a4 3 b

2016 &£ F 61% 5 25H): 2786 ~ 2792 é'\(q:*jr%) S it

Sciencel 254 F == Hi i 5] &1 &= S f# 132 ( XI111)

Why are there critical periods for language learning?

SCIENCE CHINA PRESS

It ZAHER 528 2 a2

Ea pEE

o E BRSO BRI T T R B B SE AR, Jb T 100101
* R N, E-mail: lis@psych.ac.cn; yangyf@psych.ac.cn

2016-04-01 ik, 2016-05-15 & M1, 2016-05-16 1257, 2016-08-05 [ 44 Ji7 & %
E K [ SRRl24FE 4> (31571140) =l 5K [ SR 24 56 4 3 459 H (61433018) %% By

% EFHRAEARNREZ - ARBEFEAMEELNEN, TR ARG IR £ & E LG EY, A
KFEBH, HR, HAALEXH. EAXRIMTRFFFEZTHEMEA KB, Senceq £E20055# H 7
1254 F BAR R WA AL AL, “ A+ 4 B 4215 5 % 2] By R 42 3" (Why are there critical periods for language learning?)
R — AXEAMAEFHRATETFIRBHEENER, URFHXBHNETEINEELME,

FHAEW T RRTRAFEF W

Kl EE, RHEH, BEH, EEEA, THERA

EERSEALRNREZ — FEARAT, 2
PP AE AL AS, B RA NENIES S
A R R AR TCE R ER], Fk 3R AR R,
R ANZESCIAM, 355 R R T RE R IR T H A5 i
EERME. IEFMELT. ZEWAR, iR
I, WA ENE S FESEPRf Frh, 338805 T AZ IR
Z IR E S . A2, ARSI e R, &
AN BAr i, JLELE A AR A TR RE I, #ie
Z T A 2 2] TR T RRE MR AE T RS
KATFEASL B, MfIC LA K&, HEe®¥
P& 17 RRE R FEACHLIN, fe 6% B0 A K 2 50 ik
DR S R T R R 3 BRI RN ARG K
A Rk g i > 152,

b, TR0 TR T A SONR R U, T
GEE AT — EAE A G B £ B2, RIS 6] 09 07 B4R A
NHFAG S 24 S W #2 . ScienceZ i 7E 20054F- £
71250 T LR R B, N AR 5
>J By CEE]” (Why are there critical periods for lan-
guage learning?) il J& Hi 2 —.

1 SRR P TS

KUK —-ARIBERYKA T EFHER 2. &
MWL, A R e e R R A A — A e 1]
71, BOGHE B A6 N &R G JE TT ALY,
AT LAAE PR B S B0 e R R AT A B ER AR
T 2 B LUS, BREEAS GEXT 5 48 0 Uk sl
RFRE B B J P RS R L BRI B S R AR AR Y
ARG R, JEk, BHRE TR R A TR
RGP AIEE R T X HI A AES, EE R —Fh
GONHITIRE, GAF AR 2] R S i S (0,

AR — RV OREZ AR R, i
KRR AL T AR SR, X R % A IR
TR, EJLEBIERE TR A I, HE
FAWA BIE A 2 PR 2R bz
A= NBEBTE H G WA P MERE S . X
AT AEAN R A2 (9 2 JLATT TS S 13 75 o~ SR i
IR AFTEROL G R AL B (BRI i) A 7 i #L,
AR R SR B e TR 2, 222 TR 7

10.1360/N972016-00062

SRR 8, fE07. W AfF(EE = % 19 G52 Rl2@ ik, 2016, 61: 2786-2792
Li S, Yang Y F. Why are there critical periods for language learning? (in Chinese). Chin Sci Bull, 2016, 61: 2786-2792, doi:

© 2016 (PIERIE) Atk

www.scichina.com  csb.scichina.com




A 1] 5 1F % L 10 1 B 24 2 M TR Al 7E 2~5% 2 [1]
HEARRIR AR, R RS IR T i FIERE . Wi
IEHARFEEWNERIL, HFih2e) BN ARk
KRBT R Y. BEiE, =) 1E T Ee 1 C &8 ~
[%. AREEFEQ~16% 2 M) i#E A Rk~ L, RIfE
EEZ T E2ERENIIGZ)E, HFEGE DR
RAIK.

