z=A-HE ) BE IR AR O I I B R AR B I
INFEW N 3 A ##(Fagen & Rovee-Collier, 1983;
Horvath et al., 2018), i A WF5Y 48 M AR X
AL T BCICILEE R . ORI BN, R
B4 AT SRR o BT A L X ISR R4 R 3] 45 1Y
HF, A ATE REAEZ IR FA R h i E R, Jf

FU 3 27 ) 7 K s b 2, I8 R A 1 AR
P RAE . BEIR A IX — i A8 b B 5 LA B 5
TH2EM? Bra LEARFRBUH T A MR JE 3
RYARETE, 1H MR & J& T NREM 1l REM 25 A [A] A iR
BBt o FRATEE SRS FHR L | ST AR AR SE A
WAL JLBREIROIRAS, JF454 TMR JE % 22 0E IR
FVFH I A P06 sl A L2 S i ic 2 LR o

) B W | D N L S e L TR VA AN |
Ay SR 7 MR VT LA 2 IR 7 £ 7 9 28 flk LA T
TR FERE BT 12 AE (Yang et al., 2014) . 5 il B 1Y
75 A R RN XoF 8 B R A7 2 2T RS B i R,
TEICILE M EZEALH 22— AR AEF R,
TN o 28 T 5 fih 1) 450 6 4 28 T3 S8 I s 9l 1 &
JEARL A, RN, 1 % DIATe R dE & R
KAEITHE, 3 3 28 il B 8 B T CR 29 2 i
PR, ZIEBEIFEEs, HHFM 165 A L%
b B R B FAE o R4 LB TE 28 fih B0 A R
KB BN, 1l e T8 3 M IR AR e
T E AL A BRI, DRI AS 68 17 2R b g
AN EeHE 284 L. HETHERA IR
T IR AR 5 IC ILIE OC R RS, R EAUFE SR
il 2 AP . R G YL A B U (Squire & Alvarez,
1995) e 12/ Bt H 1 F S FR i (Lewis & Durrant,
2011), AT 24NLAYREHR 52 DL R, AL
AT LA B AT T A B 4 LA & J 2 2 B
07T DL Sy N B S B (LT A 0 A FIESRE o 4,
WLy LM HIR 2 5t A7 A5 Vg T T 2 2 Z Il 5 8,
L7 B LI il T B A e R AR A T AR
Fsk 7 224 LI B B A AR A 7R R IR 5
W7 XS AR AR — PR . H R H K
NBIFFE I RHR 43 5 56 9 R TC i e 22 40 ) L
i, RRFRTERZH NG S 4L L5
FEF, DA FE B T 3 A X E R A LA Y B
MAG IO DU AL o B an, FRATEE Ik F X2
41 LT 5 HLAE T 14T R e s 1 2 20 A A2l
1255, BARAARR T3 2 2 155 (7] H 52 IR
Sifatr), WCH ARG 2E A 5 (AT B 4% 3k
R4, 3% % oddball 31 2445 4 ik L MMR #5
FRAE, TER G 248 AR IE A 2 4 L il
T

8=, 2P RG AR AR X 2R 4 LA 2
WEFIAMEHER? SILEETEMBANE
AT R B 1Y Wi PR FAR 7 2 T (1 i, 4R



296 O B R 2 ot B

532 4

AW, B4h)LH B FE S R T o
(AL . NBRES), 525 . O BBIR)Fif
FH¥ S (BE, HE WM, 1WIC4) (Bremner &
Fogel, 2004; Slot et al., 2020; Tomasello, 2001), /&
BOAPRGT TR 2 41LREE . B, R
NS5 2 e R S, (HE A 1 24t o Fi
B WMITEEAA W K, B, AR RS
/RN SR ELE g N I A S 7/ K 8 SR
T ENZI (W A5 (Robledo et al., 2022), A84%40 L
I R X6 T4t 23 2% 2 (TR WA T 2 A T 7 IR 2
> 29 2 L e i IR ILIE 1, AT IR R 1
3, BN Z )5 BN A 2 ks 3, 41
BCNAIFSE e BB I R 3R AT A M 2 s B, =
A8 i I VA 2 R, DA R X AT L L
25191012 (Tempesta et al., 2018; Walker & van der
Helm, 2009). AF4, REARXTEEL) L1 2 sl 2
WAL RE SRS | B AR NERIE | 4 AR ISR ) 2
WA R AE 2 FATE BRI R G S T
BRI e F 22 T R e, B AR R
Xof B2 4y LAt 25 FE T A0 A2 () an 3 BE 2R AR A2 N
AL P A A IR 1012 A L A T

