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ECIESFEI 5K M
Y X MHES Hat'

(" B TR R A R R B 0 BB W E S SR, MR 610054)
C RS K AN EE B, R 611756) C IR TALEBEsME R, IRHD 611730)

B BTARBARASRARERL. A RKAFITAHEE R = A DR EMBE. L 10 FReEIGE
P AiE T AR EREY, FRILE.FEREFA, BT F I AR R L REATHX I
FAR LM B, SRR (GMYRARFe & [T (WM E 3G A, B KB4 69 $GE LI 4 ks R H, HBh
A d H AT B R @ ikFe B h . AT B RS R LA IEE, AVGEZR 55T IN4R T &, Tt
TRAEHE —F T F I RBARREMTARLA LIS, At REAMAFLBTT REZ.

ER HETHET BTEMN, WGERRE; ET %

%S B842; B845

1 31% 2005); JLHPI I % SR A A D548 355
AL 5 K4 (Liégeois et al., 2004),
SRR G 23 AN gy R (L igeols et al, 2009

—7 N/ Ab\ &3 N ﬁ/\/‘:~4\;ﬁj§\
T, 35— TG B T 98 s 2 o 9 4 iﬁgiﬁrégilfzﬁﬁiﬁg;i%é
(Neural Plasticity, X TFINFIATEM:), —AT 43 ’

95 ‘ o 1)1 & 23 hy 1 ég\:'lu, R
Jy Ty ] 48 25 44 7] ¥8 (Draganski et al., 2004), I éﬁ\ fﬁJili,il?;iﬁl%"l"‘*Eijmﬁ?? %%%
ot v N s s P2, 75T A [N Y i S R B K (Maguire
RE T 9 Pk B — i DX 1 D) R A 7 A e I T T e s
N o , ey et al., 2000); 1 2 /NIRZE AT (1728 (B304 2 2T Y 4k
i AR, — e 3R A A DX AR . ARy s . , o v .
. , s B {14 L RV T 5% ] ) 1 J5 %% 8 14 K (Sagi et al.,
FE DX T, IRl R A 2 A R, S AT N e B L < e
: oL o T 2t — K T 1 W NN 2012); 3 A B ER 2 EYIZRGE L2 D F Tl
AP RN AT S T H I £, th&otZ e : N v
" e B AE B AE it 50 A A DL B R K
WEHE s iR sl 55, RN MA & . K (Grey

i . o 1 E) 4‘4‘“ ¢ Y ﬁ/ N i l
AR AR E AR, HOMAR%, RSB N y - e

2017; 1., 2015), i, 55
ST CERO, By, 2016, o 0 el S BAL B
W I R TR . A L S

1 LA R 2 fds p S s

3575 6 7 R 51 B T L1525 3 1 2 18 ;;zﬁzzifiﬂgifﬁgfjgiﬁﬁ
SUMISE, b A BN, B, S T ‘
AL MR BUR . HL B 00 3 o S L LR 5
fib X 48 5% %% (Starkey & Schwab, 2014); &K i s _— S R Al
R A S B I O WL 2 (Sadato, LD HUCHET, R, S A AR R
R, RIS R AR {1

S, B (RN A S . ERP, — Rk
WeRS H: 2018-03-16 Jz 0 5T B R R T 05 A fEL S0 ) R AR AR (An T ik
* K HARERFEIE 4 (61773094, 61573080), FEZK4tex BEmE LR MR 932 JH, ok sk 22 10 F 9 3 W,
FREIES(1SBYY068) I BUHCIREHITE IO i ) e 35 b\ FR0 AP 880 3 L AL 52 i 7T 98

30 H (CSXL-172007) %8 Bl 1 e e L s NS N
WIEIEH: Bty E—maiJI: hmyan@uestc.edu.cn 21 i AR SRR A SOL LR A9 1T
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P s, P RE P AR <R L (Bialystok,
Craik, & Luk, 2012; Costa & Sebastian-Gallés,
2014; Diamond, 2010; Li, Legault, & Litcofsky,
2014), JTAEk, AN A2 AOBUEE DA AR (f]
3O, BREE, 2011; AEEEEN, REME, X EE AT,
2012; FRYLSC, ABUE, e, 2014; fife i,
2015) SRR VI AL (B, 2016; PR, A,
TEW, 2017; WK, HEY, T, 2017)3%F M EEXS
55 R TN ZHLRIE S BOR A BYIR T . B2,
FRAN R AR AP CEYHF, T EEE, 2007), &F
K RTS8 SR S A 2 2 X il ) 5
HLIHR 43 o A A T BOF 5 (B RLa 2 %o 1L, i X
— LR fH B DN B 5T (ANE I 2R) CIEARE
BRI, A S 25 T i T 98 P A B R S B S IR AR,
MK RGE 250 MU WE S V4 W T, RS8R
W R F 2 5 RN D REFN S5 2 1] /Y A 7k
F, W& NKIEF DML, A T 28
PERINIR, AR F i 2R E i e A )
IS

2 FERWEMT M —EET L
s

HEH 2 R B E Y B 2R 21 (10 4R
R, O R A XOE #F, kAR iE T
B R TR AR 7 AR T R 2R AR A7
Sy IR1 B2 3 B ] R, o R A3 B 5 SR TR o ko
LAgY, BIEEF—AF], #6058 0 | Rl . S5t
. HESEERHNE, WA IGE & FIE S
TEH DA U5 B BT EEFANAE 5544 T 1
Jiki T e AN G5 A 20 (B) 22 55 F TRRATTE N IE = N A
T AN 5 R B ER A AR ik i 3R AR
R 5 B FEUEE
21 WIBMRE N —iBMmmM TEXAEm

T RWEsT R, AR F A H, XOEH T AR
HAET RS HER2ZE R RN 2Ry
(V5 3 W T H AN 58 ) 5 T T8 1 < DU U o AR 22
i J A 5 K P A B B DA X L 455 7 ) ol 2 AL
BANDR, B TEEBR R,

e, B EINN, BUESEAERESE
HIXMETRE, SUEHENLHEERERHEL
PATE S R F0 43 ) FH B — et e o] IX Sl M3 o
B, FMAEEMLL, SOEEAEES RIS
22 T EM 7 2 (FG) #1751 il (Kovelman, Shalinsky,

Berens, & Petitto, 2008), % X 3 A9k Fx A < RE#
ZFR%” (bilingual signature), &z B 2 HE S N
TXEZ—, AFtEILRR. K. BEA
WA B R0 G R AT B U6 RUE 2 7E AL 38
EEALS R ETE 2N RIE, 5 X0
far R, BETEALAAE AR —FhiE T L AR L BRE B Y
RS, AN, ZiENIEF T R (orthographic
depth, HIJE—& —BHAR, J5CAEZ NI
WETEHE—IES R, BT s n T S
YR, BB DA 04 I Y 2 T AU KR (PFC)
15 34 N (Nosarti, Mechelli, Green, & Price, 2009),
%341, Abutalebi A1 Green (2008)il 15—k 15 M iE
oy W AE BRI ASGE R B T 54T I8 A 44 A 5,
R, B EE, 5REAREAELL, HAEN
TEIREE T [ 72 R A (LCN) R ZE i1 IX SR (ACC)
ARG . FRF NN, BURETEE T L
U R N O O A S IS B P o [ [ 8 @ < ]
PIRE T IE R, SR B 2 — Mol Fn 4 il X 4
EXEH