20142 604FEAT, Lenneberg!™ 4 i AR I Ay i 75
25 ) CHE N R A PR R PR AL T B AR AR MR XA
BI85 5 28 ) G B —E iR G ] . 7 K
IR B FE A RS bR, 7 RN 2k 2wl 3Pk 22 s DG
B 29 2% TF IR, B2 75 A IZ5 . Lenneberg!™ %
HAbBF 5T Z O 5 TiE S b ARES
2ER (U . IR VAR5 ) & R AR IR R AT, A
RV BYASTE] T B S S AR A T A A A .

2 X E S D HE s IR i RE

DA 3ok 6 BRI B 13 T A S B %) 1 [R) 7
O, 7EJ5 2RI GE A Wi 21 5 8. 17 0 Ak Rl 4 0T
FH L, B2 0 LEC LS T L0 MG S bE
J1, i HOCEE A IF AR 7R 5 B A i AT 2R B A )
ORI ERR. 5 . T LA R Rk o) B S k) B
ANTR) R B TR HE 4, R4S BRI AR AE S AR OK P i
K g st ) S R IS SR A, AR R O I A
TEZ AU, FOIT RS (onset) F145 5 (closure) i i) %5
AR, 35 2 ) (i A e 1% 2 i, i A ik
2 2] W#E18~361 A Z M & Je ik, 74 Z )54 ¥
R RESL WNC AR AR 18 H e A T AR 2, Hie
15 A 508 T At T v B 3 B M TR AR A R 1]
F — N A AT DAAEAT A A 08 24 >0 3 3R, sl ia]iE
2 ) 8 N B — A IR AR FE T TR A5 18,

AR, S AME S & T HEARME, R A
B, BRI R G, TR % LAk, futh
SxNF 2R S PR AR R, R K R AN AR R
I, BFFE A AT U (sensitive period) sl & fx
st 7] (optimal - timing) A9 HE &8, i e A & R Bk T
XA —AR S CHER B OO R RITIF s ¢
P, Il EL AT BE AR e AN 258 A e, 2 SR B AR —
AP, AR RIS TS e
B, R AT B R AR T S Y I T )
MRy e, A& AR A ) .

3 PRI S st ph e
UR/EZNE

TE A B0 A58 7l 2 AR A1 5 (ocular dominance) 43
B, BFE B TR o K EAR T T SRS 2] )[R
T Ji A5 A1 Y 25 B 2% fih % (pharmacological  triggers)
ML, b BEAR B 75 2 21 QS 1 A7 78 S AR AR Y HL
BRI T T A A e (202 gy B — A, K
ST I RS IR T R A 2 3 ST 2 A - 41 A i
(excitatory-inhibitory circuit) (- .

TESL LI, b 25 5 il 43 6 1) 32 T 22 502 4 Ay 1
(), HEBE T RN R IE B, 7R KR K A& F M —E R
B, PRS2 T R W R AR IR S
PR 2 18] A - P a1 SR A T IR i IR) . y-2 3T
fi% (gamma-aminobutyric acid, GABA)J& X #1148 R4t
N R e . [, GABAFHZ I IS 1K)
TR T 0 TR S+ 2. MRSRIER, R
GABAZFR I (/N 75 11 48 Jfd (parval bumin, PV)) (1) ik
TE B A TR A I ) 522 PV 4 i 5 S A T Y
HEIFR, ER2ay S 0 AR S e 1 a)
S PEAE— R T T AR AR,

