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Speech Intelligibility in Syllables and Vowel Space according to Dysarthric Severity
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ABSTRACT

The purpose of this study was to know the differences in perceptual judgement for speech intelligibility in monosyllables by
inexperienced listeners and vowel space area according to different dysarthric severity. Three dysarthric speakers with different
severity(mild, moderate and severe) screened by 3 clinicians’ screening tests before the experiment were conducted. Corner
vowels (i, u, ae, a) in monosyllable level (CVC, ‘p p’) and carrier phrases (‘&-°]°l ") were chosen and analyzed for
vowel space. Inexperience listeners (n=20) performed the intelligibility test for spoken syllables and carrier phrases by
dysarthric speakers. The results show that there is a significant differences in both F1 and F2 values among 4 corner vowels.
Vowel space area in the data of mildly impaired speakers was significantly higher than two others. In the scores of speech
intelligibility judged by inexperienced listeners, the scores by a moderately impaired speaker were more higher than two other
speakers. The discrepancy between perceptual judgement by inexperienced listeners and vowel space area will be discussed in
this area.

Keywords: speech intelligibility, monosyllables, vowel space, dysarthric severity

1. AE 7 Qe A%l @e] dlolgtAel Belrt AAE mEe vk
dolup Eole] dojatd welol wet thal vAA Wkl
9 § T(speech intelligibility)& 3}Ap7F Hale FoJRIZE ez} o] HAAE Hesh= ol Fmoll HHAA FEFE
AAQRNA e} 2 AL 5 GEte] AES oug A7) wEelth 27l] B g5l FelN BHRE
o Foj2lart ofm WAt ofm oA HEE=vte weE T YA At Byt g Asdzez AR oo
A Dolee Aol B wsh} dojdtt. 34 B YA} = AYE 2 QdTh B9 71 AR pkaT s H AdE s
MAA A, ehdea] 289 A, fAAe] dojdky 54, Fanigo|7lo vkt dojehd A FolM WEE A7t
HAA] Agu)d] Zo) gmi% Ao A AgEE WA 8 7E ci(Hustad, 2007).
Ao vX= F2 W<Eo|T(Hustad, 2006; 2008). F-SE HEE AT A ATH =719 Wl wE 713
G o) WaE et A AR A WAR Gl 5 ekl Telslelol 3 We F b Bk 4ol Sl
o] AR} Bt HlAIRAE olFsln s u YoM F AANEL e HEE Ut fFIES AYRY, HAE o) §g
HOA A Zolgis 2838 I8 314 Al E3), 253l W (Garcia & Cannito, 1996; Hustad, 2006, Weismer & Martin,
1992), HE=HS o]&3 WHH(Allen et al., 2001), DME(direted
1) KIDCA Language Development Research Institution, magnitude estimate) *J*H(Walshe, 2008), thz 2o} A7 ofF-o]
ob-lee@hanmail.net (A14]<}) w2 HWhH(Kent et al., 1989; 344, 2006) o] AFEH 1L Th
2) thAel Mgt han@dcu.ackr (AR A} o] ZoA B3] SrrAEHe QU= dIFel <lAliokl A

o
3) Ao 3L, 49811097@hanmail.net (F-F A4} T
: o (oo g AREHI glom, Ax {§3o] wetHE et AsiA
A4k 20109 59 1Y o AINEIL ATKIEE, Ha, 2009).
497k 20109 68 149 A2A Has B
AAAA: 20108 69 162



= el
= L=
54¢ e wole) AR, FE, 18 59 hE 3
EEE FY A JIF(, 9o, T, 1 2F Bl

F(1951)°] AFeXE
~30% Alolel = %'T, “goje} £ Ul ol 1t
on7} ¢8-S AAFSF T Hustad(2007)9] <
FE AZAEE 7 el 3}
A AAN BEFEEE dro]e} B B}t EaloA UHE
= A7t Eﬂ A vebgth 283 A vpuldgele] Ag
ddto] Bt} B By Ewrl s¢goy £ @ kg
Agh el dalol| A o] Bu) dhdojoe] By E
ol UehA etk 2y ofH 7R FF v dA el

T
4

g
oz olad APEE B gov] BY 1 WAS F U B

gelA A7 B AEe]l ADAel. FAun 1293 @
AR Au57} Bol A dE o] FAH P42
Aol ol Msd £ F& FAD 47 YrE AW
2HAGEAE, A9 &4, 28, THE 54 5L A4
717 Peg 47 WeZ 5 e 2ag0] EARY. o2
AL 53] Baolsl BA5Fe YRES AW glo] §

3]

=X
UrEhH?}E}. 1?41 E%%{M AN TY
7T EEE 2], 2009).

