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FHET X[ SR KB, M TSRS, s N S 2R BE AR, IR 1 2 R NRAT 2 e A B R LI 35,

MY SR AR B =R,
IR KA BLRIUERN . FikS
XA B ) B S DL S 1S 38 T8 A A -
KR MEAR, BRI, FSEE, IET
LS BR42

el

2 ) R N AR R E SR — RN RE ), HANYL
T LITEF B, RIFEZE R Bt (online periods) & 4,
Wl LAFEAE 2 2T B B, B £6 B BE (offline periods)
KA BB B R A B2 S PR O B R ILIEL, FR Y
R R Z )G, WA SN, i]
TZIR I 25 PR FRFS O sl 42 /5 19 4 F2 (Barham et al.,
2021; Hallgatd et al., 2013; Robertson, 2009; Simor
etal., 2019; Song, 2009), F7E_ EA 40K, Karni 55
NHR FHA A8 SO R I 55 F 48 w4 55, 4]
UEBH T 0158 RN B A 27 2] 3500 7F — BE i [a] 1 B8 42 )
Y EEAIErS 1995; Karni et al., 1998;
Karni & Sagi, 1993; Karni et al., 1994), 2004 4F,
Robertson %5 A3 35 J5 51 S g B A 5 %o 322 4880 07 2

B (Karni et al.,
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PRI N B 91 JRURE T B HI 14 28 R L] 2232 3 P 9112 80 K e 91 52 R R L TS,

17 TR, SR EIMVORIEZTT 12 /N BBy
Ba, FPolE I ROonAg s TR, EAILE E )
) —FF 53, e NINI > 75 N 2 ICAZ IR I AR A5 B
NESGE, TR BIARPTIs ad A rh i T R R i
HEARAERIMER, 28] TR ER iz 0. H
HI, ©A KEOFFEE A R AL 5E K 174
2 2J v B 2k L [ 800 1Y A 7E (Brawn et al., 2010;
Kempler & Richmond, 2012; Nettersheim et al., 2015;
Sanchez-Mora & Tamayo, 2021; Song et al., 2007;
Walker et al., 2003),

SR, EILTAERIF 2 R L S IR —E
A BN, WA LURETCE RSN T TR N B
2], EREAVUAEDS S, A, NG
FERERYPAF AL BN Ry R, AE H R AR, X
T W B R R R A R OC HE A T (Reber,
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1967; FFF5Hi, 2003; FFHH 45, 2011; WFEH, 1
AR, 2002), PIERT 13 HIPE A7 T B 2 I &L
A KA RN 2 5 A B IR — L 2 12 403 1 £ S
5% [1)(Cajochen et al., 2004; Kemény & Lukacs, 2016;
Nemeth et al., 2010; Robertson et al., 2004; Romano
et al., 2010; Sanchez-Mora & Tamayo, 2021; Song et al.,
2007; Spencer et al., 2007; Urbain et al., 2013). H {7,
BEAE B ST C RS2 T P B 19 R R A A7 7E B 2R
[T 400z, (L B B KT Y B2 >) B A LI 1) 5 0] 22 4 1%
A —2 M) 4518 (Backhaus et al., 2016; Borragan et
al., 2015; Ertelt et al., 2012; Hallgato et al., 2013;
Meier & Cock, 2014; Nemeth et al., 2010; Robertson
et al., 2004; Sanchez-Mora & Tamayo, 2021; Song et
al., 2007; Spencer et al., 2006, 2007; Vakil et al.,
2021). TEIRFE N B > A ILE G, AR5
T EWCE ORI WA AR, IR A
S — B BenyF IS AR Z 5, (8RR RS
12 /B, 58 A — B B B9 F 55 (Hallgato et al.,
2013; Nemeth et al., 2010; Robertson et al., 2004;
Sanchez-Mora & Tamayo, 2021; Spencer et al., 2007;
Vakil et al., 2021)o X T HIRH, ZORPEAIREF R
RAS, Mo b ZH N IEFBEAR . — 2B 5T A B B
(18 2J A A7 AE L T BRI 114 25 2R LRI RN, BRI Ny
T B BRCIR 25 A 7E B R B R IL IS0 (Extelt et all.,
2012; Spencer et al., 2007); 75— LEHF 57 W) & B e I
FNE IR, B ST AR S DL B8 2k IL I 200
(Borragan et al., 2015; Nemeth et al., 2010),
PWLIEAE PR N 825 ~F 1 e DL S50 i T 5
KZRKH T 4075 N B 55 (serial reaction
time, SRT) (Nissen & Bullemer, 1987), iZAT-55 7 1E
) — A e 7 T SRR 5 0 ) DO R i e RO
JE—— XN, PR A TE R, DRI OV i 9
A B~ 15 19 90 3 e SR IE 5 BR8P (R i 2 > )ik
Je TARHR S (S 127 ), Rt T DI v
I HIR X P Bty ~) B A LI 800 1y s e VR P - BT 2h
P 51 2 o] U B A 5T 8 R R AR RS B AR
FETERIUE FAFTE2E S, R FIEAE B RAE
LI 5 AR AT OC, T Sl AR (5 B R AR A4 DL 5 e R
558 JC 5 (Albouy et al., 2015; Albouy et al., 2013;
Witt et al., 2010), H i iR BT 58t itk — 25 % R
FhfE B ARAETEM 282 MAFTE 22 57 . e {7 EARAE A
SIEAR S RAE S 5 T 5 Kz J2 P 4% (hippocampo-
cortical networks)FIZUIRAK J7 )2 X 2% (striato-cortical
networks); 58I e BT A1 3l -5 ik T B R A 5

LRI G, M SCIRARTE B L DL i R o B D
2 3|5 75 B9 Y877 (Albouy et al., 2015; Peigneux
etal., 2004), XEEAFFAE— & B L) P F S mn]
R R 7 B B XoF PN B P 31) 2 2 4 AL [T 149 52 i i 1
T3 FE.

