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EREE AT A RE JIAFAE € IAHORME. e e & Rl
SRS B0 R 8 T D0 AT 55 EAT IR v i B I 250
REREAT 1B FEE s o N e 2 T g
()37 T PR SRR AN 8 0 5 N R 2808 P 0 I )£ 6L
(R Gfi 25 VIR G, S5 R v S 6 ER T i A 20k
A 75 5 1) I T8) 41 715 45 #4) (temporal fine structure,
TES) ARG i 5305 25 1) B, 4% AR AL [ e s o,
AR RS 25 I [) 48 745 45 #) (1% XU H- I8 [H] 2% (interaural
time difference, ITD){5 & 3 nJ DA kb it A 47 %
LETR A = S N T VN ST B U | = = I S P ) s 2
FREB—AN GG RE 78 53 ST S A R R RS 5
W 32 i -1 V. (auditory brainstem response, ABR)G
ST AN BEA BRI i 68 75 25 D et R 1 i
(electroencephalography, EEG){& % . HiEHE Y
KB B R H, B = T Wil 2 R Se e is Ak
R AP 5 AL R e R P (A LR
WA AR, X ST A I o e o S R DR e Sk B
Prad s Bk, BIWT %% T i B, (auditory brainstem
response, ABR). — Ml - JGE % 101 ABR A
I3 N Ak A e Y RS AR —— A R B ) [
(frequency following response, FFR)!I.

BAH A 2R T 10 I 55 R S R ) A o AR AR
FERP I — P B 4. FFR RE W v i Hh 2 18
WS REA A IS S0 T8, B T 3 A 22 1R B AH g
S04, Krishnan™HF 5% FFR ££ /u/« /i/ F /a/ 3 /NG
T AR I S B TR, A EIA & T IR B AT
W 5 B9 n] LUK B 72 FFR L. FFR X P Y5k
) B B fE AR TR0 BEE N FESZ B . B
b2 Ak, FFR GEARGF LR B FH T8 2 U0 A A
FEERHE, AT AT A KRG TR, A A
T HCAN R IR BT 5N [A) N (T 3 A 2 RG22
KT FFR MEE R A A 4418, AR FFR GefAIL
W S I, AR A 85 AU IR I R
fE, AESZWrE “what” (W75 % A S REIESE)
M “where” (1A YA E) TA A 6 AR T RERS U5 T
i
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AT

)AL 2% A0 ¢ A # B B W9 MY (envelope-related
frequency-following response, FFR ) F1H [H] 41 15 45
F4) AH 2 A5 B Biti 1) [V, (temporal-fine-structure-related
frequency-following response, FFRqyy). SCHk[18]F!
[19]32tH T 7041 FFRpw K I 83 AH{E (phase locking
value, PLV)F1 FFRpy M 52 15 {7 B LU (signal-to-noise
ratio, SNR). ASCAE IR 1 32 E2R) F A Mo
AR L P i R i I o PR AR S SR e R T S AL
PP, $EH T VYRR FER 34T J7%: FFRew
(RIS AR IS AR ZEAR R ] ARA ZE 3 (B R
HLLAC FFRyps IR BE 5 A5 e L. 200 T PR T
(1) FFRpny A1 FFR s IHRF 53 2 SL 54T 0y 27 25 B A
KW FFRIe T & AR IR a5 ma PR Wit 4 48 0
BUHI, R H T W 3 B PR v S AT R 2 A
K, OARIIEHE T FFR AT RERYE 414 X .