Hi
=
T me

flo

o x
i
rr

ofk

=

)

53], 2537 A% (vowel space area)> VIB]ZA ol 3}xle]
wHEE 5o wee JoE 23 B0 oy, do vE
R e Yo ol RS Gepw, wel Ao o
& Rtz zol7t glgo] Eiet A5 T B
1 A THFerguson, 2007; Higgins, 2002; Liu, 2005; Neel, 2008;

O3

Weismer, 2001). ZHoXE HAum A4S gatoz weslt
Wsl(clear speech)e} YA+ w3} 7+ S3ketz EAF WE
Bl A77E YAk EF, 2007), BEE tig T

2A2i2 S48 M2 H25 (2010)

S 38 AL o) TolAA ggton] Be3RAY YR
2 o] e A3k RaHA gsich WS chege] g
=1 = 3

= g A
w7} Z47] © 2 A E(mild), $E(moderate), 1L%(severe)T
o] wpnj el ghxte] WIAEE UldoZ HIHEIR] HAE
HESE WA ESEY )9 SFEH
EE33dA e 548 Yolrux itk
5], o 7ol WS Wil B97 AucguAe)
GojgRes Srige Sauds ¥

rulru

H
2 ST $39 HE TR 4t ok B4, o
g S BE FIgt F27ke omel A
3L WG A

o7t =7k

2.1 AHA
vh e} AZbwe] dig FAAA LHEE HrkE 98]
20% 9] HIAE I Hrpapr) sl o5 BT oo
2 43hd dojxg SFASE T A% 23A)oIod, HER
Z

AAbel H@ AEAQ FAL we FPol goom 53, vy

H

22 23R

2.2.1 @3}t

BE, T&, 1= gl AAes 2
g 47] 93 AAAEAL 1 AATS AAEAL ' 29
AAXEAE £ 719 tig) FFelMe] THEE, AgAl

A A, 2eSEY SN A, AR, FE, AR 57

A, @7 mFOR A
£, 2013 B T kA @ A,



OHHIZ &0 &=2=0l OE

alo

HO9 LURE QY DSI
AR, FFolE gt H BAS UEA g .
WA, s R A,

oA, sl el F5E 97 A} 59 A

o gt e Aol whe} whuwgel
1% FEOE APHE vhdge] 3 38S

(<E 1>).

Ak

I ol
f
ofy
P

F 1 s HR
Table 1. Speakers’ informations

LERR dbAt 2 454t 3

A 11A4) 174 644
el ] SR =734
vpR) 2ol _ _ s
o5 Azy R =3
T o
AN7te AT Z2= A=

gl A weh SHe e Utk #aA 19 3%
BEESL e olu, ok SANER A AAH 4
o w7k Ae otk 2AFwE A PyrEolr s
ol wae] eHgEe & otk wax 29 A9 A

oS =2 Polr], 2L FE Ho

=
e
ox
0
ro
-
2
=5
r_ﬁl‘
rlo
2

BalA 39 BE 2SR/ A, WS 93, A &

Ao] Fr#AA YeEhdth %

222 IsiabA] Bl S5k

ekl s I WA el d5Ho] ¥FHE EFEES
ke Az et 2edE TR wauAE A
j=iRus] a2

2 0

7

¢

(<0
o
oo £

AN o
o
o
>~
b
ol

Ly
S
® A=)
Jelz Tl

>

1o

T 4y w2 o
v 0
il El; 3
o =
E
% i :“~
2
22 2w
i © l
oo b
—|>'—' >{.n
N -
ki Flﬂ
dlo
lo JL]‘ OH
I B
o -
. e,
o oo
” i)
o
E B
:{o N
=
it