SR, XA A BRI SR B . AT
JOTGE AT SE B T X ANE B RS s 4E
UK ZS (language  switch), 8 45 R AN 5 <4l
7. Parker Z5(2012)%F FL /AT T 45 Fh 225 510 XL
WA (—HMEE, ZIBEAR)SRIEHEALE - FEAER
T AT ZWE F ARSI RN TG 3, RIREW
KB F 7= AT 55 H (0 4 ) i 4 R0 RS B ) WL
T 20 3R AN T 5 R DG I X 18 K (S
BSHE, AT B =ME8, 5aadl, B EAE3K),
MAETE S RS P A W R 22 5. 2K,
FEX A 44 A 55 R AR 55 O MEBE IS, R A
[R) B A DXl o BT AR Y R S . [RIAE,
Palomar-Garcia 25(2015)iEPEBE A — ML JE Wik
UER: 5 PG B 2F B2 R VS BE 2 TR A T T 0 1)
TR & GRAR) M Fran 44555 077 1), R RIS
FRIRGEH N AR Fr i 248 55 T s i = 22
R, ERAMFENCRRESPERAER. S5,
Roman 5 (2015)F] FIAH [F] 52 30 3% Tk g il AT L
RV B M K ) T BRARAT 55, R IRUE # 1R
T G XS B O, a0 A2 b A ],
BT 2 H R < XUE M A% (IFG)X BIRHA
W22 R, Bk, BFRFEAT N, BUES R F
LI AT BE A TGS 1 I T N T SR
fm, MEHERE T Z A ESMG X . BUEE —iE
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TR 2 i DX L I N BRI — R TR R
AT AL, ATREAAUE—IE I TR B RIES
FEHAE )R T B E o

BT LSRR —3, AR EIT G
B8 X i BE L)A1& o BF 58 8L %, T 2
5K Mk ) % (brain  network) 1Y £8 O 5 15 B8 SR
HX F] . MBATIA R, PIRNE 5 T 6EE A A [E Y #
ZHLrt, FURALE—EM IR DI RE R4S —EE,
BB T RE M 4585 K i X 38k n] BETE £ | B (X,
Baldauf, Chang, Desimone, & Tan, 2017), 244X,
ik, XML SARRES, EGWE
RG] ez IR HEZ W, k15
FRY(AOA), IR AR5 R HERE, B2
WEMEAAECIE S BN, —I0BEE kST
AT 5E(1998~2014) & B . 18 ) 15 4F % T g,
—15 5 IR WL A BN, BUBGE N L
— I ZE BOIR [B] (left fusiform gyrus, X 2RI,
WEFL . SCFE)EE T L, FUR R W] fE R A
FAE T R EOE OR (— 1R A 3h ZiERIE) . 51 Ak,
IR E R L, ZFS BN EFRIRE2E
RUET ZIHREERE . 5k,
TE R X R B AR (R~ — Bt ), K
SR V) | S AR L P o W i o Sl e e
I e i MR 2, R2Z, ZENE-E—
AL, KWL —& B RO, TE 29
Rl 0 4 i DX 3 0 2 i 49 (99800 (Liv: & Cao,
2016).

Zx b, BEERGEFE7E RS — &S g0
T, TR THIES I T EE SR
—ERER W, HIRATAR, BRIELE EFTH
Tz fd S 30— A BB il (language  attrition) 5%
IS 7 55 (Pallier et al., 2003), 7 X g A2
i — 1B A3y R AERA AR L, STk,
“[F BT Al P ARG B LIE T IR S A s
BT LT T IR ] 46— 20 50 T UUE (1) 15
BF, FATERRFE R AIAR,

BRI, ZZICEEM], 55 BT F I BT ILT
J7 TR R B IE AR, Ban, A A
PRSZIGUE B, RN EAH E, O OBUE B X
BRI T B AWK T 0 B (cABR), ]
— JBEWT s AL BE fE 34 38 (Krizman, Marian, Shook,
Skoe, & Kraus, 2012), iX 5 J& SCRUH#E W38 52 )2
(Heschl’s gyrus, HG)EA T K IR B AR & B —

F(Ressel et al., 2012),
2.2 FEIMITIEHITHEERI 200

[FIAE, T A BRI, HAbARTE =
NG Sh o th 32 3128 B F RO, B, ob
GEMRURE  TERE . MRS IR . b, 3R
A 45 1 I R (BT AR R 1 ) 2 IR AR RL
NIRRT . B, BIRERY], FUHIGEARL
2% PR S 2 g X — RO R R P R AT O R
M H 2251 AR N Bk I RE2E A o flin, 7EAbBAET
F TS5 ey, B O B I XA — R T
2 ] DX I (A A R AT AR ), U A O
49 DX AT — MR AT 4 1 DX, R S 2 SE i
WA (e HT A FIZE SOIRECR) (Garbin et al.,
2010), HWR, BUEFLT-AE vp 5 W HEAE 55 il
TR BB, BN, FTn A H R Bl
87> (Abutalebi et al., 2011). FH:52, Fi&H g2 H
IS 1] DX IR P S DA G S AR B, iR
2 61 A0 — JBE A 2 61 T BE A9 B2 & (Branzi, Della,
Canini, Costa, & Abutalebi, 2015), FAASIL, 2R
AU T T R R AT 55 v A AR LR
BRG] BE AT 5 AL R £, miTdnal mIAE S
W TR X, TN T SRR TR B
BT, B IR  E(E B, e, 2
F,2016),

EATF—FE AR, BUHE 2 W DA Ak T W T
HIRIFSE 445 (Cheng, Deng, Li, & Yan, 2015)., Gold,
Kim, Johnson, Kryscio A1 Smith (2013a)if & %} H
AU N RO M R AT 55 R, R
SEAE WU E A B JZ R 01 B2 O B
FeRiR 55, X5 1 SCH RARR LR # 1 0F 58 45
3 (Abutalebi et al., 2011), HHLAI W, FEIRIN
CIEGE IRV E S RIS 3 NI 51 I R 3
e PEPESFRAAA TR T AT ] LA RO HERUE
THE MG RE 0 K R, B eh s R AR RE T, X
SERE Iy 1 2 A R A B Y A% O N i (Branzi,
Calabria, Boscarino, & Costa, 2016; Costa & Sebastian-
Galles, 2014), 2T, — A4 NI
T AR DG 1 118 A A i B2 i AR B T 4 2R, B
TERARALHPT SR . BN, XGE AT UHER Z4E A
P22 IR AT PP (IR 7R 9 T8 BRAE ) A I R RE IR R
ik 4~5 4 (Alladi et al., 2013; Bialystok, Craik, &
Freedman, 2007; Craik, Bialystok, & Freedman, 2010;
Chertkow et al., 2010; Gollan, Salmon, Montoya, &
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Galasko, 2011; Woumans et al, 2015), 5 4b, Alladi
S5(2016) A B o XIS A D) BE K A 1E 19 XL
YNGERLIP2 Ny PN R 1 LT R ¥ &/ 35
BB A M RS 2 L AR B B o PR, AT TR
g, 2 A U AT A S o XU DA AR 1 S0 g —
MASTAEAR . SR, ABATTIE K IEUUE JF AN BE FE 1 2R
TERE R AR RO AE AR, 3 A — > T ERAIE 1 B SCH)
Wr: BUFINRE ST REATE TR F e A, 1M
TE TG et i S BUN P TR D RE G 5

[EAE, 7 /b B A O i R R R 3 104 i AR F
FERI, MGEIFAREARG B A &, T2 R“IN
AR T AR, BIBUE e 52 £ 0 i 25
GE IS5 BRI R IUAE AR, JFRE IR 47 5 B0 ik
ZEG5 I HE B A M A FIKSE . Schweizer, Ware,
Fischer, Craik F1 Bialystok (2012)3f i 12 HLWT 2
FHEBR(CTFIFE T XUE LI AD Jig Bl 27 & Ji
IO FR, R ITEH B G R A5 B B 4 DL E 1) 17
BUF, BRI AD A SCHN DX Y 28 45 UL LE i
& W E WK, Perani 45(2017) 1 1F HL T & ST 167 )2tk
G 5 R g DX 5 7 4 B AR £ R (FDG-PET), i
PR T 20 AD SRE A R B A APIR B0 Fn Ak 22
BEERHE AR A B, RERMT, BUERE I
oG AR RO S R 7 o, AHHERA T4 9 2% (Executive
Control Network)FIERIA P24 (Default Mode Network)
A

