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N TN R G2 THI I 1 4% O Pk P T anAnDRE 25
B RN AE B2 R 5 58— RAE . HARTE M LA 22
Ae A7 BB, RIS P5 B e (“what”) Fl 15 23 (“when™)
PIRNZE L, RHIREZYE B G HURSL AL T2
AR A (Krumhansl, 2000), —M M5, & ki =i
o AR AL AR E 1R Z 24 (Krumhansl, 1990),
T 775 2% D008 5 411 J1 400 1k T i i i) 5030 AE 28
(Prince, Thompson, & Schmuckler, 2009), X Fji X &
JERAEMANE TAFRAE SR, HATHREA
Z&IFAT 0 i R] P 5 R A AE R YA RE
(Fitch, 2013; Prince, Thompson, & Schmuckler,
2009). CANFFERI, X 245 1 1 I 25 5 e R
LR, wln, 72 TAECACAE S5, G EPE
JEC U ) 55 1 3 R G G R A A R A T B R A 4
Befbi i, RS 5 T A7 fifi(Albouy et al., 2013;

Bharucha & Krumhansl, 1983; Dowling, 1991;
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FifF, FET XIS, &R TARCI AR 4R
W N —Y E m S R E X SR, AR
JOIZHE BE B 2 H T (Large & Jones, 1999), 5 LA,
MU AT 2 5K = M 230 T AR B ST« & = 4G
P LT RN A 455 A i, T 19 23 fin T 5 T s i) A
LAY TR HLH] (Povel & Essens, 1985), —FAK#iT
AN TR B4 fivg P9 #2238 % (Jerde et al., 2011; Schwartze
& Kotz, 2013),

Sl A T = S 1A% U TN —— B[] 25 44 X
FsF )0 T 8 4 Jy M R i ——FE R AT 55 S5 T AR
RS L HF . Flan, BRI AIEARPEAL & 2R 58 B
JERET, RS 2 S 58 I S5 R R RE I (HE
1 55 J2 Jmy 0 R0 5% HT W, 3 P S A RE T P00 O 2R
(Tillmann & Lebrun-Guillaud, 2006). X #&7 iif [a] £
JEE 1 S O FH AT BES2 AT 55 R 0 - S A hn T4 ke 4k i
A, MR ER i TS S b Ab B, & LI, Prince
F1 Schmuckler 25 A (2009) % B, 122 i st fa] 28
AR TR TC IR TS 50T M & m HIWr, eI
o RN, 2 PR M 4549 1T 6B 9% b sk () 44 B A
T, X 5ah&EEHE I PSSR 5
AR IAE— B SR, BUBL S AR 18 1 ) G 2t 3 P e 15
[FIASE ARAG TR S 45 o > BSR40 0 ) o] 1k A
PRI ZE0L B, 1932 H2 BRI Ss s, 3
VAP A W E Ak 7 T 2215 5% (Prince, Thompson, &
Schmuckler, 2009). X 5 B B8 77 7 2 5 (] 52 )
HAEH 7 0 558 A Z AT 55 T R INL R . 1eah, &
SRATEIN T REIE o, X8 & 51 22 450 1
PRIMARE ek 37, AR B AGOWA H B E W 30 R 5 B B
T U AE B R S v TR TR Mg P S (Sun et al,
2020; Zhang et al., 2019),

U X 8 2 IR AL T X A 22 2 in T ) B
{HAAEAE— S HIRER T . B8 ST 45 K2 B 4
TRV, WA TE R R 2 4E R B AR TARIC
TCAfE TP N TR YE; R, 2502900k 511528
BRI RN W R R H 5, S S RN ES
TR RN RCE B, SR RRE RS
AR B G 7 3k — [n) AT DL AE e Bk i B u Xrh
WRLAT A5 B AR B A S . A RO S BT
WIAT: 5 T O 4 32 1) 235 1) 738 Ak AN 1 5% i) s 48 B 1)
TR, k22, HhD TR ES, WEHE L,
4 ) )2 G N 8 A 55 5 T 3 v I 3808

B AR IR0 22 dE 25 k6 T8 98 1 VR i — 2
BT 2 ) B 52 A o RS — T A K T

8 TP 5 VA PR B B AT R A LA A SR A A n T
fit J1(Koelsch et al., 2000; Koelsch et al., 2007), %
P IR AT 2 1 s X AR DL & AR R AE TARIL
TCAT: 55 v 2 B VM 25 4 i T RE ) iU 42 T (Schulze
et al., 2011), Jf HLAEHTRS iz 7] 26 &2 %415 2% (Chen
etal., 2008), [FIHF, fifiTiAF 30 H XF 55 5 (Jentschke
& Koelsch, 2009; Koelsch et al., 2002) 177 Z5 4544
(Sun et al., 2018)A9 )7k I TAEF . SR, X R
SR YRR VPG I 5L T A 1 B — R B (e BT
Z3), LS AR A I A SR N 22 A S5 AR 118 S I 2
SE o (HARERE RIS, YEK F N T & A 2245
S, E AR AE R S LR M 2K (Sun et al.,
2020), X G —ASCHEMNE . F AR IR 1y n
AL A A I Ay 2 2 A S R Y i T RE Ty sk,
I 2 R B P K i A B R 5 8 0 B4R T2

BT, AR B ERNTE R TAE RIS & &
AT L A2 B, FFERITE AR ISRy 6 55 1
FH o FRATHE S SR AN AR & AR 28 58 UM > 0 57 1) 55
B, 5375 ST A 2R B PR SR
1 RT3 TAEICAZ A i s O iE, 2Rl AE
PR Z2 A A B 25T W s S el e 2 D)
AT 552K, B8 ae ARG i 220855, PR
LGRS ORYE vs. TCIEPE) AT
(R ZE vs. B T128), IR & myhn
TRAMSTBAZH , WS S S5 A2 1y
ZREEA RN, BT R A5 R AR AR S e T A A
AR B0 (BRI HE B A A ), 003 P 9 8 7 o T A
oG, T SEBLZS MG 4R . AR, AR E s
MRS Z2 45 k0 4 A 7 AR ST 9 00, T K 22 [)
AR EAEN], WIRBTEYHIES #E T, &
1 AT 22 2504 19 Jin T AH X2k 37, (Prince, 2011; Prince
& Pfordresher, 2012; Tillmann & Lebrun-Guillaud,
2006).