S0, ZR4h JLREAR B SEAY | B R R AR ) i
[F) A IS AC L A AN TR STk 2 H i F
ERWY, I R/INEXT ZE 4 LAY R P 1012 A 1
YR, TR T 12 S 1 A6 73 1] B BB F14 496 1 L 38 A
e, SR AT il =2 X B HIR 28 Y 4 AT 1 4 T AR AF
5o R /INR FIAE 5] B AR 2 75 XA ] iE 12 2 A
RSP 7 BE— 250, R/ T (] i HR
XFICAZBIA R R J2 5 9T NREM/REM. & P fift
RIS P 1) o USR] 2 I Ab, B B A o (5] 4 2 /)
AT S ZINBSF B4 /DN B A L) L % e IR P g s 1 (430 2m
2 2] JE AV ZIARRFIZE 2] J5 2 /NI R AR AH L )XT i
ACYUIE B0 ] 2 33X SEHER R (B A 1 [

&% 3k

Ackermann, S., & Rasch, B. (2014). Differential effects of
non-REM and REM sleep on memory consolidation?
Current Neurology and Neuroscience Reports, 14(2), 430.

Al-Sharman, A., & Siengsukon, C. F. (2014). Time rather
than sleep appears to enhance off-line learning and
transfer of learning of an implicit continuous task. Nature
and Science of Seep, 6, 27-36.

Albouy, G., Sterpenich, V., Balteau, E., Vandewalle, G,
Desseilles, M., Dang-Vu, T., ... Maquet, P. (2008). Both
the hippocampus and striatum are involved in

consolidation of motor sequence memory. Neuron, 58(2),
261-272.

Axelsson, E. L., Swinton, J., Jiang, I. Y., Parker, E. V., &
Horst, J. S. (2021). Prior exposure and toddlers' sleep-
related memory for novel words. Brain Sciences, 11(10),
1366.

Axelsson, E. L., Swinton, J., Winiger, A. 1., & Horst, J. S.
(2018). Napping and toddlers’ memory for fast-mapped
words. First Language, 38(6), 582—595.

Berger, S. E., & Scher, A. (2017). Naps improve new walkers'
locomotor problem solving. Journal of Experimental Child
Psychology, 162, 292-300.

Brawn, T. P., Fenn, K. M., Nusbaum, H. C., & Margoliash, D.
(2008). Consolidation of sensorimotor learning during
sleep. Learning & Memory, 15(11), 815—-819.

Bremner, G., & Fogel, A. (Eds.). (2004). Blackwell handbook
of infant development. Blackwell Publishing.

Campbell, I. G,, & Feinberg, 1. (2009). Longitudinal trajectories
of non-rapid eye movement delta and theta EEG as
indicators of adolescent brain maturation. Proceedings of
the National Academy of Sciences of the United Sates of
America, 106(13), 5177-5180.

Clawson, B. C., Durkin, J., & Aton, S. J. (2016). Form and
function of sleep spindles across the lifespan. Neural
Plasticity, 2016, 6936381.

Cousins, J. N., El-Deredy, W., Parkes, L. M., Hennies, N., &
Lewis, P. A. (2016). Cued reactivation of motor learning
during sleep leads to overnight changes in functional brain
activity and connectivity. PLoS Biology, 14(5), €1002451.

Csabi, E., Benedek, P., Janacsek, K., Zavecz, Z., Katona, G.,
& Nemeth, D. (2016). Declarative and non-declarative
memory consolidation in children with sleep disorder.
Frontiers in Human Neuroscience, 9, 709.

D'Atri, A., Novelli, L., Ferrara, M., Bruni, O., & De Gennaro,
L. (2018). Different maturational changes of fast and slow
sleep spindles in the first four years of life. Seep Medicine,
42, 73-82.

Davis, K. F., Parker, K. P., & Montgomery, G. L. (2004).
Sleep in infants and young children: Part one: Normal
sleep. Journal of Pediatric Health Care, 18(2), 65-71.

DeMasi, A., Horger, M. N., Allia, A. M., Scher, A., & Berger,
S. E. (2021). Nap timing makes a difference: Sleeping
sooner rather than later after learning improves infants'
locomotor problem solving. Infant Behavior & Development,
65, 101652.

DeMasi, A., Horger, M. N., Scher, A., & Berger, S. E. (2023).
Infant motor development predicts the dynamics of
movement during sleep. Infancy, 28(2), 367-387.

