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* #t 7 47 & (Regular Articles) *

MAEILIHEF M., BAFES)

FHE#E ITEH wE#H KAHA
(VU 2 i 5 0 SR 2= R BE, AR 610066)

H E AR BEREFEARETRAGTE RGN ETH RS TRITRBAIEFE T LI, FEH
AILEF e TS, LA TEE AR EA R LR RO B I feAt BIA], TR A MEFAYZ A A M
SR TR T Ao s RSB RAR A ME &k, BADBH S T H A ET G B, HANFFEIARES
BT B AR TMAE R, R I AL AR B Sk, AT A LR &5 Z A A BOLIE
T LA JE S AL R M e AR AT B R B — R TR AMNAL, RN R R RNEAF @I T4, LA
RA@: F—, PRIEHESHHGHERE, THFTEHAILEST I IHLER KRR, %=, BFH
AILiEFF T Wik dedb ZAUH A RREIR A IO EEA . £ RBLFRT @, AFH R A HEHAILAE
et %, ATAGSBARLNMIE, E2ERBRALTFEEL, BTH4ATHETLREBI ARG H &G
WAL

R AL, EiERE, AR, ET AL, B MR

HES B84

1 5§ MR ET m B R IE . HEHAENTIE—Z1, Bt

. N e LA B TIET W8, NIt 18 145 F1H

B RANEEZ RN R FEN T 9E55 T B U 2 5 2 1 262 A5 B
ST R R 7 RGBS o X e T s 7 %Eﬁgﬁﬂgﬂ%iigﬁmﬁ%;?Tﬂ%
B Science T 2005 4F il 2021 4F i W Ve 1 %%1/015 Al ?;”1?
19 125 AHREREREZ —, oI (LI ERP R AR OC R 22
S g B L T S A JUAH G 2R, 2L NHEE P& R T
j\'ﬂ]ﬁ%’?ﬁ?%’ﬁiﬁi}éﬁo jﬁ%%ﬁﬁﬁ j&ﬁﬁ/ﬁi’ EZ, fﬂfﬂmMJﬂﬁXﬁu%*ﬁ”&fiﬁﬂ@%?(Cheour et al.,
m%%mmkéﬁﬁl’ki%h@ﬁ%%m% 1998; Kuhl, 2010; Werker et al., 2012)., 7 X >k
2 FIAUE BT 28 AEE oL PR R, A S T A
M 29 El ﬁ%\?u 12 H uﬁ%ﬁij‘j%)[_‘, 1~3 5%(%%}'_‘0 E@ﬂsmo Wﬁ&u\%u%/ﬁtzﬁﬁ, %]"/EEJLX‘_J—Z:EJ?%W
(EVE S A 0 RSB, B LA T g T PO, MIRIL 70 R AT AR
B S B B B, A SC O G U 2 LR E B R TR B R R R I AE SR . B
K B LM I OB . BRI, A LR

VR RG24 JEITETF T e (Hepper V7 DO RELE KRBT BEA AR 22 DL, B
& Shahidullah, 1994), BibJLaTeuglpgy AR E MBI MG HICIE, 0
ShT (LR 2t A S G g ) TPV RS AT RIS S R 2

EBrig AN EHNL R
Wk 5 2023-04-03 2 FEILXIE S WA R
* ER HARAIE4: (32271102, 31970980, 31920103009) o O
FIEHS IR QBT e 5 4 (2022 SHIBS0003) ¥ B R 2B LA B L 558 SR T« Ak —
WEEH: KPHE, B-mail: zhangdd05@gmail.com 2B I DL i R R S FE bR . SEE
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F AR R E RS AR, X< e
P18 ok 5 S P i A UG A W AR 1 S U
e BRI HOR B E S MR, SR R B
FIR) 75 W 0 TR A0 3 SR AR T v, DU 3 Tl e J e )
BrIHTE & AR 22 5, RIGRNR & AR SR 1<k
B it . FHE —Ea, KA ot A B,
A LR B | BT DA RCBE SR 4 75 5 Y B R
HFOLLER . T30 2, 2022; HE, KT, 2017),
i 5 2, FE“RJe  #e b, Bk JLIENris &
I A R A7 s ) A3 L SO o o J 8 S v, X B
B ABATT X AT A T 22 09 7E B R 4 (Vouloumanos &
Werker, 2007); T L T 4ME, A4 LT £F 15 i
5% W 475 W B 4 3R B =5 (Mehler et al., 1988; Moon
etal.,, 1993), A WFEFTRF L T B 32 0 HAD Lo Y
P, R AE LT B CHT A, AT A i IR
2 175 8 114 4% 3R B 725 (deCasper & Fifer, 1980).

TR AR LT A 4R S AT A IR &
AT A, RIAT 2R bR A o 32 B AT 55
AR R T 517 R FRAE, FEE
WL A ) A W 825, 3 AR 27 25 AT T T LA T
Ty B8 3T 41 /1 6 % B4 (functional near-infrared
spectroscopy, NIRS)% Jy % H H2 WL8<H A= JL K Bt
X T R T il R R R T A
AR ALE AR IFAEBI oddball YR, SEyE“KILHD
S .47 (mismatch response, MMR), 1% {43 J&
B 2 D IE 67 3 (mismatch negativity, MMN)[#) 5
ML 25 . Bilfn, Beauchemin 4% (2011) & B BEZE [ 75
B A 2 P Y P RE A A JL ORI 75 A i i
KB RWTE R  MMR. 5 ik - B ARAH L, INIRS
BORBEAT B FAT 148 2308 A LR B 7E 18- n b iy
U AR S e 2 X, BT INIRS #7853 B
(BREE 4%, 20200 M, B AR JLEITE 3 19 I IX 3=
Eyo KT N S AUy R E = & St /e
N 3HG 7 i A0 A o 50 s 52 31 S 5 %o b A% 1 19 5
Wi« KRR (W A2 i A ) 5 AME A T HE R,
A JL B R X TR A B R A IR TS, 7R
HNE AT T B 5 S AL (May et al., 2018); K
BEIEFNAME AT BT, EAR RN & B0E T
A LA SN i, AR BETE 2% 44 Z2 MR 1
% 38 F 45 /il (Kotilahti et al., 2010; May et al., 2018;
Peiia et al., 2003; Sato et al., 2012; Vannasing et al.,
2016), 18 N 22 AL e AN E 1A BT ik ) e
FE, #AILE 29 Z LD ERR L) B8

JE& L HA ZMALE # (W58 Bisiacchi &
Cainelli, 2022). A W58 % BB A LY T 5 i
DX (B SEA_ AAT  DXO) 7E B 2 T RURN R 4
et BB HA LML H (L et al., 2014), HiEFH
HoG 1) 2 7E Z 2 BR B T R ALY 25 H M O
(Ratnarajah et al., 2013), #rA: LA 22k A LR 4
B M T TN B0 12 A A E R
H) % JE 7K - (Sket et al., 2019),