FETHTABETE, FA MR B 2H W0 45 4 A5
BOAME . B2 TARICAC L T AR S5 1k 251
(CEWAPE . 225 %), H5 AR o MO0 34 i B B R
(Schulze et al., 2011), MEAh, & EF|F RYIZEAT LA
e 0 2 G v AT 22 454 1) U E (Koelsch
etal., 2002; Sun et al., 2018), FKAITHWIEH KK T
HoRg R a0 (s B S BRE(A IR EF 5%, 2017), AlfE<
A H M0 T AT 2R A o SR, FRATT I P
TR A R X S AN, ST 55 558 1k
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S 1 S A RS FAT S5 B AR R R
FEEE RO & E A B AR, TAEICICH 2 2= R
il TR DA AR R . A R (Bl
%), TAEICIZRY R P2 (Cowan, 2000) . % J& F|Hi
UNGE S E e - KR wR i O] | B S iR
TAEICIZ(Hean Schulze et al., 2012), AWFFEIES
HMEE TSRS RTINS, FI, S5
[vi] B 45 4 T T A R e R (R M vs. TEA
PE) T REE(RIERTT 2 vs. A2 LU KT AIK
BECHE vs. B X—RIHBE TS Rl
frsemd & m AR RE, LA BORIR] ) SR 45 4 P 51K B
ey 5% e P 2H A Y R B

21 FHix
211 #k

f#i ] G*¥Power 3.1 (Faul et al., 2009)}15& T fir
T FEA G FRATIE T Z A% 583 SR IR A SR 4544
JN T AYWFSE(Chen et al., 2008) A9 B A7 1154
T HE B 2K 0.05 TR ARSI A RN (F = 0.739)
JFRE] 80% MG ), AR DTE 17 B
o NHIRRBRGTHALEE, JH5 AR 22 7 sk
BT K, A5 T 36 £ RS 36 244k
TARFAE AR AR, DA 45 S A R e A
A M. B ARE RIS IRl 13,92 4F
(SD = 2.97), BRF-¥%> 4.04 /NEF(SD = 0.91),
HFBIRMETEWE . DS R

EE IR FARAEZ 3 2B AR IR LA AP AT A TR D
SRR, IERXLEET, AR TARE S
J1K (Raven b5 fEHEBR I %2, SPM; Raven, 2000)
1 Goldsmiths ¥ 4k 3 77 15 ¥ i) 14 (Gold-MSI; Lin
et al., 2021; Miillensiefen et al., 2014), W 1 /R,
BARKGAEE RFZAEFR . Mol Tk, Z8HE
ER AR TR I LR E 2R, HEHERENE
IREFRENE S TIEE R K . il SLis 8 i
IVE R 22 AR A PR TR T e By S5 b . T A Bk
TELIRIAE TG R E . SLWa g, #lik
PR ARF N 4R
212 #l#K

SR AT RIVE R B A A AL AR, AR
SEFERFLE VAT . AR R BE R BE ) 2R, TR T
BIRIE T 20 Zedieft, b ALHE 10 KT8 P8 10
LIPSy, AT LAAEA 6 e 0 & s A
ZRESFIHEAT T 1R . B A Ay R VR FTC R MK
SE(4n Schulze et al., 2011; Schulze et al., 2012), T
TR W 53 R TR LT 22 RN 415 22K F-(A0 Chen
etal., 2008). & 1 /R T 3k SL e A 5l 3 i s ] o

ARG, PP C RS B i S 4
(C4: 261.63 Hz, D4: 293.66 Hz, E4: 329.63 Hz, F4:
349.23 Hz, G4: 392 Hz, A4: 440 Hz, B4: 493.88 Hz,
C5: 523 Hz), JFPA C KIHEMZHEF G, DIE
H(C) BB &G4, il hmFI IR, M
TR T 45 B, N C HIFAR(C4: 261.63 Hz,
D4:293.66 Hz, E4: 329.63 Hz, F#4: 369.99 Hz, G#4:

x1 BRFMEFRRFEAHERER

AR FIRE(n=36) JEH R K (n=36) t p Cohen's d 95% CI
FIE () 23.58 (1.96) 23.25 (1.36) 0.84 0.405 0.20 [—0.46, 1.13]
el 244, 12 244,12 5 — — —

[ ERES 45 H F AR F — — —
HEFR 17.00 (1.27) 16.92 (0.91) 0.32 0.749 0.08 [—0.43, 0.60]
Raven's SPM 64.31 (5.33) 64.58 (3.82) -0.25 0.800 -0.06 [—2.46, 1.90]
Gold-MSI 183.72 (13.66) 143.22 (12.11) 13.31 <0.001 3.14 [34.43, 46.57]
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0 0
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0,4 _— Iy ) — ——
T, MR e—— i
S 3
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415.305 Hz, A#4: 466.164 Hz, C5: 523 Hz), %% Hr
REBEA P PE 0, BTETE B B 8 1 K/ = Fi%,
ME DL = AR R MK . R AT A Krumhansl Al
Schmuckler 4 i (4 9 PR 51 59 (W Krumhansl,
1990) /3 #r 1 e A b F SCRTE 7 A PR A0 B
%A B B R R R ME AR 6 (B (Maximum
Key-Profile Correlation, MKC), HJJ5 £z {3 VC fic &
JEHRA A R B, FHTF8 7 e o i R i S AR
ATV B T ARV A AT 5 12 K
A 12 A/ NR R TR JE AR e . DA s a5 O
PE vs. TCIAME) P FIH BE (R vs B E)TE N A AR &,
DL MKC 1 2y PR A 239547 95 R 38 5 25 70 BT (ANOVA)
RIN: Er A5 Y FE 3500 i 2 (0.76 vs. 0.48, F(1, 76)
= 121.74, p < 0.001, 03 = 0.61), FITATEAH T
MKC & TICIRPERNEG, Fr oI BE B 2800 & s 4h
TR RF H < BE B9 A8 BAE AR 1.3 (ps > 0.109), ik
A, FeAi 118 F} MIRtoolbox (Lartillot et al., 2008)i#
P00 0T, TR SRS 5 G55k
> (Chromagram Centroid) A1 ## ¥ & i & (Key
Clarity). P2 ANOVA 255K . TGt R Oi% R
£2(0.24 vs. 0.11, F(1, 76) = 9.32, p = 0.003, 1} =
0.11), & &8P 1 M7 B (0.74 vs. 0.45, F(1, 76) =
146.45, p < 0.001, 03 = 0.66), HIFFAE 35 (135 5 4%
P RN, PRI M S A B 2 S T
G RN L e 4 R R B K 9 28 B
YIS I8 2 (ps > 0.083) . X LEZ5 L IGIE 1 I8 4 A1 JC 1A
PEREAEAE TR IE A 22 52 .

