
























































$240 - Bl G|
Fy- B By AT
~ 55 55
= =
é 4.5 g 4.5
% 35 7% — E 35 b p— 1
225 | 1 225 ¢ —o— Bl
S 15 S 15
™ 0s ~ 05
123456728 910111213141516 12345678 910111213141516
Time (Normalized) Time (Normalized)
B+ E—ZEaa0EREENE B+ SE—EEEEENNE
EI il S BRTE
~ 55 ~ 55
3 B
N 45 % 45 1
e enana- e ol et B L) OO e
Z 25 —o— T Z 25 IRy —o— F
= =
§ 151 é 15
0.5 0.5
12345678 910111213141516 12345678 910111213141516
Time (Normalized) Time (Normalized)
B—+ S EEaiaiEREnuE B —+— SE-EEERERNNE
CIES: By AR
= 5.5 5 5.5
,lﬁ 45 r ﬁ 45 1
£ 35 — £ 35 —
Z 25 ’% —o— i Z 25 ¢ M —o— i
ERK ERK
= &
0.5 0.5
12345678910111213141516 12345678910111213141516
Time (Normalized) Time (Normalized)
B—+= Z-BENOBRNTE B-+= $oREanERnmE
S Y
~ 55 ~ 55
= =
S 45 845
£ 35 wWN —H £ 35 WN —m
2 25 —o— T 2 25 |l
= L 5 L
12345678910111213141516 12345678910111213141516
Time (Normalized) Time (Normalized)
B —+P0 SEIE TR RS B—+#& HWEEERZERNNE
VRIS 3 e 7 BT B BRI - [ 5- BRI
(-~ V05 AR IR 20 A A BRI 5T e (AT s = o ol AN RS e T IEI
‘{j“ Ii o IF " 5 [ l[ IJ%E F f ﬁﬁ 7 q ﬁ'l %\ 5 ﬂ:
SRR B SERETY S BE R T S
RO R TR IERS o R RS 1 o



3‘%@%1‘“@115 IV IS G I?&iﬁﬁ

£ INT@ [/mw.z;r[ﬁn AR A TR A
lé"i*“ﬁ Frr) R e e 5 sﬁﬁ IJL—FE*E

b R 'H@?ﬁf[l 5y B
e (R e C Vi’%‘ﬁ"u‘ﬁ?’ﬁ%‘“ﬂﬁ%‘ﬂ%
CHLUR ~ [ Te) o A gl = e & 1 gt
BV o W fifi PR A J?,ﬂﬁﬁ £h
- N BERASEE  AE I'E?%\E'%'
sy B WS P A
s F—ff‘r'.“]@[iﬂ ez G 5‘5’“’@”%
g SRS J”E.ﬂ?‘%?@%' WEE I
W%WW%EW%@*W*gﬁﬁ@ﬂﬂgﬁ
PEpoish o (SRS Y RS AE
BRI Tt o R & =l o e
TS SR N IR R T R
= k*lﬁTﬁ' FURh Rl =09
AT ISR 1.35 Fji{\ 1 7j ”U‘J—#iijflﬁa“
Bir S%ﬂF #g;?“ﬁfm‘éﬁﬁ Fe B iy
?f‘ﬁi‘%’fjrﬁ BT S ST “'I?ri‘
rﬁu 143 > [ 71%ﬁJF » R R
%§35WW#EF}wﬁ B R
TREDIAEE [

AR Hﬁ’iifﬂﬁfﬁii XIS P
B (GLE ) Z RS @F’*ﬁ?@qﬂ‘
S0 97 B IERE o I RL N R i
oSt B R T LT
E%f gﬁi}ﬁﬁ [323] i el -~ BB 5

Urﬁ? i%f TRL 3% 5% N RS 5 BT -
ﬂ&;& ”fﬁi P (e s o N89 5 ERL
90) o UNERLE I[S‘ﬁ o Béﬂléﬁﬁjﬂﬁfiﬁ&ﬂ“
'”«l?f‘:f uf,“ﬂﬁﬁn&@h IR AN