3 WMEILMEFTEZRHES

Br 7 B RO LF, B AR L HAT AR
& RPEGE T, MBI RE 23 BEAS [ 35 b 14 70 &
i TR NICE AT ), IR AL
EHEE Y O A 2 A RN T R A (R AR,
KPHPE, 2020), HiA: JLRERE [A] I B 5IBE 5 FNSME
MR, X kR B BUs R ) 18 5 RE I (5
Bl JLERB AL, R B b—2: T 154k
WX, Moon %5(2013)7E—Ml 2 i) & i 5 A b
GO R, B A JLLEBETR RIS S0 T 2 AE B
JUE, HXEHEICE MHEIRE T Hok, J5E SRR T
JRILIZE T ERL, PO IRILAEZE 24 JA 4 i i
SR AT LA D04 4 J] BB A R 4 A 2 R B RRE T
15 R # ORI K B, B AR JLRE DX 43 A [R] 3 b i) A1)
“F(Ramus et al., 2000), F43#¥ 17 (Bertoncini et al.,
1987) LA Bz #5747 (1 E #5455 5X (Sansavini et al., 1997),

B T AT R R WSS, A IEE RS A
ELEUE R TR A DL AR R S R
AE 1o BL MMR 45 A 04 figi H a5 0 % F 55 A1 )
oddball Ju=U &, B LK AE X 4376 # (Cheour-
Luhtanen et al., 1995; Kostilainen et al., 2020;
Kujala et al., 2004; Partanen et al., 2013) . JG&F F 55
= (Kujala et al., 2004) , ¥ (Mahmoudzadeh et al.,
2017; Partanen et al., 2013), H. MMR AR 7
7c 2B Bk e A7 2k Bk 9 48 (Mahmoudzadeh et al.,
2017), INIRS #F5E LI, #id LA . &t &
T 7] [X 43 JG ¥ (Benavides-Varela et al., 2012);
{28 30 Ja i YR A LRI R B 3 = A 2
FEOLFA, AT %) 2 NS5 Pt Xof 5 5 %) bt 28 el g L A
L ER VAN & 7Nt 1 N I P = (B V2
X 43t % A B9 #: 51l(Mahmoudzadeh et al., 2013),
A, WL BIF Y S BRI A DL il S R )
BEE) AT R S R AR TR Y
ik H, 171 9 (Teinonen et al., 2009); XUAFH i F1 22 1]
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AR AR X 43 B = AN & 9 (4 ABC 46 1R)
H R B =AA[FF5] ABB.AAB Fll ABC (Gervain
etal., 2008, 2012); 7EF5 17 F 5 P Ac e BB 1 L
AC e R[] 5 2 T 22 M BTG A VAR I (Ferry et al.,
2016). Hr Az JLIX T 35 5 77 51 45 44 114 B R i)
S A LA B LB BE AT 1 RN A R
Giil2F > B

4 FEILXNEFHFES

LA LR BN R B S, A
AT 0915 5 R R AR S NG LiE 5 2
>J (B4 Moon et al., 2013), B{AXTEEAA B} 8] &%
R A LI TR & B RE 1 (F Bk Moon S TR
H5R). BRI —TUE LIS (Partanen et al.,
2013)R H TR & 5= AR IR T 2% 3T 51 R
BAE LTI RE R AE - L IR LTESE 29 M &
IR, ARRWOT 8 43k i T 8 (7% b v
tatata/, JGr AR /tatota/ . 5 5 AR /tatdtal), 45
BIMFRILI ARG, 2 4 AE LA 2 3] o i) &
AT AT LRI TE R MMR JE, (HAETT
HARGMAREBARES . ZHFRBERAKIL
B B i 2 S A R AR TR IS RAE, SRR AR T
By 2 B —E R BRI

2 AU PR WUE 52 38 o L0 A LR A LR
B IR MR ITE 3, $87R T 2% 2 51 R KN
ATYEME AR o 2 — T3 (Cheour et al., 2002)1E37
A LAE AR (8] R ST 2.5~5 /NG T35 M By /
F/i/), FF LAbR v R By /L e 22 R0 Ny A
oddball 857X H R G L 5 i 2 S B . 45
R, BIRATH0H A JLRIWT X 43 BT 3 /y/ Fl Y,
B R 25 1 6] 2 2 A REAE IR H I R Hey e
GICE/y/Y, HEEJEHICE 15K MMR 3 E
W= AT K, FIEHZBE S 3, BrA LI
X —2 RO B/ REREF R H G, JFATHET 2
AR S P AH R JC, (ERREHE B R2: 2 W oT
AR, B IS (Wu et al., 2022)% ] NIRS
ZELT IR 2F 2 (T 1E B R R B 4% i G O
BT EDXS AR LR B )2 B P S B k AE o 25 R &
I X RRLAR b, 2 > 20T A L U 61 i (%
[F1)AE 5 /NG 2 2] 45 SR 2 ) s e 35 7 2R T
T Y P 2 ) N7 (5 2 T X R —— i B R
TLEM L), EIEERIG 2 2 /NI BEIR, B
WG ] 2k b, LR ZE T i X6 2 2T

T TE B R (S50 R A ) o [EAR T R,
Wu SFQ022)MAFR L E I, HidE LR E#TZ
HIHFASBE X 4370 & FIX B, X ABLT- 55 e i A
FE(f 40 Moon et al., 2013)& FLH A4 )LEA L
HEANRE T AT G o X AT RE A B A LR AR 5T 2R
THABEGBENESMRGE: BN
TR, EHE . W R
TR ARG P, AR T B AR
B ICH MR (Moon et al., 2013), A MAFTTE
R T A B ILYFCER BT RIS 1315 (Pefia et al.,
2003; Sato et al., 2012), J& & WA 52 LA Hi T
SR FH B4 30 4 11 e B4 R R TR O S (T E R A
1580 25 FEEHAE JL I o) 18 3 e 1% o B
(Zhang et al., 2019; KFFFF %, 2019, 2023), XLk
TFF 5 82 3] 19 A 26 L 76 8 1 B0 ] 18 52 02 19
AR, SR, Wu Z(2022) BT 5T A% 35 i
THEE MBI B AR AR (WA ST B R R, &
BRI R Az (038 Az JLAS R 43 BE 1 B I3 0 B 498
ot E, HE TN EE22T G, b1E
BA T IoE P he

A, ik =T 2% 2 B 58 (Cheour et al.,
2002; Partanen et al., 2013; Wu et al., 2022){{ % %%
TILHS A, It H BRI A LA 5T 35 $E 7 R
AR X 1 5 22 > A H B2 (Cheour et al., 2002; Wu
et al., 2022), {HH T SC40 AR XTREHR A TERD, M TC
00 R R A ) L 2 S B C A LR E

5 RHESZRMAAENBERN
e

A T R 4l LB A f R M & kB MR
G, IR LA S 3SR AG L TR T RS U A TR TE A
Z0 MR N EE S EAT N R BRI, R R LA
5 i+ 2> T i RN AE 3% T i (American Psychiatric
Association, 2013), H Bk & A9 4Bk BK R
N 1%~2% (Hirota & King, 2023; World Health
Organization, 2023; Zeidan et al., 2022), &5 A&
iR [ MR EZE B Z —, BILAEE R
N4 2 ME RN R IAME TR T RE T 9 T B (Belteki et al.,
2022), ABATTOL T8 FNA I T 0 T P 2454,
FEAEW S i 2540 R D) E 57 8 (Tryfon et al., 2018),
CL 092 W L T 380 A AS ) 2 e i s R L
WRMBF, A E LR EEERHEIILES
RIBHAWIERICR . AR FEEREILH By
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AHOCHIESY, R G TE XS H PAE 12 B BA 16 0 A )
IOENERENZR 0 A v € VLR T T UROE SN S RE|
PAE 55 XU (high risk for autism, HRA)Z2 L, HIH
A g KU (R0 ) « 25 /) s D e S8 . B2
BRI R (Rl Bk ™ . s . 25
. s B2 L (Hirota & King, 2023).