1 TSR S5 IAFISE

A SC IR T 5 S R 5 DA S 56 133 71 5[5 Boston
University 1] Auditory Neuroscience Laboratory 5¢ Ji{.
1.1 W BEITAF RN

AT AR 2R B 4S8 4452k & AR I k)
AR (Musician, A 1 4 )R 8 AR Lt
51 52 i # (Non-musician, v 2 4454 Zobk).
ZREEWR IO E R 21~38 %, LT, BREZ
S, Wr JJIEH (250 Hz~ 8 kHz £ AR 1< 3 Wr 77 15
{E/NT 10 dB). ZIKE Y BB BATAREES, HA
RABAEMEWE . 2 &R 2R B s
2 9 % (5.7 « L)W FFIRESZ & R I 2R, L
ZEIRAE 4 AE DL B (12.1 = 5.5), BAZE R 2 A 45 4N
BELOPRE A, RERRIRESE. KRR
IR 2R AR 14 £ 17 (21.0 £ 9.9)% T
B AR E IR ISR, AR AT IR A B S5 2
SRA AT 1 42049 + 0.29). Horp—f7 K32 it
SRR S2 AR A 56 B 1 T i 1o . FFR SIE 563
h T NE AT, PR NEEXS LR, iR 7 4
Musician F1 7 44 Non-musician [¥]SZ 565085 . 4356
Z A %% T [ & H Boston University Charles
River Campus Institutional Review Board A A] ] SZ 5
PRI, FE3CAT T AHR S5 9 .

SEZIG (S R 4 A R S SR, 2,
3,4), FYELEE TIDIGITS Corpus $dE 8. A4S
PR G AN 48 SR 43 0 10 ms 1) cos2 T BRI EL, ARG
F Pratt 75 7 At FH A 5 0 SCH - 1R A0 o A
100 Hz. BEAREENY T s, 1 & 245 5 AU e
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X, JEAE AT A E S B A SER IR
W AT [ I 0 2 AN, 2 AN IS sont
PR T e B AIG 3 AN & (W, & AR 0 84.1 Hz.
118.9 Hz). F KEMAR 45 71 A= i 1) 3k AH O A% 328
pKi £l (head-related transfer function, HRTF)¥ 2 M4k
ERPFRHOICE T /K 300 F-300 I, B Sk KT
1 m. RGBSR 24.4 kHz, 75K
*F~ SPL 60 dB.

AT 0y 2 S AL HE 25 W) A B3 & 4T 45 (location-
attention task) Fll ¥ /5y v & JJ 1T %% (pitch-attention
task), SEHIEFEUNE 1 s, 32k T SR PR L
FE, A2 A [ ISR T B TPk B E AR
—UCRK AR PSR AR A2
TR A . ML BRI IE] L B A
$eoR, FRANSAR A A A A7 Bl mk R H bR S
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Auditory stimuli

%2 — §3 = Af=6sit.

NN Spoken digits:
Attend to 37130/
nete S 12,3004

cued featurcee
Y Y Monotonized:

. FO=100HZz+Af/2
Duration:

300 ms Spatial cues: HRTF

AN -30° /MBS AL P
B SRR R BRI BV E B S S, Mk
RN B . SR B, A LA
B 10 ms, B 22 M Bl — AN EDE R R $R8%
AR ). A BN R LS
FRZIRE bR “17 “27 “37 “47 [faAn
BH, TR E 4 AN PRI IR 11 4 AR ]
B 200 ms, B UREE AU HE R FESE 300 ms, YR
[ 4 200 ms, AL FELHE £ Y IYTTE] 1500 ms,
FEDEFR KA 200 ms+1500 ms = 1700 ms. £
£ 1500 ms N BCATFZBEINA, “ PUEER " . B4
AR ST A ey, AR AIF4E 4 min,
25 [ BN AR BEALH BL, (B B L
MR B A, LIRS Visual C++4i5, 7k
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Fig. 1 Schematic description of the behavioral experiment
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HWWr g BE MK T 15 dB,  H& A ke sl 4h
JAWESE 45103908 5, AT Sl Em W ) . Sl E %
2% 7 [F) 7= 1 Boston University Charles River Campus

