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1 3|5 RIEFERERFAE (R, 2005; LS %, 2006) .
BEA DT 32 B4 vh T REIE 15 50 2 31 2% 75 I R

5By (Peng, 20105 BRER, 20115 Zofd 4%,

2021) PLR S IEEE A & (Hallé et al., 2004;

7 X B UE 5 2808 5 AL O ERE, dRIi
RN IS AR XS (Shen, 1989; 7,

1996) . DUEPIR IS mfeE oy EHAR, HAREN
FRCHE AR N, TR — 5 “shu” DA PR AN [E]
PA ROP AN VI N I S 3 - S O ([ TE
TR A S (s, ) e EES
(Ung&if . MR ), S DG ) A A

EE2INE: IRMHSRSFEEHE (21YYC010)

SRAKEE, 2010a; EHifE 4%, 2011) o MILZT, F
FAAR B HARERT 75 R/ T AL PR SEAA X A R . B
M E (Electroencephalography, EEG) . i &l
( Magnetoencephalography, MEG ) . IhRERE IR A%
( Functional Magnetic Resonance Imaging, fMRI) B9 72

BIIWES: BRE, LRESKFIVESINARSFFHRARR, HRHO[: BSNIHERS,

VESIFA: HERE, BiHF. (2025). HEBERRMMREIRAITI
711), 1431-1437.
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N, WFFEE AR DA 2800 T2 38 52 > 5 ] Jg
PRV TE R L RAE, JFTESE ] b AR rh R g 22 0] 9
P (Wu et al., 2018; Gandour et al., 2003; Bidelman &
Lee, 2015) o AU PR RRAN A R | 2 > 35 7 %
HEMES VG2 M= &, RER
AT, FRHB X DUEZA AN o

2 NEFIFMHFAEHEANRAD
R BHMEBRIE

2] BHEEEACHERANIHARE

JEWEEA ( Categorical Perception ) 8- TMARERL S A
PSR TE R 5 R A R o TR O 2 (an
L), RINEFRNZERTS X, 06— N
HY 2R GO B2 S U ME LA 2 B . B, DU REE S BRIE TR
A ATBAFE . PR BRI PSR, ARG
FER— RN R 4a 5 5 /25 (Liberman et al., 1957;
Studdert—Kennedy & Shankweiler, 1970; Kuhl, 2004; LI
ZE, 2010a) o P, FBEER MRS R B)
TR BEE AL PRI T e S, bR %R
DB 2 F AR I 2 A5 R b s 0 PRI AL T S22 Y)
A (Shen & Froud, 2016) .

EAEMRA, BILNE ST A 5
7w CBEERERAEAGE MEM . ST AR T A A
o A3 A2 HETE6 ~ 9 H Z[H] (Mattock, 2006) ,
SO Ab B -t B 19 R0 0 4 2 R T B2 ( Mattock
2008) . BESRFRE, 296 X WDUEREILE AT RIZ
C 2RI 5B P G RAE (Chen,
2016; Ma et al., 2021; Feng & Peng, 2022) . [AJAF, 10
A FEA 0 )L BEAEA 28 2 T RETE 75 I YO ] 5 90 4 A )
ez Il A W EE R G PERC 5 ( Mismatch Negativity,
MMN) , B/RHEIERRWIN . A3 hryrE R AR AR
(Zhang et al., 2012) , BXERIRY], FHIREEERIIRE
T A A RO BB AT R R, IR L
WHEHHET .

2.2 BRANEZFIENFEEEERA

HUUHEEEALL, A A L850 B ATE
A P R A T T T I SR Bk . B R
FA WISy, BADUE 2 ) 8 3 B Rk A2 BT
FEBEE ). —BE WA RMEINS, ZERR
HiRE2:>) (Wang, 1999; Wang & Kuhl, 2003; Wong
& Perrachione, 2007; ¥HZE, 2010a, 2010b; Zhao &
Kuhl, 2015; Shen, 2016; Yuetal., 2019) .