ST FAKE T — 2 kB, K2
Al AP B 4> 1 fil & %% (molecular triggers), 40K 5 P
1255 37 X ¥ (brain-derived neurotrophic factor, BDNF)
R K i 28 B0 [ AN I BOIR ZS (% 8y 5 4 3G s AN
) e 2 AT SR A AR AR 23, 24001 fih S o B By A
FEAE R, AR PV 4 R GABA T BE LB, S
WIITa 1. FEnT SN, — 20— )2 1T %) R 2R o
25 I BN IR 25 50 A H 2

T8 5 R ) BT A T S I TR) AT DA GE o 25 ) e
FE R LR R R PR A B A (L GABA
il 2 SCEEIER R IT S (T Re. MR B, aniBR
Z: 5 GABA G I Y Kk DR B0 P45 A4 T IR (L R I B 5
Wy J1322%), W2 S BOCHE TG A IEIR . Weikum4F:
NV e 2 5 T A BE S S O R G A s ] £ A
SOl B HEAT T HRA. PR LG T3 ILE M F R
HIBERE 7 B SR AE PR A I A T SIS AR S 4 A4 i
ABZ5 %, i 25 PR ELBTA i 57 (serotonin reuptake
inhibitor, SRI), BEEAMAREARME TIPS, K&
PIARAE A9 IE 7 B SE (B wl4). S50 A, a2 0
AT AFE64 H B XA AR RRE RiE &, 2 T 100 H AR
REATHE T, DRI AT LE A58 T S s fb iy

2787



a4 % B B 2016498 Foe1Es F25H

TR T LE SR AR AE (H A IR BT AR 245 9 11 1) 5%
T, FIER BRI T —FE, 72100 H Z A58k
A DL X 0 A B 5 T X . T R SR 2 T AR
SRIMBEE 4% T, H A HT Y SRIFREE N T A1
TEHIGE I & B ERE, I JLAE 36 2 R I A AL AT L X
Ayoutr Z A2 ), 1w AR LLX Ao -l 4l e
ZEpy g/ R]. B A6 A B, AN RE X 3R BRI
W X AT HE, BISE A T i a s R X —
R UL, SRIAT US55 2 2] S 42 BT S

SR 114 5 DA (B T 98 P Y A R ) i th o 7
i 2% (molecular brakes) e 4 #1192, 4Fhil sh ¥4
F5 DI RE P AL ) (AN 555 €0 1 1) PR L), DL B M iy
T T LT -1 ) B A G o 2 4 R 120 AL,
VAL A F B 1k 2 0 59 A0 2 SR LRI, 4,
A1 JE i 25 X 2% ab BE i g A G 17 5 FR i b 428 340 i 119
if BRI, B AR AR R, XS B A%
L BRI T YA, BH AR 25 R B RES AR Ak, DGR T G P
DIRE R AAE T A B TR C 4 215 B 454 IF(8
HILE AR .

KB 1 G PAT 1) BsF ] A 2 T DL R A . PR S
FIFSE R B, Bt FEFE A | 2B EAT S (e = I
GR)IKF AT X P A T LA 76 G 2 )5 H Y
ERITFHsh 2R ZE, v LLFE LS B9 2 16 ik &2 ]
A s S SR R B B4 DI 1202028) S Al g 4
AISAERTF ) . ¥R . 480 . EEE R, X sk
A LI S B HE AT R A iE UL, G
Fi s i) o, A sl EL AT T 9 1

TETR S 5 2 OGN, i Mg DME Y, DI
b i) 1 P P A K GE AT tPA, TNFofl 2 & k)
Nh A R E AN, XA TR N, S8R 4R
HEZ 4T ECE KRN A R PR E A, B,
X & — L4 5 5 5 (vulnerability) 3 77 1 B
IRBER M ) i 5 2 2 P