AU T I, —SeflF o 3 220 7E 43 B 0o S 51
SEF PN T, 25 88 R I X 3 Fl 5 571 P9 B2 =)
B YLE A 520, Hallgaté 25 A (2013)% FHBCHEY
A3 371 S5 7 B AT 55 233843 15 sh VR e 910 5 60 i P
3, 28 Gk BARST TR A, SR LA A B R
TN, E e R MR T 79 5 114 85 48 TR T 3549 8 A A
YEH . Pace-Schott 5 Spencer (2013)3% 2 BLHY 5L
W I B, B R AE B B 1 8] A s 4 IR
A E AN BVER, BEIRGEDE T 455 A A5 7 571
M ESLR LI, (AXFFah1E 5, MR I A R
BRILE WP AT RS, £ LR,

SIS MEFINIATE 4518 . BN, 7F Hallgatd
HFANQO)WLE T, WA T — 1K THEE
MfEsE, MBS B R 28, AP ATk
REREATIA Ty 1), BT 1) 43 ) A5 HL ) g ) 4
HE——XF N o BT O PR R, DALETR A
P TSR AR M ATR . B FTAREIE R, AT
i () 7 T e BER — P S A o AT 55 G A
WrB. SB—Br B AR KA T W,
B R, A BAE S 7 A T3, Z00RE 7 Sk It psf
EEENE 90 BE, I T 55 3K AN e e 17 Sk XoF I 1 gt
5B, e AL BV AL S E AL, IRk
HHVAE T T s Lr, Rt 5 85 3k 05 )kt
N EEEITT  FERSEACPE T, 678 (s LB
{14) S B P ) 5 58 — B B S AR R 9, (R Sl 1 P 91 (4
)5 S — B BOAH LU BT RS T 90 BE; TEShES
TEF, SEFR ST 55— B Bog AR Y, (HA
BB AT T 45— B B £ eSS T 90 . 7Ei%
W, RS T I B R B S R R
TR, T AR B EAE— o AL, ke AT
— A SIEIT S, H SR FAETE— % X
KRR [FREFE SR vt ™= A T — A7 i i 2
JPH, IS5 E P IR —E X R R R, BT LA
T3S BRI A BB 7T 42 43 B B 7 ) R sl A 7 3

2011 4%, Rose 8¢ N TESR T 4lobe (1) H1 58 Fn S AE 7
FIRE AL BRI A I gE T, SR A etk i 7 91
IO ST 55 WU e 19 43 B 1 R0 T 30 R sl A e 37 7
AT S, R SRR By 6 4
adeiln, «, &, B, B, ¥, %), S0 EE
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WG A B X R0 5 55 20 42 e 81 DAY B > 8 2 IR 11 2800 ) 52 1469

OO E A F A —— X, BRI
Wr B €, 3 55 ] IR 3 8 B 5 — SO R
M HEATHRSE o FEZH b (0 5 i (0 A B — ]
FEANCn . B, R, gk, 2, B, #E), (XN
RAEHE P A 2 ALY Sl AR 2 T4 Fe B 0 I 31
B—HAN: K, j, d,s, 1D, {0 EH bR @3 E 62
BEMLEY . PR, AT LU (4 43 8 0o e 50 F sl
51, Rose 5 NFZE R KB, AN AT 5138 2 5
YERE SN B A] AR B T 45 o I 3R HI L S 0 78 =X
TRUT AR Zh VR P 9 B9, R B T 2lokE Y sh R
¥ %) 0] PA#E N Bt 2 75 (Deroost & Coomans, 2018;
Ferdinand & Kray, 2017), %F I, AHF528KH
Rose 55 A (201 1)U (4 5 ) S W AT 55, TE5E 2257
BRI E 7 AN MR PSS OL T, 5 % I IR 4fipe
{18 01 5 FN B AR e 71 P B > 75 1 2 LI 79 52

AR, BEAEAR 2 > B F 58 2 AR X T B A
B ST RS, POV . S5 SR AR TS
T2 5 B AR A 4R 25, 300 H 366 e IR 174) 725 2 DAL 1
U0 (Blischke & Malangré, 2016, 2017; Genzel et al.,
2012; Malangré & Blischke, 2016; Malangré et al.,
2014), 4N, 7£ Blischke 5 Malangré(2017) 57
i, HOR FH—A K EAL 55 (gross motor tasks)% %<
TR B R 5 S A 52 AR X sl e 51 2
TR AILBE RIS . FEZWEFE D, ol EAR I B
e b BB AOBE — A INA R A B AR b 38 E
It AR R — R E TS . SRR, )
B H A5 8 22 & (e, 2-19-15-2-3-13-19-
7-11-9-14)B}, BAAE L IR Z )5, 7350 M $uAT
P ] i 2 AT, i 28 g T[] s ) ) 7 TR 285 D 9 A
I AT I )RR o 247 9 R B (i, 3-13-
19-7-11-9) 87 51 254 BEAE e — w5 ML B s i (L
s X OEAREGEIL I, DA 28 B H 5L T R HIR ) 5
LRILERON o R4, BEHRXT P B 2] 45 0 R A0 B £k L
[#] 2 A5 1,52 3 7 4 5 AR BE W S 0] 7 3K — [in) A,
i REE— AR R

g5 R, AR R Rose 45 A (2011) ik
(P B SO AT 55, TE 58 4240 B e e 51 R sl A
FIRTEOLT, At 3 >S90 1 A [A] 52 e 7 B2 1 I
GIRLIN LA Ke 12 7N 08 B 2 i (8] (1 R4 vs. B E4H),
4 e WO S{DRE 1) 205 F0 Bl AR Ty 91 N B~ 15 B
JLE B2, XTI i e, $A B THRUTN
B >0 A5 0 PR B 22 L[] S 75 A7 78 ik T e IR 7 0 3
BONE, DA RN 5 S A e 5 N B AR Y B A UL
PRI AFTE T, I BT 9122 2] by 3h VR 5 0

B2, AR B TR

2 SIE 1. MEHRO AR E R HIBE
SR 51 P e ~F B R I [ 25
A5

21 Ak
2.1.1  #ik

DA GBI R BB o gl 15 A3
17 A (Hallgaté et al., 2013; Lutz et al., 2018), b4k
%% 2 i WA BT 98 (Lutz et al., 2018), % i
G*Power 3.1 &M, WESITRL S1H 0.90, o 7KF
H0.05, RNt £ 0.44, THE T BRI A &
5T N, B 15 N HH3E 88 BRIERRFES
Y 528666 44 2o, 19.10 £ 0.97 %), F¥AbA1RE
LA BV A BAL . FBE A oRdL . ShifEre B4l 3h
e R4, b s e B4l 21 N(17 & &tk), Fn
FR4H 21 A(16 #4ctE), ShifEme 4123 N(17 4%
M), BIEFIRY] 23 N(16 &LctE). Fif sk /o
B, BN ARTF, BEE O, 9805 EAR T
EH . 9 A EIE e R gt s bR, Hrp 7
A A B A GRS 43 e A R U (B A e 1 2
4N, ShYEA R 3 N), 2 45 A5 i 1 20 9t x Ho b
MR 5 A PP AR (IR T 4 4. A sk A e S
i, FESE R Z AT E A R B A, SRR
JE 25T —E MR o A2 B 23 1 ZR i R A2
PR Lot
2.1.2 SEIEIT

AR 2 (P 5 HBE 75 M BSE P 5) > 2
(BRI : A7 FNJC) BRI 200 . AR 2 81 S
A AT 45 18 Al 5 S5 2 I st L R T 45 O £ L
2.1.3 KGR

SRS R WER A P A BN B AT S5 RN TIAT: 55 .