SR, Wik 5 B CRIEH LA, ARH
gl ) PATIE R DI RE T T o WP SCRR, BUEE
AL T FRIEF G X, BR 25 A& 52 2
FIHGH04HT B JZ 4N Gold, Johnson & Powell, 2013),
WA AU TR /N (Abutalebi, Canini, Della Rosa,
Green, & Weekes, 2015) . Z£Hi3i ' (Abutalebi, Canini,
Della Rosa, Sheung, Green, & Weekes, 2014) . i}
O (Li et al., 2017) LA B BF AK 44 (Luk, Bialystok,
Craik, & Grady, 2011)%, HA =i . 65
PEIARA B T — 8 S B s il X, {E A
TR IR T 16 75 19 4 Tl & AL U B I 45 1) o 5 DX O,
LT, A2 A 35 T A 28GR DA R 2 b 1) i B 2 3
FLfifi(Cheng et al., 2015),
23 BRI LA

T Re M s 2R A PRI, RN 5 i
P O O A S e L P R S E = N
ok A TR R R, SRS RE—-F
G XSS R PR, anETA T FnA E S

K2 s B %,

B8, Mechelli % (2004)F A5 FARWES
T F AR (VBM) & B, XUE 5 50 T0 2 )2 X B TR
B2 2 (IPL)JK Jo % B b 2 ok, HFi & 2%
S RN S 0 2T AR IR (AOA) FIl 2 25 2 ] 37
o X IR (3% S L 0], SMG) W HFR A< 75 Kk
X1 (Della Rosa et al., 2013), 5i&%F TAEICIZ i&
UG VR I AR AR G, R AR B 2
L JEE 018 B84 0 R 2 2 (R 32 1T 2 20 ) B E AH
J(Barbeau et al., 2017), H:EHEZFAREP B E
PRHA 5 (Abutalebi et al., 2015), FIR, AW KM,
R EIIFG)EZEEBZ AOA 18T, FrilElE
FRIEM AR A T I (IFG), % AOA Ji
AU (Kovelman et al., 2008), Klein, Mok, Chen
1 Watkins (2014) 204k Wi 5 1 Ff 25 (8] Ik RUE 2
FPRUE I XGE )G &L, SUEF ZEH T
] B J2 2 B B O, T A AT [l (fIFG) B2 2 B 4 0
/N, ELIXFRE ORISR S AOA G, SRTHT, 1%
WF 5% A & BLAR 2L AR T WU B BT A XUE & ([
XUTE ) R BT 28 76 R S XK R U 22 52, X
WAVFIERL T 30 2.1 FRAT1 56 T 50U & I 2 i I
225 SRS, B R OE LA TR RE Y R LR,
REFIE R AW AIE S, H— B8R Rg gy, i
VIR B 8h T2 S A SR R I AT A KR B 1Y
HY, % 4b, Abutalebi A A i Flanker 1155 & B
AP IR LR 3 P01 B2 J2 0 K T 8 B S AT 4 A 55
T AUV A B S M 5% (Abutalebi et al., 2011), il
LB R i AT 55 R UL 2 1 5 R HA O
2 e A% X IR 5 % B L EAIE 5 K (Abutalebi et al.,
2013),Ressel 55(2012)45 & BUBLE & W 32 K2 )2 (HG)
IR AR R, T B B K AR R BT
HIRE 7 B IE AH 52 (Wong et al., 2007), I 4h,
Pliatsikas, Johnstone Fll Marinis (2014)% #{ XUH &
7N (cerebellum) JK AR FLE B, B4 T ad = %/
WD RE RN AL, B R WS 5 T ZIEm T,

{75 —42 M2, Zou, Ding, Abutalebi, Shu
Peng (2012)%& DLk Mo 0] TF182% 2 & 1 A2 BARAZ
(LON) KL% B b R BB RG22, X EEAHH
1B VRO T AS RIS 25 1 Ui 2% Wi i 35 40 1 TR 30 o
A JRETR A RN I SO B 1Y A 7 A G T A a3 O A%
(BG)W) EZ A4y, fEM LA hliE = . T4k
TR A 0, AT, Li 5(2017) W 7E B4R WU
HHRBL, B EARBAE T O R SRS AL
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WA, EEERE MBS OENS —MESF T
YRS BUE T, HBELAG A B i3 (ATL) |
25 B LA R 22 105 5 W IR L% B RS . K
MEE T BN ZAF5T 45 R (Abutalebi et al.,
2014; Olsen et al., 2015), F[EI8UEX L8 X I8 78
TRV AT R R E AR . pE S
TR SO TN A 26, 2% X 34040 2 4R i)
PRIMESE 22 0] U i i 5 FIE MR &6 %,
D5 K EHCAZ TR R R 6, HEH 5
A2 IE H R AL B R AE B T (L et al,
2014), H, WATICHIGE NP AT BEA Z 15
TR, EABFRIRE T AR P4
(Emmorey, Luk, Pyers, & Bialystok, 2008), KK
B ZMIRE,

) IR 0T LA, s i fii 11 5 A A 5 B /AR
%, HERAY—, Luk 55 (2011)F] FH R0k &
BAEAR (DT A B BUE S AN (70 2) Bl 2D HIE
A B F T B XS A i R L R A R A
BU#E, H Gold %#(2013b) & B, E4FXUH H A
O DX 11 5 B L PR BN (HR A AR A 22
Yo 18 BB ST S5 10 th 2SS Y IR W] R R S AR
ERRHRE25), B Schweizer % (2012)70
Perani %£(2017)M 45 7] LIRFRE . [RIRE, XFPA~AK
ZEFWAERGH LEMEFEANRIBFHE L. Mohades
Z£02012) kKB, BEEILEM = 9 BT KR
(IIFOF) [ [ 2 BE B A, Cummine Al Boliek (2013)
BEIRF AR, RABGEEM = 24 Z)YGHFL
" SR (eTFOF) I HiT #18 Fr Hi 48 55 (ATR) 84 11 J52 %% 2 1
WERIR (M =29 2N P ER IR E, —Fl
AR A SR B KA Pk E R, S —
T n B2 21 2 SR A R SR XIS R IR AE IR
EAAEEE M EAEM . SR, Pliatsikas,
Moschopoulou I Saddy (2015)% ¥, Joit —iEFh
FeRN2E SR A, WA TSR T 2 i BGE
H, HILAE T A B OC 0 £F 4 ) (8 35 5L
IFOF) 4 J5i %% [ 4B Lt 815 3 K . Rossi, Cheng, Kroll,
Diaz I Newman (2017)t £ 1] 5% 1 — G B 4 XX
WA S R T XS, AR &k 3 FA
(Fractional anisotropy, #U{E KA, [ 50 5 4 i
I BUE RN 35 ST AR A G . Jahb, S5 &%
WFEIRIREEE S T 7 JE 45 R - Garcia-Penton, Fernandez,
Iturria-Medina, Gillon-Dowens Fll Carreiras (2014)
FF25H MRI B, 456 P 45551 (network-based

statistics, Ei8), & BUBGE 3 W~ A LR
T I R0 TR WA R 4 (A 8 Rl T
R )2, ZE R S0 TR 2 Bl AC R v 30 A L )i
FER TR, B2 MERCRILREF AL, Hit,
MRS AR L ASRIRFSE R EA T e B
RAEYAR—F(Luk & Pliatsikas, 2016). 2R, T
Anderson F£(2018)LLF-ff it T LA EBFSE S R4
W, MATEEH T Gold % (2013b)MLE R, HEIAN
— Y JE R, SRS AE T AR DC JC S i TR A AR
LN AN <= IR P IINEC S i 1F R iR TN B - 2 i
588 % B AE BUR T B 20 P20 Ty 5
WIS ER, FFT Luk 45(2011). Mohades
45(2012). Pliatsikas %#(2015)#1 Rossi %£(2017)f
NIRTTES

Sz, HETRER A1 1] W SR A R WY, A
WHA L, FaheE s S R, ARhE
B SR — FR A A ] (R AR D D
TR BB B 5% B, AR DR X T R g 5 O K
bre et T Bl

3 BEINESHATEE—PEiR

KIS, B 00E % LIS R R Ak 22 IR
SR A2 FRE, Bt Saumi . 8F
IR B BRI LA B A TR A < RUE 5 E L4 D)
B VI ZRBE 1 BT A4 il & TORVE L&, FT LA
5 — A ST B Y PR M 2 8 . BB R TR
SRR TE 52 56 2 BT D S 56 2 H B oh (e B DR
2 20 AT 5 e I ) P 2 D I, SR
SR AE AL o — MR PRI -5 A =X, A
— R AT R UGS, BR YA 5T AL
PS5 BRI S5, 20 B0 5% 9 U 7%
S, [RIAF, 762k S RS i E R AT S5, T
FU 5 P AR AT: 55 45 10 T RS PRI T 45 RS 1Y) 22 5
8 7% FR VI 25 0 5 | 76 194 fii ) i ok 45 #9728 £k (2= F
T HEEE, 2007).