4 SRHEBINIE S I pLE]

T A R O 2 S, ) A
FRESHIA, BRI R P T 3 R R 1 5 —
AR B 26 P T 2R R R B
8, LR REVR R T 0 2 SRS SR . Ak
T 2 ) R MR IE ST W 0. BRI Fes,
DL BV VYD 53 B B R [ RS B BT 3 S35
TR 2 ST BTN BRSO, B LR

2788

AR 5 BEE IR T ] — B O A IE 5 1. 2451 H 1
e, Z2ILBLREAS IS BEE 5 8 T W] — B A AL Y HA
B X ITR, I X RRE I e P A i 42,

LAy 2% > AR REE 2 A 1R 225 F X et
FrmfgE. Kuhl™7ed7 ok 5 20K F (s & 2K, 1656
S Y52 B2 L 2 BB S AL R P EE R R
JEGU ) gt s AL

Giitep o) B —Fh Py B 2 B e BB IR EE
BL o B W 20 thE gt o e k. B
RSN SR DR DR VR & 7 N I (E Py a5 A= HET
Mg T NE BT & IR A S B — e 128 A L
ANT) T 5 2Z 1) 1Y 22 S s 7E T H A 5 1 20 A 4 2 UA [
RIHHA AR B oo s M S Rge. HILE HE A
FARESEAT S AT B, R E TR Y AL N
2 PR = 1 A A BE SR, T AE T A A A S
Sy AR AR, B o A B R A T R
B R, A TREEE M ErER = .
HVE S A R, i B LR RE IR L 1 3 BERE )
PRIV, BRSO AL AR o S R R A 1339,

Kuhl B35 s 11 36 [ A0 3 0 (9 64 A 89 22 Lk AT
ToUE A A 45 RERN, 64 H i B LY T
R 25 3R B0 5 B A B 1 8 G AR 300 (perceptual
magneteffect), RILIEREICE M .ORIICE K. £
WL 2 St ny oo & 22 UM a8y W] —JE s, 10 i
BB L 0] 22 44 B e 1 v (4 oo AR =R Ry [R]— 3
W . X — 45 L S et B L X R 3 v 7 oA e
B U, DRI, X — R AR BT Y
TEHA—EWNES ZRA MR, Ak, ZILikhe
NG AR 2 o T & R A LA A IR Y
B ALECHVRIN . 94 F i it 22 LRI BE A% X o3 B P
AT ASTA] BT 14 5 (57 7 9,

XF B T o AT R GE T A ) 2 U R
f AT A 1. Kuhl 5256 %8 1Y Bossel er 5 A\ BOLE 1 it 42 )L,
R 2805 B 52 5 1 A AT AR AT, S T gt
A0S K T Bl RGBT 28 5 9 thetalll Bt
(~4~8 Hz) i 312 S Wi 28 S AT H Nk %5 07 i — A~
FEARETE LU b 3E bR, WSS # % 6~8, 10~124-H
SR )L LA B i N 3L W i b Bk i AR B 7R B R
& Zh#EAT TRSE. SRR, 6~81 H iy B LR &
WA, TIeX A FER A THHE &I
B, AR I thetalfl 35 5 A 4 0. BN DU 2R 2K AR
R, HxdAEREE B A (TCie 2 A 4 )&



IR 1 thetali 48 55 A9 45 5. 17 10~120 1 A9 2L R BLH
AT AR, (HA5 BB O T, X 84
VLI, IH A R o 22 ] o I A 4R P IC AR L 2
HBRTETE B R RN B
ARSI 5 1 53 — D EZ R
Kuhl 45 AU HE T 78 055 85 5 U0 0 o 90 A 52 37 7
FAAET, 9N H Y& 2L o E i i L A AR
BERRIL, TSI A 0E T, BL I HEE ALx
PR AR 20 0 AR T HLOSS AR B S A 2L
XSRS R, Kuhl™ 0, 3855 sl —FE,
LR il K A PR PR B R N R R KRR IE R
PEEAQUE 7 281 2R AU A ] T 2L, i
SR AR AR IE R IR R 2L 5 N S T ER 3 h
. TR —SZfEd R, BT DR 2 A4 3 P 1T
RN F IR ARk Ok, LS | I
L Z AL AR . fELEEF Tl R, 4
SPEVRUMIE 550 T 0% A E AL A S A0 aHe 58 B R ),
PE B I AT RS« SCPIAITE I IA] ) 27 ) i AR