W, KRESRIIEIE I IR 2R A B 1Tt
23 B TEBERIKFE (Wang, 1999; Wang & Kuhl,
2003; Wong & Perrachione, 2007; Zhao & Kuhl, 2015) .
fBn, 3¢ E2 > E AR A A PR s DI RS
HAE R EFR T #712921% (Wang et al., 1999) ,

https://doi.org/10.35534/pc.0711233

T HL3X — VNI A Z BT 746 1A% G ( Wang
& Kuhl, 2003) o MEhh, 220 F 0 & AR SRS
WA MBAEREER ., AT REKMNIEE L EE N T &
AT R URR, R A R R 22 SR AEE ) (Zhao
& Kuhl, 2015) , JFHUA S8R DUFK A 9 5w 48 6
( Wong & Perrachione, 2007) . Aid, FRAKBIRA
P& R, TR LR B IRI A
PEVEBEIE AL ( Chan & Leung, 2020) , PIFIFAEA HE
X RHR

Hik, PR FIRERE U AR N 2] 3 e nr T 4%
I RFEF I AR R (SARZE, 2010a, 2010b;
Shen, 2016; Yu et al., 2019) . K% (2010a) AIHF
FERW, AR ELEEZ R JE, HIEmE LA
BT ART; P o) BRI BT 1) 2 A
X, (ET S I P B 04 AN B 25 AT A A AUk, DB
KA TRE ) R e B . X — K R e i [ %
SJE P AR T ENIE (ERE SF, 2011)

BB SORM MRS RN EBEREZ —, Yu
N (2019) B, BAFMESER (BMiE. &
W) 2 B AL R LA PITE 55 b SR TR Y
TEBIE, MLZT, THEIEFE R E (e
Jeil . EHRENNE) RAEFS, R, HAFRIHART
B HREET SR HEE . flin, skAEE (2010b)
W THE GERIET) . BA (FRETIET) ME
H (FRET) %95, R =AW E il
2] JE BIREIE S IR 1 75 IR B AR 2, T
WAL PRI T L 22 5, RS REHEZ R IFA—E1E
B IR PR E R, ZR L BARADUE
2 2] Rt oL U SRR A 3] B A T8 RS R
EBEES 5 . ARG LB 2] Ty 2O W i
ISR AEA BT R EE R, MK it —2F
I o

23 EHEEBAERNGERE

R 2T RS S | s K
DRELS S TEAT R SR TR S5 00 75 TRV R 5
B, (HHAEMZZTIE AL A S0 & RLR AR AT SR R M
(Zhang & Wang, 2007; Shen & Froud, 2018; Yu et al.,
2019) o SRAKE (2013) (EHIXCH M ERX 5657 )
FI RN T AR A=, R o g 7 Bk
HY 2] BATIAR BRI EEEE A A AL B kb4
(2013) 48, 1702 HEIERELIEASSE R F e s £ 10
I CHA AL R B 4% F e iR
SIANCERAER E H R I AEf T gtz (HERSE
PIRAE ) , A BEELIE AT 7 I AR I A R 2 SGH
5. Shen & Froud (2016 ) MR E—FHER T X —17
H— 2B G AR, DU e S
PRITHEAE 55 b m] AR B S BB 04T Y W R A
R, (ALENG AN L AIB AN 5Bk X Yk a] i
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P2 A SR O MMN FIP300AH [h, 2% 2] 3 X B4 N
5 3 I ) )38 ) MOMIN R P3O0 1 TG B8 35 25 e, T 2%
MFAERTEEBL (MMN, £9100-250 ms ) S7EE B
(P300, 2300 msPAJF ) YIARIE bt 2 nus LR E
(Shen & Froud, 2018) .