! &
I8
T
oo
o

o %
> mlo
i
o 0
;& )
o
B 4 d
* N
N foj
do 32
w5
ﬂllo 4\;‘
n -
FS
© g

[0
ol
ol

N
=
o,
=
|m
il
-
o,
_O‘L
M

Zy sAAtelvkd 0.5~1% 7}
Bt Tet=g sto] F 16
Fack Ae didAtse] d5ds wES o

8 5T FANEE ANHIL. B FES
A

off f do
&
<

(M o
tl "y
-
2
Y
re
[
i)
X
i
o
=

X,
2 4 to x
ol

o ox
e

k)
o
B

2.3 EAHEA

23.1 ZAAAH EA

vl el SiAtEd Uit FHEE ¥ wE UYER
AFE dolr 7] 93] 58 HE¢ IAE HE(Likert scale)®] 7

M AERE PHERE WUHE A 5d HEs (13-

Lo

Y
K

(extreme sever), [2]3-IL%(severe), [3]3-F = (moderate), [4
A% (mild), [5]9-3 3 (mormal) &2 FAF ] em, 74
E [114-33 LolsS & glS(abnormal), [2]8-A<] H
(almost abnormal), [3]-HAZ A Z(severe), [4]7-2FZ+
(moderate), [5]4-E%5(mild), [6]%-A<2] “d(almost normal), [7]
- Hnormal) 0.2 A H o] Stk F HE BFE Hevt 9
FE WEEIL AstE] S gttt & d3A HEE
Aee 9ol 7% EFFAAY] Fxojo) g HEE ¥
7t AGE ougitt o|9f D] A AEH Ll XS 3
EE e B A7EFd wE AolE F7] fA B3
o tiEszol el 2o HEE RS ARl g} A
g Aojth

—_

ox M1 o

ol

]

s
N

AAAE 209 FAZ FIAES ez HEel 7 Y
F7h Sjulshs wke ek dRe) =t HFEC 94
23715 o] Lake 65dB A FAAER SEF
itk Hela)s 297N AHe R 20em AN L5

H718 AHgste] QYA 2SN 2 wake 199 Sel
Z ¥ 2w YEEe gale] 35E =S sgov, 2
weh 7 WA AL sk Sk

10%9] BAAAE DA E 77 HES o|8% HEE B2t

€ 10789 e 53 A=
T 37HE WA Akl 28] A3 AL 15Y HE e
Y= At FAAA Hrise] Friaf Es
Aste] 1089 HHAES ddes 78 A Brt & AT
T FYT AHE AASATE AE s ol (Pearson) FH
AA B3 = 812(p < 00DE F7IAY A7) & Ao
ERsTh

BWEE Aae 2wt tigte] 2019 FAL vzl AeE
itglstach

=
",
i
b1
i

L3RS TF32(Milenkovic, 2002) ZE 138 o] &&AT}
7} F1a3t P23k 28 53 o] W) 244 B5(0l, %, °f, °b



88

TR FAH AN ST o] FgES 8517 A A
AE 2 T7Hvowel duration) A ES9] F27F £HSHA Al
ZHon AH)E L FAlA EB2(glottal pulse)’t UER= 914
7} A2 dA S A NA AFetA, F23kd AEE20E 29
sl Yelve AREE o] F Meirt gAY AlFske
ARAZAWAA A3tk ABE BT HelA 71 F3 9
2ol Fehs T3t 30msE Btk AFEZ Y Y AE
H ZREHRI LPC g Hlasty 7 dX|ste @ A%

ol
bt

E237hHA &L Johnson 5(2004)9] IS Q859
W, I F4e oS3 2ok WEI * F2w - FIA/ * F2/i)) +
WEFL/ * F2/A/ - FI/A/ * F2/) + (F1/A/ * F2/e/ - Fl/e/ *
F2A)) + (/e * F2/i/ - F1/i/ * F2/z/). 28] q
S A5F3Knormalized) (A H o wWE HA=x, AUz
9] ztolE 1Eete] olF FYUS AF Y B HWHE =&
st W2 ¥ TEE W2 (non-normalized, AF ) Z}o]o

DA o2 AdEjdlA AFA ) o3 4t
Fach 7412t E(nomalized) 42 Nearey 1 3-2](Adank et
al,, 2004)S o] &3t ES3HAS &Stk

LR ]