Desrochers, P. C., Kurdziel, L. B., & Spencer, R. M. (2016).
Delayed benefit of naps on motor learning in preschool
children. Experimental Brain Research, 234(3), 763—772.

Diekelmann, S., Wilhelm, 1., & Born, J. (2009). The whats
and whens of sleep-dependent memory consolidation.
Seep Medicine Reviews, 13(5), 309-321.

Ednick, M., Cohen, A. P., McPhail, G. L., Beebe, D.,
Simakajornboon, N., & Amin, R. S. (2009). A review of



%2

W SE MENCO2EA) L2 T BYICIZ LIS 1 297

the effects of sleep during the first year of life on
cognitive, psychomotor, and temperament development.
Seep, 32(11), 1449—-1458.

Eichenlaub, J. B., Jarosiewicz, B., Saab, J., Franco, B.,
Kelemen, J., Halgren, E., Hochberg, L. R., & Cash, S. S.
(2020). Replay of learned neural firing sequences during
rest in human motor cortex. Cell Reports, 31(5), 107581.

Ekinci, O., Isik, U., Gunes, S., & Ekinci, N. (2016). Understanding
sleep problems in children with epilepsy: Associations
with quality of life, Attention-Deficit Hyperactivity Disorder
and maternal emotional symptoms. Seizure, 40, 108—113.

Fagen, J. W., & Rovee-Collier, C. (1983). Memory retrieval:
A time-locked process in infancy. Science, 222(4630), 1349—
1351.

Farhadian, N., Khazaie, H., Nami, M., & Khazaie, S. (2021).
The role of daytime napping in declarative memory
performance: A systematic review. Sleep Medicine, 84,
134-141.

Fattinger, S., Jenni, O. G., Schmitt, B., Achermann, P., &
Huber, R. (2014). Overnight changes in the slope of sleep
slow waves during infancy. Seep, 37(2), 245-253.

Friedrich, M., Moélle, M., Friederici, A. D., & Born, J. (2019).

The reciprocal relation between sleep and memory in
infancy: Memory-dependent adjustment of sleep spindles
and spindle-dependent improvement of memories.
Developmental Science, 22(2), e12743.

Friedrich, M., Mélle, M., Friederici, A. D., & Born, J. (2020).

Sleep-dependent memory consolidation in infants protects
new episodic memories from existing semantic memories.
Nature Communications, 11(1), 1298.

Friedrich, M., Wilhelm, 1., Born, J., & Friederici, A. D.
(2015). Generalization of word meanings during infant
sleep. Nature Communications, 6, 6004.

Friedrich, M., Wilhelm, 1., Mdélle, M., Born, J., & Friederici,
A. D. (2017). The sleeping infant brain anticipates
development. Current Biology, 27(15), 2374-2380.¢3.

Galland, B. C., Taylor, B. J., Elder, D. E., & Herbison, P.
(2012). Normal sleep patterns in infants and children: A
systematic review of observational studies. Seep Medicine
Reviews, 16(3), 213-222.

Gibson, R., Elder, D., & Gander, P. (2011). Actigraphic sleep
and developmental progress of one-year-old infants. Sleep
and Biological Rhythms, 10(2), 77—-83.

Golinkoff, R. M., Hirsh-Pasek, K., Cauley, K. M., & Gordon,
L. (1987). The eyes have it: Lexical and syntactic
comprehension in a new paradigm. Journal of Child
Language, 14(1), 23—45.

Goémez, R. L., Bootzin, R. R., & Nadel, L. (2006). Naps
promote abstraction in language-learning infants. Psychological
Science, 17(8), 670—674.

Grigg-Damberger, M., Gozal, D., Marcus, C. L., Quan, S. F.,
Rosen, C. L., Chervin, R. D., ... Iber, C. (2007). The visual
scoring of sleep and arousal in infants and children.
Journal of Clinical Seep Medicine, 3(2), 201-240.

Hatzinger, M., Brand, S., Perren, S., von Wyl, A., Stadelmann,
S., von Klitzing, K., & Holsboer-Trachsler, E. (2013). In

pre-school children, sleep objectively assessed via sleep-
EEGs remains stable over 12 months and is related to
psychological functioning, but not to cortisol secretion.
Journal of Psychiatric Research, 47(11), 1809—1814.