3.1 IBEINGXMRETARAEN

e, AR NS RE IR A R AT,
H AR BN s R R B BTN
g, NPT HMR A, BEEIGA LIRS
B WEEE T, SR g T, i,
Zhang ZF(2009)FHITE LA K IDS (Infant
Directed Speech)# Bll H A DE 155 > # HE# X 73 i
MESE R A IETE T /AN G5 R R W, WA TE



214 DI = N S S

%27 %

HE AR 7 L B ik S 33 R A 19 R R Ak e
FEFRI 0 ER o ZEARUA ok th B ey 1o P 38 %
E S 2% 2 F BB T . IR ikt
BRI H AR BRARE ) B g R m, R
FmZEEH A T HE MMN IE (5 3 3B
JNTA 4 ILRL 7, Cheng & Zhang, 2013), X
41, Wang, Sereno, Jongman #l Hirsch (2003)F JH 2
JEV R[] U 25 56 B R 2 A 22 S DUE TR, K I8
AT R RIS H e 1 [ 7 2 38 A R I A ok,
HLUN S5m0 3 A W0 B G X (£ BA42 FTAS G
BA44) YN 2 J5 15 B8 SMMTE o 534b, Shtyrov, Nikuli
H1 Pulvermiiller (2010)W3 i “3E 1088 8 I 2Rk
TE BT K i 7 5 mT 98k o At T o ik e e () (14
Sy 2 R E G T — A0 &, 3T E A
pipe f4i& pite), BIXFGHEF(20 YKL Bl 2=
SRR, AEE SRR 2 160 RGBT B
5t Eid 5| £ BIE LT 2R

Hk, 18 XN FE S . Mclaughlin,
Osterhout Al Kim (2004) R B 315115 & 0 W —4F
PR T (BRI ] SO)BR A2 ), JFAE N [R] B B
T BT 45 2% 52 H N40O (5 U T A7 6 19 i
RO, S5 R, %3 14 /M@ )G
B ATy B EORBEFE N E ARG, (H O
N400, 7E 140 /N8F(9 S A)JE, #alin T B i 2
St SR RRERE AT o X R BRI N T i)
HeAT R S ARk, HE X H Sk AR R 7R S
P RETV AR R, Bk R T BRI T, Stein
ZE(2012)F FH MRIIREFAFSE T — dltb B 24 T 1)
YEIF AT AR AT KT 4R v 5 K i o e AR Ak 2 )
M F o BERERI, 615 SO TAE S, Rl H AR
b, 5 A~ A5 s En A X (PFO) B Al —iE Y
PG 22 558/ . AN, Barbeau %£(2017)iB B T 3¢
IR (12 B s AL VI 2RI B9 I 15 3h A2 1k,
YIS 5 3 500 S i Rk i 01 740 - D AT 55
GERFW, HETEHEFE O T S sh A B A
b KU 22 TR /i (TPL) A K % L 9] (SMG) kb
UGBS 60, L5 8] e S B ) 4 1 B e
FHOG . WG HE— 2 A T TR R A e
A E R, IR BUE X X HL A TR R R
2 1Y 45 R — 2 (Mechelli et al., 2004), Grant,
Fang 1 Li (2015)3# i3 %t 2% > VU B 2 15 14 55 B K2
AT ARG B R R B, B IR
$&Tt, 27 20 3 AN i bR (T T ) B

8 a2, T LS SO T A EE G DX (g el
BRRIEIN XA AL SOBUE B AT T BEAH
FMF 5% —Z (Abutalebi et al., 2011; Branzi et al.,
2015), #7815 i 5 0 F AR R 45 5 il
TN 4 2 ) Y S A 4 L K R R
Ve . fxifE, Bartolotti, Bradley, Hernandez #
Marian (2017) [RI 4] FH 55 B IH 5 247 A i ] 7
PEA AN NS K B, 7E 508 7 Wr ok PR AT 55
T, IR RN A B RO BN AN E], iR
W2 WG, TRk T 2 0h T S &R 7R
EEETRIES T, iR T 2428 o
T R ZETEER T 8N A i ShAE i 2
HEAEFSL, Ui ARG TF 1R 2% > g a b
Bl BRI ) TR AT S

J38b, WA WS NG ) 45 5 BE AR I T
HBUE KRGS R, IR 2= 5 %)
J555 . Veroude, Norris, Shumskaya, Gullberg p i
Indefrey (2010)% 3R fif % i B 15 2 3@ i WL A P 3
e RS IR AT FE N Ba s 2], MUK
IR IS5 4 30 0T DR 8 A T S 2 4 il AR i ) 2% 322
oy, 45 FEW, ST A B U 2 1 [m]
(SMG) =[] Y 3% #2588 2 T 0l 4 22 Bk
Yang, Gates, Molenaar fl Li (2015)il:3€ E K244
BN 6 JAMDUEIRNLGE & B R RO YL,
K B G 1) 2 A RN 55 % 27 T ok i #4RL AT
e VR T A 55 B 8l fik 2 % 3 4 Y F A RN T
HET#zgh k2 BR W 38 ]S A X
A BT ZIKE, 55 TR R OGN DX 2 ] A v A
T B, RIS Y 2 A i D BE I 4% T Dy
&, N, Yang Ml Li (2012)Z:R S E K2EE %2
20 3P N TaE S 2 Gl i 48 iR OB Ik Bl
AR D) IATIEFIWAT 55 . WF9EE KL, A
2 20 7 AU G AR [R], i HL A 2 e R
BAMHRNKZE S WS > T 24008 T 85 - 1 Ak
By Z TR Y 3 4, T Bk 2 ~J DU B 22 AR A - 5 i
JE A% (BG)Z [0 1Y % 4% . L4, Hosoda, Tanaka,
Nariai, Honda Fll Hanakawa (2013)7F H /& K24/ 30
wINCUZR(6 N H)YZE R, Hif BEka T
[ 5 i — R R AZ 3 ] X 4% 066 422 5 2 Rl 2 )
PG RE BAEAR DG, 22 F BRI .25 0 X AT RETE
W, dEGh B F A S R rh T 2R TR A
RERIX A2 R, SRALZE AR R 5 AU, B
ARG 21 6 i D A 2



%2

EYLSCEE: 0 BT R Siknl ik 215

B3, [ ARSI BAARR 31 G 2 = E S A X 3L
T A T 3 RO ) 4 1 225 %) i w7 S e ) A, B,
WRFEE X HERGE 8 R AGE VI eIl 2R A e B ik L
R E I, A Sl 4 R & i 5 U1 Il 40) M L,
SEHG A N200 JRA AR 2 E 4R AT . N200 BG4 1
TA R R T RE A G, 3 3 B A B R = I 2R T LA
i 22 2 4 38 2o 400 0 4 1) ) e DR ST U A 55
A(Kang et al., 2017), 4N, Abf17E BRER 9 — 2 bk
W R, SR, EBRFmAES T,
PR U ACH B B, A A O X
WSS, A AT [ (dACC)BE T Y
5 Y T BRI & RIE L, i — 25 ROT (HR1E
56 I 455 AT 400 A3 Y B8R X ) A BT S kR,
dACC MBTEAE VLR B RN AR DN b1 ) R 3R AR
] S R BE Rk 55, 22 MR R A% (LCN) By 80E A
YIEAPRL T o 2 AR T 26 AR DI 2R A b8} 1 T8 1k
(Kang et al., 2017), X5 RAEHABFFE B 5L ah L
(Abutalebi et al., 2011; Branzi et al., 2015), #F—3
WIH TR0 | A0 AR AL AR T S R
AN ] £ €8 < AT P B Bk — % (domain general)
ITIRE, W5 & ¥ KIE T Rt (language specific)
ik Zse .
3.2 EBE NI REE RIS 0E