7 [fJF“‘ﬁﬁ“ lfﬂl%i @gﬁl‘g’l [214] AL il
FLIEB ST ) ?Ufﬁiﬂ@ﬁﬂﬁ » N
SRR F R AR
CRIgIk > X 90) - [l ™ o= st =

-
IS lﬁ‘r;f:} -

U L IR AR L) RE S - —%Ei
”@%MWivmﬂ; B P
SRS RREI - FERRE (N 89) A

"*'I}Tm_ %TFIJJT’?J/T”% ©241 -

B (3 83) PR VAR I B A
.ILJEELﬁ@ M "I“Er ﬁ[@éﬁ}ﬂ o EIILPAPJ fl o
i 7 57 BAISTE BT DB TR
PERLETT B 572 ﬁ?"méﬁjﬁ,ﬁm R o

Fi T AR G T 50 v TS
T ﬁ%”ﬁﬂw fW%$ L
'? 9V BRI B S

Vid

ﬁﬁﬂ[@wﬁﬁa WA B R
L” (FIS 20 T o ALE 2 3 Bl
()@%¢JﬂWEW“*7 e
S

1@%2@?@

ﬁfmm&aﬁfalw @im @ﬁm*
i Hl ’f[ﬂ@‘ I ﬁ'ﬁ‘/'f I&IT" TE I YT
i

TERET AR BT B vx'—fi S - fef
'TFINT’?FJF jﬂau@‘?ﬁ Jl&'*}ﬁl E e
oY BT IRRLS ) HREVR o 0yl B
IR l\im w _ﬁ%firj Sl i
Cl' = A A= A IR B
Eﬁ’@ﬂfi?ﬁﬁfﬁ'ﬁﬁ lf’f' HHEER T ;ﬁ
SRR SR R F#—M :
T R [y ( F;;f:m ) % pJ
IF'%J T'HF@” Urﬁ‘? iﬁ"ﬁlﬁ&f%&#%&j S o

K>

S szg@;?ﬁ P@ﬁﬁ Fﬁiﬂiﬁ*’?‘iﬁéﬁiﬁ 154
[FRL ER R - %J U M
ﬂp,eaa& ST B .ij,jf,aﬂ@%?ﬁ ﬁr"tz @r'i
fie] ﬁ{nﬁﬁﬁ IRESPE g 250 (ﬁ‘éﬂ[ 1= ﬂ'qﬁll
S) o EIRE PR - R A -
) A ST B [
P A 1 B P
k"‘lj ”:H;\Ii~ ﬂl)

AN

—m

R

iy

Fa4] '@‘F%F” RIS P 1N R 15
YTirE » 5%

B (1.35) AITPIE (143) §i#%



£ 242 - ks

i T BV B (.88) AT B <.90) CF2) 4
(%0 5T WAL A 2T
ﬁﬁ}ﬁﬁﬁ bist w%aﬁﬂja#yu
RIS 32 B RS R B A i
ETJ‘E% ,gl\[[ﬁ]*;r N @?? Jbl@n‘ﬂ'j ﬁﬂt“
quﬁ SV B JNIORE ] T 5

U BT Y B 1S B
@??f[uh & ‘?ﬁ%@ﬁ@%ﬁ

i el Y
fro 51 R @‘:imﬂ lﬂ %d@((]]g)ﬁj]% -
T S (57) 0 B B
e i ’”—T@ﬁi‘gﬂff[']r,ﬁ; B RO
ﬂ@gﬁfﬁpﬁm AORBIAES o BT BT 8
@T(l 12) EFMJL @Iim[ﬂ HEr (67)
?51@:3&”7‘ 1@?@‘1’? 1 S
MJA @pﬁlfﬁ" Bk 1@%‘@(@%‘”1 [ 15

o =gt lﬁ}%ﬂ ‘F”Ai'iufj Bl
&HEW*’?%ﬁ%ai~wm%vfﬂ@
AT SRR 25 B

E: Fﬂf’ﬁﬁmﬁn frh o BT By
@ﬁ”’?ﬁy@i%zﬁ S H oD T B

@&ﬁ‘@%ﬁ“@W@%ﬁ%ﬁmam
BV Bl 572 B2 FR e R
O @‘“le TR T E i&ﬁ[}}%ﬁh?j\
HEP\B}(F”% lﬁ'%ﬁfﬂ S @%ﬁh%m 53
LA -