Hatzinger, M., Brand, S., Perren, S., von Wyl, A., Stadelmann,
S., von Klitzing, K., & Holsboer-Trachsler, E. (2014). In
pre-school children, sleep objectively assessed via
actigraphy remains stable over 12 months and is related to
psychological functioning, but not to cortisol secretion.
Journal of Psychiatric Research, 55, 22-28.

Horger, M. N, DeMasi, A., Allia, A. M., Scher, A., & Berger,
S. E. (2023). The unique contributions of day and night
sleep to infant motor problem solving. Journal of
Experimental Child Psychology, 226, 105536.

Horvath, K., Hannon, B., Ujma, P. P., Gombos, F., & Plunkett, K.
(2018). Memory in 3-month-old infants benefits from a
short nap. Developmental Science, 21(3), e12587.

Horvath, K., Liu, S., & Plunkett, K. (2016). A daytime nap
facilitates generalization of word meanings in young
toddlers. Seep, 39(1), 203—-207.

Horvath, K., Myers, K., Foster, R., & Plunkett, K. (2015).
Napping facilitates word learning in early lexical
development. Journal of Sleep Research, 24(5), 503—509.

Horvath, K., & Plunkett, K. (2016). Frequent daytime naps
predict vocabulary growth in early childhood. Journal of
Child Psychology and Psychiatry, and Allied Disciplines,
57(9), 1008—-1017.

Horvath, K., & Plunkett, K. (2018). Spotlight on daytime
napping during early childhood. Nature and Science of
Seep, 10, 97-104.

Hu, X., Cheng, L. Y., Chiu, M. H., & Paller, K. A. (2020).
Promoting memory consolidation during sleep: A meta-
analysis of targeted memory reactivation. Psychological
Bulletin, 146(3), 218—-244.

Hupbach, A., Gomez, R. L., Bootzin, R. R., & Nadel, L.
(2009). Nap-dependent learning in infants. Developmental
Science, 12(6), 1007-1012.

Iglowstein, 1., Jenni, O. G., Molinari, L., & Largo, R. H.
(2003). Sleep duration from infancy to adolescence:
Reference values and generational trends. Pediatrics, 111(2),
302-307.

Jenni, O. G, Borbély, A. A., & Achermann, P. (2004).
Development of the nocturnal sleep electroencephalogram
in human infants. American Journal of Physiology.
Regulatory, Integrative and Comparative Physiology,
286(3), R528—538.

Jenni, O. G., Molinari, L., Caflisch, J. A., & Largo, R. H.
(2007). Sleep duration from ages 1 to 10 years: Variability
and stability in comparison with growth. Pediatrics,
120(4), €769-776.

Johnson, E. G., Mooney, L., Graf Estes, K., Nordahl, C. W.,
& Ghetti, S. (2021). Activation for newly learned words in
left medial-temporal lobe during toddlers' sleep is
associated with memory for words. Current Biology, 31(24),
5429-5438.¢e5.

Johnson, E. G., Prabhakar, J., Mooney, L. N., & Ghetti, S.



298 O B R 2 ot B

532 4

(2020). Neuroimaging the sleeping brain: Insight on
memory functioning in infants and toddlers. Infant
Behavior & Development, 58, 101427.

Konrad, C., Dirks, N. D., Warmuth, A., Herbert, J. S.,
Schneider, S., & Seehagen, S. (2019). Sleep-dependent
selective imitation in infants. Journal of Seep Research,
28(1), el12777.

Konrad, C., Herbert, J. S., Schneider, S., & Sechagen, S.
(2016). Gist extraction and sleep in 12-month-old infants.
Neurobiology of Learning and Memory, 134(Pt B), 216—
220.

Konrad, C., Sechagen, S., Schneider, S., & Herbert, J. S.
(2016). Naps promote flexible memory retrieval in 12-
month-old infants. Developmental Psychobiology, 58(7),
866—874.

Kurdziel, L., Duclos, K., & Spencer, R. M. (2013). Sleep
spindles in midday naps enhance learning in preschool
children. Proceedings of the National Academy of Sciences of
the United States of America, 110(43), 17267—-17272.

Kurth, S., Olini, N., Huber, R., & LeBourgeois, M. (2015).
Sleep and early cortical development. Current Seep
Medicine Reports, 1(1), 64—73.

Lewis, P. A., & Durrant, S. J. (2011). Overlapping memory
replay during sleep builds cognitive schemata. Trends in
cognitive sciences, 15(8), 343—-351.

Lokhandwala, S., & Spencer, R. M. C. (2021). Slow wave
sleep in naps supports episodic memories in early
childhood. Developmental Science, 24(2), e13035.