5 Rghi5E
T AR S [ T 56 28 0 22 1T, A LA i v ik

RPN

O 7 A6 5 SRR 7 18I0 T 1 o 2 e ) 45 0 e
W R MR X T AR LA I BAR A 2141
RBF RN 2B 7% 30 i XX % 8 75 1 A O I
7B T AR U, R T IR IE U BUA #Y 28 AN
RGBT OIS R T BRI F (— AR F R
2 ) R 98 ) s A LA A [ A2 2 A R R A AR
T T ISR UL, BILTE AT, ERRA T
Z W F S AW B AR E 2 8. B4, )
G R K RIS R AT B RS
LU AN S AR AT T PR S P 5
KEIE? AT A S 5 WA R 5 (i R
TR 325 ) 5 0T F) T R R 5 PAT A 7R AN [ ) I T
BTG EZER? O A XL & M5 1
FEIT A BT 7 OB A AT REAIL M 15 1S T A
K-35 T A 2 SO B A AR R E IR TR
o7 ) A A7 AR SO A s AR L= 5 AR
T A B DD AR O (1 3 2R R, ORE 2 e 51 A
FRMFFASGEBASCH: . AT & F R (W 2
JUIR N 5 3l ) M 42 ) A= ) 03 12 R 45 B OB T8 2
A 7R T o A SRS A AR SO s ML 4R
P AR

1 Arshavsky Y. Two functions of early language experience. Brain Res Rev, 2009, 60: 327-340
2 Gleason JB. The Development of Language. Boston: Pearson Education, 2005
3 Hubel D H, Wiesel T N. Receptive fields of cellsin striate cortex of very young, visually inexperienced kittens. J Neurophysiol, 1963, 26:

994-1002

4 Hensch T K. Critical period plasticity in local cortical circuits. Nat Rev Neurosci, 2005, 6: 877-888
5 Hensch T K. Ciritical period regulation. Annu Rev Neurosci, 2004, 27: 549-579
6 Johnson J S, Newport E L. Critical period effects in second language learning: The influence of maturation state on the acquisition of

English as a second language. Cogn Psychol, 1989, 21: 60-99

7 White L, Genesee F. How native is near-native? The issue of ultimate attainment in adult second language acquisition. Second Lang Res,

1996, 12: 233-265

8 Curtiss S. Genie: A Psycholinguistic Study of a Modern-Day Wild Child. New Y ork: Academic Press, 1977
9 Singh JA, Zingg R M. Wolf-Children and Feral Man. Hamden: Archon Books, 1996
10 Mayberry R I, Eichen E B. The long-lasting advantage of learning sign language in childhood: Another look at the critical period for

language acquisition. JMem Lang, 1991, 30: 486-512

11 Lenneberg E H. Biological Foundations of Language. New Y ork: John Wiley and Sons, 1967

12 Bialystok E, Hakuta K. In Other Words: The Science and Psychology of Second Language Acquisition. New Y ork: Basic Books, 1994

13 Kuhl P K. Brain Mechanisms underlying the critical period for language: Linking theory and practice. In: Battro A M, Dehaene S, Singer
W J, eds. Human Neuroplast Education. Cambridge: Cambridge University Press, 2010. 33-59

14 Werker JF, Hensch T K. Critical periods in speech perception: New directions. Annu Rev Psychol, 2015, 66: 173-196

15 Werker JF, Tees R C. Speech perception as a window for understanding plasticity and commitment in language systems of the brain. Dev