730 N AT 452K - Rose 25 A (2011) ekt 1y
JEON RN BT 55 . TESCE B, bRk BB 6 A
JEA RGeS E, #, B, &, 4, DM HRE
He, B FE R AV B N — N e (N A A
RS s, d, £, k, 1, BRPELHAHT H AR b 5
il IR €, 0 68— SO SR S gk A 7 4% 5 s i
XF TGS, H bR ) B B 0G5 — [ )7
Flchn. w5, &, M, 4%, 40, Fan), {HJE B G s
gt R FC Y, PRI, XN Y T35 He iy 51
SEBEPLEY; X F e, T8y E g 5L —5
Ficm: s, 1, f, k, j, d), {HHbr @RS @ SEREHL
(LI 1A). 258 2Z g A HE 3 50 B0 i A7
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I!III EEE | 1 1] Ilél III¥I EEE | 1 1 II¥|I
s 1 f R
'fﬂ'ﬁilﬂ || O @ H O [ | }gi’ ﬁ’ %EH g%
| O ] | ] | | O | commmm
xll EEN Ili | B ] | EEE EEm Ili | § ]|
Hirfak % # = %k
B SRTHBt1 SRTH B2
41H1-16 4H17-20
Be b4l 19:00 21:00 BRI | 07:00 09:00
HR4L 07:00 09:00 19:00 21:00
Bl ARSI 1 IR NS (SRT) /AR, BIEFIIR N AT 55 A2 E o SRT BB 1778 B 4 B Bt Z /it 47, “SRT

BrBt 2 e SR Bt JE i T . S fRIF I, R R BENLAL .

TE FERN AR, B AU Z 2 2000 ms, %
B2 AN, 300 ms J5 2B —4 G, £
SEEAFE A B, S — BB H 16 N2 (block)
A Hid 12 A2 P51 4 He (sequential block), 4 4~
JEBALLH B (random block, 735N 3. 7. 11, 15
P, EAB B 4 AR R, HE 34~ H
BEMLZ S, BRI 72 ANk B4 e [m)
A 10 BRI PR TR 55— B B 45 S Al Bg 12 /Nt
FEEATEE B By, AR 4, B — M Beferg - 7
MR 9 T, BB KRR LT AR 9
AT, M TFARANAAR, FB—BEAER L 7 5%
9 JHEAT, BB BAE S RM  7 S 9 ST
Kl 1B). A TIRUESZE ™ 8, A5t T
PS8 e 5 (<, o, SR, gk, 4, AR,
W, ok, Har, #, AW sifERIEs, 1, £k, §,
Lk, £, s, j, d7)o PSR T S FSIEF 515351
TERR A o 76 IE S0 Z A A 745 2 528w, LA

78 RN B AR 55 5 R e, i n) AU 75 83z 3]
SR BB A E SRR RN, Ak AR 1 e BRI,
DU SR AR AN 55 7 Ok o Bl SR FH T AT: 55 >k E Al
AT BEAYSN B AR R . TETINAESS v, B ek
R BEH (6 8 FEl (g H AR fat) 2000 ms,
BRI T EEAN S, 300 ms Ji5 52 B0 )
e A JE @B AR S), ESRGPELTR H bR
o 1 B € I R AT A L ) 45 S g, T e 22

I 2000 ms, PR SRR B, Bk
T RT3 B A T OB 43 (50%~100%, 50%
FIRGTERIEM, 100%FR /R L0852, Wl nT Ll A
50%~100%Z [A] i AFA7] — 1~ 41F) (Dienes & Seth,
2010; Guo et al., 2013; Li et al., 2013; Mealor &
Dienes, 2012), ZfE 5w FE 24 MR, 57
G SR AT 55 Fh AR ) (9 e S R0, 432 471 ] iy
¥, Horh BRFR R B 4 YK (Rose et al., 2011),

SRy T 1) B IR A (] R B IR O (M
M MERYRENR, FORA: BT —MAEEIR), =%
Song FEANQ007)MIBTFE, FERANLRETINZ)R, ik
B 12k 58 B VT 2% B8 B B 5 5T (5] 45 (Pittsburgh  Sleep
Quality Index, PQSI) (Buysse et al., 1989)L% & i /U
77 B 7Y 0] 45 B PF i 3 (Morningness—Eveningness
Questionnaire, MEQ) (Horne & Ostberg, 1976), It
b, 1) ) Bl ik i) R B FSF 1) - L AT TX O A R IR B
w AT 1~10 ¥F5r(Song et al., 2007), 43 {EL#K = il IR
Jri s o R AR SR RN BN, {EX)
H R B s A #EA 7 BR 1
22 #R
2.2.1  BEARIKR

XPRIVEE F2H . e R . S EM A 53
M B3 R 2 A e I P () OV B R 5 k0 5
PSQI 744V Je MEQ 438053 il 4T 2 < 2 (Y5 2253
Br, BB WENEZE R (ps > 0.05), 4 PR
BB R 1.