AR, AL 2 /e A EHEAZARTRF) ISR
e {2 > 3 U5 I (R B dg 1% K (Sagi et al.,
2012), W4, 187 ISR G RE I BR 52 e 2 > &
PG LE AR ? LUF LIRS At T H B A%

5, Kwok 45201 1) TE A DURE B HEAT Iy
W3 RGGr 5 Wk, T 1.48 /N B fiw 44 U1 2k
(AT B3R e R B, Bl K 5 R 0 40 Uk
HUA DG XS (V2/3) IR AR RS i, (H 35 5 A ¢
XA TC I B A b, TR 4G SR g 7 A N i B A TR
SeR ) T BRI G AR i A7 e (] ]
BELL AN B 2R B K, Wong Z5(2007)VI| 5 3 15 2ATE
o ) R T R RO (B R 2 AULA
bR, &I A BRI T 3 K 7 (A2 HG) IR iR
RIS 5 4 RIIEAH G, H RS mgidiz
DXSOR AR FREE R o 3 3= WY S ARV 25T LAl
R R IGZE R, WL TR SCORUER A ORI
W JZ W K& Bl(Ressel et al., 2012; Krizman et al.,
2012), %4, Legault, Fang, Lan Fl Li (2018)i# 1
BT IR 2 20 RIDUE RN IG5, LBl
3 75 L RBE) XTI 75 1 0 DX 3k b ) P 07 [l Xt PR

HAR LG, INGRH TR 5 S 15 5 P 48 A OC X 3
HH B )2 JRE R IR 5 E A, B[] ¢ > O
SIS il DA TR] - AL 52 (& SCIBR AR AZ 4 (PW)
2 F A AT B IX IR GIFG), i B2 3B 55 2
A (VE) EEARGEA M TR X SR (rTPL) o ph it n] i,
AU 1918 5 I Gt BE 7 28 B I KA 45 i 72 4k,
M2, A [H] Y PR 5 B TR 22 > (BT 50— 4F)
REME A ] SRR KA, A A5 ] )Rk

Martensson %5 (2012)38 i X Hfifi 5 4 ZEBA 2
BN 3 A ORI AL, SHEH4HM
P, SCE A A A Il A b I R ] A5 DI e
JRIERENE R AME 2] G R 4 A v R A
[Bl45F A AL S i, HARWIER . %5 R Y
2 DU (] DCIOR S5 3 JBE 1 DR W 25 W) RE, Stein
A5(2012)3 1o S TE-BE R A TR 2 o) i R,
AL BRI D e & A8 A (WL 130), i Rk e
AU 1] (IIFG) R 38 DX I8 (AT ) 9 K J52 2% 32 484 K
BTG KO- (32 3 UE AR DG . X R | S0k
] BF 5% & B — 2% (Klein et al., 2014; Li et al.,
2017), H¥K, Schlegel, Rudelson Fl Tse (2012)i i
XFZM 9 A~ A BRI A 9 TR BT E R
G kB, FREEIAAE L, Seo e i A g ke
A BRFNAT BRI DR DG DX i Pl 28 R 1 Jo 2
Haom, oA 2 AR Ak B AR 7 20U A A O B
FRFIRR PR Z R b 28 RWEAET Luk %
(2011), Mohades %5(2012). Pliatsikas %5(2015).
Rossi Z£(2017)F1 Anderson 55 (2018)4 o] #f 7% 4%
H. 514k, Hosoda %:(2013) & 3, A IRA1AH L,
IR S A v Y BT R R R L [
I BT B G I, B A AR B AT i
HIRCEROE . FAE, Xiang Z5(2015)8 BEfE1E
PIRFAEAT 220 6 JRRY iR Bk R S kB,
WA BT 2 3K B 5 8 A g ok, (H7E
WIZRIE I, BE iR MRS, W20 H R
B R B 222 BRAH N X3 WA B R T
bSO T U A R UL I T RE 1 T 5T
(Grant et al., 2015), i R & BEHIE S B8
S BN 1 B R 2 A R B Y S AT R, EDIE
T SO T U B AL R 2 A 2 BRAE T A
(Cheng et al., 2015),

g5 b, IR F USRI ok 1 D RE BU4h 14 72
5 KIIRUHE RO AEAR R AR EE AR ELER . (H,
ST H BTG T REFNZEAL 70 BT B9 RUH I 58 i = 1Y



216 DI = N S S

%27 %

IR (Abutalebi et al., 2011; Gold et al., 2013b;
Hosoda et al., 2013; Luk et al., 2011), A7 E it
— PRV EE 8 0 Tl ) B AN 45 R 5 e — Bk
FA) [ A

4 RENERE

FERR R SR, A s e — & 3L,
EEHEA-ERERGEGE—IEF)ZE, i
AT X, RIS AT 4 . R T R
T BR N DO 286 7 A ] Ak O 23 416 45 37 B AR R B8 (BT
WEI NG A SR, Pl A A ik
FEIFEHLE B i E B RN . 86 B s I8
I P 23 BC7AE K i [ A 52 AT A sl g 4, il
T 28 50 22 1) 4l 58 sl 5% (032 B, DA e 22 11 1T
FURTHE R TR 5 . XRE, K RA RE ST,
TR BB 22 58 1T LSS E R R SR “FR 7,
PRI Z A7 B B, ROR T & 28K, X n] g2k
[vi) B X 2 ok e 0 L 5 I T, T X [ X
WEEUL, WATRE— RS A2 RS, W
M RERE EAT T8 2 D RE A RAE RIE 1T,

b2 10 4F, KEA NUE B0 75 I 25 0 ik
AR RS IE B T IRATA LR e K
SIS 0 ol Y P 5 BT X AN [ A G B J2 R )
AR AR A B, ATRE R A
F, — W, 5 AEE A LI — e R AR WL
WH IR E BT NSRRI RE ST
), I RALGETE T X AR T B (a0 22 & T
1), 5 B A G DX 3 ok A OB S R g, BT
Rem B — O AEREX W E LS5, 55—,
K UL 480 2 1 0 PR T 95 ) X357 e 22 T
i JLRE A% 7 b 58 M 48 45 — B DA AT 55 v 3 24 K Ml
BEUR, HEMRE A A, HEAIA N Ak B
(A, X SE ) RE T 9 1 AE 45 4 )2 1 35 43 15 3 p
7558 TN o 28 A 1 B T AR AR (B ) B i iy L
ANKIR, QAR R AT T 2 (HG) |
Wi bl TR/ (dE SMG), T AR A
FERG R B TN R AL B A S e IX (B A
2o k), Horp s T XGETE T A — A %
Ja 1l D 45 11 T 599 R CANA A P 0 [ L RR A
TR /NH4E) o G hb, 5 5T 2 R (8 B v ) ke i,
A I 5 B A% 1% 38 {5 5 8 0 1 4 5 (Cn 3L A
IFOF) . AT e 2 WUB R A L R M2 — .