Psychobiol, 2005, 46: 233-251

2789



4 % B & 20165FE98 H£61% F25

16

17
18

19
20

21
22

23
24

25

26

27

28

29

30

31

32

33
34

35
36

37

38

39

40

41

42

Newport E L, Bavelier D, Neville H J. Critical thinking about critical periods: Perspective on acritical period for language acquisition. In:
Dupoux E, ed. Language, Brain and Cognitive Development: Essays in Honor of Jacques Mehler. Cambridge: MIT Press, 2001. 481-502
Kuhl P K. Brain mechanisms in early language acquisition. Neuron, 2010, 67: 713-727

Brainard M S, Knudsen E |. Sensitive periods for visual calibration of the auditory space map in the barn owl optic tectum. J Neurosci,
1998, 18: 3929-3942

Bavelier D, Davidson R J. Brain training: Games to do you good. Nature, 2013, 494: 425-426

vanVersendaal D, Rajendran R, Saiepour M H, et al. Elimination of inhibitory synapses is a major component of adult ocular dominance
plasticity. Neuron, 2012, 74: 374-383

Syken J, Grandpre T, Kanold P O, et al. PirB restricts ocular-dominance plasticity in visual cortex. Science, 2006, 313: 1795-1800
Hensch T K, Fagiolini M, Mataga N, et al. Local GABA circuit control of experience-dependent plasticity in developing visual cortex.
Science, 1998, 282: 1504-1508

Takesian A E, Hensch T K. Balancing plasticity/stability across brain development. Prog Brain Res, 2013, 207: 3-34

Weikum W M, Oberlander T F, Hensch T K, et al. Prenatal exposure to antidepressants and depressed maternal mood alter trajectory of
infant speech perception. Proc Natl Acad Sci USA, 2012, 109; 17221-17227

Bavelier D, Levi D M, Li RW, et al. Removing brakes on adult brain plasticity: From molecular to behavioral interventions. J Neurosci,
2010, 30: 14964-14971

Morishita H, Miwa J M, Heintz N, et al. Lynx1, a cholinergic brake, limits plasticity in adult visual cortex. Science, 2010, 330:
1238-1240

Miyata S, Komatsu Y, Yoshimura Y, et al. Persistent cortical plasticity by upregulation of chondroitin 6-sulfation. Nat Neurosci, 2012,
15: 414422

Lee S, Hjerling-Leffler J, Zagha E, et al. The largest group of superficial neocortical GABAergic interneurons expresses ionotropic sero-
tonin receptors. J Neurosci, 2010, 30: 16796—16808

Moon C, Cooper R P, Fifer W P. Two-day-olds prefer their native language. Infant Behav Dev, 1993, 16: 495-500

Nazzi T, Ramus F. Perception and acquisition of linguistic rhythm by infants. Speech Commun, 2003, 41: 233-243

Saffran JR, Aslin R N, Newport E L. Statistical learning by 8-month-old infants. Science, 1996, 274: 1926-1928

Maye J, Werker J F, Gerken L. Infant sensitivity to distributional information can affect phonetic discrimination. Cognition, 2002, 82:
B101-B111

YoshidaK A, Pons F, Maye J, et a. Distributional phonetic learning at 10 months of age. Infancy, 2010, 15: 420-433

Kuhl P K. Human adults and human infants show a “perceptual magnet effect” for the prototypes of speech categories, monkeys do not.
Percept Psychophys, 1991, 50: 93-107

Kuhl P K. Early language acquisition: Cracking the speech code. Nat Rev Neurosci, 2004, 5: 831-843

Bosseler A N, Taulu S, Pihko E, et al. Theta brain rhythms index perceptual narrowing in infant speech perception. Front Psychol, 2013,
4: 690

Kahana M J, Sekuler R, Caplan J B, et al. Human theta oscillations exhibit task dependence during visual maze navigation. Nature, 1999,
399: 781-784

Jensen O, Tesche C D. Frontal theta activity in humans increases with memory load in a working memory task. Eur J Neurosci, 2002, 15:
1395-1399