Y

o

r

L

Fl

[1

e
ol

ti

Neareyl _ y~L
£y, _‘F;‘,i MD,{

2.4 A3
uhH o Azt = U:}% IslFd 2
st 53 HAEE ARREE OHEE s 74 HRE ARSS
PYPEE Ao B ﬁ—f%‘ix}g YolE YTt 1A wiH|
Do A=l ol W FIga 23t AfolE dofr 7|
all, F13kd F23k Zt2bell et 2AAR(AE, T5, 15)9)
25k ofl, o], &, )& FLUSE g o] ARLHE A (two-way
ANOVA)S AA8Igth BAAE w71xE spss™ 1205 &
3ty AR Rewd Ade 2 Byt AAE AA
sk, 71 Ao tigt Hlal T =E AASHAT

%
4l
e
i
9
K<)

)

3.4 3

3.1 SR f3o mE ¥Yar HF
57 274 HEE 71Fo 2 HHEIR] HAEe] £ Ut
3t dHeEs AdE <T 2>o AAE vkl 2h 57 HxE
o] 83 IHET Hrt ﬁﬂr wln] gl “7”:7} =9 A

YAicIet S0 HM2H M2s (2010)

£ 2 SHE §30) hE SAYUS YRS P4
Table 2. Intelligibility scores in syllables by 5- and 7 point

interval scales

= A= R =
wa | 58 : 2 =
3 s L2 = T2
= -‘—_" w57 I P LT P e LT
TU R e | T e T | an
5%
A% 1.85 0.67 3.45 0.83 1.75 0.85
A -
i=] 7;1(:_]
- 23 0.66 34 1.10 | 2.25 1.21
He
53
- 2 0.92 3.65 0.59 1.9 0.72
e
BT
- 23 0.92 33 0.92 2.45 0.89
e

3.2 v AZbxo wE F13k F23k

FIgtol A 2 253 viuldgo) A4= fAd & A
¥}, 2o welF = 8402.46, p <0.01) 12|l vpu| Ao Azt
So] wglF = 15372.32, p < 0.01) Y& =Fol7} ek =3t
vpHE o] A7 wel Bgrhe] AsAgo] JERTHF =
4927092, p <0.01). F1gk& B 28 /$/S A9l /o], of,
oyl F= 9 FIg2 2= 9 %o B8 vHA velst
o /ol BE 45 oM e 9 AxoX e 7z A
850. 25Hz9+ 87725HzE YERAoY, F=d Wb B
731.25Hz8 YERly, EF
A= o] 9 Figke] Wt 739.7 p2s
F23kell A 2 2ga) wie g H A= A B EA44
) E’-% o wEHF = 343.27, p < 0.01). PPHIEG) 4lZtEe}l &
A5 AFg-o] UEISTHE = 8.81 , p < 0.01). 22} F1%k
7&?% = g v Aztwe] wE fold 2ol {1
ok 22y R2#te] A9, AR B TR T v ol 1

3 1% £F9] mrjEAo] oA /oHE AT BE /o], - of/

Z
M

x
i

o

U]o A
L

oA e XS Yehhith WA F2o HFghe) 1k FF
NAE 1491.94Hz, %= 2 FEE 247 1796.25H29} 1589.72Hz
& HeEhiE:

FIgkat F2gtell wheh ez vhulabgel Nzhed meabzt
EE <a¥ >3 <39 29 2tk BSAAE B A Rl
e dedst BPEN BRolN AE vhulege] v
AT S5 B A vis) stz e} AlRsh 2A) SR



OHHIZEOE d2=0 OHE S2dHe 28act 2832

SR BN FE vhaEgole th AR 7 %
Fe vEhiglon], mse) A% hEst 2ol BT B
O

3000

ol

2500

2000

1500

1000

2 E(mild)
Foat | & (moderate)
D5 (severe) — — —

0 fF1gr 200 400 600 800 1000

a9 1. wEgel 2A4EY QedAe] ReAE
Figure 1. Vowel space in syllables according to dysarthric

severity

3000
2500 r
2000 r
1500 r
1000 r
500 & S(mild)
= C(moderate) -------
F22t 1 E(severe) — —
O L 1 I}
0 Frzr 200 400 600 800 1000

a9 2. v} 2R EE EE oA 9
Figure 2. Vowel space in carrier phrases according to dysarthric