BT AT 22 )7 91 P AR S 4 (AN — 40 5 A5 . U4
BAF L RS ARSI, A S, RUE T
WIIERE . MR EIFINE S Y, EE
HAESIHAERAA L, FEOY BRI AT E R
] 254 . AR 4 Povel F1 Essens (1985))FHiE, Wy

SN — A e A PR Bh ) B, S 4 e
R Rt P B AT B 5 o %A b B VI R C AR
PLE, T AE bR T Ak SR — s A ) B 2 4 1 S E
JEo CHEMAITAETRWT: C=(Wx—ev)+ (1 x
Oev). Hr, Oev fRF SR E & FAFE A BB %1 E
B, —ev SR AE T OLE (PR 1R b A s b 210 8
W AL E B GAY W = 4; 7£IL Povel & Essens,
1985) $AIK1) C (A F R B/ DB SOUE, BV HE 5% (1) B [A]
FME . FEABRSE T, FRATEN XA F Ry ZE
ARTZEFINE T C1H, K] 200 ms 1E R HEAHS
Vi) A7 (B A SIS0 A A %) e i TR B ), AT 1 23 A
KFIEZ NI 1, 2, 3804 1%, KEm, T

SE T AT C A SAR R by e fe A4 Py 3R i
B, JF DUV AR T FA s BE A AR AR o 45 R ER I,
XTI BRI A 2275, 4 AR B
B B 0 R AP . X RN C EPEAT RN &R
ANOVA KHL: WZRE5/ M ER000 83, fipTs
JFAN) CIEAR TR 452275, 2.45 vs. 4.05, F(1,
76) = 10.89, p = 0.001, 03 = 0.13; JFFIKJE 1 E%
N, LEFAIN C AT TS, 2.40 vs.
4.10, F(1, 76) = 12.30, p < 0.001, n3 = 0.14; {H354f
KRG PR ERSCEAEAARE, p= 0681, X
S ZEBLSRBA, AT B 23 7 A0 A B [R) R DU b A
ZE PN 5

FR A = AT 22 a5/ I U R Al 5 25, FRATZE
T 80 NHEALAIEL: 20 AN EME e S A A 22 0
WA, 20 MAMIEHE S E A EMAS, 20 M ICH
PR SRR R IA S, P 20 DICIH e
H5ERWRNAA . BHAT 10 N HE TR 10
ALY, FiIE 40 ST HEAEEA 40 £B3F
JEfE . ADFoEdE 8 SIS (A5 H < T B 45
<JPIK ), RSP E 10 A5HER I .

BEATEAAI P RR 22 ] Sy 3200 ms, HEEE
ENESER 75 0. RATEHEIEER MIDI XS A
Cubase 5.1 #fF, f#i/] YAMAHA S90ES K 4R ZE¥
0, JffZ5@ it Adobe Audition CS6 FHih WAV
Ao BT R B B, SRR 44.1 kHz,
PIRRE M 1667, Jf-fii FH Adobe Audition CS6 ¥ it
brifEfL =2 68 dB SPL.
213 #BF

ARSI R S E R, B BE R
AR P AR IR I, 7E 80 &R IR AR iE
AEyEAL E, AT 160 MR, BRI E
JE RIS E . 752180 )ik, 5%
JREFE Y 9 28 ANARH B el A8 T AE 53 —2F (80 M)ik
NGRS S e DR T g A (BN =07 N = R N
BT . TEW R B E SRS AT, e
A — " ST E R — 2k sy, T
R ) PO ME SR 25 oh 50%, -1 3 s VR AR 25 el AR
PRI S5 ) BURAS BBE R4S 9, 71T 22 MUR B S AN
ARSAETS, PR TR a5 A S AT RHEL Y
L, Bk — A AF AR 0 A 57N %) B A BT
HEATEEAL G, IO LR T 28 RN 23 el AR 5 195 1) 4L
AR AT Z (R TT BB T 2R), Nk
o 55 2o T 17 BN I BORAEARRON, & S a1 22
AFACAS 23 B B A I TSk sk 26 2, I R AL B
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TEREAE R, R, AL &S 20 MR,
Hop—2p A FE BT, 5 —P AR . Bt
A, ShyaE G A T R R SN R, AT 32
AT AR IR, 13X BRI T 2R e 58 4 A
Ao IR B A A Ge it 34 .

SRS AE LR P R AT, R i A e
T SR EOE S E LR . AR 2 A — 4R
BTG, ZEEERRSE 3200 ms, FEJE#EA 2000 ms
FIPREE BE . BB B — 2% 3200 ms HBERE . JiE
(CE S =P PRIV S ML e R T
ZMET 25 DAY HIR T, Pt H A A 4 22
NS e R =P Rt oy = o B/ 7e 4 D ol v
B 22 T2 3T T . BRIEE G, af
500 ms (75 A5, Z A TR T —Iikik.

TEESE I, Bial 58 B A~ A B 5t Y 25 ~J
IR, UKL AT LS . EXS 8 & A
XA, A XA 40 R 3R BT A Th
BEHL, B LR [R) AN [R) A9 T X AS 32 2 H IR i =K,
HBXT S Mg ASERR P S g EE
214 Sitsaw

B FAE SR B e, AT AR A 2R
(Macmillan & Creelman, 2004)3 135 T £  AEUR M [d
=z (i R) — 2 (R IMBO W 2 [c = —0.5 x (2
(dh ) + z (BHF) . dE R T X oAl
[F> 5 AR i e 77, B s, B oS
R, ¢ R T RN, 1ER ¢ fHZRm g
] TR AN A, WA c (B s 10 ) T 1 A
] o v R SR 7E AN TR) i Hp I A 0 T ) L
1], 5 23 D) S A )3 v v B 5 DB ) BB %
THA RS, d F e B IE(E R 0.05, TiXtT
P EGE R R ARAE SN, 1EIEEA 0.95, 1h4h,
RTINS R S, ATTE TR T RRD
F o NN XD r A DR G VAN A VA N R = RS
TIE# AR T AT . R T SRS S A S
FATHEAT T HH R EE N H ANOVA, A 5IHE J 8
IRE AR &, E A . T RS S BEAE Sk
KNSR FRAT A S d e RIS HEAT T 40T, LA
PRI 2L R Z AR Rl A5 10 3500 FIAg BAEH
22 ZRMITIE
221 NG

PRI EURNE ) ANOVA 45511, 4159 £
N, F (1, 70) = 49.56, p< 0.001, > = 0.42, ¥4k
F IR BB E 2 THEE 2R 2(1.93 vs. 0.94, 95%
CI=1[0.71, 1.27]). & Hi 45 ¥ 1) RN 35, F (1, 70)