%12 N MG S REERR X N5 5 B A1) P B2 2] s L DL [ 80 F 5 T 1471
F1 1 MARIKAIBERIK (M £ SD)
21 5] Iz HEE 3] A E(1~10 $F43) PSQI MEQ
B 21 6.89 + 0.97 753+ 1.71 5.79 £ 3.10 48.74 + 6.94
HEM EH 7.18 £0.77 8.37 + 1.50 4.79 +2.20 51.42 + 7.60
HIHE R 2H 713+ 1.13 7.62 +1.32 5.62+1.91 50.14 + 3.84
HIEA KA 7.54+1.03 7.95 +0.94 5.80 +2.26 52.75 + 6.05

T PQSI Jy UL 2% B BE AR 5 5T 0] 45, MEEQ Sy i 5k 80 7% W 780 ) 4 1 PP 22,

222 HERFIEFSIZE IR
TEF 5 S I AT 55, PR 4% 21 | 4 158 3 LR
% FNAEHE F2H(M = 0.04, SD = 0.02) ., HI%E FH KH
(M =0.05, SD =0.02), ahfEM 44 (M = 0.03, SD =
0.02). FMEA KL (M =0.04, SD=0.02), HIALEE
T AR 3 DT TR AR BT 8, E BT AT
%% Ling %5 AN (2015)L) J Hallgato %5 A (2013)
R ST, ¥ 512 > %00 (Sequence Learning Effect,
SLE)IH5 77 AT« FHBEALT 51 2H B i S5z s ki AH
LRI P H L P13 S I, RIS — B By 471 2
RN = B 15 - (1B 14 + 4B 16) /2, WA
B FF A5 2 ROS AT IR A ¢ K, S5 P
FvE e F4H(1(18) = 2.48, p = 0.023, Cohen’s d =
0.57). F%E H K4 (1(20) = 2.37, p = 0.028, Cohen’s
d= 0.52). EM F4H(18) = 6.71, p < 0.001,
Cohen’s d = 1.54), IMEA R #(19) = 5.87, p <
0.001, Cohen’s d = 1.31)/ 55124 2 R 1\ 3% v
T 0, W 4 AL 15 TIFHATROLE 24),
X 45 L5 — B B )3 3 2% 2 SO AT 2 (74
RSP I AN F)) > 2 (HEAR . A5 F1TC) 8k kR Jr
Zr, SR LB, JPH EMNEEFEQ, 75) =
49.06, p < 0.001, n3 = 0.40), SHVEFFFHIFSF >

BN B 3 TP A MEAR RN AN W, F(L,
75) = 0.31, p = 0.581; J¥ 35 HEIR 19 22 BAE A
#, F(1,75)=0.70, p = 0.404,
223 BRILBERMN

[F) 275 — B B3 3 24 D O i3 X, 3

BRI S WOn =20 e 19 — (ZHEe 18 + #H Bk 20) /2,

*Qflﬂlxﬁfh#?gﬁ [ B 114 7 371) 27 > 350 I 2=

— B BE P9 2T U0 o 45 A5 B B 3
sa%ﬁzﬁ“ HEATHREAS ¢ K06, R ISR R 41 (¢(18)
= 6.37, p < 0.001, Cohen’s d = 1.46)FIzh{EH K
(#(19) = 9.95, p < 0.001, Cohen’s d = 2.22)fJF5*>]
SOV 2 = T 0; KRG EZH(¢(18) = 1.44, p = 0.168)
FHFE R (1(20) = 0.24, p = 0.812)HYFF1 2]
BN 0 WA E R (WK 2B).

W A ) B DL TN AT B A ¢ K5, B
YEM: 40 (#(18) = 2.76, p = 0.013, Cohen’s d = 0.63) . 5f]
YEH R4 (1(19) = 2.31, p = 0.032, Cohen’s d = 0.51)
(B 2R ILIE RN i 2 = T 05 FIvE M b4 («(18) =
-0.88, p = 0.391)FIHIHE KA (1(20) = ~1.69, p =
0.107) 1 B L L RN 4 5 0 Bt 51 22 S (L]
2C), X ESLRILERN AT 2 078 FN6E )75 F5h
YEFP ) < 2 (BEHR . A FJC) R8Iy 22 50, 45

s I A c s
A0 =3 pmxEa B 140r =3 pmxa 60 [ 3 Hx4l
120 + 120 Hokk 50
= 100 = 100 ko = 40 f *
1[‘% 80 *_F* § 80 £ § 30 +
i Fy =) i
= 60 2 60 & 20
% 40 FiagP T ® o0t
20F * * 20 0 ?
0 _ﬂ @ 0 _ﬁ -10 + @
0T i 207 it 207 i
E2IES] E2IES] E2IES]
B2 AR —HrBIFHEST RN ; B 25 T M B F 525 ST RO 5 C 2 88 4 ILIE 3
PRELAFIERARHEIR . 2R p <0.05, **F7R p <0.01, **FER p<0.001, FA,
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KB, O RO (F(1, 75) = 16.47, p < 0.001,
na = 0.18), ShYE4 BRI E SR I T4 BRAR
ERNIA R, F(1,75) = 0.58, p = 0.448; 751 Al
IRAZ HAEIAN B35, F(1, 75) = 0.001, p = 0.981,
224 EIRHEITEM

Dienes 55 A% Hi(Dienes et al., 1995; Dienes &
Berry, 1997; Dienes & Perner, 1999)K F 2 AH S by v
(zero-correlation criterion) ¢ % < 9% 12 > 15 KA 1Y
BIRMRA, kg Iz Uk B Re % HERA 1 i
A AR AAAE(Guo et al., 2013; 223ETE, 2013),
BRI U, B e B O A TR0 ) W S 2R A A O
PEAL, AR SR U TE IR, AR A TR
REASCHE TE B A 00T, 5 BB DX 4360 3 A DR 2%,
RIS T TR R 5 (5 O B 2 (B A O

S ZWQ012)MBE5E, AMFFE i X 73
T IE B AR AR, PEAS PSR A RS O
HIK R, H—H R IR IR R, 14
2 T W 4 B A S SR G T v 0 B (R
L3N, SifEM B4 9 N, SIEARA 2 N). 45
WRB, MR E4(1(15) = —0.63, p = 0.540)
FEM F2(19) = —1.77, p = 0.11D)FIZHVEA KA
(t(17) = =0.79, p = 0.439), PR [al {5 O EH
ZHARE, TP TR AR . RSEER
AWK A O 22 57 B 3 (120) = —2.36, p =
0.029, Cohen’s d = 0.51), FH AP W EE R 1)1
TS O A B 2500 TR E A Rk, i I st i
AR O IRM WAL, SIBRAY 14 248k 0E 6 2R
0, WRMATIFAFELESN AT,
2.3 itig

S2HG 1% ] Rose 55 A (201 1) Bk 4 7 471 B2 v B
155, 165840 B 168 )7 5 A s VR 7 5 15 oL T
5T W FIR XS Al 1) 05 0 R B AE I 5 Y B
R ESLILIE 52w . 455 & A F AT, o)
V7 1) 2 TR HE 5 ) 2 2 DL T R0z, I B IR X 0 3
J¥ 5 R SAE 7 510 1 B 2 DL 29 08 A AR A o