DI ﬁ‘@?‘ﬁ?‘imﬁ‘& .‘;;HFF%I'T o <o EET
TEFERIATE) - P ”'ﬁjz} v
T B S S S

B HIE B »%%@% - B
Eﬁ’W%%%uw%ﬁwg A
- iy $*ﬁw@ﬁmwﬁ&m*ﬁ i
ﬁ%F@%F%HH SB[ AL
PSS ST o G BRI R o SRS B

= BT EORTRBR (11 B

R ORI [P e Rk
BT o P ST S ST A
[ g E R - S B P

e, e “'F SIRER L= PP e i A
T—F’Idwﬂ@ Ry - ??%}E}Lijﬂ T’Tﬂj B, E"jﬁ
o (=t F@@‘?&i‘ﬁﬂ@"m"? ' “3@}@15‘?@5%
FEI'J  EpH SIS R

e EEE S
VEE g Wpvp > ri%ﬁ} A
AP ?F”'@?‘?F”F}HEE?%W 1EfY
f 7}{",|ﬁ I o g 7R E”i?‘ﬁu;ﬁ?
FFE T j?’iﬁjﬁjﬁﬂwiﬁﬁﬁ ﬁ* ; ﬁ |‘§IJP
i BREEfIfF - " ir”‘*fﬂ“ T
Sy ﬁﬁ}"’ﬂﬁ?*ﬁ”ﬁﬁ%ﬁ Fi IJAI BhLAy
TR o R e B f?’fFMﬁJplE P
“’Wﬁ;}‘ﬂ@g P -

ZENRK

— RS

ZﬁWﬂﬁdm)'Eﬁéiligﬁﬁémﬁ
WL - B R RS S I
P Chis)

%‘*TM,‘(H (N 90) : BESH 23T PR R
L R - %%ﬂﬁﬁ@&Mﬁ 0.
133-158 F1

FioficE) (4 85) -

—nL

| REEREHS TR R

EERETRG jgﬁ**a%g
PR Ft - CHUS)

B PTG Eﬁﬁ (A 91) TEER- 2
:Ii: I*F[I:?}Enb °

fa 7T b (A089) - BREEREE AR 2

o B [T e 5 B R
Fﬁa - ()

FIEA (N 90) © A B AR R R ST AR
BT AR 2T - [ Byl
SRR T WBRAT P @t - (F
L[I}ﬁ)

%WWﬁ%>w%ﬁ%@%ﬁ¢§
VR - EREERERT 3 19-
134 -



g’[‘gu =4 @'%%ﬁ@%} .-

R (2 89) z@?ﬁlﬁ%ﬂ L
TP - SRHEHRBT - 18 - 53-
78 -

s (088 B BRSNS

iﬁ%ﬁﬁ%ﬂ%%mém&ﬁﬁmow
SR e I E RS TR S
F L)

W (N89)  ERLEE SRR 2 5E
BRI RIE - [ﬁiflﬂ*%%r— R
FERFE G i e )

El% (X 86) ;,ai{ﬁlu__u@; Tt

B« B BRSSP
FHY)

Rz (X 70) - RBIRERISCE - & I
e o

A (N 87) Bsﬁ%‘t%mﬂ&’j?iﬁi’i'
E‘JE’ﬁﬁﬁxﬁM‘ﬁfi‘Z%ﬂ DA o B Q?ﬁﬁ'ﬂé
i S TR afrfp-ij - (%
)

O (N 84) @ BRI, 05k - RE
EfPRERER » 85 257-276
M (N 83) ¢ E R RS

=10, 72-79 -

—~ BYER

Ching, T. (1990). Tones for profoundly
deaf tone-language speakers.
Conference papers. (ERIC Document
Reproduction Service No. ED 335 901)

(2000). Speech
Communication: human and
machine(? ed.). New York: IEEE
press.