2 At

severity

TO R 7P€>
me—ﬁ% } 7178)7} UrE‘rkM TE DAZ=HT = 213790)
o} 1% TAZEEHT = 279960)tellE FHH o7 2 2jolr}
gtk 2eiv, 159 AR FE
27F oA E=A AHEE A

o] Ade ETRIAME FARE AR Uit w4z
Tt A o] BeEHA 37 7P A e

oo

89
T = 471602). TF-0. 25 1% ST = 234524), T =
(T = 141126)9] o2 vehdth o] Zosel hd A
7rel AAAQ vHuE 2=} ¥t <2y 3> <Y 4>

oA RE nle} o] v 73K non-normalization) W3} A
3Hnormalized) ¥ W2le] AFr} LS JHS HAFa Tk

500000
450000
'uﬂnﬁu

ﬂunﬂﬂ
50000

1%‘ 3. Hl;ﬁﬁ‘i‘r{} LAk i R
Figure 3. Vowel space area by non-normalization
for dysarthric speakers

0.0900
0.0800
0.0700

0,0600 |
0.0500 }
0.0400 |
0.0300
0,0200
0.0100
0.0000
Ztl x

i
a9 4 A 2LI0RA

Figure 4. Vowel space area by normalization

for dysarthric speakers

4. 48 ¢ =9

AR, AR BATA AT 5B Al 78 AE 4
# PSS Wi era 3= %4591 DEEER

E}kkﬁ} 5@ HES AF%SP HEE %j E 359 T4
daiMe 343z Ueht S0 UHEs
T AAEE
T AsS el Aes AEAS § Uy =
AAEE 7R Al disiMs 1~279] a1e] 7 “3 2E A3}
E YRtk $5 2 59 mwge] sale] gHErs
54 H=s AR W 2 Adws ¥HEs x1o}7} ) 2] 3}
= Atk 2HEE 5H ARE RS B T



90

=9} ghe] Aolg k7] o} g & AL ¢ & Ak
ey A% gl sxe) 2 -
Aol Dasith A wpujurge] sk} walatg o] A

o] B =& o] ERolYtt AR AARE9]
248 WA oY, BEEs}
=]

okthe Abdolth mebd %

7
[\)
)
oy
fru
o
-\
>
o
i)
of
i
b

Ashe vehidck
bazo 78 Axe AR

AL HRE BARES

=
=

bt
N

W
o
e
b
it
>
&
o
e
ol
d

=)
ot
il
o
>,
i)
_ﬂ
it
£
oot
=)
frtl
Mo

wn
et
J}.',
kil
o
~J
et}
_L>|l_'4
U
=2
>
NS
e
iy
N
N
(o]
=)
o
o (I
d
=X
o,
ol
b
2
ol

v
&
9'15
=

=2

f
4
%0,
Ru
offt
e,
ot
(98]
!

-3
o
r 2|
20,
)
ety
&

ety

flo

ofN

ki

lo

)

o,

=il

k

>

ol

i

(
)

fr F
R S R

=
o2 FATE
CREERER
DR EE R 2 +
= fFe) vhlnge] el A7k AR R nwe] ws) w
e %

AS Bk 181 R6AE 1%

b
N 1o
ot

= o

1o mE -{O
OE W
il
k1
2
ol
|
lo
=)
e
Aui

2
e
td
oo
fl
.
Il
Sid

2,

ot Yo Aow yehth
Vgl ATANES FY W, DA BTN F
ERESAE o8 HESHC] i BEE ¥ gow
242 wyEE P}

7 & Ao gt o] Ave F5& FERT
© dolshy ol wet 2HEE Bt ged 5 Sloe
AT-E(Dongilli et al., 1991; Hustad, 2007; 2008)S U SHk3
st =t T FEY AR B deHo] FEAE ¥
B27b 12 F A, AegEeld suE SA4EA A
Brolle d5dole] BrErt AskE 4 7] WEolth 29
5% WrHddels g EeditaFdME AR
FEORE AEHAE, ol TN =Tt ATFE 25T
A Aol AP ATS(Higging & Hodge, 2002; Liu
& Kuhl, 2005)% Si3stal gk 2oy ¥8= Frhdse
Beatiaze] Ao ARAA #A 5, BEE AWt =57
g B3] 24 AEEde 9 JdAAdTES ta A
o7} Atk FF Wk thdek dojatA|et FAlE viHIEl 5}
= A