=64.03, p < 0.001, n3 = 0.48, XM e A (1t H 0 4
JENVE R T I AVE HER(1.64 vs. 1.24, 95% CI = [0.29,
0.50]). TWZEEEMRY ER B E, F (1, 70) =24.36,p
< 0.001, ny = 0.26, fA] B Z2 45 0F T MO PRI SR
E TR S (1.59 vs. 1.28, 95% CI = [0.19,
0.43]). JPHIHKBEM FE 200 3, F (1, 70) = 10.70, p
= 0.002, ny = 0.13, X #3575 A B UM o5
L& FY(1.53 vs. 1.34, 95% CI =[0.07, 0.30]). [AIA,
HFF PR BRI A AR W3, F (1, 70) = 4.17,
p=0.0451;=0.06, falSLE00 TR, ¥ IRFEXT
7 5 A 3 I AU B P S FE L, 2.08 v,
1.78, t (35) = 4.06, p < 0.001, Cohen's d = 0.68, 95%
CI = [0.15, 0.45], {H2IEE SR K BUBEMEA Z 751
KJEFLI, 0.98 vs. 0.91, t (35)=0.81, p=0.422, It
Gh, WA, EEaE . RS SN R EAEHL
Z W, F(1,70)=3.97, p=0.050, n> = 0.05, AKX
T AR R PR E =N R A EAR W
#,F (1,70)=8.57, p=0.005, > = 0.11, LI |-k
BOAE T 8 AR AR e RN SRy T L, B
T TR SRR A7 B B S A L T R LSRR S B
SomR, ELRR I A PR . AT 22 R T )
SN BB

o biini 7 A R IS =TS L (S IR E S o 1 e ]
NS ENZ AR, 250 R RS SR K
BIRHEATMH ZE ANOVA, X THRE, RIS E
ZERL Y AL B, F (1, 35) = 54.50, p < 0.001, n;
= 0.61, MR HERE Y UM & T IC R MR (2.21
vs. 1.65, 95% CI = [0.40, 0.70]); 7 Z=45H4 1 F2500
B3, F(1,35)=24.32,p<0.001,n%=0.41, %
B P AN M BUBRME R T E A4 )7 5(2.09 vs. 1.77,
95% CI = [0.19, 0.46]); [FIEf, —FH X HEIEH B,
F(1,35)=6.32,p=0.017,n,=0.15, W& 2 xR,
8] B ASN A3 AT 2R BH, TGS fE M B M A T,
T SR GG (8] B8 K B BB R L 52 e S T s, 1
WVE S T BRE (2.43 vs. 1.98, t (35) = 5.36, p <
0.001, Cohen's d = 0.89, 95% CI = [0.28, 0.63]) [t TG
WPE S (.75 vs. 1.56, 1 (35) =2.30, p= 0.027,
Cohen's d = 0.38, 95% CI = [0.02, 0.36]) 5 f; I
M, FERTERBLE A BRI, B ARG R e
(B E R LT P A T, (R 256 T
HIRLIN (2.43 vs. 1.75, t (35) = 8.64, p < 0.001,
Cohen's d = 1.44, 95% CI = [0.52, 0.85])lL i Z 15 %
MR RY(1.98 vs. 1.56, t (35) = 4.11, p < 0.001,
Cohen's d = 0.69, 95% CI =[0.21, 0.63])FE K., *fF
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ot of j
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-1r -1k
-2 1 L -2 | L
M ToArE VA ToiAME
THRK FEFRK

P2 SE8 1 BRI BB () S5 SRAE AN RIS 5 v 4 A LA R TS 22 45 M A F 3R L
T ARARLE PR K2R A, AR R B, /MEZRERR T80 8dE i oL, K @RS A3 A
Bl o AUERFHRII REFNLEAN, EEFRFHARKRINZLENEM . * p<0.05, *** p<0.001

EHIRRK, KIE SR ERNBE, F (1,35 =
13.67, p< 0.001, n3 = 0.28, P jiE il Sl ik s
T IV ER (1.06 vs. 0.82, 95% CI = [0.11, 0.37]);
RGN FRON B, F (1, 35) =7.62, p=0.009,
ny = 0.18, XFfAjH 22 P 4 A sk o T2 20 %2
FE%1(1.09 vs. 0.80, 95% CI = [0.08, 0.51]); {H 3%
I HAEFAR R, p=0.893, lILAl L, 165 %
MRS AR L, RS RERAE T mEn S
BN Z A ) 0 2SS AR, DA RH 5 AR SO0 T
SRR A S T A g
R T WA ARG R AE R, FRATT
ST VR RTC IR A R A RO R 22 ME, AF
HE - B BAR R, IR S B
) Gold-MSI &tk R I HOT /3 #- AT C Hr. n
Bl 3 AR, Wi 2 4776 i 3% ) IEAH G, Pearson’s 1
(70) = 0.28, p = 0.019, Fisher’s z = 0.28, 95% CI =
[0.05, 0.48]. X —%5 R EW], & RREFME B,
220
200

—_
o0
(=]

160 F
140 +
120 F
100, . . . . . .
-15 -10 -05 0 05 10 15
HF - TR

B3 S8 1 & E-TTREMR IR 5E REFRTSN

R
e KA SRR B, EAR R R M T L,
Wi 46 Bl 2R R 95% B {5 X 1] o

Gold-MSi¥4

Ho = 5 22550 Z M B 38 AN BT I, ek
ARG S & m 1T RS EE A I Rk,

WAL, BT ETE S . TR FTEK
JE 2 A AE AR, 43 9% T3 A-B ¥ 90 oE AT 9
3 ANOVA, & 4 s, XFFHEFH, LI
AR RN B, F (1, 71) = 122.66, p < 0.001,
Ny = 0.63, JEPEHEA 1 HR M A = T TR e A
(1.79 vs. 1.27, 95% CI = [0.43, 0.62]); H. ¥ = Fiyy
FEEMNAZ EAE A B, F (1, 71) = 13.03, p< 0.001,
Ny = 0.15, fAI SR A AT e B, AP 4k 1 T % i 2
TR EURE S TEAZE, 1.91 vs. 1.67, t (71) =
3.35, p = 0.001, Cohen's d = 0.40, 95% CI = [0.10,
0.39], 1EAE LIRS FIA RN, 1.22 vs. 1.31, t
(71) =—0.86, p= 0.392, X FL & T, KM EF mLs
PR E 50 3, F (1, 71) = 10.38, p = 0.002, n3 =
0.13, X iAPEBEAE Y BUBE & T O IR PEBEHE(1.48 vs.
1.21, 95% CI = [0.10, 0.43]); 72545449 1Y £V it
#,F(1,71)=44.51,p<0.001, 1> =0.39, XFfajH4y
Z P A U = TR 22 2751 (1.61 vs. 1.07,
95% CI = [0.38, 0.70]); H —H MWL E/ERA B,
F(1,71)=0.63, p=0.429, X—250EH, T85
W REEI I A BAR 22 BT K B IR, HAAE
WP HNAAE TR, KR AR BT 22 A0 B A T AR
HEE v R R
222 RMRE