Institutional Review Board A\ 7] (A SEEFE P10, JF
SO TR N SE G 2 L SE B T 16 RS
MATLAB (Natick, MA) &£k It A7 i, 765550
H1LL 25 kHz [RRAE K 1]
ZAREBAEAT R 2SR 1 8 42l AR ISk
PSR F RN 7 AR RIS (T — 4
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(100, 200, -+, 800 Hz)41/%, L4k 100 Hz.
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SRS R R P AP EREE . BRI, A
T AR TR S (20 3000 Hz {IH), {7 14
Lk SNR 257410 dB. HAH KA 170 ms, £
5 10 ms cos2 T B I FH RIS (], 75 Y5 0 DR FF
80 dB 75 i 7K °F (sound pressure level, SPL), [f]
IS i) XU AR 8. R 7 U S - 2 R B A (770 =
100) ms, FLANRLS 2 7] RIS TR B30 H 12 T £k
UE SRR G 52 BN AL, P i A i
B 7 A, B2 e AR, 15—
IR 2 R
122 SEE WS 5 IR

Wi B4 LS (a)— & PC AL AESHISELS,
ELFE R P AL AEAE B R (b)RER A& S
+ ¥ il iif £} (System 3 Real-time Signal Processing
Systems, U $fi D/A # ¥ 5 it K. Tucker Davis
Technologies. Gainesville. FL), H LK 75 3% 1% 4
2 H%; (o) A H X H % (ER-1. Etymotic. Elk
Grove Village. IL).

it 3 FFR 1) & # & BioSemi Active Two
System (BioSemi, Amsterdam, Netherlands), ¥ #¥
N 16.384 kHz. 1k 3 Ag-AgCl Sk B¢ i # 4% i
International 10-20 System of Electrode Placement 5
HEFCE . FFR IS Cz LR Tk, %15
SR AT EEE R . HbAh, AN ETSME FAR
a0 7 B HR 815 %5 (electrooculogram, EOG). sk
Hh AT FA ) O L S 2N T 20 m.
123 SRR

3 B AR BCE B G, R E N =
(single-walled Eckel C-14 booth, Cambridge, MA),
RRZa s SR E S, AR R T, 32l
HARER 1 LR A E RN AR, HAE
EOEURRIE. SR 1 IR SR SN 1 AL SRS,
SR E £ AV R AR IS (] 2924 2 he G50 1 (AR
AL 22 RS P PR I5E T 20 ol TSR TIR 4 000 1K
Hlla o 8 AR, BB 1000 MG, M
FIREETTAR, i R RN AT B kAT R
W, ISR ARG 2 T AT AT, I AR
2000 ANH AL IR FhBR I x 2 MPERGE). SEEG 2
M3 B SR E AL — RN TERE 4 2R, A
SR PR S0 ME 2 R R AR I TR £90 1h, 4h. 4
ZH SEZE 3 S0 N 4 AN ASTR] R RS s R, R AL 52
T 4 A SEH P AR [R) . A 7 SR LE 22 i A
B R H A 2000 X, 1F SRE AR e 2 1) AT R
HHAT.

2 SKEEESNAE

A SCAE A SCHR I8 AT [19] Fh # T i &
FFR K 545 AH 4B T FFR o M8 5 1% SNR 1 5725,
WAEBLEERE 3 5 4 B M FER 155 10772,
Bl FER oy J60 S BVORH AR S 1% BN AR 07 22 B P PRl AR
F= I8 O R DL FFR s T 5 3% SNR.

2.1 FFRyy f2ATHiEE

AT 43 HT FRR 275 B IS A8 10,  BeAT 1R
i 48 FL IHf 4% % (short-term Fourier transform, STFT)
TR RS, eI ek g, Bk
Bk

a. EFXGAIZARE s, BERIIAEE o (L
Y, BERMERECERYE / SORE), RS, BEIR
BENLIHEL n = 400 A5G 25 RAE W FEAS, T8 b
AR,

b, WEEE 0 ASFEAIE I R g(0) 1) J5 IS A
LU S R AV S IONI (A ) B EL VAT S R S (A0}

Si,, (@t NH= J o(Pw(r—t)edr )