RE A1 A0 2 2% 2] 1 00T 5 2 30 35k 1 el AR 119 2 2 0L
] U & AR AR S5 M e 2 2 s AR P 324 20 vk, JF
A B TE 25 K A BT 5 1 2% 2) f (Blischke &
Malangré, 2016, 2017; Genzel et al., 2012; Malangré
et al., 2014), 7E N a2k > 45k, 3T M AR Y 15 £R L
[i] 355 I A 75 57 B P 91 2 A AR BE e 2 S5 T I,
S 2 SR T S 52 4% 0 91 0] 2 2 e AR X 4 b
B8 17 5 RSl 3 30 P9 I 20 45 B3 SR LI 0 5

3 SEEG 2. MENRNTE AN 5 R
H1| PN ez >0 B £ L 31 % 17 FiG) 52 Mg

3.1 A&
3.1 #ik

SEEy 2 AEAR R R T XS S0 1 AR, SR
81 AR KAAESINT SLK(60 24 Lok, 20.01 +
1.93 %), JERENLA B R0 va e 20 . FNoE R4 . B
fEML 21 . ShifEE KA, Hh A vemge -4l 20 A(13
Ftct), M RA 20 N(14 & 4&otk), shiEmg L
20 N(16 Z k), SifERRAH 21 N7 &2 th),
A s 1R, B A R, TEE A, U
FIBIFF IER T IE R o o 6 449X & B8 2 1 00
AR 5 2 e it i BR (S e E4H 3 4
HEWEARAH 3 B). FravaRSs HIES M, fE55
TR Z R B A IE R S, TR HRZ G4 T—ER
R ARSI O I AR IS R SR PR S 51 2t
3.1.2  SEIgit

[ESE50 1, ARSCERA 2 84 : H5d 75 sl
YERFF) x 2 (MEHR : A FJC) Aot im) sc sk i,
75t SRy 3 91 S NE B AT 55 1) B 5% S5 R S g s L B T
DIAT 55 A5 O
313 XEERF

[FISE56 1, SE80 2 WALHE 34 S i AT 55 Fi i
WSS o 5528 1 ANFR R, FEARSLES /T 5 KN
B A58 R T 2 4 58 A8 O v i RN 0 S 1) (41,
o, MW OWE, Frarn, 4%, ¥, M, W4, Bom
“UE, 2T, BRAL, &%, W, MR, 4, R, &, B, Hr)
M2 A ERBRET B EFS (“d,j, ks, L]k,
f,1,s"Ml“s, d, 1, j, s, f, d, £, j, k, 1),
32 #£R
3.2.1 REERARR

XTRNvE e 20 . SRR F2H . e R S 3
A R 2 k1) B RIS B ) L P B IR S5 53 4K
PSQI 7344k & MEQ 434047 2 % 2 5 245340,
I 1.3 2 5 (ps > 0.05), 4 ARG A0 BAREE WL
%2,
322 HBERFIBF TSI

TEF 5 S I AT 55 H, PR 45 2 B9 4 158 R L R
% FNAEHE F24H (M = 0.04, SD = 0.02), 1% KH
(M =0.04, SD = 0.03), #hfEM -41(M = 0.04, SD =
0.02). ZHEH KA (M =0.04, SD =0.03), KITEE
T B 3B PO R AT R DR, 50T N o
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®2 LW 2 MARIKAIERIK (M £ SD)
21 5] Iz HEE 3] A E(1~10 $F43) PSQI MEQ
B 21 6.97 +0.72 7.85+1.27 5.90 + 1.80 49.90 + 8.96
HEM EH 7.03 £ 0.60 7.88 + 1.69 4.71 +2.08 53.53+9.18
HIHE R 2H 6.77 £ 0.83 730 £ 1.72 5.35+1.90 46.55 + 9.94
HIEA KA 7.22+0.73 7.72 £ 1.41 5.00 £ 2.70 49.67 +5.29

. PQSI VG 2% BEHRHR & 5 (7] 45, MEQ M i R BRI e B 7] 4 [ 1 3K

525 1, SF—BrBIrs 800 = 4k 15 -
(ZHH 14 + 23 16) /2, K4 AL T3 2% > B0 i
TTRAREAR ¢ /80, G5 L. B—MBIFHI#I3L
N SRR F2H(2(16) = 4.80, p < 0.001, Cohen’s d =
LA)FIENE R («(17) = 6.27, p < 0.001, Cohen’s
d = 1.A8)JFH % 2% w2 = T 0, UiBHgY
AR FEAVEIR; e F 4 (¢(19) = 1.92, p = 0.070)
56 RA#(19) = 0.90, p = 0.377)5E—FrBF
B2 RO 5 0 ol E 2 R ILE 3A),

X 45 L5 — B B )3 3 2% 2 BN A T 2 (74
RSP I RSN F]) > 2 (HEAR . A5 F1C) 8 e] Jr

Zhr, @R A, JPH EHNEEFEQ, 71 =
23.47, p < 0.001, ny = 0.25), SHVEFFHIFSF >
SN E S TR A, BEIR ERON A B, F(,
71) = 0.01, p = 0.915; 75315 MEAR 7 22 HAE A
F, F(1,71)=0.41, p = 0.522,

323 BXRIAEMA

[FSEE8 1, 26 B BUF ARSI 500 = 4l 19 -
(dHHe 18 + 2B 20) / 2; BELRILFERLN 5 T4 —Hr
By 9127 2 U0 0k 2 55— BT BE R 912 2T 5800 K
U B R BB 8 25 2D SO0 AT BREAS R

H(1(19) = 0.70, p = 0.49)FIHHE A KL (1(19) =
0.89, p = 0.385)FFN2E T HN 15 0 ol F 257
(W& 3B).
X4 20 1) B e L B0 AT BRAE A ¢ K, B
Ve F4H(1(16) = 4.37, p < 0.001, Cohen’s d = 1.06)
W7 2 2 800 B & =+ 0, shfER R4L((17) =
-1.50, p = 0.153), Hul E4H(«(19) = -1.16, p =
0.261) 55 H R (1(19) = —0.02, p = 0.987)H) 5
AYLERN I 0 T i 2 22 5 (WKl 3C). XTI
BN HEAT 2 P8 RISEF I RSIVEF51) > 2 (HE
W : A RN B IR 5 22 034, P9 8O0 AS 2
F(1, 71) = 3.13, p = 0.081; HEHR IR0 5.3, F(1, 71) =
4.50, p = 0.037, ny = 0.06; J¥ 3155 MR ) 58 B AR
B3, F(1,71)=9.20, p = 0.003, 0} = 0.12 X} 52 T AF:
FHEA T 187 BN 43 BT A BR, T 058 51, g b4l
HTE R B R ILEON A B 225, F(1, 71) =
0.44, p = 0.507; TXf TaEFH, Mo b2 B LIl
lﬁliﬁnjﬁ%%}?lﬂ%éﬂ, F(1,71)=12.45, p=0.001,
= 0.15, 4ABEARAT, Zh1E4 W& T R4,
F(l 71)— 11.35, p = 0.001, nj = 0.14; 4 ICHEHRAET,
HMIEHBA B EMEZESR, FQ, 71) = 0.81,

