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K H STATISTICA6.0 G it 40 1 i AF Hh (1) = )
M1 (post hoc) X 1 B 4 138 P AN R % £, M) 2E
TP LLE AT, S5 SR BoR, 76 1, £, 8 10
Hz 5 £, k30, 50, 60 Hz I} 45 5 [a) 4747 i 2% 7%=
5t (p < 0.05), fm 4 60 Hz It 5 f, 4 10, 20, 30, 40
H1 50 Hz I (1) 25 BRI B A7 AE W 3 22 5% (p < 0.05).
fE 4 IEP, fm N 200 Hz 5 £, 24 10, 50, 90
A1 150 Hz I &5 SR B A7 A8 W3 22 57 (p < 0.05),
fm N300 Hz B/ 5 £, 24 10, 50, 90 i1 150 Hz K1)
GERMBIAAAE R EER (p < 0.05). 76 1, 4 WIEW
e R ) 2 0] ) 35 AN A7 A 45 R S 3 2 5 (B4
/& p > 0.05).

S 2 PR £ AR B B RSP E L 4 B
7N, RIS2EG 2 ) TMTF K. B 4(a)—(c) H, EEL =
o[ AR B 4(d) S oAt = AN B I (R
LRI LRI “+ A AR L B R AR b TR TR
B m BB, BR 201g m, %47k dB.

76 nl Al n2 WIE S, I IEE PG f

M 10—300 Hz 5 FFf &  (nl 8 38 17 1
N —24——43 dB A5, n2 TG KB N —24—
—36 dB EA7), A n3 M, U S BRI A A
HEF, SRR I e T R 4 (1) 90—150 Hz 2 [i] 1)
X 5.

ANOVA 73 #7145 B B IR, nl, n2 A1 n3 @& (i
Ay A, R AIEIE) P f (10—300 Hz) X 45 140
HREFW ((F = 35.73, p = 0.0000], [F = 16.42,
p = 0.0000], [F = 2.87, p = 0.0173]).

K post hoc X} nl, n2 Fl n3 &Nl iE N A
[F] fr [AVREAT PY P L5 A7, &5 R WoR, £E nl 18
B, f N 10 F1 50 Hz [ 45 0 AN fE 7 B 3 %
5t (p > 0.05), fm M 150 F1 200 Hz #1445 B0 AAEAE
BEZEST (p > 0.05), a2 PHI 20 347778 45 1
R 220 (p < 0.05). 78 n2 WIEH, fr, H 10, 50,
90, 150 A1 200 Hsf AH 1 8 il 2 11 P 1 45 R R AN A7 A
WEZES (p > 0.05), fun A 10 F1 90 Hz 145 R0 A
AR EZES (p = 0.0690 > 0.05), Fo4% i HI %%}
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T, 2 I 90 Hz LAR, 3 i 1) 200 Hz LLF, 4
JWIE Y 150 Hz LAR, nl JlIE ) 50 Hz BAR, n2 JliE
f£) 90 Hz LL R, n3 & ) 200 Hz LLF, Kl g s A&
TR fo A R,

-55 T !
=50 T T

20lg m/dB

-10L  #

(a)

I
1
I
1
I
T
I
I

I(b)l

1T T T T T T T T T T T T
—o— JljH n1 7
—A— JiliH n2 i
! —— i@iﬁnS

I
1
T
1
I
T

| I(C)I

Il Il Il 1 Il Il Il Il Il Il

10 50 90 150200300 10 50 90 15020030010 50 90 15020030010 50 90 150200 300

fm/Hz Sfm/Hz

fm/HZ fm/HZ

4 S 2 SURA T RIEIE  (a) JIE nl; (b) W3E n2; (c) MIE n3; (d) ZiE L

3.2 BKIMERR N
TMTF H] TR om 85 5 18 2L € s o T
ANTE R T2 fo FRTUR TR FEE RSN I3, SR AEAN [F] 1)
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e, T WIS AH [R]85 U ) 28 4 A T B A R A
WG T )5, &5 A AHIE fo [R]EGE 46 24 P A
VRMEEL. BRI fin 7F 100 Hz LUK &5 2R
ANAFAE B I8 (1) 38 0 R) 22 75 frn 7E 150, 200 AT 300
Hz &5 R 2B fo T B R R E#H. ANOVA
IS R EOR, fm A 60 Hz BB IE 1 ATEIE 2 (1)
BB 2 0 85 RA W& ((F = 5.1,
p = 0.0292 < 0.05)), fm 7E 150, 200 F1 300 Hz It} f.
(R A0 25 AT 182552 ([F = 13.55, p < 0.000],
[F = 25.19, p < 0.000], [F' = 69.17, p < 0.000]); fu
7E 10, 20, 40, 50, 80 Fl1 90 Hz I} f, MIAR1k AT 45
R 5w (p > 0.05).