b, .. f)=<S, &) )
Hordr, FRORBIE ¢ Flr RoRIT A w) N
RO 7 R 2L, A SCHX Hamming %, 1K 25 ms,
FHAR T 2 18] 50% S, SR> PN 4 Hz.
FFRew I PLV, 4 P,y, .t /).
s i, ¢, /) .. )
PIisW',x,i(t’ ﬂ:ﬁ z e] + z ej (3)

i, nePOS ERRHE n NMERETH i U
FE ) IEARMEREASE POS, s m e NEG, KR HE m A
FEAJE T35 ¢ IRBIFE P I AR PEFEA SR NEG., .

d. B 2R EER D a~c 4L 100 Ik, Ak
FFRqs ] PLV 4345 .

e. WHEMNZRAE s, B x F FFRuy

BRI, B 0Py, ().

AS 1 s
PE:W’, x (t, f)zm th Pﬁ:w, x, i(t’ f) (4)

STFT J5 i (vt 546 IF PLV BE 5K i M J ok
FFR AR B IS AR (1748 4k TH SRR K, 8
W30 min (1) FE AL HE T EE U4 48 h. B PLV
REAE AR DL 56 2 10) () W I AR, AR AL . W R4 5 A
B, ] AR 56 2 [ fR W B AR A2 AR 4k /s, ) PLV
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MR 1, R W 0.
2.2 BREHRALEREE R ESERE
a. FEXEALZRE s, BEMIAEE v (K R
), ARRRPECGEMYE / SoietE), IR, BRK
BEALI =400 BRI G RAENFEAR, TR EALE.
b. 5 n MEARRIIE / GARTERIN. g, pos(t)/g, vec(t)

(R BLH A 50N S, s (0 IS, v (5 s
KRR BE N 6, s . (6 N6, i (1, 1)-

S, 05 .t f) = | g (Pulz-)e ™ dr

(5)

S ) = | o (PHulr-edr

91, PoOS, x(t’ S ) :AS; PoOS, x(t’ f)

91, NEG, x (t, f) = AS; NEG, x (t, f)

c. WHZE s, 5B KAkE, B HEOLH
ARSI, 04 6, (. ).

400

0. =405 20 s )6, e (1) (D)
d. EELTa~c 3L 100 7, SR

(6)

100

0. =155 20.../) ®)

e. NGEEMRR ML 0 (1, f)FLESAFEMAE S bR
Bh b, Ll I TR F RE A AR AR, RITOA R A
P ZERRPER. AT DL S B 2 AT TR T 5 i
AH FE 7 B IS [) AR (4 DL

. HAHAT ZE A B B AL S i, A T ARIY o,
Ay RTINS AR TR TR Mg o = REAC RS
IRy, FAR T AR —4, RO 2 AL 22
BEREOM, ), (0<O()<1). HXO®Mm £ n
ANPEASSR IR 205 ¢ M REIN O G, £ 2 %K
. A EAEAEE 100 K, X0, KB, 53

ARSI RO ).
O, f ):T%m Jl/ O O ) g o)
0. /=455 2 0. /) (10)
O(/)=1g5 2,60, /) an

2.3 FFRys lBEILEMELE
FFR s I 1% SNR [0 Felun .

a. MBS s, BEFIIAEE v(LHH /),
FEMARIEQE / SapbE), SRR BEALHIEL n=400 />
RIGTENFEAR, AL,

b. TFEAEN IEARAE R L 9 I 45 FFR ff) DFT,
WH D, () BEASGORAE RS IR 50 FER ()29 AL

I 1) LR, G D), (f).
c. ZWRHE s, i RMFE, HIEx, MH n=
400 /> FFRys (KPP I0 HOR R, 08 M, ()
M. ()=2001g| 555 ( 2 0,0~ 2 D,.(D|(12)
d. B2 EEHE LR a~c 4L 100 K, AEK