KIENVERE F2H(1(16) = 8.21, p < 0.001, Cohen’s d =  p=0.371,
1L9OYMIZHEH K (1(17) = 6.49, p < 0.001, Cohen’s  3.2.4 EiIRMEESG
d = 1.53)WJF 527 > &0 34 1 3w T 0; HISEi b [ SEE 1, SR FHZEAH AR HEE— 2046 56 1 1 Y
A SO b B SOL o b b e C O g
0 B3 pxa N =3 {xal 30 F =3 {E4
60 60
g 50 PP § 50 g 20
R 40 " 40t *okk i ol
%ﬂ" 30f \ %" 301 < §g T
& g0l o0t L) l
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—10L % htE —1obt  H% ik ol S5 Ik
FFFIR o FrI28)
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IR B TR MRS L 45 5 R I, 4 2H a7 30 OB 1F A
FERIRIR b, 5O E 25 5 38 28 i e - 24
1(19) =-0.13, p = 0.897; M1 K4 : #(19) =—0.45,
p=0.658; ZhEM F4H: #(16)=1.28, p=0.218; 5
YEE R 1(17) = 0.78, p = 0.447), FWHIX T 1FH
JE A AT Y B
3.3 itig

SEEY 2 FESEEY 1 RYFERN SR TN AR (F
SR BER 1D HNELN, 7E 58 4241 85 11 vk 3 51 Al
SEIF IR LT, #E— 2% 58T MR AR X Sfops i
B )7 HRBNAE P 5 B > A5 B UL A e . 25
R, O] LA BRI RS EF A, i AR T
KA, SIAEFF 5 e - 2H B 5 BH H T 5 174) 725 2 L[]
BONE; AR T8 7 5, BRI A B A5 vk
A R AT AT 2 IR R o

TESCHS 1w, SRAKEE R 6 BFFIRLN, 455
J B AlORE R 0 b A Bl AR P 81 R T N B T A,
HARXTFHRSE TR, #1558 Z 1 s fE 751
FHR, X5 Rose % A (2011)2A & Deroost £l Soetens
(2006)[ LS R —3 . 7ELE 2 v, RHIKE N
11 BRI, 255 & B pk ik R R I 15 sh PE v 91l .
WE AT — S 0F 5 % B 08 )7 81 2 2 AR A A8 7 91 45
FAFEXS R IE DL R, X TAER AT AN IE LT,
FIHE2E S JEAFER, BE U7 AE B (Deroost &
Soetens, 2006; Kempler & Richmond, 2012; Remillard,
2003), KIAESCE: 1 5508 2 Hhsd )7 5 HR
5546 T R 5 10 20 45 F B B R R A O

A, S 1 5 2 ¥k B VR A B Lk
LB RN, 110 058 2 AS A7 7F 25 S L [ 300 - Kemény
H1 Lukacs (2016)TAA25 2] fRZ5CE 235 Wi 125 26 DL [
BONE, B ) SR /N, T A /N . A S
55 1, HIE S — B BT 8125 21U /M1 ms)
H B FETshVELH (67 ms), HI, HSEHANEAER
LR ILIE AT RE 5 6058 15 9 14 ) 91 2 2D U8 i /N o
YT, 7RSS 3, FRATRRSE— 2L BRAR A58 7 51
(52 o B v S 91 2 2 R, ATk — 20 45835 4

TR 8T 5 1) 5 2 LI 8500
4 3. IR MRS Y

B2z > B 28 IFL I R3O0 ) 52 i
4.1 FHix
411 #ik

DIEAR AR gl i o B4 15 A3
20 A(Lutz et al., 2018; Meier & Cock, 2014), I.4h
S Z R A EWESE (Lutz et al., 2018) A IR SR
22 AR = (Cohen’s d = 1.16), K G*Power 3.1
Bk, WEESIHRER T8 0.90, o /KK 0.05, HE
TP AR N 17 N HH5E 46 BAER K
EBINT TR (39 44k, 19.33 + 1.30 %), FERAL
B B4 R P 4 23 AN(21 &),
FR4H 23 N(18 A Zch) . A BB 1R, ¥k
FHRTF, BEEO, WS EIIESR 4 4 H
KA B AE G et it b ailbs, o 2 79k
T R BB IRTE P IE SE USE 5, 1 24 Wl S 3 i e
RS, 3O 1 44 e Sl g A rh AR e TR 4
Bl A3 B IS, 785250 T ih 2 128 8
TERIE, LR RZIFH T — 2N ALK
C 280 I AR VTS KRR 2R 51 st
4.1.2 LIt

ARSI R F B R A ] 8 o AR S A5,
AL 20 5 R o AR 8 P 81 RO A 55 19
SR N SN B DA R TROAT: 55 i £ O
4.1.3 XBERF

[FISES6 1 FISESS 2, 5250 3 W ALdE 541 S isf
B4 EUIAT S5 . 55050 1 MISCE: 2 AR, 76
JEH R RS, BRds B R 4 A JEF A
(O, 2%, 40, @)M—""HirtaOLE 4. &40
L e e 114 437 ' 5 B A I P e B A ZE A A AR TR
d, f,j, K)——XF i o 534, FEASEI v HAT H16E 7 5]
W, TCEMEFIIA, FvE IR PR (HE, 2%, 1,
grrpcsg, W, 40, ), JFAERlE A

2s 03s 2s 03s 2s 03s 2s
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21 5] Iz HEE 3] A E(1~10 $F43) PSQI MEQ
7t 7.54 +0.67 7.80 + 0.89 5.83+2.55 49.96 + 8.06
EPN| 7.08 = 1.03 7.13 £ 1.90 6.26 = 2.90 50.79 = 9.20