Lokhandwala, S., & Spencer, R. M. C. (2022). Relations

between sleep patterns early in life and brain development:

A review. Developmental Cognitive Neuroscience, 56,
101130.

Mason, G. M., Lokhandwala, S., Riggins, T., & Spencer, R.
M. C. (2021). Sleep and human cognitive development.
Seep Medicine Reviews, 57, 101472.

McCarley, R. W. (2007). Neurobiology of REM and NREM
sleep. Seep Medicine, 8(4), 302-330.

McDonough, L., Mandler, J. M., McKee, R. D., & Squire, L.
R. (1995). The deferred imitation task as a nonverbal
measure of declarative memory. Proceedings of the
National Academy of Sciences of the United States of
America, 92(16), 7580-7584.

Mooney, L. N., Johnson, E. G., Prabhakar, J., & Ghetti, S.
(2021). Memory-related hippocampal activation during
sleep and temporal memory in toddlers. Developmental
Cognitive Neuroscience, 47, 100908.

Page, J., Lustenberger, C., & Frohlich, F. (2018). Social,
motor, and cognitive development through the lens of
sleep network dynamics in infants and toddlers between
12 and 30 months of age. Seep, 41(4), zsy024.

Plihal, W., & Born, J. (1997). Effects of early and late
nocturnal sleep on declarative and procedural memory.
Journal of Cognitive Neuroscience, 9(4), 534—547.

Prabhakar, J., Johnson, E. G., Nordahl, C. W., & Ghetti, S.
(2018). Memory-related hippocampal activation in the
sleeping toddler. Proceedings of the National Academy of

Sciences of the United Sates of America, 115(25), 6500—
6505.

Przepiorka, A., Btachnio, A., & Siu, N. Y. (2019). The
relationships between self-efficacy, self-control, chronotype,
procrastination and sleep problems in young adults.
Chronobiology International, 36(8), 1025—-1035.

Qian, L., Ru, T., He, M., Li, S., & Zhou, G. (2022). Effects of
a brief afternoon nap on declarative and procedural
memory. Neurobiology of Learning and Memory, 194, 107662.

Rasch, B., Biichel, C., Gais, S., & Born, J. (2007). Odor cues
during slow-wave sleep prompt declarative memory
consolidation. Science, 315(5817), 1426—1429.

Robledo, J. P, Cross, 1., Boada-Bayona, L., & Demogeot, N.
(2022). Back to basics: Are-evaluation of the relevance of
imprinting in the genesis of Bowlby’s attachment theory.
Frontiersin Psychology, 13, 1033746.

Satomaa, A. L., Maikeld, T., Saarenpai-Heikkild, O.,
Kyllidinen, A., Huupponen, E., & Himanen, S. L. (2020).
Slow-wave activity and sigma activities are associated
with psychomotor development at 8 months of age. Sleep,
43(9), zsaa061.

Schmid, D., Erlacher, D., Klostermann, A., Kredel, R., &
Hossner, E. J. (2020). Sleep-dependent motor memory
consolidation in healthy adults: A meta-analysis.
Neuroscience and Biobehavioral Reviews, 118, 270-281.

Seehagen, S., Konrad, C., Herbert, J. S., & Schneider, S.
(2015). Timely sleep facilitates declarative memory
consolidation in infants. Proceedings of the National
Academy of Sciences of the United Sates of America,
112(5), 1625-1629.

Seehagen, S., Zmyj, N., & Herbert, J. S. (2019). Remembering
in the context of internal states: The role of sleep for
infant memory. Child Development Perspectives, 13(2),
110-115.

Simon, K. N. S., Werchan, D., Goldstein, M. R., Sweeney, L.,
Bootzin, R. R., Nadel, L., & Gomez, R. L. (2017). Sleep
confers a benefit for retention of statistical language
learning in 6.5 month old infants. Brain and Language,
167, 3—12.

Slot, P. L., Bleses, D., & Jensen, P. (2020). Infants' and
toddlers' language, math and socio-emotional development:
Evidence for reciprocal relations and differential gender
and age effects. Frontiersin Psychology, 11, 580297.

Spano, G.,, Gémez, R. L., Demara, B. 1., Alt, M., Cowen, S.
L., & Edgin, J. O. (2018). REM sleep in naps differentially
relates to memory consolidation in typical preschoolers
and children with Down syndrome. Proceedings of the
National Academy of Sciences of the United Sates of
America, 115(46), 11844—11849.