C A HRA 2L B TS £ B, 1H 5 1)
TR 1 2 UJEA WR X B FRE R
TR AE T, T 0 T A Bl ) R BAh R 8 AR e B
JU 3 3 40 2 T LIl A B A1 T B0 A0 (Ay oub
et al., 2022; Clairmont et al., 2021; Molnar-Szakacs
etal, 2021), B4 KM T 4 Hixt HRA LB T %
JEEH LI A 1B BRI ST, Horp 3 WERE] 7L
WITR S s bR % 3 PAE (9 T 7E - Liu %8(2020)
K FH & 225 2h e % 3L 98 i 1% (functional magnetic
resonance imaging, IMRDIF5Y &, 1.5 H i HRA
L TH 7 B0 1) 45 0 D) R i 1 55 TR XS B4 H
KRR 9 e, fFEA B ILFTERR T ol L
RN B2 A A DI BEEHE, T HRA LMY 58 1
W5 B J22 R A 8t B J2 1) R D BE i 4 o RIS %
PR H] fMRI 4822558 T 9 IS LI & 48
TH 2 R AR R R 35 & B 09 I 95 3 (Liu et al.,
2021), KI HRA ZH Db fa Xl B8 20 A A2 s it
AT AL BT DS, S 5 W B K )2 AN A i
Fili &% 18] %) By i 3 #9055, HLIX S48 3 i AT 45
By 26 bR ] T 3 %7 ik HRA 20 830 1 PALAE S
MR o Pecukonis % (2021)FIFH fNIRS 4T 6 A#%
L)L 5 5 I AU S 3, KL 3 B IR
9 A PAER) HRA ZH B JLAE XU 450 - s - i &
Lb A BRE X HRZH R0 3 27 B R 12 o 1 F I 1) HRA 4
SLLAIETESS, 4R 6 A IHE S I L
ek R P 38 T AR R T AT [ P E . Righi 45
(2014 R MG 2T 12 7 LT 15 3 B4
35 TR 22 (B Y D RE M HE, T I I 2% i
AR BN BRZH . 3 W IR EI2 ) A AIE R HRA
4. 3 B2 A BIAER HRA 413X 3 418 )L
R R BE AR YB35 o I FFERWT 12 ] I i T
R T 5 Mk OO0 248 e e iR FE T Oy 3 0 I [ PATE B2
FIRE AR ™ i A AT O 0 F) T 45 U2, . L,
M FEIB LB T HRA B EE FTH S
WAL ES . 5 AR IR LRI 19 > B AL A R,
BE H T RERELTE 3 7 i HRA %2 LA 3L
(Edwards et al., 2017), JF7% 9 J % HRA 2L

75 & W TR TG A P150 %47 (Seery et al.,
2014), 54k, RAEEEF B MRI BF5EE K
W, 4~7 At HRA BLX A7 & A HUR,
A OB R A 0050 P N2 P SRR R O 55 T
e R Xt B 22 )L (Blasi et al., 2015; Braukmann et al.,
2018).

TN TR O Al O A % 19 P RE LA S
EM . &% L AR EZRIR R W], A HE S H
B4 2 D A T A 805 B K (Lindell,
2020), HEAEAZLCE T X G L BIFAET BRI
N M4k (Herringshaw et al., 2016), 4 & H T
AL TIE T WML HRA 2L 1R 58 BT,
Horp =R BT B LR R AL 48 bR 6 B ATRE
FITAEF . Seery ZE(2013)[ M A FT A B, &
WU R BN A R IR L 6 #5312 A %
0] & e iy T MR A2 fm 4k, T HRA 22 LIAE
AR I BCE . KUY, Keehn 55(2013)%R ]
fNIRS %42 T 3~12 J 1% 9 A~ AR 2L T84y
P Y IS RE iR A8 Ak, B 3 H i HRA 221
e 2B BRIE T DX D BE I BE AR B s, F) 12
JTS I © 3555 T HEXT B2 . Finch 4§(2017)7E
12 A ZLMAT S5 th R B, JIRLE 3 2 1
124 A BIAERY HRA %2 )L7E 12 A i 8 F MMR ]
FIH T A MmO, 12 5 A fat R X e 2E 0] HL
A ZEmME I MMR, B0k, 22)LI7E S R HEUT
%Y MMR i il £k v] BB 2 [ PATAE 1Y 2T 4
b o TARF IR E O X Broca X (FEAR T [1])
1 Wernicke X (FER_L [F) A i 2838 % . P MRI
PREOMAB AR BTIE & B - 1.5 A ik fd xS iR 2 32 L
19 SRR I R 2w Ak, T HRA 2000 3 R A7
T tt, H = RACH T B0 3 % i i 1
FEREIR (Liu et al., 2019); A6 H R, ARLL 2 % 1
124 HWER HRA ZLRYLLS R0 11
5 G 2% AR O 55 T BEXT PR 4H, H HRA ZEJL
P 5 W DO 244 32 H2 5 B W T 2 %5 B Y 1 B S
W (Lewis et al., 2017), MANRHAEE T MRHH
INIRS #F5EiR KB, SREx A 3 B RSk
SAMARAE Y HRA ZHAH LG, R4 3 2 B2 A
i (1) HRA SBILAEMAT 4~6 J 2 EF, I A2t X
N B I ROGE . R AE NP B O R,
H b Ak S 8 X5 3 2 LI RE R A T30 A
(Lloyd-Fox et al., 2018),

bR HRA BILBFEE 5240 R T HIE S
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K JEXT F AR RO BN . R AT A B, X 28
SR LB ST B il 4 b A K SR FH ) 18 S R A
AT 55 ¢ 42 AT LATE AR LB B 52 (2 WA S
2~4 VTR ILOFTELRA) . CRAE RN, K
RH AT, R A SR AE B A LI AR
T I TR A 228 AR, A R AR S RE
T B A R 1 fo B AT O - IR R AR R AR IR R, A
B FPAE B 512 I B A3 d FL I ] Wi 45 69 A4
BUEZH