SR, R TR AT AR X 3k 2 i [X % g v A5

165 I REAE T 22 [A] 1Y 5C R E AT 42 TE 11 3% 51 M Al
b, ARATLATE LA i — R

B—, KT BRI S L) ZAGE 5AA %
WHISC R, BIRA DB X 4 5t 58 (Paap
& Sawi, 2014), {HIRATVIIR K WA A AR N
TRMF BT S, R IGREE
&, HBER IBELRH BT . 2 Wi T s
T AH O AT RE, 10 2 4F 9 R AE (Klimova,
Valis, & Kuca, 2017), A #7024E . RIERE . A M
I . AABAE S

2, X T HEOMUE H BT S A A B HL 4G
S H AT JE ) A8 (Gold et al., 2013b), A RFHFIE
56 BT AU PR IESE 2, 0T R )
zsia) b —2chk. miH, HATSS &R A
HAF R WA, ThRE Mt — B R AR R TR E
IR — AR, 5340, T ReilTe 2, HAatk
Z BN EE TR e ik, mi2e S E 5 5%
bR b2 —F S R E AN ANE S, A —ERRT
[ 7 ) A e ke ER H DX (RO, 17 A2 Fh AN [] i X
T ) B ot 28 P 45 2 S0 B o oA SR LI R il ) 2 P A
I8, AR 5 A X 7 gk ¢ A AR Ak
T LA 32 200 01 0 5 X 45— P DA s ol D) 5,
B 4T & HE PO 2% P B ) 4% 2 Ta] Y L ) B X
(Garcia-Penton et al., 2016),

%=, IR E, RIS ZES
222X NI 2 A Y, JELEr . filan, W)
iz S50 R RERFE: =4~ A i) & Bl—F¥ (Draganski
et al., 2004), Hosoda %5(2013)th % B2 2] 44 S5 1]
TN G5 5 A i A i 25 Fa 1S R A0 78 —4F Ja T 2K,
Xiang %#(2015)id & B 6 A~ 3 1B kb il i (1
A LIRZ M ETER . KR 2 KA
5 B 00 22 0 (R D A\ 3B BRI 5, R R K 4544
Bifl 3 2 2] B ) s A2 B B S AR A i — R .

HoU, W ERE, ZIEIMRER GBS
BRI AR A KR
545, H R Eb g S i nT 98 v 25 R % DA oL,
T B AR S AN G — 1) E B P (Garcia-Pentén
etal., 2016; Luk & Pliatsikas, 2016), {H2, % TiX
S0 PR 2R 2 AN 2 ) ol 2 ] 2 [ 532 i g %) ) 8 4
EEABRNFTES T H. BRILZIN, KA
AT BRAETT . AT 5t 5 0] 12 R 2 i 15 5 X
N mINEspAlTS

B, WEFRARE, B HNBUEDF RN



%2

EYLSCEE: 0 BT R Siknl ik 217

A, 5 DUEA R ) T ik AL O 58 % 45
o — T, WIRS T IRIE i — B R, 2E A
HMEARE E E RS A R A, R EDUE ),
PUVEAE S 3 A I AL F 58 26 25T ER 1 (Qi et al.,
2015). 5 — 7 M, SRid N FK I N 2R IR,
RF GRS, ARG 3h RO . T W
DA% A T 18 AR SRR 25 XU S A IR A X Y LT i
ML

B

WK, B, ENWH. (2017). XUEEH E S VIR 1R
R, DHFIFHE, 25(9), 1469-1478.

FEYLL, XPE, Fefirh. (2014). XUE (MEiE) £TH
FIHCAE & I RIE?. O FEFfZ SR, 22(11), 1723-1732.

300, MR (2011). ¥ 35 A0 DRI 50— — 2 1 00
N EN PRI BB o BT . O BEFF AR, 19(11), 1615
—-1624.

ZWHGE, TR (2007). &S 51516 B T BRI 45 A AR
. DBFSFH SR, 15(3), 409415,

ZEREN, SREPE, XINTAT. (2012). BUEZ XA KIRE 71
SO 0 R, 20(7), 995-1002.

AL, (2015). XUEBIKIR. SF [E i, 38(5), 53-62.

b, WA, R (2017). BUBE F 51w L)
SfiFH S, 38(2), 27-32.

EHi, m, FR.(2016). F FFHEY. LilE HER
U 9K 27 Y A

. (2016). YUBH BT RN EH. S0 57,
18(4), 604—616.

Abutalebi, D. J., & Green, D. W. (2008). Control mechanisms in
bilingual language production: Neural evidence from
language switching studies. Language and Cognitive Processes,
23(4), 557-582.

Abutalebi, J., Della Rosa, P. A., Gonzaga, A. K. C., Keim, R.,
Costa, A., & Perani, D. (2013). The role of the left putamen in
multilingual language production. Brain and Language,
125(3), 307-315.

Abutalebi, J., Della Rosa, P. A., Green, D. W., Hernandez,
M., Scifo, P., Keim, R., ... Costa, A. (2011). Bilingualism
tunes the anterior cingulate cortex for conflict monitoring.
Cerebral Cortex, 22(9), 2076—2086.

Abutalebi, J., Canini, M., Della Rosa, P. A., Green, D. W., &
Weekes, B. S. (2015). The neuroprotective effects of
bilingualism upon the inferior parietal lobule: A structural
neuroimaging study in aging Chinese bilinguals. Journal
of Neurolinguistics, 33, 3—13.

Abutalebi, J., Canini, M., Della Rosa, P. A., Sheung, L. P.,
Green, D. W,, & Weekes, B. S. (2014). Bilingualism
protects anterior temporal lobe integrity in aging. Neurobiology of

Aging, 35(9), 2126-2133.

Anderson, J. A. E., Grundy, J. G., De Frutos, J., Barker, R.
M., Grady, C., & Bialystok, E. (2018). Effects of bilingualism
on white matter integrity in older adults. Neurolmage, 167,
143-150.

Alladi, S., Bak, T. H., Duggirala, V., Surampudi, B., Shailaja,
M., Shukla, A. K., ... Kaul, S. (2013). Bilingualism delays
age at onset of dementia, independent of education and
immigration status. Neurology, 81(22), 1938—1944.

Alladi, S., Bak, T. H., Mekala, S., Rajan, A., Chaudhuri, J. R.,
Mioshi, E., ... Kaul, S. (2016). Impact of bilingualism on
cognitive outcome after stroke. Sroke, 47(1), 258-261.

Barbeau, E. B., Chai, X. J., Chen, J. K., Soles, J., Berken, J.,
Baum, S., ... Klein, D. (2017). The role of the left inferior
parietal lobule in second language learning: An intensive
language training fMRI study. Neuropsychologia, 98, 169—176.

Bartolotti, J., Bradley, K., Hernandez, A. E., & Marian, V.
(2017). Neural signatures of second language learning and
control. Neuropsychologia, 98, 130—138.

Bialystok, E., Craik, F. I., & Freedman, M. (2007). Bilingualism
as a protection against the onset of symptoms of dementia.
Neuropsychologia, 45(2), 459—464.

Bialystok, E., Craik, F. 1., & Luk, G. (2012). Bilingualism:
consequences for mind and brain. Trends in Cognitive
Sciences, 16(4), 240-250.

Branzi, F. M., Calabria, M., Boscarino, M. L., & Costa, A.
(2016). On the overlap between bilingual language control
and domain-general executive control. Acta Psychologica,
166, 21-30.

Branzi, F. M., Della Rosa, P. A., Canini, M., Costa, A., &
Abutalebi, J. (2015). Language control in bilinguals: Monitoring
and response selection. Cerebral Cortex, 26(6), 2367—2380.

Cheng, B., & Zhang, Y. (2013). Neural plasticity in phonetic
training of the/il/contrast for adult Chinese speakers. The
Journal of the Acoustical Society of America, 134(5),
4245-4245.

Cheng, K., Deng, Y., Li, M., & Yan, H. M. (2015). The
impact of L2 learning on cognitive aging. Admet and
Dmpk, 3(3), 260-273.

Chertkow, H., Whitehead, V., Phillips, N., Wolfson, C.,
Atherton, J., & Bergman, H. (2010). Multilingualism (but
not always bilingualism) delays the onset of Alzheimer
disease: Evidence from a bilingual community. Alzheimer
Disease and Associated Disorders, 24(2), 118—125.

Costa, A., & Sebastian-Gallés, N. (2014). How does the
bilingual experience sculpt the brain? Nature Reviews
Neuroscience, 15(5), 336-345.

Craik, F. I. M., Bialystok, E., & Freedman, M. (2010).
Delaying the onset of Alzheimer disease: Bilingualism as

a form of cognitive reserve. Neurology, 75(19), 1726—1729.



218 DI = N S S

%27 %

Cummine, J., & Boliek, C. A. (2013). Understanding white
matter integrity stability for bilinguals on language status
and reading performance. Brain Sructure and Function,
218(2), 595-601.

Della Rosa, P. A., Videsott, G., Borsa, V. M., Canini, M.,
Weekes, B. S., Franceschini, R., & Abutalebi, J. (2013). A
neural interactive location for multilingual talent. Cortex,
49(2), 605—608.