QFsolof AL, o] AToIN HEE
AT RS FNRH A A} tha FoIF BFS B

ol Ygel Fulze ol Fofu e 7o U A7

HrlolN AEFET AESFe YEE Fio] mEsH, &
A PAE FEFER 1% 3

3
A reke Ao] o] AolA ANSHE AEolth 1ot ded
A

Wetd FF AFAe 27 v shngel 439 3¢
ol HAAe Do) SH(BEE, 2T, SR 4
= Bl te} AdsE BRREs BeFmAe] JPe W
7] Wie] old@ mhulRAe) §8% W FEE] BAY

w3 72

=
o] AT HuHHAAE bl S F
33 Ut vk 53] TEE 2AFDA, Bk wEA), Bo
Aol whe} wpE e} 2y s =) @EbA] 7] ulE ol (Hammen
et. al., 1994; Turner et. al, 1996; Yorkston et. al., 1990) &&=
150 e HRERvlh S35 BN BAslor &

Aelth. 7 9 HEE B7ke) 48e]l B & QE 34

Adank, P., Smits, R., & Van Hout, R. (2004). "A comparison of
vowel normalization procedures for language variation research",
Journal of Acoustic Society of America, Vol. 116, No. 5, pp.
3099-3107.

Allen, C., Nikolopoulos, T., Dyar, D.,, & O'Donoghue, G. M.
(2001). "Reliability of a rating scale for measuring speech
intelligibility after pediatric cochlear implantation", Otology &
Neurotology, VoL. 22, No. 5, pp. 631-633.

Dongilli, P. A., Bernthal, J. E., & Beukelman, D. R. (1991). "The
assessment of speech intelligibility in adults", Clinical
Communication Disorder, No. 1, pp. 51-59.

Ferguson, S. H., & Kewley-Port, D. (2007). "Talker differences in
clear and conversational speech: acoustic characteristics of
vowels" Journal of Speech, Language, and Hearing Research,
Vol. 50, No. 5, pp. 1241-1255.

Garcia, J., & Cannito, M. (1996). "Influence of verbal and
nonverbal contexts on the sentence intelligibility of a speaker
with dysarthria", Journal of Speech and Hearing Research, Vol.
39, No. 4, pp. 750-760.

Hammen, V. L., Yorkston, K. M., & Minifie, F. D. (1994). Effects



OHHIZ &0 &=2=0l OE

alo

o dHESE 2532
of temporal alterations on speech intelligibility in parkinsonian
dysarthria. Journal of Speech and Hearing Research, Vol. 37, pp.
244-253.

Han, J. Y. (20006).
intelligibility and phonemic contrasts, and acoustic features in
Puotnghua-Speaking children", Malsori, No. 59, pp. 1-11.
(FAA (2006). "EFE THolo] o] FEES} S4 HE B
S8 -] g AEA. A, 59, pp. 1~11)

Higgins, C. M., & Hodge, M. M. (2002). "Vowel area and
intelligibility in children with and without dysarthria", Journal of’

"Speech  developmental link between

Medical Speech-Language Pathology, Vol. 10, pp. 271-277.

Hustad, K. C. (2006). "A closer look at transcription intelligibility
for speakers with dysarthria: evaluation of scoring paradigms and
linguistic errors made by listeners". American Journal of Speech-
Language Pathology, Vol. 15, No. 3, pp. 268-277.

Hustad, K. C. (2007). "Effects of speech stimuli and dysarthria
severity on intelligibility scores and listener confidence ratings
for speakers with cerebral palsy", Folia Phoniatrica et
Logopaedica, Vol. 59, No. 6, pp. 306-317.

Hustad, K. C. (2008). "The relationship between listener
comprehension and intelligibility scores for speakers with
dysarthria", Journal of Speech, Language, and Hearing Research,
Vol. 51, No. 3, pp. 562-573.

Johnson, K., Flemming, E., & Wright, R. (2004). "Response to
Whalen et al. Letter to Language, 80, pp. 646-648.