{E: PQSI JgVEZE B AR IR i 5 (] 45, MEQ i /R BU I IE Y R 3 1 PP

42 H#HR
4.2.1 REERIRR

X 1215 R AR B BRI A 1] L TR AR
J5T 43 %X . PSQI 438 LA S MEQ 43 BGHA T AR AR
R, BIA B MR (ps > 0.05), M #iAn
AR IR 3,

4.2.2 HEEFIEF T2 IR

TEF 5 S I AT 55, PR 4% 21 | 4 158 SR TR
fi%: Wi F4H(M =0.04, SD=0.02). R (M=0.04,
SD = 0.03), PRAE 5 I 0 £ 08 534 AN P2 B
BOR, BB AT,

(IS5 1 FSEE 2, 55 —BrBOy a5 800 =
ZH 15 — (ZHB 14 + 4B 16) /2, BT BR S —
B B0 7 91 2 20 3800 3 S A T SRR AR ¢ Ry, 4
K. W F4H(1(22) = 4.73, p < 0.001, Cohen’s d =
0.99). FIRZH(#(18) = 6.11, p < 0.001, Cohen’s d =
140 P28 S 3 ¥ i 3w T 0 (LA 5), i
B 2 AT B AR . X 2 9k 5 — B B 1 P 1)
SESIRN AT ISR AR ¢ KRG, S5 AP, Pk
2 — By B 3 9 2 2 RN G W 3 22 5 (1(40) =
0.57, p = 0.570)
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P32 3 3800
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K5 FpalE 80, iRELMARIMERIFREDR

1

423 BHETERN
[ SE6 1 FNSEs 2, 45 B BUF SIS RO =
HH 19 — (LB 18 + ZHH 20) /2; BELRIN %0 25

T2 B B T 91 2% 2 RN I 2 5 — B B 1 I 471
22 RN o B P RIR AR I B R A1 2 2D 08
AT RAREA ¢ KB (LR S), 455 & B A pikn
JEAN2E 2N 45 0 e E 2 5 (W L4 1(22) =
1.25, p=0.226; FHR4L: #18)=0.63, p=0.535),

43 )% R 2 A A S R DL A 5 AT PR ¢
kg, R A KWK EH@22) = 273, p =
0.012, Cohen’s d = 0.57)F1 4 K4 (¢(18) = —3.63, p =
0.002, Cohen’s d = 0.83) A 25 £ UL [# 24 7 i KT 0,
HPH 2z 18] 0 i 2 22 5%, ¢(40) = —0.11, p = 0.911,
4.2.4 FEILHEEMY

K AR bR e — K 56 1 Bl i R &
WHRA, 5 A0l i TR 2 R 2281 bk
SR 2 N, FIRA 3 N)Z5 kB, Pt
AR AT E A A R AR b, FOoEERIAR
. (W F4H 1(20) = 0.82, p = 0.423). PR #(15) =
—0.42, p = 0.677), RGN AAAESD T 1R
4.3 itig

S 3 R FHHA T K 4 R RLN,
— 25 2 5T R AR X SR 1) 16 T B P B T A B AR
DU B5E I o 45 5 % Bk mT LA P9 B 2T A5 4l A i
P, AHTCIE IR LA IS (R A R B
LRULERN, 55280 1 45 AR . 55280 1 Mg
2 M, 5256 3 R4l (16 ms)iaE > FUN A TR
=, HIE 55 1 (67 ms). 3L 2 (39 ms)H shfE4L
)5 2 OB AT A R I 22 57

5 Bk

AWFGE R Rose 55 A (2011) G 14 ¥ 51 )5 i
BT 55, FESE 45T B M 7 5 MR SIS BL T,
W 3 A TEAERPARE AR RSN, REE
52T e HIR XS SlORE 1) 05 0 A B AT I 0 1 B
B RILE S . G5, MEIE RS 5N
AP VAR B R I o AR, A2 35 51 28 (5
1E vs. J9E) LA BP9 2 R BE B . HARR 1,
XFFEER S, P E AR ERIR(FIIKE R 6)
BF, JCIR R 75 40 ad i AR AR 2 T AR s 4 L T A0 0 (52
¥ 1), Tt & A S AR e R (O 8K
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Hyo11), B4 MERR A 23 5 B 2 YL IE S50 1 &
A (8 2); XETFRIGEE S, Toie A B, 4
KR B ILERON (5 1. 2. 3),

ARG KB, TESIAE 75 P B F = 11 2 28 I [
AT R BT B, 44 T 50 A5 S DA R IR
AR, FRPH IET MR AR A B LRI E RN . X 5 RE
R4 SR T 91 5 T B IR B 2k LI Y AR 9T & A
—F HA A A5 24, BEIRA LI
X B LR L R4 2F(Blischke & Malangré, 2016, 2017;
Genzel et al., 2012; Malangré et al., 2014), 7ESh1EF
G N B2 S BIF5E H, Ertelt %58 A (2012)R FH# A2
7 19 AT 55 75 20 (dual-task paradigm), 3B 44K H
GEAE AR AN RN (B . 231432413421), A
BT R AR X P B T 5 810 A 2 LI A AR 2R
I Borragan %5 A (2015)R FHAH X fa] 5L 1) fik B¢ 2 4 )7
GV (FEIRAT 55 O BN BRI 4 AR, R8I
DU ) B ) B AR T AR5 Ay T L), i A A 2 e IR AR
BILEFFIEICRAS T, BRI AL
BTN o £ LR, BRI BN 24 s 4]
() S L E A R VR . X AT REJE T 15 527 471
LER NGB I P eE N R G A
FEHIRAS T £, BRI TS A B i B R I Y
I 5RH (Blischke & Malangré, 2017), 4ok, —8&
WFFEIR & B, MEAR BESAE MF A ZAMAT 1 52 2% VA
27 2] (Stickgold, 2005), #RTM, i fhiZ Zefe i Bl I B
B BIAE P 51 A2 A4 35 T R IR ) B 4R DL 50, X
b B 2R I [ e A AE R I P R A B, DL R AT A
Fofr 22 2R LI 5 2 A 70 R B B BE A5 1) 81, i85 Ry itk —