Squire, L. R., & Alvarez, P. (1995). Retrograde amnesia and
memory consolidation: A neurobiological perspective.
Current Opinion in Neurobiology, 5(2), 169—-177.

Stickgold, R. (2005). Sleep-dependent memory consolidation.
Nature, 437(7063), 1272—-1278.

Sugawara, S. K., Tanaka, S., Tanaka, D., Seki, A., Uchiyama,
H. T., Okazaki, S., Koeda, T., & Sadato, N. (2014). Sleep



%2

W SE MENCO2EA) L2 T BYICIZ LIS 1 299

is associated with offline improvement of motor sequence
skill in children. PLOSOne, 9(11), e111635.

Tempesta, D., Socci, V., de Gennaro, L., & Ferrara, M. (2018).
Sleep and emotional processing. Sleep Medicine Reviews,
40, 183-195.

Tomasello, M. (2001). Cultural transmission: A view from
chimpanzees and human infants. Journal of Cross-Cultural
Psychology, 32(2), 135—-146.

Ulrich, D. (2016). Sleep spindles as facilitators of memory
formation and learning. Neural Plasticity, 2016, 1796715.
van Dongen, E. V., Takashima, A., Barth, M., Zapp, J., Schad,

L. R, Paller, K. A., & Fernandez, G. (2012). Memory
stabilization with targeted reactivation during human
slow-wave sleep. Proceedings of the National Academy of
Sciences of the United Sates of America, 109(26), 10575—

10580.

Veldman, S. L. C., Santos, R., Jones, R. A., Sousa-Sa, E., &
Okely, A. D. (2019). Associations between gross motor
skills and cognitive development in toddlers. Early Human
Development, 132, 39—44.

Walker, M. P. (2005). A refined model of sleep and the time
course of memory formation. The Behavioral and Brain

Walker, M. P., Brakefield, T., Morgan, A., Hobson, J. A., &
Stickgold, R. (2002). Practice with sleep makes perfect:
Sleep-dependent motor skill learning. Neuron, 35(1), 205—
211.

Walker, M. P., & van der Helm, E. (2009). Overnight therapy?
The role of sleep in emotional brain processing. Psychological
Bulletin, 135(5), 731-748.

Wang, S. Y., Baker, K. C., Culbreth, J. L., Tracy, O., Arora,
M., Liu, T., ... Wamsley, E. J. (2021). 'Sleep-dependent’
memory consolidation? Brief periods of post-training rest
and sleep provide an equivalent benefit for both
declarative and procedural memory. Learning & Memory,
28(6), 195-203.

Wilhelm, I., Metzkow-Mészaros, M., Knapp, S., & Born, J.
(2012). Sleep-dependent consolidation of procedural motor
memories in children and adults: The pre-sleep level of
performance matters. Developmental Science, 15(4), 506—515.

Williams, S. E., & Horst, J. S. (2014). Goodnight book:
Sleep consolidation improves word learning via storybooks.
Frontiers in Psychology, 5, 184.

Yang, G., Lai, C. S., Cichon, J., Ma, L., Li, W., & Gan, W. B.
(2014). Sleep promotes branch-specific formation of dendritic

Sciences, 28(1), 51-64. spines after learning. Science, 344(6188), 1173—1178.

Therole of sleep in consolidating memory of learning in infants and toddlers
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(" Institute of Brain and Psychological Sciences, Sichuan Normal University, Chengdu 610066, China)
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Abstract: Sleep-dependent memory consolidation is the process by which the brain reprocesses and
reinforces newly learned information or skills during sleep, making memories more stable and lasting. Sleep
is essential for transforming newly learned short-term memory into more stable and lasting long-term
memory. The role of sleep in consolidating memory depends on the type of memory. Furthermore, different
stages and characteristics of sleep have different effects on different types of memory consolidation.
Changes in the EEG characteristics of sleep (such as spindle wave, slow wave amplitude, etc.) maybe
related to the effect of memory consolidation in infants and toddlers. Based on adult studies, recent studies
on infants and toddlers have found that sleep plays a vital role in consolidating memory even in the early
stages of individual development. Infants and toddlers who sleep after learning show significantly better
learning outcomes and can solve problems more effectively and quickly than those who do not sleep in the
control group. Based on two different types of memory, declarative memory and procedural memory, this
paper introduces the behavior of sleep-dependent memory consolidation in infants and the progress of brain
research, so as to help grasp the effect of sleep on memory consolidation in infants and toddlers.

Keywords: infants and toddlers, sleep, memory consolidation, sleep slow waves, sleep spindles