X A 22 ) ANOVA 45 520, 35 45 iy
FRL B, F (1, 70) = 80.09, p < 0.001, n = 0.53,
22 I R P T A L T R M AR A T T R S kg
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4 - *% n.s. 4 -
O fijtiZ2 O fjatiZE
\ B R , BERTE
|
2+ | 2L
o s
B 1} {} 8B 11
= =
K 1 K
0Fr | ok
|
-1F -1+
_2 1

HHIFF

LHRF51

K4 S0 1 B BRI BB E (AN S RAEAR R P IR BE | & mai t LR Z2 85 26 4F T YR B
T AARLE PR KT LRI R, AR RR A 28R, /MREEERR T # BRI A T 00, K € s AR A LBl i A1
Bl o ATHFIRMT RN BFNSEAEN, EEFIISAHETREANLHEIE/, ** p<0.01

(0.23 vs. 0.06, 95% CI=1[0.13, 0.21]), 1T Z 451
FRON 3, F (1, 70) = 122.49, p<0.001, 1> = 0.64,
FREZ N TSR T R R 22
(0.29 vs. 0.004, 95% CI = [0.24, 0.34]). AL, F5
K ) 0 I %% W, F (1, 70) = 3.90, p = 0.052,
n, = 0.05, FHH-LFFFIM T L 18 785 &
KA B ZE(0.17 vs. 0.12), AR, FEFIKE 540
B EAEH B3, F (1, 70) = 4.56, p= 0.036, n; =
0.06, A7 HAA5 N 73BT 28 WA SR 0L 8 7 91 1 s g
P 22 e T35 P 90 3 K(0.17 vs. 0.07, p = 0.005, 95%
CI = [0.007, 0.20]), {HAEH SRFE WA X —K(0.18
vs. 0.18, p=0.911), LA, Hm&ity. 1454 .
PR E =N R BB, F (1,70)=5.12,p=
0.027, m3 = 0.07. oAt 328500 F5 B AR A B3,
ps>0.157, DA LS5 R, WM IEEME 2T 25
RTHERE AR, HAUE SR FZ AT 51 R 9
HR R R AR 25

Rt — R E R A L RS RUT S B
Z R s BAE, 43 3% 8 f-E 3 e 5 1T 4
Bro X TR P, KIS maii E50% W3, F (1,
71) = 114.89, p < 0.001, 0} = 0.62, P& LG
KT R B 2 (0.25 vs. —0.01, 95% CI =
[0.19, 0.33]); WELEMFEKN BE, F (1, 71) =
75.85, p < 0.001, n3 = 0.52, &AL AT A5
KT K B 22 (0.26 vs. —0.01, 95% CI =
[0.18,0.37]); &L HAEMARE, F(1,71)=2.88,
p=0.094. XT-LEFHN, KIS E50N
W, F(1,71) =17.04, p=0.010, n; = 0.09, M

TeA TS & T KRB SR 22 (0.22 vs. 0.13, 95%
CI = [0.009, 0.16]); 17234549 ERN W3, F (1, 71) =
65.63, p < 0.001, n°, = 0.48, Z AL AITIIA
KT RAY S 22(0.33 vs. 0.02, 95% CI = [0.21,
0.40]); —HEXHAEMARZE, F (1, 71) = 235, p =
0.130, HULATUL, JCiextF R &S E&EITE, &M
FE 17T 22 5 RE XA 0 S b M %o v PRI 198 52 7 i 25 o
223 RN

SV ANOVA S5 53R B, 4151 50007 I 3%,
F (1, 70) = 15.50, p < 0.001, 03 = 0.18, HRFEMK
S 3 H AR AR HR(430 ms vs. 583 ms, 95% CI =
[-233.10, —72.79]); & =4 FROV A% B, F
(1, 70) = 3.99, p = 0.050, n3 = 0.05, XYL e
SN T AU 1] ¥ B TG R i A A TP (498 ms vs.
514 ms, 95% CI = [-32.30, —0.03]); T ZE45H 10 3
BV, p=0.068, LAk, . TR P
IR JE = HELHEAEMAERE, F (1, 70) = 447, p =
0.038, mp = 0.06, 4 T #— BRI — 22 HAEH, 43
NGB T TR ZE R 24 R A R . X
AT RS, KB A ERN B2, F (1, 70) =
14.78, p < 0.001, n3 = 0.17, ¥ ARK M HLAEF 4R
F AR (425 ms vs. 572 ms, 95% CI = [-226.22,
—67.86]), HALGIFITIK B BEAER B3, F (1,
70) = 4.14, p=0.046, n3 = 0.06, fi] BRI 43 2 1A,
B AR N P A 0 RN B R SRR, 410 ms
vs. 440 ms, t (35) = —2.56, p = 0.015, Cohen's d =
—0.43, 95% CI = [-53.63, —6.43], HAEH REEH
X—%N, 586 ms vs. 558 ms, t (35) = 1.05, p =
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0.299, %] TR 2475 227 51, R INALH A F 800 3,
F (1, 70) = 15.28, p< 0.001, 0} = 0.18, FREMK
NGRS AR (435 ms vs. 593 ms, 95% CI =
[-243.62, —74.06]); {HJ& ¥ FH B E 500 LK 20 5]
AT N BEAEHAN R, ps > 0.771, &55H%
B, & AR S Sy o B I AR AR AR, TR
TR FRAT B SIS, X — LR &,

SR 1 WS RN, E A S A
TAEF R FEXE SRS NN bR, HF 2
EAAETERS ., RO o S5 R AN 52 0 75 23 S5 46 I 3800,
SRR, RWIAE AR A & e TR IS A X
SEHBIN TR ES K o XT TSR EOR UL, S mAii S
VB EER LM AATX E S R R B, JF H R Z,
) B RSO0 FE PRI UM EHE AR A8 B ™ A 52w, R W
EARFAEE & TARICIC G T B s Ay 22454
[, X —38 BN SRR A AR R IR 2R
K, R IR ZR FRBE i B MARTE I T8 s f i 22 4
FORE 22 BN R B d, i — 2D R T RN SRR
- R E R RE- . AN, MR T L EF
§, ZHAEREREITFIRMETEI R, RUES
— 11 22 45K 28 BN B A7 B AT 55 e BE B R T

30 2. WEREE

SR 2 @I RS, BE T AREMEE
TRFEXMTENTAECIL, 55250 1 2820, REK
PR T E A . WRESRIT I,

3.1 FHik
311 #Hik
55256 1 MA .

A 4 - * n.s.
O Ak
3L | | 1\ il O Ak
2 I { J I
# T
L\ i
g | |
or | i |
L 1
-2 N N
FRFK EFRK

2N Asf/ms

312 FFH. BEMEITHH

. FRF G S 1 AR, ME—AY
X ARSI 55 o ARTLI B 5 2Ry, R
TEZWS & w5 B ATSE T, PR E A b ) W i 2
S W ONEIE: S T E N DR TSP it vt o 12 i Sk =41 ) ViU 2
S, S T A R 4 i e AR AT T A
32 ZR#MiTie
321 BN