6 AREE

gi Ak, HArE R L R L B
ST R R0 b LA AR 5 IR w4,
AT S RIE S . BE KRR, RN
FME B ZEAm A Ak, 2)3r A LB A Al R A 35 R 9
e A1, ALY KR AS {E AT X 20 BF A 1 b B9 6 3
HiEr, W HELEEHBIAXTE 2 EF RS
G5 3)H A JLBY B i i o ) 2 g R K i 1 5
Z 2 T A PR o EANA AN B L5 K B,
IR T R A IS bR [ PARE LA Y T
MZWME . 5T EAMRMAERNAL, A7
AN FE A JLTE 5 0 TR SR 55 R0 R 575 1k A
UK, AL = A ) R A ok

8—, EE AR AR B A 15 8 56 A
B, OANERZEG AL e
MEHER R AR IR 2 5, SERBERNER
E AN D TN O 25 R RN 2 18 1 OB A T
DA JL B9 28 B T RE A2 B H RN Y T . I
B K, AR AL ST T E ARG
T (H Moon et al., 2013)s# ) H15 B EEHH
AL IR VR R IR M BB AN Pefia et al., 2003;
Sato et al., 2012), ZIHT A LEA ST E A a8
715 1M Wu S5 QO22) A T HHFE R G KB, NI
AR A LIERBEFERIC T, A4 5 /N ICE 2%
2T AATT Y I PTG AR B TC o 201 Y
B BB LR A TR LI = 2 S A R e T
Ji5E, ME—R—T iR JLiE 2 S WF 58 & I (Partanen
et al., 2013), B LUK & =4 T2 %R, T
XiF TCE 24 2D ON N 2, X AT RE R IR LA AE
) EEREm AR R, KR, S5IMEM I,
B A JLASAE i G 338 T LA 40 30 08 O ) R0
(Mehler et al., 1988), X #/~HFiE i) 682 MG L
X BEE T R A R AT AR 2 A (T R LT

R AR A SRE IS IS . RGN E
PITEE) o 3)B A JLR IS 7 0 25 w4k 7] 58 52
FIFH R R BSR4 R D) B R 1k
WHL, 18 F MR 2 BRI R R F R A A
2t i Z — (Friederici, 2011; Hickok & Poeppel,
2007), B2 ERR SR 5 AR RIS 2 4
BH b LB s % &I S A AR 35, ARAT
RER i Tl S MORH R R A R R 0 TG ey,
S A LT E ARG 0 T2 A AL A (Cheng et al.,
2012; Telkemeyer et al., 2009; Zhang et al., 2019;
skFHE 4, 2023), i, Perani 55(2011)R F“ig
B PR AR S 2R A LB F N T, R
T AR (55 A AH LU BT 18 A LS K Ak
IERI R A RMIAL; May 55 (2011) X 55 b4 kHEA T
TAGEIEY, 25REBEE(GIMEHLIL)EET
FAE LR TE T X, X I 5E 2 BT LR fig
IR T B ZE AL, T RE = R 38 & AR R A
FRAERL ™ AR T o (A5 %5092, Arimitsu 55
(2011) 70 & 1 i 35 MR 5 A A RAE, & B
AR JLAC i (2% b I 3= B o0 3 B i Uk, A
i (R ) S B A AU B, TR AR
W E WFULE L3k =T T, FeATTRZN A
AR O AIE T A 2 T BRI R R R, R
oL R TE T A LA T8 R D 4 . X e R A
HRE R PERE ST N AR R fw Ak, DA
KL & FEFTEME AL, BT HER®
HRTIE S DT B2, FRATIE AT AR A S8 A
PTG F T B2, i, AR5 R B &
PR R IR AR S 7 S LR A A
4gfih(Kalashnikova et al., 2018), tHLAEMEIE AR
JAC2% 3 (Ma et al., 2020). & & 8 IS BB
e BB A LT PR A o SR W7 X
— A M AE RS T

5, B AR JLIE S o S B A 2 AL A
THRE L ARSI iy A LR & n TR LT 42
F 52 2 B (7 27 A ENIRS WF5Y)
5 odd-ball FER (LN MMR g5 b7 B9 15 H F0 i i BF
9%), TEFRASI E] A5 50 A LI T & R N oy 9%
REJ) o MTETE &%~ i, A UR P I 5E
FEE T H A LA T 9% 2] (Cheour et al., 2002;
Wu et al., 2022), EFH7T A= LY TG0 A& 17 2
15— & W) 22 55 (Benavides-Varela et al., 2012),
IR 2580 A L ] 2 20 3l & 1 2 AT 27 > 4l &
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F 2 S A R o 22 ] SRR kAR 7 FRATTER BRSOk
WHE 2% Wu 55 (2022) B S5, SR TR AR
TERE R TR SRR, fE B RT INIRS BiAR %
ZOHE LS 12 o BR TG 2%, %
> 77 T[] A B B (R A . R AR X AR LR 2
SWMER R 47 Bk JLEREEIRE 20 A/,
AT 7 T T I X o B R 1Y) R R A R 75 3 ok A
WRAS 2 JLIE RN SR 7 O 0 A B RR AT B T 2, 61 35
HURAB R R, DITRT 24 2] N2 7 A B R A
HYiE 12 FAIE (Diekelmann & Born, 2010), it F2FK
O B IR AR A P I AZ L] (Stickgold, 2005), KA
Y A& B, 5 B[R] A4 Al BR B BE R (non-rapid eye
movement, NREM)XT iR 10414 (B 46 15 50 ic 42
i e ) B B3 i U AE H (Rasch et al.,
2007), T2 U A 55 R AR v A0 3 %% D) A O
(Diekelmann et al., 2009), 2R, #H A LILEE
NREM B B (14 40 (B O <22 B MR "B BE), 1 o
O JE L R BN O (0 - WIS U A L R R TE 2~4 A
B LR 2 2; Fattinger et al., 2014), E4HUE
Y B B B M SC I L B /N R AR 3
(Horvath et al., 2018), T HEIRXT 15 7 2%~ (W ILE
BN Fe /N KR AE 6 A % (Friedrich et al., 2017;
Simon et al., 2017), FATH VR 5T Y\
WA, sk R iy Rl 2 AR A A IR A (] B B2 ) o7 L,
63 71~ T IR 2l 1) 2 2 i A G B B %) 3 A Lo 5 22
FCIZILEE R . i —20 0, A JLIEIR X R 5
22 ] AT ICAZ LR A 2 B AT A7 FRiiefe
7% (targeted memory reactivation, TMR; Rudoy
et al., 2009)72 7 HE IR A (8] 450 1200 T /A 505
%, Ol R B EEEE D0 . R
1012 AH &K [X.(van Dongen et al., 2012), IT4FE#
Tz T 2% 52 0 BR8P S AZ UL T o 2 1L )
(Hu et al., 2020), TMR =02 BN AT 2 2 4h
JLEY1E 5012 (Prabhakar et al., 2018)F1817]2% )
55 (Johnson et al., 2021), FRATE WG LM 57 K
HTMRYES, 768 Az LB AR B X535 2= ) 193212
T AT, EERH s MRI 84538 7R #AE
JUHE BRARAE M i IC LR A e L] o T M A AR
A JLIE 2= ALK RRRAE, T LUK IR B B
Bl 7 28 2 W T B LR 2R 8