K H post hoc X} fo, A 150, 200 F1 300 Hz I A
[F BB fo [RIHEAT PP LLE 3T, f M 150 Hz
SR IEIE S nl, n2, 3, n3 Al 4 J@iE. JLi, 3 Fn3

TH I (1) 25 R AFAE W # 2Z 5 (p > 0.05), n2 Fll 4
TE A ) 25 R AR R #2257 (p > 0.05), n3 Fll 4
T I 0 45 R AR W 25 (p = 0.0905), H4
WX AR EZR (p < 0.05). fi A 200
Hz %} W [F8 364 nl, n2, 3, n3 F1 4 Wi, i,
3, n3 Fl 4 1@ TE 1 45 R A fEAE R 2% % 7 (3, n3:
p = 0.7934][3, 4: p = 0.9330], [n3, 4: p = 0.7293]),
HpmiE BT EEEZER (p < 0.05). fu
A 300 Hz %} N [K3EIE 4 nl, n2, n3 Al 4 05, B,
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M5 R BB o3 B a S a5 H BU R R Y fr <
100 Hz I, i R S AS I 3 0 AN 52 28 A e 11 i 2%
SO 2 frn > 150 Hz INF, 18 B2 8 FIR U 6E ) 52 3112
AT S 3 R, I LRSI B ) Bt A 2800 AR 1)
b b T I3 e A, (R A BT 3.5 kHz
DAL J 28I AR P A o 6 0 3 0 T B A /.
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5 POV A T n g DO, T st 7 ) AT
I3 PR B A P AR T T i BRI, AR LE S

JEXFFR, FAT 2 AR E o S AL D21 RSy m
i AF HI25 R0 A1 % (equivalent rectangular band-
width, ERB) SKHAT 7381, A% 18 BAR v 5057,

T W A B N IR W i D U A A5 RO T A
% (ERBy) AN [

ERBy = 24.7(4.37fo + 1), )

o AF HHD IR fo [ 547 9 kHz, ERBy (1 5L
Pk Hz, DAS-0E R fo RO 8R 1) AF
) ERBy F14% 0 30 5 R AL IR frn max WL 2.

#2 KWW BPAE fo XN ERBy FIA-3E0 1 A0
gﬁlﬁﬂ TFU? fm,max

Sy WiES fo/kHz  ERBN/Hz  fumax/Hz
1 0.4565 74.0 60
1 2 1.7055 208.8 90
3 3.5340 406.2 200
4 57580 646.2 300
nl 0.6500 94.9 300
2 n2 1.8500 2244 300
n3 5.6500 634.6 300

LR P ad, LA O B K SAM A5 5 M
R AR 2 AN A0 A T 1 B
FEVRSCIRD, 2 TR 2 /N1 DU T B R O o iR
(] AF 1) ERBN K] — I, B A5 5 Al 5 5 7%
TE% AF PN, BEIRF5 2 (10 45 RARAT W) BE S . 1) 52 W
B FR G IR IN 1) 239 T AN R AR A T I AR
M1 AF-ERBx BR KIS 40 47 R K P 45 (R 2.

i 1 et fl%R /1% ERBy (11— 2F
I, 026 U 3 PR AR A AN 2 S R ST D E 7 1) 9
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A1k,

BRig 2 A& T1% ERBy [—2F
7] KT 1% ERBy [ (P RL P I, 271 kA il 58 7
)2 LTt

SE 10 2, 3, 4 TEIEFISLEG 2 (1) n3 0 IE
SRR AR fomax < ERBy/2. 4 3.1 75
(PR 4) %0, 2 R 3 30 18 F, 28 1 )5 AR 4h A 7 R
LWl 6 07 1 S 2 AR A, SEERAESE T Rk i 1 AR
P 3.1 TR 3) A0, AESEES 1) 4 JE AR 2
1) n3 T 2% U R AR A S 3 S TR RE ),
H AR AR Ak 5 B A K (10 dB BLYY), HAR S8 H] &
HLI S SRIMTE £ > 90 Hz I, K590 68 ) UG B
H fon PSS B, X 0] 82 52 2 N H XA
[ AR 405455 5 11 /N AT W AN [ 1) 5 )

S 11 JEIEASEES 2 (9 nl A n2 JEE
0 245 U 11 23K T FL AR AR T Y 1) ERBN/2.
AR 3.1 5B 1) A1 2) Sn7e X AN B b, K
D RE 7 52 40, 2% 0 o1 26 I 35 R e, HL 5t RO B 3
P, LI UESE T AR B 2. KX = AN i
2N T BT ERBN/2 M L BEAT 207, 6T 1
I IE R RT YN R (f = 10, 20, 30, 40), nl i
P E R (fn = 10, 50), n2 EiE K =
PWHIE (fm = 10, 50, 90), post hoc 73 #1 & 7~ 1 &F
AN TE T A e LR R g R ) S 2 e (A
JE p > 0.05), BRIV AR L0 A M B8 7= A= i 3%
oy, XA AESEE RS TR 1 IR Bid
5 e ok SE A3 2 T 50E.
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WIF 55 £ s 3 8 o A0 4 50— 3, (RS BR

T AT W 2 ). ARWEA A S S R

A IR SAM, A T 2 A 23R 1% 28 0 79 0] 1) 320 1
2, W 75 AR s N BT 1 N T H i SAM
DA 518 5 R XA LBk o H ) SAML {5 5, i@ it
HAL I B4 2 VR A 5 TR 2.l T AR
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Abstract

The effects of envelope modulation rate (below 300 Hz) and pure-tone carrier frequency (below 8 kHz) on auditory temporal mod-
ulation detection ability (TMDA) are investigated through psychophysical experiments. The stimuli are sinusoidal amplitude-modulated
signals with pure tone carriers. Two-alternative-forced-choice procedure with adaptive step is used. The temporal modulation transfer
functions with different carrier frequencies are measured. Twenty-two normal-hearing subjects (22 to 29 years old) are recruited for
this study. Experimental results show that both envelope modulation rate and carrier frequency have significant effects on TMDA.
When carrier frequency is below 2 kHz, TMDA improves with the increase of modulation rate. When carrier frequency is above about
3.5 kHz, TMDA is influenced by the variation of carrier frequency, but without significant monotonic trend. When modulation rate
is between 10 and 100 Hz, carrier frequency does not affect TMDA. When the modulation rate is between 150 and 300 Hz, TMDA

decreases with the increase of carrier frequency until the carrier frequency is above 3.5 kHz.
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