TRIMFURNE ) ANOVA S5 50, 4190 3850
B3, F(1,70)=41.99, p<0.001, 13 =0.38, FK%K
B R ) AR 1 AR 3 AR 5K (2.08 vs. 1.18, 95% CI
=10.62, 1.17]); WELEME ERH EE, F (1, 70) =
180.77, p < 0.001, 7 = 0.72, X faf B3 22 A HR 1 45
Bk TR 4T725(1.94 vs. 1.33, 95% CI = [0.51,
0.70]); JPHI B 1) TR0 3%, F (1, 70) = 31.85, p
< 0.001, mp = 0.31, X3 74 B9 B =
T EH(1.79 vs. 1.48, 95% CI =[0.20, 0.42]). 2H 51|
HEmamz B2 EEREE, F (1, 70) = 6.98,
p=0.010,13=0.09, AL sHT R, 37 REAE
PEPE 2T BB L DG M S8 F T, 2015 s,
2.01,t(35)=2.18, p=0.036, Cohen's d = 0.36, 95%
CI = [0.01, 0.28], {HAEE SRR A X —&, 1.15
vs. 1.22,t (35) = —1.50, p = 0.142 (W& 5A), [GIAT,
B RS RT A K E Z B R HAE R B3, F (1, 70)
=7.18, p = 0.009, ;> = 0.09, FIFELEH e
ZMEFA M, 1.55 vs. 1.41,1(71) =229, p = 0.025,
Cohen's d = 0.27, 95% CI = [0.02, 0.27], {HE1EH
AT, 1.75 vs. 1.82,1(71)=—-1.33, p=
0.188, LAk, 5. 2S5 AT HIHK B A TE 1o 3

B 1500 ns. xan
O Ak
o TiEdE
I
1000 | ﬂ
!
!

oy ey

K5 S 2 B AR AR AR A PE RN TC IR R 25 0 79 (A) R DU SRS L (B) Sz g
T ARRLE PR KPR A, AR R B, /MEZRERR T80 8dE i oL, K @ RRE A 3K A

B, *p<0.05, **¥* p<0.001
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=N ELZHAEM, F (1, 70) = 11.14, p = 0.001, 13
= 0.14, XEBERUIN], 7 IR A8 7 28 PRI U
J7 L EAT 3 5 Z2 G54 R A B 2 R A
MR R, T A A A S R PR T AR K
BERKFINEMNT .

it —2 TR RS RUT S B RS
HAER, 4y 0% R K AR & R R AT R R
ANOVA., X T8RS, BRI 2450 F 3500 %,
F (1,35)=241.33,p<0.001, n; = 0.87, FHIX}{EH
TR IREE R TR A1 25(2.44 vs. 1.71, 95% CI
= [0.64, 0.83]); JFFIK R R0 W%, F (1, 35) =
21.31, p<0.001, n; = 0.38, F&WIXF 13 F¥ 51 () Ak
e T L% Y (2.28 vs. 1.88, 95% CI = [0.22,
0.571) [RIBF, 5224544 5 79 914 B2 Z 18] 1y 22 AR
B, F (1,35 =637, p=0.016,n; = 0.15, £WE
A1 B T X O T A B OB LB R A
2.01 vs. 1.42, t (35) = 5.07, p < 0.001, Cohen's d =
0.85, 95% CI = [0.35, 0.82], {H/2R AT ELMT
WAHX—RW, 2.54 vs. 2.34, t (35) = 1.75, p =
0.089, X TAEH SR A, KMV ZEE5H 800 W3, F
(1, 35) =39.48, p < 0.001, n3 = 0.53, FHAXSfij H47
ZE UM R TR 241 25(1.43 vs. 0.94, 95% CI =
[0.33, 0.64]); JPHIKER FE/MN BE, F (1, 35) =
10.66, p < 0.001, 03 = 0.23, F&HIXF T35 1 51 ) Ak
e T L% FS)(1.30 vs. 1.07, 95% CI = [0.09,
0.36]) [, 5224544 5 /9 94 B2 Z 18] 1y 22 AR
B, F (1,35 =4.77, p=0.036, 0} = 0.12, FHIfH
BAT ZR S5 T OR L T 5 A SR LB T
1.61 vs. 1.24, t (35) = 4.04, p < 0.001, Cohen's d =
0.67, 95% CI = [0.18, 0.55], HEE LT ELMT
WA X—W, 0.98 vs. 0.90, t (35) = 0.81, p =
0.423, W UL, ¥ SR SN 19 23 AP I ARk M AU AHE 52 2%
WRHKM T 2P R, iR AR S ANAE A A
TR TRZIFIHEE R,
322 RRMIRE

R ZE 1 ANOVA 2553581, 21 51| =500 8
#,F(1,70)=27.34,p<0.001, 1> = 0.28, FMAIEFH
SR SR K0 WA 22 51K (0.54 vs. 0.26, 95%
CI=1[0.17,0.39]), HE M THIW AN, 522455
P 300 i3, F (1, 70) = 24.41, p < 0.001, ) =
0.26, KUIE I LRI L T KA
W 2£(0.47 vs. 0.33, 95% CI = [0.08, 0.20]), Itk4k,
HIH B ) %00 2, F (1, 70) = 13.03, p < 0.001,
ns = 0.16, FIA-LFFHI L H & FAFE L T H KK

F AR 22 (0.45 vs. 0.35, 95% CIL = [0.04, 0.15]), HeAlh
TR EAEFA B3, ps> 0.067, iXELgh R
W, dEE AR . B4R P A R E R T
TR SN R 22 o

3.23 RzAt

JZR ) ANOVA 45 SR, & 45 H iy £34L
I &2, F (1, 70) = 15.50, p< 0.001, n3 = 0.18, X i
P T A 17 s N T B L TG R P e A Y B (506 ms vs.
532 ms, 95% CI = [-42.37, —10.87]); &L K &
RO 3, F (1, 70) = 56.90, p < 0.001, 1> = 0.45, Xt
T BT 23 1) O o B LU AR AR 1T 22 A T L (485 ms vs.
553 ms, 95% CI = [~86.39, —50.47]); 215135 &
ZEF AR HAE R, F (1, 70) = 6.90, p=0.011, 13
= 0.09, FRHAIET A SO IR M e A 104 S I ok B EE TG
PR AT, 519 ms vs. 565 ms, t (35) = —4.01,
p < 0.001, Cohen's d = —0.67, 95% CI = [-70.14,
—22.96], 1HF s Z2 % I8 1 A0 TG IR e A 1 2 I ek
FEW A 225, 493 ms vs. 500 ms, t (35) = —0.69, p =
0.498 (WLIK 5B). & =&t RFHIK 22 AR
W3, F (1, 70) = 4.65, p = 0.034, n; = 0.06, FKHIH
T ICE M 25, VR SS A ARk T X)L P A Y
R, 495 ms vs. 536 ms, t (71) = —3.58, p < 0.001,
Cohen's d = 0.42, 95% CI = [-65.12, —18.50], {H2&
X} TG, 517 ms vs. 529 ms, t (71) =
-1.23, p = 0.221, B4k, TR ATFIKERNAS
HAEH R, F (1, 70) = 9.92, p = 0.002, 0} = 0.12,
FI N T I T R S5 R (478 ms vs. 568
ms, t (71) = =7.96, p < 0.001, Cohen's d = —0.94,
95% CI = [—112.48, —67.42]) b £ 35 F41(492 ms vs.
539 ms, t (71) = —4.15, p< 0.001, Cohen's d = —0.49,
95% CI=[—69.48, —24.36)) ¥ k. LU 45 R UL, 14
AT A T R 25 BRI bR 23 0 T A S I R, R
SR TR e A 2 IR A 5 AR R Y RO B ]