X — W A R S L P AR B — 2B SRy 2
BRI, BRI TR B S B TR TR
SEAFNE ) E SRR, AR TE 2 B TE T A B
(Yuetal., 2019; Xietal, 2021) , {HEFERE, Xi
BN (2021) B3, BR/KFDUESSHE T P3b (P300
B4y ) FEVEmEE R 22 L B R TIukE N R 2, 1R
FEERIN TR B, AITF 4R 30— R A fL i 22
TN PR P R AR T B 5 2 > & I DUE
BERAIAE

gi b, AN DUES 2B AT LT DR 8 B
TEH R TERERSN, (HAE 2 2 N IE H 3hik
BIE AL RAEA G HEAR, JUHORTE AT = Beny R iE
FhnTH, B R KOF2E 2 e LA B HE S AN T
K, HL, ERREVOGEH AR, G
WAL EE R T — A5 BRR 2 20 3 WV A 5 g ST s 1Y)
S NLRAE, FEII Iz R 0 SRR R

3 NEFEIEE R EMEREX
WN&FH &

31 RBEFIEFARKNVEM

TEDUBHESL B, RN TIRZIe2E 3] H R Bk
WPEIRE I 2 — BEA KEAT AR, Bk
BRI 2, HAe 2R A AR 55 T3 iH
I B RIXE (Pelal et al., 2018, 2019, 2020, 2021) . 1
an, Peld5E A (2018 ) KIL, “FHEAATH2:TZL
T 7K 3 B AHE IR ST 5 A 5 PR AT 45 Hh g g 43T
FEEZ KT SR, 7EE HASMEWIES, WNE
B0 G e R R )RS 5w B2 1 = 52101 R X 19
FHHEH , XEW, WELERIDIES, )&%
FEARATIR R BT IZ K BAK -, XU RS 28 S
W,

M2, FIHWRMEEIMRE L . Pelzl A
(2020, 2021) FEWRNCHONFIEIACEAES AR, &
IKFDLIE 2 3] F AT T P PR D IR, e S Ry H A =
A BRI N40O (515 ST E ARG ) BiE ¥ 2k PUfd
% (Phonological Mismatch Negativity, PMN ) , $dHAfBA]
ANHEA ORI FH S PR LR 2R fh & T 08 2 A T, 1t
Ab, FEEEZNA PR, E B RIRERBE A A
i 7= A AR NAOORL S ( Pelzl et al., 2018) , #F—33%
BRI T AIE R A sk 355 2R AL .

ICSERMETT N “HARAE” A A AT R B .
PelzlZE N (2019) 48, P iRBAI BT P4~ S i

www.sciscanpub.com/journals/pc

M H—, JERENE R 22 O I S A B
FUMTEEILAD; H T, thRE NN — A, BT
ARG RS BRI ORI S, HHAE TR
FHEIIEAERNC R R HE B shiih . Bk & AR
AT —E W B, (R P aZ A i A R
FAE, AATIIEEAERIC N TR AR A shA R R it
AR (IRMZE, 2013) . Z 2, AT TN
TAS B AR IR, 1 R fE B E AR T IR 2
45K,

3.2 HBIIGANFELREHBAIE

TEDUEF R, ESRED 5 IRESr k& &=
S, EHAER R ) H X ARG (FREER)
R BT In T O AR AR (5kAZE, 2010¢) .
AR, MOk 2 Y iR 28R T N R gL )
AT HUOT R0, Hoh DU AT R
FEA T R R W RE A% 0 e itk 5T 3 A 1R Uk
HIfeS (VI 45, 2013; Thed %, 2014; Lu et al.,
2015; FEFF 4, 2017; HbkE 4, 2019) .

RS, GRS RAEATEA L B
PEVNGral SR AL, LARTE2E ) E S Il 22 7 A0 AL
BE . PMEAE (2013 ) X H AR ) B 04738 R S AR
SRS, LZIH RN 3 RE A SR T H PR/
b B AR SO SR T HE R . RS, TR
% (2014) HE—H IS PR H AR F I ER5L
J, GERERW . WG S A B B L R T
Mg E b T e HA—E asstbm 1., HiEgk
WrHHETHA R, BRI 322 5 & A L wE (LR
R, Lo (2015) HAET “aflmssilg:” (7l
BB 5 CHRE—rm s AN (BRTR R R
BB, ZBBSSVN SRt ] o PR T BT 27 o) 3 B 7
WRIERG S SFHARIH (2017) MBFFTIREA, %
A ARFIEHES SR S HE AN g )G, v S
PRI B EE . X — SR, R
HIBENREA VAN LT H AR, (5% E e
RN EIDSEIREITE ST ZioN