B =, HAELET KRG RIS & s
2 H o Hr A JLIE TN TR I T8 AR BT A T A A
FE? B AR KR, Fra LR LXTE F

T RE R R A1 . A TG S A OC Y I 16 br A SR
BELEE 208 A LW Bt A B F PAE S5 pi 28 I
PRI IIAEIE (T 5 AT M E 8 TE 1~2 0 A4 B A
TR (ED), AT S F P B 32 W AR T
H AT — WS & B, 2 2 Z 1 B 18 5 Il A5 Al
T 3 2w A BE 2 AER (1.5 H#%: Liu
etal., 2019), HAREI HRA 2L 5o A B T
6 J1 1% B S IGE Bi Be 1) T 48 BR (Finch et al., 2017,
Lewis et al., 2017; Liu et al., 2021; Pecukonis et al.,
2021; Righi et al., 2014), = H & T [ FHE S %
DRV 20 ) 22 18] 4 26 5, AR B AR [ FAAE 12 W 1) T
{5 B (Edwards et al., 2017; Keehn et al., 2013;
Liu et al., 2020; Seery et al., 2013, 2014), BIRES
K LB ATAT HRA B AE JLIE 50 TR i, (HIRAT
Ny, SRS R B S LMY B 0TS T A OGN 4 bR
(I, T 0 T B A ) 26 RO K ST R i
SREE . HRPINE LM MMR R . S5REEM
P £6) 58 4] LIAE BT A LB BeiRAs . [Etk, kAT
HEUCR AT LA HRA B A LA a B 4, 2%
WA A G R R E T R RIE R, XA
i SR 28 PR AT TR AT, K i T
B RG] B2 17 2 AR A T 4R 19 SRev) LA
Ao BRI —IG R R A NS A = —
S H T IR R A L AR A HRGE R RS R A AT 8 A
B B 0 AR AR LB A 2, NI 5 SR A K
FEFK, 3% 5 B AT DG o R R 22 bt il R IR 5
S A . OB LIRS iR AR X 3 %
52 995 12 W7 1) T 28 P RE AT PR, Xl 7 FRATT
TER A LI BeR B & dF . &R P . 55 W
Ak PR 34 56 22 B 1 i ORI 50, 45 )L
A e R P 55 38 1 800 ST 5 1 g XU Al
X

WRER, SEZRV, S, dkSHE. (2020). #iALiE SN
P SERL: TN, BRI FAERE, 28(8), 1273-1281.
WREE, SKPHPE. (2020). B AR JLIE S BRI WL O ZEFE

%, 43(4), 844—849.

TR, WRIBEE, WA, kP, (2022). BILXHER
R TE B R AR WL O PR, 42(3),
201-209.

aRSEFE, WREE, B, FhE R, XIRREL, GOk, MR
(2019). HiAE LK 2 M vh 3 i TR E M 1o ——k [ 3
RS LA TR . 0 FE 547, 51(4), 462-470.




%12 4 R G R LIRS BB B AR 2301

KFEPE, AREAL, T, B, B, XIBEL (2023).
0~1 % BLIUIE 2w o (1 & J&: L LLAMUR 5. O A
7K, 55(6), 920-929.

JAE, 3KPHE. 2017). ZLTE 4554 25 AR SE R T 52
T, OFEFIFRE, 25(1), 67-75.

American Psychiatric Association. (2013). Diagnostic and
statistical manual of mental disorders (5th ed.). https://doi.
org/10.1176/appi.books.9780890425596

Arimitsu, T., Uchida-Ota, M., Yagihashi, T., Kojima, S.,
Watanabe, S., Hokuto, I., ... Minagawa-Kawai, Y. (2011).
Functional hemispheric specialization in processing phonemic
and prosodic auditory changes in neonates. Frontiers in
Psychology, 2, 202. https://doi.org/10.3389/fpsyg.2011.
00202

Ayoub, M. J., Keegan, L., Tager-Flusberg, H., & Gill, S. V.
(2022). Neuroimaging techniques as descriptive and
diagnostic tools for infants at risk for autism spectrum
disorder: A systematic review. Brain Sciences, 12(5), 602.
https://doi.org/10.3390/brainscil 2050602

Beauchemin, M., Gonzalez-Frankenberger, B., Tremblay, J.,
Vannasing, P., Martinez-Montes, E., Belin, P., ... Lassonde,
M. (2011). Mother and stranger: An electrophysiological
study of voice processing in newborns. Cerebral Cortex,
21(8), 1705—1711. https://doi.org/10.1093/cercor/bhq242

Belteki, Z., Lumbreras, R., Fico, K., Haman, E., & Junge, C.
(2022). The vocabulary of infants with an elevated likelihood
and diagnosis of autism spectrum disorder: A systematic
review and meta-analysis of infant language studies using
the CDI and MSEL. International Journal of Environmental
Research and Public Health, 19(3), 1469. https://doi.org/
10.3390/ijerph19031469

Benavides-Varela, S., Hochmann, J. -R., Macagno, F., Nespor,
M., & Mehler, J. (2012). Newborn’s brain activity signals
the origin of word memories. Proceedings of the National
Academy of Sciences of the United Sates of America,
109(44), 17908—17913. https://doi.org/10.1073/pnas.1205413109

Bertoncini, J., Bijeljac-Babic, R., Blumstein, S. E., & Mehler,
J. (1987). Discrimination in neonates of very short CVs.
The Journal of the Acoustical Society of America, 82(1),
31-37. https://doi.org/10.1121/1.395570

Bisiacchi, P., & Cainelli, E. (2022). Structural and functional
brain asymmetries in the early phases of life: A scoping
review. Brain Sructure & Function, 227(2), 479-496.
https://doi.org/10.1007/s00429-021-02256-1

Blasi, A., Lloyd-Fox, S., Sethna, V., Brammer, M. J., Mercure,
E., Murray, L., ... Johnson, M. H. (2015). Atypical
processing of voice sounds in infants at risk for autism
spectrum disorder. Cortex, 71, 122—133. https://doi.org/
10.1016/j.cortex.2015.06.015

Braukmann, R., Lloyd-Fox, S., Blasi, A., Johnson, M. H.,
Bekkering, H., Buitelaar, J. K., & Hunnius, S. (2018).
Diminished socially selective neural processing in 5-month-
old infants at high familial risk of autism. The European

Journal of Neuroscience, 47(6), 720—728. https://doi.org/
10.1111/ejn.13751

Cheng, Y., Lee, S. -Y., Chen, H. -Y., Wang, P. -Y., & Decety,
J. (2012). Voice and emotion processing in the human
neonatal brain. Journal of Cognitive Neuroscience, 24(6),
1411-1419. https://doi.org/10.1162/jocn_a 00214

Cheour, M., Ceponiene, R., Lehtokoski, A., Luuk, A., Allik,
J., Alho, K., & Naiitdnen, R. (1998). Development of
language-specific phoneme representations in the infant
brain. Nature Neuroscience, 1(5), 351-353. https://doi.
org/10.1038/1561