OB 2 B E TSR R, TR T RFE AR
TARK, TETEREHMES T, & E sty E 454
ZIH A B EAEM . X —45 R 58 1B
X, RUFEN B RFHES T, e A8
BN AT S . I H, SEARFM, JEE R
FEAE R R IC R M 25T AT 3R B0 o AU Mk 1) 2
S JUEIN, RV IR N B OREER AL T e R
FERINFI SRR, MEE S SR EAE N R E 3255 . I
Ah, FPHNK BE 5 M 5 AR O B 1T 23 91 A Rk,
AT A7 5755 22 e 91 A I B A 52 3] P 9 K RE 5 i
M FARE AR A, 38 BE SR M Al A7 T X6) 7 B 45 23
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FPO B RUEE . X — S5 RRT, R AR R
SRBUAE P AEHEIE 1 S FME S5 o A5 T
B (AN A 220k ] B 22 00 P Bl T IR E (AR
FORFEM I RO, gadn)RUE 2 %
FICA AR K SN T RE S AR, =4 B B
EN=gibp A0

4 ZEAETHE

T e A 2R Y S5 AR A 2 U T TN
e IR ANE S RE T YRR o ASBESE B TEIR T e F
WG TAENT 58 TARCIZ P R R/ B, AKX
A 55 BRI AR YNGR AN 2 me i Ao A B
Kbl AFFE T ZSEPAATEP VSR T BRI
5 FE TG P 2 1 S (5 W 2 R KR ), LA B A ]
THAZAT T YR BUE T LA 28 130 25 A A (5 23
SERRNL); ) A2 513K 19 o 580 N7 2 A EL 2 ) (e B
N A HAE I RS K AR o eAb, BT S
TEZFH I TR RS, BRI e 55 2
225, UIRCESRL SR . 25958 BoR,
TEH R RIS P, ARE AR ZR B X5 R A 2%
SEFRIX A S BN T T AR S LSS A 7 2O T
I N N SER S e =Y N DR R VRS
AT AR R IR IEA G . SR, 7E W R IFE 55
AR A AT N T R R A5, (X
PP ESAE BN S AR ST o XS R BRI, AR
N GRIEFEE IR N 1 5 w5 AT 22 45 M 7E W o T A%
e ES),

TERVT T m A EE i R B S i, ok
AL B ARSI W 2 45 48 X T AR TR AT 55 2R B0 S A
. LRI NCALAE S5 AR, RN
PIZRICHZ R A R R, RBUA TR R . FRERY
T A T 52 s PRI AU, 8N B i 22, B
(AT 55 LR B 200 s (8] 07 T 9 15 L o X — &4 2R
P TSR A AEE AR TAREIZ P R B 2R T o AR
MH, & EE B 128 TARICZ R R IR IA
WISCHE, RN PEFNTCIE 5% 1F T X35 22280 Y
PRI B 2201 o 7EWT o8 TARICIZH, R
AR T RESR AL T — 0 BB A IS TRIHE S, 35 BT Ak
TN AR AR A R ), 98 AR B, A B
TAINFIGEUR AT R I BE o S RH I ) LA PEAT B T
HORFF IR 5 0 2 TN TR Jr B, PR AR T
IR XS F AR R AR BR o NI, AT AL R
SR T BZSEEHE R A RIEIZHENE, EEA
o i R T I [ 0, RO £ AR IR 3 i T e

AN 255 W25, AT R Al Y
fia] 1) T 00 F BRF 1) 6, AT 3G 58 T i T (Jones,
1976; Jones & Boltz, 1989), K2 F, B & 2
s e 2 ek iY) 3B [l & (Prince & Pfordresher,
2012), {HE Gk =T RN LR, i HAE4H
AE KGR TR B, REE Rk
] DA% H A A) I 1 5L (Zhang et al., 2016), {HEIfA
15715 Z A SOIRAE TSR TE B3R B 9 - B (Yang et al.,
2022), AIREFECGCICHT TR A B S5 AR B A UL
A, TR E W LS IRIE), Tk, X
SPB IR G, Hid SRS S #1014 (Chen
etal., 2008), ¥ il H A2 LURAE 0 7 20 3z 5
Ao, WAL Z B E R sRIDIZ L SR, X
BE R 2 1] HRAEAS Y 22 (“when”) 14 B A A8 T 98 TAE
1E42 9 e 1 (what”) [ RLE PR R ELg i ) .
AWFFERAE T HE & AR AT LU T A 22
a5ty HJE, &S A RN IF A AZ BT 2 L5 R
WY, RZIMA, RWIAEE SR K LA ST 19 )7 2
0T PRAP S o 2% % B85 00H [ i 2 45 1 R —
E(Schwartze & Kotz, 2013), 32 B[] 2 & FE A
(i) 248 B2 15 JE 0 T AT AR T A ] B A 2538 %
Prince (201 )RS R, MAEF AR LHETHE
s EE R, R 208 5 — A 4E BE R, YRR 0
XoF A B D A A S e RN, A 2 R
LHAEM . TRV AR5 I ER R E TR —
ARz, [0 2 BN o) —HERE, XA T A5
hnTn] RE A2 Bl TR Mg pys2m . AR SR K vl fig
3 Ao R A AR A N B YR AR T TR B
BEYERE, JEMTHIES T IR SR Z B AN T, R
W 0 SR W AE 4R W e 5 B A BT o AT
HIEERZEZAR, & RFEXE R EEM T
TR AZ BN, BRX—28 HAUAIALE & &
PRFFAE S5 XA, R[] RN I (R] 4 BE (9 52 BAR
3% 2T 55 LR ME SRR 50 TR o RIS
EE IS Jones, 1976; Jones & Boltz, 1989), 7=
LR CIERT IR S Il (= A S s e
¥, AR B BEUR B 43 e, I E X SR B Rl
A @) T AT R R T3
BHNS T = R 8] 22 B B T, iR T
PP AE HOA] GRS T AT 55 BRI 0 & SR A0,
2w TS TE S AR AR N o X AS
HAE D BN A AT SR, RS
VSRR RN, TR P R AN 2 i — 23 o
TR RY RN o X R RISl Be4 Tt 1 & 2Kk
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FIEEH RS Ry, AT RE fm S8CHb IR B i T s
M 2458, BME TARICIZE S 51 % T R—(F R
RO, AR RE A AR R 5 B R Lk
155 R