Diamond, J. (2010). The benefits of multilingualism. Science,
330(6002), 332-333.

Draganski, B., Gaser, C., Busch, V., Schuierer, G., Bogdahn,
U., & May, A. (2004). Neuroplasticity: Changes in grey
matter induced by training. Nature, 427, 311-312.

Du, Y., & Zatorre, R. J. (2017). Musical training sharpens
and bonds ears and tongue to hear speech better.
Proceedings of the National Academy of Sciences of the
United Sates of America, 114(51), 13579-13584.

Emmorey, K., Luk, G., Pyers, J. E., & Bialystok, E. (2008).
The source of enhanced cognitive control in bilinguals:
Evidence from bimodal bilinguals. Psychological Science,
19(12), 1201-1206.

Garbin, G,, Sanjuan, A., Forn, C., Bustamante, J. C., Rodriguez-
Pujadas, A., Belloch, V., ... Avila, C. (2010). Bridging language
and attention: Brain basis of the impact of bilingualism on
cognitive control. Neurolmage, 53(4), 1272—-1278.

Garcia-Penton, L., Fernandez, A. P., Iturria-Medina, Y.,
Gillon-Dowens, M., & Carreiras, M. (2014). Anatomical
connectivity changes in the bilingual brain. Neurolmage,
84, 495-504.

Garcia-Penton, L., Fernandez Garcia, Y., Costello, B., Dufiabeitia, J.
A., & Carreiras, M. (2016). The neuroanatomy of bilingualism:
How to turn a hazy view into the full picture. Language,
Cognition and Neuroscience, 31(3), 303-327.

Gold, B. T., Johnson, N. F., & Powell, D. K. (2013b).
Lifelong bilingualism contributes to cognitive reserve
against white matter integrity declines in aging. Neuropsychologia,
51(13), 2841-2846.

Gold, B. T,, Kim, C., Johnson, N. F., Kryscio, R. J., & Smith,
C. D. (2013a). Lifelong bilingualism maintains neural
efficiency for cognitive control in aging. Journal of Neuroscience,
33(2), 387-396.

Gollan, T. H., Salmon, D. P., Montoya, R. I., & Galasko, D.
R. (2011). Degree of bilingualism predicts age of diagnosis of
Alzheimer's disease in low-education but not in highly
educated Hispanics. Neuropsychologia, 49(14), 3826—3830.

Gong, D., He, H., Liu, D., Ma, W., Dong, L., Luo, C., & Yao,
D. (2015). Enhanced functional connectivity and increased
gray matter volume of insula related to action video game
playing. Scientific Reports, 5(3), 9763.

Grant, A. M., Fang, S-Y., & Li, P. (2015). Second language

lexical development and cognitive control: A longitudinal
fMRI study. Brain and Language, 144, 35—47.

Hosoda, C., Tanaka K., Nariai T., Honda M., & Hanakawa T.
(2013). Dynamic neural network reorganization associated
with second language vocabulary acquisition: A multimodal
imaging study. The Journal of Neuroscience, 33(34),
13663-13672.

Kang, C. Y., Fu, Y. B,, Wu, J. J.,, Ma, F. Y., Lu, C. M., & Guo,
T. M. (2017). Short-term language switching training
tunes the neural correlates of cognitive control in bilingual
language production. Human Brain Mapping, 38(12), 5859—
5870.

Kang, C., Ma, F., & Guo, T. (2017). The plasticity of lexical
selection mechanism in word production: ERP evidence
from short-term language switching training in unbalanced
Chinese—English bilinguals. Bilingualism: Language and
Cognition, 21(2), 1-18.

Kovelman, I., Shalinsky, M. H., Berens, M. S., & Petitto,
L-A. (2008). Shining new light on the brain's “bilingual
signature™: A functional near infrared spectroscopy investigation
of semantic processing. Neurolmage, 39(3), 1457-1471.

Klein, D., Mok, K., Chen, J-K., & Watkins, K. E. (2014).
Age of language learning shapes brain structure: A cortical
thickness study of bilingual and monolingual individuals.
Brain and Language, 131, 20-24.

Klimova, B., Valis, M., & Kuca, K. (2017). Bilingualism as a
strategy to delay the onset of Alzheimer’s disease. Clinical
Interventions in Aging, 12, 1731-1737.

Krizman, J., Marian, V., Shook, A., Skoe, E., & Kraus, N.
(2012). Subcortical encoding of sound is enhanced in
bilinguals and relates to executive function advantages.
Proceedings of the National Academy of Sciences, 109(20),
7877-7881.

Kwok, V., Niu, Z., Kay, P., Zhou, K., Mo, L., Jin, Z., ... &
Tan, L. H. (2011). Learning new color names produces
rapid increase in gray matter in the intact adult human
cortex. Proceedings of the National Academy of Sciences,
108(16), 6686-6688.

Legault, J., Fang, S. Y., Lan, Y. J., & Li, P. (2018). Structural
brain changes as a function of second language vocabulary

training: Effects of learning context. Brain and Cognition,

in press.
Li, L., Abutalebi, J., Emmorey, K., Gong, G., Yan, X., Feng,
X., ... Ding, G. (2017). How bilingualism protects the

brain from aging: Insights from bimodal bilinguals.
Human Brain Mapping, 38(8), 4109—4124.

Li, P, Legault, J., & Litcofsky, K. A. (2014). Neuroplasticity
as a function of second language learning: Anatomical
changes in the human brain. Cortex, 58, 301-324.

Liégeois, F., Connelly, A., Cross, J. H., Boyd, S. G, Gadian,



%2

EYLSCEE: 0 BT R Siknl ik 219

D. G, Vargha-Khadem, F., & Baldeweg, T. (2004). Language
reorganization in children with early-onset lesions of the
left hemisphere: An fMRI study. Brain, 127(6), 1229-1236.

Liu, H. S., & Cao, F. (2016). L1 and L2 processing in the
bilingual brain: A meta-analysis of neuroimaging studies.
Brain and Language, 159, 60—73.

Luk, G., Bialystok, E., Craik, F. I. M., & Grady, C. L. (2011).
Lifelong bilingualism maintains white matter integrity in
older adults. Neuroscience, 31(46), 16808—16813.

Luk, G., & Pliatsikas, C. (2016). Converging diversity to
unity: Commentary on the neuroanatomy of bilingualism.
Language, Cognition and Neuroscience, 31(3), 349-352.

Maguire, E. A., Johnsrude, I. S., Good, C. D., Ashburner, J.,
Frackoweiak, R. S. J., & Frith, C. D. (2000). Navigation-
related structural change in the hippocampi of taxi drivers.
Proceedings of National Academy of Sciences, 97(8),
4398-4403.

Martensson, J., Eriksson, J., Bodammer, N. C., Lindgren, M.,
Johansson, M., Nyberg, L., & Lovdén, M. (2012). Growth
of language-related brain areas after foreign language
learning. Neurolmage, 63(1), 240-244.

McLaughlin, J., Osterhout, L., & Kim, A. (2004). Neural
correlates of second-language word learning: Minimal
instruction produces rapid change. Nature Neuroscience,
7(7), 703-704.

Mechelli, A., Crinion, J. T., Noppeney, U., O'doherty, J.,
Ashburner, J., Frackowiak, R. S., & Price, C. J. (2004).
Neurolinguistics: Structural plasticity in the bilingual
brain. Nature, 431(7010), 757-757.

Mohades, S. G., Struys, E., Van Schuerbeek, P., Mondt, K.,
Van De Craen, P., & Luypaert, R. (2012). DTI reveals
structural differences in white matter tracts between bilingual
and monolingual children. Brain Research, 1435, 72—80.

Nosarti, C., Mechelli, A., Green, D. W., & Price, C. J. (2009).
The impact of second language learning on semantic and
nonsemantic first language reading. Cerebral Cortex,
20(2), 315-327.

Olsen, R. K., Pangelinan, M. M., Bogulski, C., Chakravarty,
M. M., Luk, G, Grady, C. L., & Bialystok, E. (2015). The
effect of lifelong bilingualism on regional grey and white
matter volume. Brain Research, 1612, 128—139.