Cheour, M., Martynova, O., Naitanen, R., Erkkola, R.,
Sillanpdd, M., Kero, P., ... Himildinen, H. (2002). Speech
sounds learned by sleeping newborns. Nature, 415(6872),
599-600. https://doi.org/10.1038/415599b

Cheour-Luhtanen, M., Alho, K., Kujala, T., Sainio, K.,
Reinikainen, K., Renlund, M., ... Niitdnen, R. (1995).
Mismatch negativity indicates vowel discrimination in
newborns. Hearing Research, 82(1), 53—58. https://doi.
org/10.1016/0378-5955(94)00164-1

Clairmont, C., Wang, J., Tariq, S., Sherman, H. T., Zhao, M.,
& Kong, X. -J. (2021). The value of brain imaging and
electrophysiological testing for early screening of autism
spectrum disorder: A systematic review. Frontiers in
Neuroscience, 15, 812946. https://doi.org/10.3389/fnins.
2021.812946

DeCasper, A. J., & Fifer, W. P. (1980). Of human bonding:
Newborns prefer their mothers’ voices. Science, 208(44438),
1174—1176. https://doi.org/10.1126/science.7375928

Diekelmann, S., & Born, J. (2010). The memory function of
sleep. Nature Reviews. Neuroscience, 11(2), 114-126.
https://doi.org/10.1038/nrn2762

Diekelmann, S., Wilhelm, 1., & Born, J. (2009). The whats
and whens of sleep-dependent memory consolidation.
Sleep Medicine Reviews, 13(5), 309—321. https://doi.org/
10.1016/j.smrv.2008.08.002

Edwards, L. A., Wagner, J. B., Tager-Flusberg, H., & Nelson,
C. A. (2017). Differences in neural correlates of speech
perception in 3 month olds at high and low risk for autism
spectrum disorder. Journal of Autism and Developmental
Disorders, 47(10), 3125-3138. https://doi.org/10.1007/
$10803-017-3222-1

Fattinger, S., Jenni, O. G., Schmitt, B., Achermann, P., &
Huber, R. (2014). Overnight changes in the slope of sleep
slow waves during infancy. Sleep, 37(2), 245-253. https://
doi.org/10.5665/sleep.3390

Ferry, A. L., Flo, A., Brusini, P., Cattarossi, L., Macagno, F.,
Nespor, M., & Mehler, J. (2016). On the edge of language
acquisition: Inherent constraints on encoding multisyllabic
sequences in the neonate brain. Developmental Science,
19(3), 488—503. https://doi.org/10.1111/desc.12323

Finch, K. H., Seery, A. M., Talbott, M. R., Nelson, C. A., &
Tager-Flusberg, H. (2017). Lateralization of ERPs to



2302 O B R 2 ot B

%314

speech and handedness in the early development of autism
spectrum disorder. Journal of Neurodevelopmental Disorders,
9, 4. https://doi.org/10.1186/s11689-017-9185-x

Friederici, A. D. (2011). The brain basis of language
processing: From structure to function. Physiological
Reviews, 91(4), 1357—1392. https://doi.org/10.1152/physrev.
00006.2011

Friedrich, M., Wilhelm, 1., Mdélle, M., Born, J., & Friederici,
A. D. (2017). The sleeping infant brain anticipates
development. Current Biology, 27(15), 2374-2380.e3.
https://doi.org/10.1016/j.cub.2017.06.070

Gervain, J., Berent, 1., & Werker, J. F. (2012). Binding at
birth: The newborn brain detects identity relations and
sequential position in speech. Journal of Cognitive
Neuroscience, 24(3), 564—574. https://doi.org/10.1162/
joen_a 00157

Gervain, J., Macagno, F., Cogoi, S., Pefia, M., & Mehler, J.
(2008). The neonate brain detects speech structure.
Proceedings of the National Academy of Sciences of the
United Sates of America, 105(37), 14222—-14227. https://
doi.org/10.1073/pnas.0806530105

Hepper, P. G., & Shahidullah, B. S. (1994). The development
of fetal hearing. Fetal and Maternal Medicine Review,
6(3), 167—179. https://doi.org/10.1017/S0965539500001108

Herringshaw, A. J., Ammons, C. J., DeRamus, T. P., & Kana,
R. K. (2016). Hemispheric differences in language
processing in autism spectrum disorders: A meta-analysis
of neuroimaging studies. Autism Research, 9(10), 1046—
1057. https://doi.org/10.1002/aur.1599

Hickok, G., & Poeppel, D. (2007). The cortical organization
of speech processing. Nature Reviews. Neuroscience, 8(5),
393—-402. https://doi.org/10.1038/nrn2113

Hirota, T., & King, B. H. (2023). Autism spectrum disorder:
A review. JAMA, 329(2), 157-168. https://doi.org/10.1001/
jama.2022.23661

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. https://doi.org/10.1111/desc.12587

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. https://doi.org/10.1037/bul0000223

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. https://doi.org/10.1016/j.cub.2021.
09.058

Kalashnikova, M., Peter, V., di Liberto, G. M., Lalor, E. C.,
& Burnham, D. (2018). Infant-directed speech facilitates
seven-month-old infants’ cortical tracking of speech.
Scientific Reports, 8(1), 13745. https://doi.org/10.1038/

541598-018-32150-6

Keehn, B., Wagner, J. B., Tager-Flusberg, H., & Nelson, C. A.
(2013). Functional connectivity in the first year of life in
infants at-risk for autism: A preliminary near-infrared
spectroscopy study. Frontiers in Human Neuroscience, 7,
444. https://doi.org/10.3389/fnhum.2013.00444

Kostilainen, K., Partanen, E., Mikkola, K., Wikstrom, V.,
Pakarinen, S., Fellman, V., & Huotilainen, M. (2020).
Neural processing of changes in phonetic and emotional
speech sounds and tones in preterm infants at term age.
International Journal of Psychophysiology, 148, 111-118.
https://doi.org/10.1016/j.ijpsycho0.2019.10.009

Kotilahti, K., Nissild, I., Nési, T., Lipidinen, L., Noponen, T.,
Merildinen, P., Huotilainen, M., & Fellman, V. (2010).
Hemodynamic responses to speech and music in newborn
infants. Human Brain Mapping, 31(4), 595-603. https://
doi.org/10.1002/hbm.20890

Kuhl, P. K. (2010). Brain mechanisms in early language
acquisition. Neuron, 67, 713—727.