SN, B AR RAE T BT 55 T R X
LER RSN T, X AT RE R T B R E S A S
B TE, B R ZANSEXT S5 A8 (A A 7 T e A
SERATESS o FEBERE T, & = A — M TRHE ARk,
BT E AR AT . P, AR TR
Fr AR T R 55, SRR = R S5 h
YRS AR S T W, R SERAT
G5 MEREARIE T ¥ 2R SO0 W AP S5 A8 Y 22 BN T AR,
N A (904 BE ) ik — D B ek, B s
ALFE SR ZAE & SR A AR, 34 R A ST fin T
e, DA N AT . X R, & AR VIR T~
THEIRERTGHR ISR, (AT RE AR PR AT:
TR, RGPS BB I TR SRmS, 4R
SRR XT 5 2 W e {5 BN T RIEPE B A 25
i, A HZ T, AES SRR AE TARICACAT: 55 h bf 2 A
] TR A S N TSR, ATREE R TS S 3 T
YEICACAT: 55 R E B AR R BAF S PR PE . Btk
KA, SCHIN AT GERE— RS R, T S hn T
YR TN FRDEAT: 55 B A e 2 8%

WAL, A 5T Y & AT LATE & 5 5 B ) 4 B 1Y
P T BN TR ARIHEZE N5 3] i B . A4S Thompson
SFNQ00D I ERIE, T B AMABr B A
B B X T8 A R A (AN = RIS e (] )i 47 2 37 S,
M BB BN i SRR 3 A5 — A LI {A i
HL B S0 X — MR SR it T S, IO A & AR Ak
ST 5 1 (Sun et al., 2020; Zhang et al., 2019), F:F
X —H Y, Tillmann F1 Lebrun-Guillaud (2006)#f—
AR T v RS R A A AR S Aol e o At fi]
fe 1, TETT 2R EBFIW 4RSS h, s n T 324,
MAE A R PP AR 55, G T o, 7E3K
I TARICHZAE S5 v, Bl FE i — 4 B2 2 4k
A AR TR B[R] A 0, (] B o 55— 4B 1Y
T SR 0 A AT 55 BT T Re AR (Bl e 2
RTEHEHE Y Jry PR ARRAE, NI AINSR 1 5 v 0[] 4 2
A S T, AR B T . X — 25 RS
Tillmann F1 Lebrun-Guillaud (2006)F W55 —2k, BN
Vo K SRR T 4 4 55 S AT RE 5 | A REAE A ST n T
AN, XS R BER, B S T B L H
YEHTEA T F23E 1 X — 22 AR %2 24T
FATT . I T SR DA R SR 4 FE AT 55 s R B

PP AR T Y 2 [R5

B 7SO EE R, AR R K
Mo BAKE, B R G AE BB RN SN I R] 7 TG
THAEE IR, TR BN ROV 2 . X5 JEHT
WFFE—3 (141, Chen et al., 2008; Schulze et al.,
2011; Schulze et al., 2012; Sun et al., 2018), FHIF
SR S RE NS A ORI FH B R YT 25 45 4 ok B v T
THRM., SHREMLL, EERELETEEST
HUBPEFE AR FOR I B S 45 R o 3X 5 Schulze
LENQOID MM FE LS S —2, %5 AR WAL H HE &
SREAEVVE RN TCIRVE S5 Rl TARICAZAT 2 R
BB HARBEFE (I, Albouy et al., 2013; Lévéque
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Abstract

Musical training enhances sensitivity to both temporal (e.g., rhythm) and non-temporal (e.g., pitch)
structures during auditory processing. However, little is known about the joint processing of these structures in
auditory working memory and the influence of musical expertise. This study explored whether pitch and
rhythmic structures are processed interactively or independently in auditory working memory, and how musical
expertise modulates this relationship.

Two experiments were conducted with 36 musicians and 36 nonmusicians. Experiment 1 involved a pitch
maintenance task, where participants judged whether two pitch sequences were the same or different while
ignoring rhythmic variations, which could act as background interference. The sequences varied in pitch
structure (tonal vs. atonal), rhythmic structure (simple vs. complex), and length (five-note vs. seven-note).
Experiment 2 examined rhythm maintenance, where participants judged whether two rhythmic sequences were
the same or different while ignoring pitch information. While the task was conceptually the reverse of
Experiment 1—requiring attention to rhythm rather than pitch—the design similarly manipulated pitch structure,
rhythmic structure, and sequence length to compare how participants processed rhythmic information when
suppressing irrelevant pitch content.

The results of Experiment 1 indicated that nonmusicians tended to process pitch and rhythmic structures
independently during the pitch maintenance task. In contrast, musicians exhibited a significant interaction
between pitch and rhythm, demonstrating their ability to integrate these structures for more effective processing.
A correlation analysis further confirmed the role of musical training in this integration; sensitivity to the
interaction of pitch and rhythm was positively correlated with participants' musical sophistication scores. This
suggests that individuals with higher musical expertise exhibit more pronounced integration of pitch and
rhythmic information, reflecting enhanced multidimensional auditory processing abilities in musicians. In
Experiment 2, however, both musicians and nonmusicians processed pitch and rhythm independently during the
rhythm maintenance task, with no significant interaction. This contrasts with the findings of Experiment 1,
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indicating that pitch and rhythmic structures are processed separately during rhythm maintenance. Furthermore,
nonmusicians showed no difference in sensitivity between tonal and atonal conditions in the rhythm
maintenance task, although they responded faster in the tonal condition than in the atonal condition.

These results support dynamic attending theory, which posits that attentional resources align with temporal
events, thus facilitating the processing of non-temporal information, such as pitch, when in synchrony with
rhythmic structure. While nonmusicians relied more on independent processing strategies across both tasks,
musicians showed enhanced cognitive flexibility, modulating their processing strategies in response to task
complexity. This suggests that musical training not only improves auditory sensitivity but also allows
individuals to adaptively switch between processing strategies based on task demands. Future research may
further explore how different types of musical training affect the interaction between temporal and non-temporal
auditory information under varying cognitive loads.

Keywords musical training, auditory working memory, temporal regularity, musical structure, dynamic attending
theory