Kent, R., Weismer, G., Kent, J., & Rosenbek, J. (1989). "Toward
phonetic intelligibility testing in dysarthria", Journal of Speech
and Hearing Disorders, Vol. 54, No. 4, pp. 482-499.

Ko, H. J. (2007). "Acoustic-phonetic properties of clear and
conversational speech spoken by cerebral palsy adults"
unpublished Master thesis, Nazarene University.

(ALEF (2007). vkl Ag1e] WHakdh wetel st
SFSAE B4 Wa R YAlEgsta AAEEe =)
Lee, O. B, & Kim, S. Y. (2009). "A comparison of three
equally-appearing interval scales for auditory-perceptual
evaluation: preliminary study", Journal of Speech-Language &

Hearing Disorders, Vol. 18, No. 2, pp. 1-16.
(O1SE - HA2(2009). "&38N A4 HrrE A S
AW v, A F AT, 18H, 23, pp. 1-16)

Liu, H., Tsao, F., & Kuhl, P. K. (2005). "The effect of reduced
vowel working space on speech intelligibility in Mandarin-
speaking young adults with cerebral palsy". Journal of Acoustical
Society of America, Vol. 117, No. 6, pp. 3879-3889.

Milenkovic, P. (2002). TF32. Madison. WI; University of Wisconsin-

Madison.

91

Miller, G. A., Heise, G. A., & Lichten, W. (1951). "The
intelligibility of speech as a function of the context of the test
materials". Journal of Experimental Psychology, Vol. 41, No. 5,
pp. 329-335.

Nam, K. W., Sin, Y. I, & Lee, S. H. (2009). "Acoustic analysis of
Korean vowels production of patients with dysarthria",
Proceedings of the Korean Society of Speech Sciences Spring
Seminar, pp. 37-43.

(239 - A8Y - 015 (2009). "L FAle] Bg A
=0 e FF4eA 54 A7, 20009 F=573%3] &
St 3] HE=EA, pp. 37-43)

Neel, A. T. (2008). "Vowel space characteristics and vowel
identification accuracy". Journal of Speech, Language, and
Hearing Research, Vol. 51, No. 3, pp. 574-585.

Sitler, R. W., Schiavetti, N., & Metz, D. E. (1981). "Contextual
effects in the measurements of hearing-impaired speakers
intelligibility", Journal of Communication Disorders, Vol. 11, pp.
22-30.

Turner, G. S., Tjden, K., & Weismer, G. (1995). The influence of
speaking rate on vowel space and speech intelligibility for
individuals with amyotrophic lateral sclerosis. Journal of Speech
and Hearing Research, Vol. 38, pp. 1001-1013.

Walshe, M., Miller, N., Leahy, M., & Murray, A. (2008).
"Intelligibility of dysarthria speech: perceptions of speakers and
listeners", International Journal of Language and Communication
Disorders, Vol. 43, No. 6, pp. 633-648.

Weismer, G., Jeong, J., Larues, J. S., Kent, R. D., & Kent, J. F.
(2001). "Acoustic and intelligibility characteristics of sentence
production in neurogenic speech disorders", Folia Phoniatrica et
Logopaedica, Vol. 53, No. 1, pp. 1-18.

Weismer, K. M., & Martin, R. (1992). Acoustic and perceptual
approaches to the study of intelligibility. In R. Kent (Ed.),
Intelligibility in speech disorders (pp. 67-118). Philadelphia: John
Benjamins.

Yorkston, K. M., Hanmmen, V. L., Beukelman, D. R., & Traynor,
C. D. (1990). The effect of rate control on the intelligibility and
naturalness of dysarthric speech. Journal of Speech and Hearning
Disorders, Vol. 55, pp. 550-560.

» 0] &% (Lee, Ok-bun), #|1#]=}
KIDCA Language Development Research Institution
A71= A B-T ol 97-6 5dZEbAL 4028
Tel: 031-704-2237
E-mail: ob-lee@hanmail.net



92

« ZA4 (Han, Ji-yeon), A4}
Ak Rt 8l 1 o)) & 8t}
A RS WEE 159 A
Tel: 053-850-4093
E-mail: han@dcu.ac.kr

o B}ALS] (Park, Sang-hee), 354 A}
o Aol TSk §1oj ) 28}
A RS WElE 159 A
Tel: 053-850-4091
E-mail: 49811097@hanmail.net