Kujala, A., Huotilainen, M., Hotakainen, M., Lennes, M.,
Parkkonen, L., Fellman, V., & Naéitidnen, R. (2004).
Speech-sound discrimination in neonates as measured with
MEG. Neuroreport, 15(13), 2089-2092. https://doi.org/10.
1097/00001756-200409150-00018

Lewis, J. D., Evans, A. C., Pruett, J. R., Botteron, K. N.,
McKinstry, R. C., Zwaigenbaum, L., ... Infant Brain
Imaging Study Network. (2017). The emergence of network
inefficiencies in infants with autism spectrum disorder.
Biological Psychiatry, 82(3), 176—185. https://doi.org/10.
1016/j.biopsych.2017.03.006

Li, G, Nie, J., Wang, L., Shi, F., Lyall, A. E., Lin, W.,
Gilmore, J. H., & Shen, D. (2014). Mapping longitudinal
hemispheric structural asymmetries of the human cerebral
cortex from birth to 2 years of age. Cerebral Cortex, 24(5),
1289—1300. https://doi.org/10.1093/cercor/bhs413

Lindell, A. K. (2020). Does atypical lateralization influence
comorbid psychopathology in children with autism
spectrum disorders? Advances in Neurodevelopmental
Disorders, 4(1), 85-96. https://doi.org/10.1007/s41252-
019-00147-5

Liu, J., Okada, N. J., Cummings, K. K., Jung, J., Patterson,
G., Bookheimer, S. Y., Jeste, S. S., & Dapretto, M. (2020).
Emerging atypicalities in functional connectivity of
language-related networks in young infants at high familial
risk for ASD. Developmental Cognitive Neuroscience, 45,
100814. https://doi.org/10.1016/j.dcn.2020.100814

Liu, J., Tsang, T., Jackson, L., Ponting, C., Jeste, S. S.,
Bookheimer, S. Y., & Dapretto, M. (2019). Altered
lateralization of dorsal language tracts in 6-week-old
infants at risk for autism. Developmental Science, 22(3),
e12768. https://doi.org/10.1111/desc.12768

Liu, J., Tsang, T., Ponting, C., Jackson, L., Jeste, S. S.,
Bookheimer, S. Y., & Dapretto, M. (2021). Lack of neural



912 ZEIEE A AR LB PR L B s ) 2303

evidence for implicit language learning in 9-month-old
infants at high risk for autism. Developmental Science,
24(4), e13078. https://doi.org/10.1111/desc.13078

Lloyd-Fox, S., Blasi, A., Pasco, G., Gliga, T., Jones, E. J. H.,
Murphy, D. G. M., ... BASIS Team. (2018). Cortical
responses before 6 months of life associate with later
autism. The European Journal of Neuroscience, 47(6),
736-749. https://doi.org/10.1111/ejn.13757

Ma, W., Fiveash, A., Margulis, E. H., Behrend, D., &
Thompson, W. F. (2020). Song and infant-directed speech
facilitate word learning. Quarterly Journal of Experimental
Psychology, 73(7), 1036—1054. https://doi.org/10.1177/
1747021819888982

Mahmoudzadeh, M., Dehaene-Lambertz, G., Fournier, M.,
Kongolo, G., Goudjil, S., Dubois, J., Grebe, R., & Wallois,
F. (2013). Syllabic discrimination in premature human
infants prior to complete formation of cortical layers.
Proceedings of the National Academy of Sciences of the
United Sates of America, 110(12), 4846—4851. https://
doi.org/10.1073/pnas.1212220110

Mahmoudzadeh, M., Wallois, F., Kongolo, G., Goudjil, S., &
Dehaene-Lambertz, G. (2017). Functional maps at the
onset of auditory inputs in very early preterm human
neonates. Cerebral Cortex, 27(4), 2500—2512. https://doi.
org/10.1093/cercor/bhw103

May, L., Byers-Heinlein, K., Gervain, J., & Werker, J. F.
(2011). Language and the newborn brain: Does prenatal
language experience shape the neonate neural response to
speech? Frontiers in Psychology, 2, 222. https://doi.org/
10.3389/fpsyg.2011.00222

May, L., Gervain, J., Carreiras, M., & Werker, J. F. (2018).
The specificity of the neural response to speech at birth.
Developmental Science, 21(3), e12564. https://doi.org/10.
1111/desc.12564

Mehler, J., Jusczyk, P., Lambertz, G., Halsted, N., Bertoncini,
J., & Amiel-Tison, C. (1988). A precursor of language
acquisition in young infants. Cognition, 29(2), 143—178.
https://doi.org/10.1016/0010-0277(88)90035-2

Molnar-Szakacs, 1., Kupis, L., & Uddin, L. Q. (2021).
Neuroimaging markers of risk and pathways to resilience
in autism spectrum disorder. Biological Psychiatry. Cognitive
Neuroscience and Neuroimaging, 6(2), 200—210. https://
doi.org/10.1016/j.bpsc.2020.06.017

Moon, C., Cooper, R., & Fifer, W. (1993). Two-day-olds
prefer their native language. Infant Behavior & Development,
16(4), 495—-500. https://doi.org/10.1016/0163-6383(93)80007-U

Moon, C., Lagercrantz, H., & Kuhl, P. K. (2013). Language
experienced in utero affects vowel perception after birth:
A two-country study. Acta Paediatrica, 102(2), 156—160.
https://doi.org/10.1111/apa.12098

Partanen, E., Kujala, T., Néétianen, R., Liitola, A., Sambeth,
A., & Huotilainen, M. (2013). Learning-induced neural
plasticity of speech processing before birth. Proceedings

of the National Academy of Sciences of the United Sates
of America, 110(37), 15145—15150. https://doi.org/10.1073/
pnas.1302159110

Pecukonis, M., Perdue, K. L., Wong, J., Tager-Flusberg, H.,
& Nelson, C. A. (2021). Exploring the relation between
brain response to speech at 6-months and language
outcomes at 24-months in infants at high and low risk for
autism spectrum disorder: A preliminary functional near-
infrared spectroscopy study. Developmental Cognitive
Neuroscience, 47, 100897. https://doi.org/10.1016/j.dcn.
2020.100897

Pefia, M., Maki, A., Kovaci¢, D., Dehaene-Lambertz, G.,
Koizumi, H., Bouquet, F., & Mehler, J. (2003). Sounds
and silence: An optical topography study of language
recognition at birth. Proceedings of the National Academy
of Sciences of the United Sates of America, 100(20),
11702—11705. https://doi.org/10.1073/pnas.1934290100

Perani, D., Saccuman, M. C., Scifo, P., Anwander, A., Spada,
D., Baldoli, C., Friederici, A. D. (2011). Neural
language networks at birth. Proceedings of the National
Academy of Sciences of the United States of America,
108(38), 16056—16061. https://doi.org/10.1073/pnas.1102991108

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. https://doi.org/10.1073/pnas. 1805572115

Ramus, F., Hauser, M. D., Miller, C., Morris, D., & Mehler, J.
(2000). Language discrimination by human newborns and
by cotton-top tamarin monkeys. Science, 288(5464),
349-351. https://doi.org/10.1126/science.288.5464.349

Rasch, B., Biichel, C., Gais, S., & Born, J. (2007). Odor cues
during slow-wave sleep prompt declarative memory
consolidation. Science, 315(5817), 1426—1429. https://doi.
org/10.1126/science. 1138581