Paap, K. R., & Sawi, O. (2014). Bilingual advantages in
executive functioning: Problems in convergent validity,
discriminant validity, and the identification of the theoretical
constructs. Frontiersin Psychology, 5, 962.

Pallier, C., Dehaene, S., Poline, J.-B., LeBihan, D., Argenti,
A.-M., Dupoux, E., & Mehler, J. (2003). Brain imaging of
language plasticity in adopted adults: Can a second
language replace the first? Cerebral Cortex, 13(2), 155—161.

Palomar-Garcia, M-A., Bueicheku, E., Avila, C., Sanjuan, A.,

Strijkers, K., Ventura-Campos, N., & Costa, A. (2015). Do
bilinguals show neural differences with monolinguals
when processing their native language? Brain and Language,
142, 36-44.

Parker Jones, O., Green, D. W., Grogan, A., Pliatsikas, C.,
Filippopolitis, K., Ali, N., ... Price, C. J. (2011). Where,
when and why brain activation differs for bilinguals and
monolinguals during picture naming and reading aloud.
Cerebral Cortex, 22(4), 892-902.

Perani, D., Farsad, M., Ballarini, T., Lubian, F., Malpetti, M.,
Fracchetti, A., ... Abutalebi, J. (2017). The impact of
bilingualism on brain reserve and metabolic connectivity
in Alzheimer's dementia. Proceedings of the National
Academy of Sciences of the United States of America, 114(7),
1690-1695.

Pliatsikas, C., Johnstone, T., & Marinis, T. (2014). Grey
matter volume in the cerebellum is related to the processing
of grammatical rules in a second language: A structural
voxel-based morphometry study. The Cerebellum, 13(1),
55-63.

Pliatsikas, C., Moschopoulou, E., & Saddy, J. D. (2015). The
effects of bilingualism on the white matter structure of the
brain. Proceedings of the National Academy of Sciences of
the United Sates of America, 112(5), 1334-1337.

Qi, Z., Han, M., Garel, K., San Chen, E., & Gabrieli, J. D. E.
(2015). White-matter structure in the right hemisphere
predicts Mandarin Chinese learning success. Journal of
Neurolinguistics, 33, 14-28.

Ressel, V., Pallier, C., Ventura-Campos, N., Diaz, B.,
Roessler, A., Avila, C., & Sebastian-Gallés, N. (2012). An
effect of bilingualism on the auditory cortex. Journal of
Neuroscience, 32(47), 16597-16601.

Roman, P., Gonzalez, J., Ventura-Campos, N., Rodriguez-
Pujadas, A., Sanjuan, A., & Avila, C. (2015). Neural differences
between monolinguals and early bilinguals in their native
language during comprehension. Brain and Language, 150,
80-89.

Rossi, E., Cheng, H., Kroll, J. F., Diaz, M. T., & Newman, S.
D. (2017). Changes in white-matter connectivity in late
second language learners: Evidence from diffusion tensor
imaging. Frontiersin Psychology, 8, 2040.

Sadato, N. (2005). How the blind “see” Braille: Lessons from
functional magnetic resonance imaging. The Neuroscientist,
11(6), 577-582.

Sagi, Y., Tavor, I, Hofstetter, S., Tzur-Moryosef, S., Blumenfeld-
Katzir, T., & Assaf, Y. (2012). Learning in the fast lane:
New insights into neuroplasticity. Neuron, 73(6), 1195-1203.

Schlegel, A. A., Rudelson, J. J., & Tse, P. U. (2012). White
matter structure changes as adults learn a second language.

Journal of Cognitive Neuroscience, 24(8), 1664—1670.



220 DI = N S S

%27 %

Schweizer, T. A., Ware, J., Fischer, C. E., Craik, F. I. M., &
Bialystok, E. (2012). Bilingualism as a contributor to
cognitive reserve: Evidence from brain atrophy in
Alzheimer’s disease. Cortex, 48(8), 991-996.

Shtyrov, Y., Nikulin, V. V., & Pulvermiiller, F. (2010). Rapid
cortical plasticity underlying novel word learning. Journal
of Neuroscience, 30(50), 16864—16867.

Starkey, M. L., & Schwab, M. E. (2014). How plastic is the
brain after a stroke? The Neuroscientist, 20(4), 359-371.
Stein, M., Federspiel, A., Koenig, T., Wirth, M., Strik, W.,
Wiest, R., ... Dierks, T. (2012). Structural plasticity in the
language system related to increased second language

proficiency. Cortex, 48(4), 458—465.

Veroude, K., Norris, D. G., Shumskaya, E., Gullberg, M., &
Indefrey, P. (2010). Functional connectivity between brain
regions involved in learning words of a new language.
Brain and Language, 113(1), 21-27.

Wang, Y., Sereno, J. A., Jongman, A., & Hirsch, J. (2003).
fMRI evidence for cortical modification during learning of
Mandarin lexical tone. Journal of Cognitive Neuroscience,
15(7), 1019-1027.

Wong, P. C. M., Warrier, C. M., Penhune, V. B., Roy, A. K.,
Sadehh, A., Parrish, T. B., & Zatorre, R. J. (2007). Volume
of left Heschl's gyrus and linguistic pitch learning.
Cerebral Cortex, 18(4), 828—836.

Woumans, E., Santens, P., Sieben, A., Versijpt, J. A. N.,
Stevens, M., & Duyck, W. (2015). Bilingualism delays
clinical manifestation of Alzheimer's disease. Bilingualism:
Language and Cognition, 18(3), 568-574.

Xiang, H., Dediu, D., Roberts, L., van Oort, E., Norris, D. G.,
& Hagoort, P. (2012). The structural connectivity underpinning
language aptitude, working memory, and IQ in the
Perisylvian language network. Language Learning, 62(s2),
110-130.

Xu, M., Baldauf, D., Chang, C. Q., Desimone, R., & Tan, L.
H. (2017). Distinct distributed patterns of neural activity
are associated with two languages in the bilingual brain.
Science Advances, 3(7), e1603309.

Yang, J., & Li, P. (2012). Brain networks of explicit and
implicit learning. PloS One, 7(8), ¢42993.

Yang, J., Gates, K. M., Molenaar, P., & Li, P. (2015). Neural
changes underlying successful second language word learning:
An fMRI study. Journal of Neurolinguistics, 33, 29—49.

Zou, L., Ding, G., Abutalebi, J., Shu, H., & Peng, D. (2012).
Structural plasticity of the left caudate in bimodal
bilinguals. Cortex, 48(9), 1197-1206.

Zhang, Y., Kuhl, P. K., Imada, T., Iverson, P., Pruitt, J.,
Stevens, E. B., ... Nemoto, I. (2009). Neural signatures of
phonetic learning in adulthood: A magnetoencephalography
study. Neurolmage, 46(1), 226-240.

Second language learning and brain plasticity

CHENG Kai-Wen"*; DENG Yan-Hui’; YAN Hong-Mei'

(" Key Laboratory for Neurolnformation of Ministry of Education, School of Life Science and Technology, University of

Electronic Science and Technology of China, Chengdu 610054, China)

(* School of Foreign Languages, Southwest Jiaotong University, Chengdu 611756, China)

( Department of Foreign languages, Chengdu Technological University, Chengdu 611730, China)

Abstract: Brain plasticity refers to any functional change or structural reconfiguration of the brain triggered

by environmental stimulation, cognitive demands and behavior experience. About a decade of research with

bilingualism and language training shows that, whether we are the young or the old, long-term or short-term

L2 learning can influence our brain’s functional pattern as well as its corresponding anatomical changes.

Included are the increased volume of gray matter (GM) and density of white matter (WM) as well as the

reorganization of neural networks. Long-time and continuous L2 learning will promote functional executive

control and its neural underpinnings, which may protect neural reserve against aging. Based on brain

plasticity, cross-sectional and longitudinal studies involved are compared and the mechanism of how both

functional and structural changes occur in the brain as a function of L2 learning is discussed. Additionally,

some suggestions are presented for future exploration.
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