FFRqys JL 400 2300 2385 170 A1
e. VB ZIKHE s, FEFFIALE « (K] FFRpys

JEARRS B BEREM s (1)
100

T =155 2 M ) (13)
R R, B SR I
FERE R 770 8 a~e R 1000 K. A b ¢
BHAIBLIIN0, 2] W BEBLAM G ORI IS, o5
GOREPE IR MY, 5 FFRaps K710 0 5

it

s, raw,k 100
L 1 ° . 1 ' %
N (D=5~ 220 lg{m‘ﬁg@,\&,x(ﬂ\e
(14)

- > s ]| a <k <1000)
me NEG,

g FFRyps J5URAH SO0 3 WA T A M 75 0
A, B SRR . AR F 1Y FFR

RS SNR, 1AM ()
1000 s, raw,k

. s . s, raw 1 . 3
M’I‘I"S,x(f):M’I'I'S, x@_m ;N'HS,X (f) (15)

3 LIGLER

31 WRREFHESITAFERRSE

25 R0 3 RS R 52 15 R IR I
SARE RHGE R TAT N FAESS, KA R = TRl
AT (25%),  HAT A2 G S BAT W {E AN 7 7
Mo SERERAR. K 2 BoR TR IR e
TR o7 FEEE AR 0 SR AT 35 vt ) S (R PR T A
LB AE AR s P s 2 B[]
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Fig. 2 Behavioral data showing effect of cue type (pitch vs. location) on accuracy (a) and

reaction time (b) of performance in musicians and non-musicians

Error bars show standard error. *P < 0.05; **P <0.01. [O: Non-musician; M : Musician.

22 [N #E ANOVA MECHFEA ¢ K50 48it, H
PLF4hie.

a. VAAHEZE0 (20t & SR ZRElioR 2 0 2 AR
GERTERZE, BN RA AL 83 22 7 (M1, 24)=
32.71; P<0.001 ] . Bk, & 5 IR0 DLk s e
AR TRE Aff .

b, DASZEGAT 45 (35 Iy B a5 )V 4 E R 3,
PN HET 2 A7 A0 2 35 22 R [F(1, 24) = 26.97; P <
0.001 1. ArLA, I8k 2% A7 B L Im i+ m oE 25 S U
TR 7 U

c. NEZE BRI BAT 55 2 1) A7 76 28 BN
[F(1,24) = 8.69; P<0.01 |. XEMFE, &RiIZas
Pem A o R R A I MERG %, R & v
IfIR], AF,  FFANRESRE LA (A7 4 R I 7 I
PURIHER .

d. FCHTREA ¢ WG geih 4 B, 2k
SRR SR S mr i e S M R 2 T
KL FH RN IS RE 1(6) = 4.462, P<0.01;
musicians: (82.5 =+ 2.5)%, SEM; non-musicians:
(56.7+£3.9)%, SEM 1. PHLIARER 2 07 B IR AT
S5 IHERf AR, B2l B /K1 0.05 [1(6) = 2.255,
P = 0.059; (89.1 =+ 2)%, SEM;
non-musicians: (80.9+2.2)%, SEM ].

e. NBEZEHI[ F(1, 24) = 7.53; P<0.05]F1525;
fE45[ F(1, 24) = 9.76; P <0.0114B4> 500 s M i ]

musicians:

HIiX AN 2 2 A A B RN F(1, 24) = 0.02;
P=0.889].

f. S E RIS RZ 0 S AR N 2RI 52 A %
A 5 85 TR B ROMAT 55 16 s 2 N ()38 A B Y 22
A ¢(6) = 1.869, P = 0.104; musicians: (0.832+
0.045) s, SEM; non-musicians: (0.927+ 0.026) s,
SEM ], 11521 & SR IR 1) 52 K 58 J s e AT
G510 RSN IS T R G S RN R 2k, il
BE K[ 1(6) = 2275, P = 0.049; musicians:
(0.941 + 0.046) s, SEM; non-musicians: (1.045 +
0.022) s, SEM 1. 1Z&h BHERR T s W F 5 HEAff %
AR, A U Eets SR (0 YRR 2 T AN 2 A
SN AR AR IRAG K. PTEL, AR I ZRfg
AR E R RE T, AR AN BE W] A e Ak
YA B R g
32 BERINZGIAASLIELE R