Ratnarajah, N., Rifkin-Graboi, A., Fortier, M. V., Chong, Y.
S., Kwek, K., Saw, S. -M., ... Qiu, A. (2013). Structural
connectivity asymmetry in the neonatal brain. Neurolmage,
75, 187—194. https://doi.org/10.1016/j.neuroimage.2013.
02.052

Righi, G., Tierney, A. L., Tager-Flusberg, H., & Nelson, C. A.
(2014). Functional connectivity in the first year of life in
infants at risk for autism spectrum disorder: An EEG study.
PloS One, 9(8), €105176. https://doi.org/10.1371/journal.
pone.0105176

Rudoy, J. D., Voss, J. L., Westerberg, C. E., & Paller, K. A.
(2009). Strengthening individual memories by reactivating
them during sleep. Science, 326(5956), 1079. https://doi.
org/10.1126/science.1179013

Sansavini, A., Bertoncini, J., & Giovanelli, G. (1997). Newborns
discriminate the rhythm of multisyllabic stressed words.
Developmental Psychology, 33(1), 3—11. https://doi.org/
10.1037//0012-1649.33.1.3



2304

LB R 2%

it %31 %

Sato, H., Hirabayashi, Y., Tsubokura, H., Kanai, M., Ashida,
T., Konishi, 1., Maki, A. (2012).
hemodynamics in newborn infants exposed to speech

Cerebral

sounds: A whole-head optical topography study. Human
Brain Mapping, 33(9), 2092-2103. https://doi.org/10.1002/
hbm.21350

Seery, A., Tager-Flusberg, H., & Nelson, C. A. (2014).
Event-related potentials to repeated speech in 9-month-old
infants at risk for autism spectrum disorder. Journal of
Neurodevelopmental Disorders, 6(1), 43. https://doi.org/
10.1186/1866-1955-6-43

Seery, A. M., Vogel-Farley, V., Tager-Flusberg, H., & Nelson,
C. A. (2013). Atypical lateralization of ERP response to
native and non-native speech in infants at risk for autism
spectrum disorder. Developmental Cognitive Neuroscience,
5, 10—24. https://doi.org/10.1016/j.dcn.2012.11.007

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 6.5month old infants. Brain and Language, 167,
3—12. https://doi.org/10.1016/j.bandl.2016.05.002

Sket, G. M., Overfeld, J., Styner, M., Gilmore, J. H.,
Entringer, S., Wadhwa, P. D., Rasmussen, J. M., & Buss, C.
(2019). Neonatal white matter maturation is associated
with infant language development. Frontiers in Human
Neuroscience, 13, 434. https://doi.org/10.3389/fnhum.2019.
00434

Stickgold, R. (2005). Sleep-dependent memory consolidation.
Nature, 437(7063), 1272—1278. https://doi.org/10.1038/
nature04286

Teinonen, T., Fellman, R., Alku, P, &

Huotilainen, M. (2009). Statistical language learning in

V., Naiténen,

neonates revealed by event-related brain potentials. BMC
Neuroscience, 10, 21. https://doi.org/10.1186/1471-2202-
10-21

Telkemeyer, S., Rossi, S., Koch, S. P., Nierhaus, T.,
Steinbrink, J., Poeppel, D., Obrig, H., & Wartenburger, 1.
(2009). Sensitivity of newborn auditory cortex to the
temporal structure of sounds. The Journal of Neuroscience,
29(47), 14726-14733. https://doi.org/10.1523/JINEUROSCI.
1246-09.2009

Tryfon, A., Foster, N. E. V., Sharda, M., & Hyde, K. L.

(2018). Speech perception in autism spectrum disorder: An
activation likelihood estimation meta-analysis. Behavioural
Brain Research, 338, 118—127. https://doi.org/10.1016/
j.bbr.2017.10.025

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. https://doi.org/10.1073/pnas.1201072109

Vannasing, P., Florea, O., Gonzalez-Frankenberger, B.,
Tremblay, J., Paquette, N., Safi, D., ... Gallagher, A.
(2016). Distinct hemispheric specializations for native and
non-native languages in one-day-old newborns identified
by fNIRS. Neuropsychologia, 84, 63—69. https://doi.
org/10.1016/j.neuropsychologia.2016.01.038

Vouloumanos, A., & Werker, J. F. (2007). Listening to
language at birth: Evidence for a bias for speech in
neonates. Developmental Science, 10(2), 159—164. https://
doi.org/10.1111/j.1467-7687.2007.00549.x

Werker, J. F., Yeung, H. H., & Yoshida, K. A. (2012). How
do infants become experts at native-speech perception?
Current Directions in Psychological Science, 21(4),
221-226. https://doi.org/10.1177/0963721412449459

World Health Organization. (2023). Autism spectrum
disorders.Fact sheet. Retrieved March 29, 2023, from
https://www.who.int/news-room/fact-sheets/detail/autism-
spectrum-disorders

Wu, Y. J., Hou, X., Peng, C., Yu, W., Oppenheim, G. M.,
Thierry, G., & Zhang, D. (2022). Rapid learning of a
phonemic discrimination in the first hours of life. Nature
Human Behaviour, 6(8), 1169—1179. https://doi.org/10.
1038/s41562-022-01355-1

Zeidan, J., Fombonne, E., Scorah, J., Ibrahim, A., Durkin, M.

Elsabbagh, M. (2022). Global
prevalence of autism: A systematic review update. Autism
Research, 15(5), 778-790. https://doi.org/10.1002/aur.
2696

Zhang, D., Chen, Y., Hou, X., & Wu, Y. J. (2019). Near-
infrared spectroscopy reveals neural perception of vocal

S., Saxena, S.,

emotions in human neonates. Human Brain Mapping,
40(8), 2434-2448. https://doi.org/10.1002/hbm.24534

>



912 ZEIEE A AR LB PR L B s ) 2305

Per ception, discrimination, and learning of speech in newborns

LI Sijin, WANG Tingdong, PENG Zhilin, ZHANG Dandan
(Institute of Brain and Psychological Sciences, Sichuan Normal University, Chengdu 610066, China)

Abstract: Newborns utilize their auditory system to process and learn the various elements of language
from birth. Examining the characteristics of language processing in newborns not only reveals the neurocognitive
mechanisms of language function in the earliest stages of human development, but also provides valuable
clues for an early warning and clinical diagnosis of neurodevelopmental disorders such as autism. This
review article summarized the perception, discrimination, and learning of phonemes in newborns, as well as
the potential role in predicting autism spectrum disorder. It was found that newborns have preferences for
specific languages and possess unique phoneme discrimination abilities. Furthermore, brain functional and
structural indices of language processing in infancy have predictive values for autism. Future research
should focus on the following three issues: 1) Controlling the rhythm factors of materials, re-examining the
characteristics of newborn language processing and brain lateralization issues; 2) Revealing the neurocognitive
mechanisms of newborn language learning and the role of sleep in memory consolidation; 3) Tracking the
language development of high-risk newborns with autism and establishing a disease risk assessment system
so as to reveal the potential biomarkers for autism.

Keywords: newborn, native language preference, left lateralization, language development, autism spectrum

disorder