Kuhl PK, Tsao F M, Liu H M. Foreign-language experience in infancy: Effects of short-term exposure and social interaction on phonetic
learning. Proc Natl Acad Sci USA, 2003, 100: 9096-9101

Dehaene-Lambertz G, Hertz-Pannier L, Dubois J, et al. How does early brain organization promote language acquisition in humans? Eur
Rev, 2008, 16: 399411

Dehaene-Lambertz G, Dehaene S, Hertz-Pannier L. Functional neuroimaging of speech perception in infants. Science, 2002, 298:
2013-2015

Pena M, Maki A, Kovacc D, et al. Sounds and silence: An optical topography study of language recognition at birth. Proc Natl Acad Sci
USA, 2003, 100: 11702-11705

2790



Why aretherecritical periodsfor language lear ning?
LI Su&YANG YuFang

Key Laboratory of Behavioral Science, Institute of Psychology, Chinese Academy of Sciences, Beijing 100101, China

The unique human ability is linguistic communication. Only human being can produce an infinite number of meaningful
messages through a finite number of lexical items and use language as a tool of mutual communication and
mentalactivity. It is a mystery that human infants learn language so easily and quickly. Although researchers from
different areas have been devoted to explore underlying mechanism of language learning for several decades, why there
are critical periods for language learning is still an open question.

The classic notion of acritical period (CP) isawindow, typically in early development, during which a system is open
to structuring or restructuring on the basis of input from the environment. Before and after this period, environmental
influences cannot affect the sensitivity or response properties of that particular system. CPs have been observed in
various systems across species. Recently, it was found that even in the visual system, experience can have an impact at
time points outside of the CP. The alternate term, sensitive (or optimal) period, was introduced to reflect the fact that
windows do not always open and close abruptly and may never close completely. Learning is possible throughout the life
span. Thus, what processes open/close (or reopen) CPs and mediate their operation is the core of answering why there are
critical periods for language learning.

Recent cellular and molecular findings from the development of the visual system provide insights into neural and
biological mechanisms of CPs in language learning. The balance between the excitatory and inhibitory activity defines
the critical period. The onset and offset of a critical period is depended upon the excitatory—inhibitory balance of
neurotransmitters in the brain. Additionally, the molecular mechanism affects the critical period is different for each stage.
The onset is attributed to molecular triggers that can shift neural circuits from an immature to a plasticstate. The neura
circuits using the neurotransmitter gamma-aminobutyric acid (GABA) are crucia for the onset of the critical period.
During the plastic period, some molecular factors enable changes in neura circuitsin response to sensory experience.
Finally, the offset is defined by molecular brakes, which limit excessive circuit rewiring, prevent further structural
changes, and shift the neural circuit to a stable state.

A study on the speech perception development of infants whose mother had experienced depression throughout their
pregnancy and had chosen to take an antidepressant (serotonin reuptake inhibitor (SRI)) showed that prenatal exposure to
SRIs accelerated the entire speech perception trajectory. By 6 months of age, SRI-exposed infants had already stopped
discriminating the pair-vowel contrast compared to the infants of a control group of mothers who had not experienced
depression. Thisis direct evidence that the onset and offset of CPs in language learning can be triggered. Also, statistical
learning from the distributional properties in speech and social interaction play important roles in infant initial language
learning and could govern brain plasticity during critical periods.

Brain and behaviora studies have indicated a very complex set of interacting brain systemsin the initial acquisition of
language early in infancy, many of which appear to reflect adult language processing. Thus, some interesting issues, such
as how the changes of maturation and experience affect the onset and offset of a critical period, why the different aspects
of language (phonology, syntax, and semantics) have different time framesin CP will continuously attract researchers
attentions. The combination of developmental neuroscience and molecular tools will eventually elucidate the mechanisms
underlying CP in language learning.

language, critical period, sensitive period, language lear ning, environmental input

doi: 10.1360/N972016-00062
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