A SCER181 7 ik v B 7 44 520k 8 SR I 25
2R E N T ARG R INZRIN A 1) FFRaw
I PLV, W& 3 fros. &l 3a F b 30 Ko 22
IAEE RN PR IR T (R 455K . G vk P 2 N A SR A
FO 4t FFRpw ) PLV, LA JAE JiT A it 9% H2 ~H8
FFRuw 19 PLV ZH. PR BRI HES FOIF B AH e
D12 AN R m N ARE, 2t SRR 2R
BT AL L LRI, OB 2 B
ARSI E R INGRIA) S AT e .
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Fig. 3 Long-time PLV of FFRyy in quiet (a) and noise (b) in response to fundamental (F0)

and harmonic frequencies (H2~ HS8)

The inset bar graphs represent the FO and the summed representation of H2 ~HS8 in quiet and noise, respectively. Error bars show standard error.

*P<0.05.0: Non-musician; W : Musician.

PiK 2 ANOVA KK FEAS ¢ K06 45 1 45 IR
K

a. NBEZE o 3BT o & 0B Ae ) 22 7 W
FLFQ1, 24) =891, P<0.01], #WLLHF R
SRax e NIRIUT S 4l 22 (1) B AH e

b, DAIREEDN 38 (il A PR E 1, A
B2 A B 71 PLVF(1, 24)=0.05, P=0.821].

c. NBEZERIAIREE DR 32 2 (A ANAFAAEAE B3N,
[F(1, 24)=1.12, P=0.303].

d. BRG] AR s Ao R4 . TG
WRAEZFIL R I, 2l F AR 2RI 20K
FO0EA FO(100 Hz) B 4% 1) PLV 3 83 & TR %2
E RN SR B [ 1(6) =2.985, P<0.05;

musicians: 0.120 +0.017, SEM; non-musicians:
0.092+0.02, SEM. WMg7: 4(6) =2.574, P<0.05;
musicians: 0.113 +0.016, SEM; non-musicians:

0.094+0.015, SEM ].

e. BN UNZRT LACSCRE M 75 B b 6] 13 f 4%
FINEIRE . PRAL TS R B BE 71350 52 381 g
FEREI . MEIREE R, 20 E AR U R 32 A )
W% H2~ H8(200~ 800 Hz) 1) £i,25% fih1 28 JC AV AH 4 i
RE 1A o T A2 E AR RN 32l . ANHEE R
[F(1, 24)=3.13, P=0.042)RIAIEKZE[F(1, 24) =
35.649, P <0.001] #0 k =5 Hh 5 mi f 22 e AH e
Wi R WA BN [F(1, 24) = 0.004, P=0.949].
JSVEEEIAEE T, LR I A & o Bl AH
fie M2 [¢(6) = 1.303, P = 0.199; musicians:

0.396+0.039, SEM; non-musicians: 0.356+0.046,
SEM [, {HUELEMEFEZm T, 2 & R4 52k
FOE I AL A T B B ) B B TR 2l
SRR 2R 5 [1(6)=2.266, P =0.028; musicians:
0.236+0.031, SEM; non-musicians: 0.189+0.011,
SEM].