TETRHETTH, W5 F R A TR T 7
A LA SEAE s B, S8 i TR sh i B2 2 B s
VARSI RAE . MBI A AP Ap LA )5 2. H—
) B BE R TR AT IR, R
HENSEF RN ST R T . SRS
(2013) K¥L, #shWET ARG D 25T I
HLRF ) H PRI EARE ST BHSE (2019) dF—
HEY, T¥IERGHEAFEHES B, FhFH
P A LT PRS2 REAE A RN S5 7= 7= A R .
T Bl A — T i — I E 2SR A, IR
AT 2 F I EER RS Es, X —hg
TEERRE B B LAY 2 > B

AL, AR T A e R S DU 2 B

https://doi.org/10.35534/pc.0711233



R EBER RGNS 1B F AN

IEH B

- 1434 -

202511 R
FE7HEENH

PRGRE 3R T AR, JUHAE TR A T gy
Benyse2) . AR, X TEATRIN—E L RE S Y
FgeE A, HAISBCRAAE IR, ARIIH IR e
AR I DAY ORS00 TR 57 AR B s P e 1
Jrike

4 BRANEFIENMETE MY

ARZEALT 4 £ 8 28 B DL 2 > 38 75 I > Ak
R AT IAPE 6T R AR R B IR AL ) B T
EHREL, —JrH, EF ARG (Critical Period
Hypothesis ) Ay, RIG#IZ 0] ¥R S A1 E W80
55, MRREISE —i8 5242 >JH8J) (Johnson & Newport,
1989; Long, 1990) . 73—, 3k HMER AU
WFFERM, R B 2 T A A= i R 3] N AT PR A A PR
RIATIAPE, AR RIS AEIE B A ME I B ERT
FEA A ER ( Van Turennout et al., 2000) . iF4F
e, DU 7R IR ST HH G 8B W X — i 28 T YA PR A
FIAGTHELR , S A N 2 T 25 1 7 R > AR AL 42 it
TBRYIES

WangFE A (2003 ) f5 5 O e R PR U510 59X
WA (WEHEHES ) 2 — 2 DOE IR K
ShA S IhREARAL, 45 R SR A YIRS 1
TAHSCHIIG X (AN se X ) Sm IR R m, I
B O KIS AR PRI TAE 55 . Wong®F A (2007)
R — 20 B, AR ny2e 2] 3 E 2R
ZEfE Bl ( Superior Temporal Gyrus, STG) , JLHZE
S B URTES s ST v et o S i 3 I N
X E T PE AR R AR T REAE I 3 SRR SRR 2
g, BB R R BT 7 I 2 ) B SR AT RE T
PR, X — WS B A5 B T 2T SR SR
( Yang et al., 2015; Lee et al., 2017; Yang & Li, 2019;
Qietal., 2019) ,

TENGREEIRESE R, Lee N (2017 ) XHUEHI =& i
FTREIESNE N, I B GRAT 5 X5 R 2k
MG, SRR, VIR B A2 ERER I
FIRTAEERAYMMNm ( MMN (IREZRE ) , e HAE A
MlEFRE [ ( Heschl’s gyrus, HG ) FIZEM M, XFBHE/ L
P LA MMNm SN 2 K TR/ L, 3L ]
WILRIG 2% 2] H BRI 0 22 5 75 A DG 5 2R R,
A2 WL R AR A 75 81 Jin o 7 v 32 ¥ 2 0 10 28 (RL DL
WA AR AR, (R T DhRB S,