TEABIGEH, oM AP FIMERE, &6 A e,
PR e IR AHORE N 50 7 51) PN It > A5 1) 8 R L TR A
Kemény Fl Lukacs (2016)Fi Hi = > YRR 25 52 i 25
RILIEIRN, 2% 2 RO/, B L ILE O )N
TESEHS 1 rh, G 2H 25— B B i P 91027 2 R0 57N
(11 ms) H. 2 FH MR T aMELL(67 ms) S ETETLL 3
R T B S AGE T  BRE S R S, T R
FRY P HMTE S5, AT S — i B 3 4 2 2] s
Y ARA KM BE R B v (e 24 17 ms; IR :
14 ms), P, J0950 4776 B 4 UL ] R 5 %0 0
¥ 5 07 80 2% 2T RN /NG O o BRI, RELIEAE ¢
F LRG0T 5 ) M B2 ST F 98 R B, w2 2
BN FEAH AT 10~20 ms Z ] (Gheysen et al., 2011;
Rose et al., 2011), XA HEZ M TERMETF I L,
iR I IV AN B BB Y R BB B ) 2 ) ROV A

Ko JREEAFFE AT LIk R I . BUS I i =
i — 2 R SRR 08 7 5 1Y) B R LIS RN, LA,
2 ) B DL ST B 28 e 43 A5 5 T R 2 52
P AN AE RN R R, TR SR g RT LU i 4

Jinegs 2 B R R T 1 2 2 B0

{EAS B, BREER Z A5, B A] A Be 2 52
M 725 £ TPL 106 7 (1) 2 K 5 22 —(Albouy et al., 2006;
Albouy et al., 2008; Hallgato et al., 2013; van Schalkwijk
et al.,, 2019), X232k I [ s [a] FE AR R 57 R BH, 24
> B B AR AE— 1 OB, XX TC IR B R AR
ES PR R LT, HE =S AR, HOCH
A1 A9 -t AN RAH ] (Robertson et al., 2005; Walker
et al., 2003). {1, Press 55 A (2005)K F## #E Y SRT
ST T BB VT 31 2% 2] 125 28 LA %) s (i) 32
o BRI, $OkFEF T 4 D/ R B4
TG00, T LG TP 4507 i 5 4 1) o %) 48 o 9 B
R R A R SRR R A 25 ST 55 i —
AR, TERZ 12 /b, 2 TR EE (24 /b
B, —JE B —4F), AE T 50 25 2 UL RN AT 4R
A 7E(Meier & Cock, 2014; Nemeth & Janacsek, 2011;
Romano et al., 2010), [fi7E Albouy % A (2006)
g, 5T & R AT B IR 3l I N B AT 55 (serial
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SR R, #ORTEE S 30 SrePei R T
B YLE RN, BAEMPE 5 /N R IRV ISR o FE
ZEgE Y, O T SR TR R N, PR R
FETENR 3h/50 58 1) 2% J (Vakil et al., 2021), 25 A,
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R R B, e > AR B 5 438 s R P
B LR ULIE SN (Bratzke et al., 2014), FRAFIELE
FH, AR T SVERFS, R 51 N BRI 25 42
LI AT GE 2 — Pyl fE . ST, fEAHFSE
S ) H B8 T SN ANAEAE B R ILIE, W] RS2 A A ]
B B[] R, 2% S RO AT B BRI 2 )5 R A T
FIRA G, Ja 2L o vl L ok e H AN [ B ] () B# /5
() R I 5 0 T 2 1, 0 — 2D 58T DR 1) SR 58 )5 57 F
SR 51 J T i B 1 B 4 IR 11 80 ny LA & A= i s
[E) 58, PASCEANTE L ILIE s APk .

SRS 2m S W S5 A — 3, ARk
BT R RIS X 29158 Y 0 RN S A I 0 R S A LT 5
M ) 43 BS 380 o 55 A0k 2 ST AN R A 2, FRATT R BRAH
X TR SRR S, BEAR(E I T 8 22 sh1E ¥ 51
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Abstract

Implicit learning is integral to human cognition. It occurs during the learning phase (online periods) and the
offline interval after the learning phase (offline periods). The process during the offline periods is referred to as
consolidation, which means stabilization or enhancement of a memory trace even without additional practice
after the initial acquisition. Some studies have preliminarily explored the effect of sleep on the consolidation of
perceptual and motor sequences in implicit learning. However, these studies have failed to achieve a complete
separation of motor sequences and perceptual sequences, thus leaving open the question of whether the sequence
type moderates the effects of sleep on the consolidation of implicit sequence learning. In addition, previous
studies of explicit learning have found that sequences with long length and high complexity were more likely to
benefit from sleep than simple sequences, showing a sleep-based offline consolidation effect. Therefore, the
question of whether the effect of sleep on offline consolidation of implicit learning of perceptual and motor
sequences is moderated by sequence complexity remains unresolved.

The present study addressed these issues through three experiments applying different sequence length
levels and complexities using a modified version of the Serial Reaction Time (SRT) task, which allows
independent manipulation of perceptual and motor sequences. Participants were instructed to press the
corresponding key as quickly and accurately as possible according to which color of the target square was the
same as that of the surrounding square. In the perceptual sequence group, the target square color followed a
sequence, but the finger response orders were randomly assigned. The opposite was true for the motor sequence
group. Subsequently, a prediction test was used to estimate the amount of possible explicit knowledge.

Experiment 1 used a short six-element sequence with lower complexity and showed a more robust offline
consolidation effect in the motor sequence group compared to the perceptual sequence group. However, sleep
does not promote the offline consolidation of both sequences. In Experiment 2, a more complex sequence
(sequence length 11) was used. The results showed that participants implicitly learned the motor sequence. In the
motor sequence group, participants with sleep performed a better offline consolidation effect than those without
sleep. However, participants neither implicitly acquired the sequence nor showed an offline consolidation effect
in the perceptual sequence group. Participants performed a small or non-significant perceptual sequence learning
effect in Experiments 1 and 2. Based on this result, the sleep-related offline consolidation of the perceptual
sequence was further examined using a more simple sequence of length 4 in Experiment 3. The results showed
that participants exhibited improvements in the performance of perceptual sequences learning, but no offline
consolidation effect was observed in either group.

The combined results of the three experiments showed that sleep does not promote the offline consolidation
of perceptual sequences, regardless of the degree of difficulty. For motor sequences, the sequence learning effect
significantly increased following sleep but not after waking when the sequence length was long and structural
complexity was high. However, sleep-related offline improvements were absent when the sequence length was
short. In conclusion, these results indicated that the offline consolidation of implicit sequence knowledge based
on sleep is modulated by sequence type and sequence complexity.

Keywords sleep, implicit learning, perceptual sequences, motor sequences, offline consolidation