Kl 4 02 7 A2l RN ISR E R T AR %
I E SRR 52 R 4 40 PLV 1S &, 1 [H)
Sy HER A 20 ms, SFSNHER 8 Hz. IS ¥ 11
FEA 100 Hz A i3 H2~ H8(200 ~ 800 Hz)#) & it
A L L R, AR TR AR BT 1R
SN 1) 52 8 SR U RN PSR g EARSS R R,

a. LM A TE) Py 7 2 N 6D A 28 G A A i 3

b. ZERAEEN, Sk E AR IR 1 52 A
100 Hz (18 AH P 42 25 3 o s IR By, e S AN
I i) B e

c. MEFEIAEER, ik RIS 2R R
100 Hz [P AH 6 347588 Ll A 52 335 AR I 2k (1) 323K
FLE, I Y AR I LR 52k AR N R ) 52
RH R 20 B SRR 52 A 2 IR H B i 1) 3
AR 7 6 77 LA S G R6) i SR R SR A

d. WEFE 2T AL 200~ 800 Hz )%
BAHRE ). B AU PLV BT 59, LA PR

B S WoR TR NTELE / SR Ik i S 1) i s A
A7 22 (P RR R I S AR 223 fH R



654 -

S FEEEYYIEHE Prog. Biochem. Biophys.

2015; 42 (7)

Musicians Non-musicians

(b)

02
800
700 0.16
600
500 0.12
400 -
300 :
200 0.04
100

0

0 50 100 150 200 250

Quiet  (a)

800
700
600
500
400
300
200
100

Frequency/Hz

Noise © ()

02
800
700 0.16
600
500 0.12
400 -
300 :
200 0.04
100

0

0 50 100 150 200 250 0 50 100 150 200 250
t/ms t/ms

700
600
500
400
300
200
100

Frequency/Hz

Fig. 4 Grand average short-term PLV of FFRyy in response to the complex tone in quiet

[musicians (a) and non-musicians (b)] and in noise [musicians (¢) and non-musicians (d)]
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Fig. 5 Polar of FFR's instantaneous phase difference [musicians (a) and non-musicians (b)]

and vector of FFR’s grand averaged phase difference [musicians (¢) and non-musicians (d)]
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Fig. 6 Relationship between pitch-based selective
attention and neurophysiological measures
A higher phase locking of brainstem response to the TFS of harmonics in

quiet was found to correspond to a better behavioral.
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Fig. 7 Grand average long-term PLV of FFRgy in response to the complex tone in quiet (a) and in noise (b),

and the corresponding numbers of subject with significant phasing locking response
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Abstract This study explores whether musical training is able to enhance the perception of pitch- and location-
based selective auditory attention, then analyzes the corresponding neural mechanism of the auditory plasticity
through musical training. In the auditory perception experiment, listeners were instructed to select one of two
simultaneous digits based on either the target digit's pitch or location. In the auditory cognitive experiment, the
listeners' brainstem frequency-following responses (FFRs)were recorded in response to the complex tones with
various frequency resolutions in both quiet and in noisy acoustic environments. Further, four approaches of FFR
analysis were proposed, including short-term phasing locking value of envelope-related frequency-following
response (FFRgy), polar of FFR's instantaneous phase difference, vector of FFR's grand averaged phase difference,
and spectrum signal-to-noise ratio of temporal-fine-structure-related frequency-following response (FFRigs).
Results show that compared to non-musicians, listeners with musical training were both more accurate at reporting
the target digit and had a shorter reaction time, especially for attend-pitch trials. For both groups, noise had little
effect on the neural encoding of the fundamental frequency (#0) but significantly degraded the neural encoding of
harmonics. Compared to non-musicians, musicians showed enhanced phase locking of FO as well as more robust
phase locking to stimulus harmonics in the noise condition. Neural spectrum SNRs of FFRx to harmonics were
correlated with listeners' behavioral correction rate on the pitch-based auditory attention, for which robustness of
musicians' FFR out performed the non-musicians'. These findings suggest musician's better pitch perception in
auditory selective attention is relevant to their enhanced neural cognition. Musical training is assumed to be able to
enhance the FFRpy phase locking to the FO, the robustness and continuous phase locking of FFRys to the
harmonics, and spectrum SNR FFRy to the harmonics. In conclusion, musical training has a significant effect on
listeners' plasticity in auditory selective attention.

Key words auditory plasticity, frequency-following response, auditory selective attention, neural mechanism,
pitch, musical training
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