TEVIREREILIR NGBS, YangSE A (2015) X3k
EBRE B AT IS AR A RO, 455K %R
ZHAEXEE A A ( Middle Temporal Gyrus, MTG ) Jrnl &
A0 [ RS S G i, [ A 2R R 20 X S B
U/ o 33K A DA ST Jin T8 ) 2 R R B S F 0
T2, (A5 Wong% A (2007 ) £ A= MIH I
[ 5R & SRS A AP S, SR RIS AES5 7]

https://doi.org/10.35534/pc.0711233

RV KON BN T4, BifS, Yang & Li (2019) XAl
I S AT S TN NG, R 2 I3 5 A
KRl Zedeks . AT/ ( Superior Parietal Lobule,
SPL ) FOUUM T [l 5 Z2 AR i X G AHOG . Qi (2019)
WARE, Git—ABEREINGGE, %2 F LN T W
(Inferior Frontal Gyrus, IFG ) FNZEMT_/INT-4518 5 A
oG X ER T o, T A DT DX (ARS8 10T ) s
s, FE LU TR R rh 2y T A

g LR, XU R, R ATEE R
OGRS ERYTE F O], (BRI RO
WERTEBE, WA RGN GEIR ], ¥
T LU R S R A DGR X T BTG 3, R ARTEE N
T AR, B HE N RS N DOE R RGN SR AR IR
Fo X —RIAGRM T FATH 8 S 15 v 2L 19 21
fif, DU T R SRR Y P R 207 4
PET BB I SRR,

5 BE&S5RE

DU 2 ) 5 RE A% 38 o e 30175 IR 25 5 R iR e
BT IREIRE Sy, AEAT MR IR ISR
TEH B SRR SR, ST R L,
P28 S TR P R L RAETE U, JUEAE AT R B
B A SRS I T AR B BB F K. Herdikk
B, X o) B R S RS oM P R A T IR Y
PRIXE, RV SE YR T 35 55 05 1 RS AT S8 B T P A
TRARET . ML ER , A > H I KAy
B—E I8, XN TEDUE A P IT R B PR
PN IESRAE TRl .

A AR AP 2 B2 BORAE DU iR I s
BN B WS %, EASCHIFRANAA IR, I EZ LT
AR EHER S HE R AR T 255 . WAPISE—E
FEBE LAE 7R T S0 P R VAT ORI 28R AE (7 T O
HE, AEER, Thak, SRR, Ak
B, ABCE WA R, KT EMET N EER
B BRI E RN TR, 5 ARl 2L 2 15 ELOE
IBFIBHEZ KA EIRA R

ARRAFFEIT AL P I TT it — e . B, D
LR ML IE | B P 5 D RERE AR AR A AR N R
PR, X282 BRI LAl B P (I 25 i 289 S kA7
RGNS ENL, LA I8 & (G R A B i 22
Fefifi o FUR, MET MRG0 R & A AT 8E R A
HBER BT B R EA Ik CARE N2k . T3
. SRS ) fEllgRaTaimaz e, AT
AL A R T WA B S A e Ll . f=)m, 47
NG SRR S A, A RS DU
THE N R SRR . HLHIEKSHEL )y 0 R, i
T R AR BUE R A A BN AR 5 SR

www.sciscanpub.com/journals/pc
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The Application of Electrophysiological and Neuroimaging
Techniques in Chinese as a Second Language (CSL) Tone
Acquisition: Implications for Chinese Language Education

Lu Lingxi

Jin Yangpin

Cognitive Science and Allied Health School, Beijing Language and Culture University, Beijing

Abstract: Tone acquisition is one of the major challenges in Chinese as a second language (CSL) learning and has long

been a central topic in Chinese language education. In recent years, advances in electrophysiological and neuroimaging

techniques have substantially facilitated research on the neural mechanisms underlying CSL tone acquisition. Evidence

from behavioral and neural studies indicates that CSL learners can develop a categorical perception pattern similar

to that of native speakers through short-term tone training or classroom instruction, although a stable phonemic

representation at the neural level remains difficult to establish. In addition, learners often show limited ability to use

tonal cues during lexical recognition, whereas perceptual training and gesture-based instruction have been shown

to enhance tone perception. More importantly, neuroimaging findings reveal that adult CSL learners retain a certain

degree of structural and functional neuroplasticity during the learning process. This review systematically summarizes

empirical findings from behavioral measures, electroencephalography (EEG), magnetoencephalography (MEG), and

functional magnetic resonance imaging (fMRI) on CSL tone acquisition, discusses unresolved issues in current research,

and outlines directions for future studies.
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