Gu, H. Y., & Yang, C. C. (2000). A Sen-
tence-Pitch-Contour Generation
Method Using VQ/HMM  for
Mandarin  Text-to-speech, 2000

International Symposium on Chinese

il - BEcE

?wu

Douglas, 0.

Spoken Language Processing, Beijing, pp.

"
-

PR RN g £ 243 -

125-128, (86.106).

Howie, J. M. (1976). Acoustical studies
of Mandarin Vowel and Tones. New
York: Cambridge University Press.

Kim, H. Y., Lee, J. S., Sung, M. W., Kim, K.
H., & Park, K. S. (1998, 29 Oct - 1 Nov).
Pitch detection with average magnitude
difference function using adaptive thresh-
old algorithm for estimating shimmer and
jitter, Proceedings of the 20th
Annual International Conference of
the 1EEE, 6, 29, 3162 -3164.

Neumeyer, L., Franco, H., Digalakis, V., &
Weintraub, M. (2000).
ing of pronunciation quality.
communication, 30, 83-93.

Osberger M. J., & McGarr, N. (1982).
Speech production characteristics of the
gearing impaired. In N. Lass (Ed.),
SpeechSand language: advances in
basic research and practice(\Vol.8).
New York: Academic Press.

Shimamura, T., & Kobayshi, H. (2001).
Weighted autocorrelation for pitch ex-
traction of noisy speech, IEEE Trans-
actions on Speech and Audio
Processing, 9, 7, 727 -730.

Stoer, J. & Bulirsch, R. (1993).
Introduction to numerical analysis (2™

Automatic scor-

Speech

ed.). New York: Springer-Verlag.
Tseng, C. Y. (1990).
study on tones in Mandarin Chinese. In-

An acoustic phonetic

stitute of History & Philology
Academia Sinica, Special
Publications No0.94.

Yun,Y., & Connine,C. M. (1999). Process-

ing spoken Chinese: The role of tone
Language and
cognitive processes, 14, 609-603.

information.



$244 - TR PR

Bulletin of Special Education 2004, 26, 221 —245

National Taiwan Normal University, Taipei, Taiwan, R.O.C.

A PILOT STUDY ON HUMAN LISTENER EVALUATION
AND COMPUTERIZED TONE-CONTOUR ANALYSIS
OF MANDARIN DISYLLABLE UTTERANCES
BY HEARING-IMPAIRED STUDENTS

Hsiao-Fen Chang Hung-Yan Gu Jiun Hsin Wu

National Taiwan Ocean University National Taiwan University of Science and Technology

ABSTRACT

In this pilot study, Mandarin disyllable words’ tone pronunciation of hearing impaired
students is investigated. Human listeners’ evaluation and computerized tone-contour analysis are
compared to find their correlation. The speech samples uttered by 14 mainstreamed hearing
impairment students were compared to those of 14 students, with normal hearing, of the same
grade, gender and schools. We developed the following tools for this study: 1) A Mandarin
disyllable words' tone-shape evaluation scale, 2) Speech-signal tone analysis method and software.
The main results of this study are as follows:

1. The scores of four Mandarin tones are significantly different.

2.For the second and third tones of hearing-impaired students, the positions within a
disyllable word result in scores of significant difference.

3.When a target tone's position is fixed within disyllabic words of different tone
combinations, this target tone's listener evaluation scores do not have significant difference for
hearing-impaired students.

4.From acoustic analysis, tone-contours of the first and fourth tones for both hearing-
impaired and normal students are same in transitions trend, but for the second and third tones,
tone-contours have different trends. The contour of the second tone is slowly falling instead of
normally rising contour in both front and back positions. Also, the contour of third tone is more

slowly falling than normal falling contour independent of its position.
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5.The results of both human listener evaluation and computerized analyzing of tone-contour
are very consistent. Both human listeners’ evaluations and computerized analyzing of tone-

contours show that the second and third tones are the most difficult for hearing-impaired students.

Key word: human listeners tone evaluation, Mandarin word’s tone contour, computerized tone

contour analyzing, hearing impaired student



