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(cerebral palsy)

(athetoid)

(intelligibility)

(acoustic analysis)

(aspiration duration)

(spastic)

(dysarthria)

[, to, T/



/=, 1, w, e, 1, =, A/

[, =, 3/

[1-=1] , /H-5x, &w-&5, 1-7/

[wa- sz, 11- =/

(-m, -3, 1-3/)

[ = -t/

/d-m, =-t, 1-71/




(cerebral palsy)

(spasticity),

(tremer),

(triplegia),

system)

1,000 249 1960
2
(athetoid), (rigidity), (ataxia),
(atonia), (mixed) 2
(hemiplegia), (diplegia),
(quadriplegia)

4-5)

(pyramidal system)
, (extrapyramidal

(involuntary)



(speech)
(speech disorder) (dysarthria)

6)

(speech mechanism)

’

(paralysis), (weakness), (incoordination)
2 (respiration),
(phonation), (resonance), (articulation)
(intelligibility)!
(communication disorder) e
(scaling)2
(item identification) (perceptual) 10
12-13)
(acoustic analysis)
(nasalization), 0
(phonemic feature) (phonemic
contrast) -, -, - )
1. Kent *© (recover)

, Yorkston Beukelman'”

2. DME(direct magnitude estimation)

(interval scale)



9)

(formant) ’

(spectrum) )
(spastic dysarthria) * "(dyskinetic dysarthria)3
2 (spastic hemiplegia)
L (spastic
diplegia) (spastic quadriplegia)
(athetoid quadriplegic) ,
, (dysphasia) 19

Rutherford,’” Wolfe,'” Hyman®

Duffy*”
(pitch) ,
Irwin,?® Byrne’™
(neuromuscular)
3. Duffy™®
(athetosis) (dystonia) (chorea)

(hyperkinetic dysarthria)



24)

Kent N etsel >

Platt *°

Workinger®

(timing), ,

(transition)

(voice



onset time, VOT4 ) (phrase duration)

Ansel Kent”

T
(phonetic transcription)
, Erenberg®”  Lord®
(functional
status)
4. ® voT



Kent Ansel”

(lax)- (tense)-
(aspirated) 3
(laryngeal feature)
2 3
,  (aspiration)
(unaspirated), (slightly
aspirated), (heavily aspirated)
, (tensity) ,
( ) ,
(glottalization) ’
3
(aspiration duration)s ,
-38) K|m 31) Lee32) 33) Han
Weitzman®" VOT
, (intensity)
3 1 i)
5. VOT



6)24-25)

) C ) )

[d-w-sz/, [=-w-e/, [ 1-11- 7]



16

259 (2231 )

IQ 70
.1Q 70

: IQ

. 1Q

34)
(Korean Wechdler Adults Intelligence Scale, K-WAIS)

(self-care) 4
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(mild), (moderate), (severe)

(speech language

pathologist) (spontaneous speech)
15
, 2 1
12 . /o, w, E/
[, T, =l 12/
10
9 , 1
10 ,
(whisper)
9
, 1Q,
22
( :1738 ) 287 (11841 )
1Q 90.7( : 70-107), 96.1(
: 70-120) . 6
, 1, 3 , 5
, 4
5, 4 1 , 5 ,
4 1 2
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1Q

79

26

S1

92

39

105

18

107

18

20

79

24

86

17

82

18

98

18

22 85

S10

IQ

116

41

Al

78

18

A2

106

32

A3

70

21

A4

86

23

A5

105

30

A6

105

A7

120

37

A8

79

22

A9
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(bilabial), (aveolar), (velar)- ( , , )
6 54 (3x 3x 6)

A | . , (liquid),

/9 -m-3z/ - - - -

|=-t-e/ - - - -

[-711-=] - -
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(speech samples)
AKG C 420 (condenser)
4

Winholtz Titze’®®

Kenwood MD

(intra-subject reliability)
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16 80%
10
9
5 16
9 /g, m, =, &=, w, 5, 1, 11, F/
/X,XX, 7i</1 //\1 /V\/ ]
3
MD line (sampling
rate) 20kHz , CSL(mode
4300 B)
Lisker Abramson®”
(time wave display) (burst)
(wideband spectrogram) . frame length 125

points(234.38Hz)

- 15 -



SPSS 9.0

/g, m, =, =, w, &, 71, 1, A/ 6

(oneway ANOVA) LSD

’ ’

(repeated measure ANOVA)
(Hotelling Trace) (Multivariate analysis)
, Bonferroni

(Pearson correlation)

- 16 -



/al

[ vn/ [ 3z/

[ =/

, . [t/ | e/

[/ , ,

, &/ ) )

[/

, , . [/

/=1

- 17 -



/vl 562@ 214)  63.1@& 35.1) 605 28.1)
/m/ 125 5.8) 264@ 225)  27.6( 29.0)
/sl QA 226)  984@ 594)  112.1(t 44.0)
/c/  584@ 198)  542(* 30.7) 65.9(* 34.9)
jtel  143( 5.8) 250 259)  352( 42.0)
JEl  886( 222) 897 520)  1155(+ 38.9)
/9 T72@ 204) 759 36.9) 73.7(* 32.8)
/Tl 243 75) 406(+ 34.1)  38.0( 44.8)
/=1 1075( 240) 106.8(x 65.6)  136.4(t 46.8)

msec

@

)

- 18 -



- 19 -

/vl 376( 127)  638(x 40.9) 474 15.1)
[/ 13.1(x 7.3) 464(+ 34.5) 52.9(x 42.7)
[s=] 343 17.8) 83.9(x 55.0) 954(x+ 40.2)
J©/  286( 112)  544(x 294) 704( 404)
[t/ 115(x 5.5) 46.0(x 55.2) 43.0(x 434)
/el 384 14.3) 61.9(x 29.6) 78.7(x 47.3)
[ 344k 11.9) 57.9(x 28.9) 61.2(x 22.1)
[T/ 16.1(x 3.6) 56.8(+ 45.8) 54.0(x 54.7)
/= 368( 255)  925(+ 617)  104.1( 514)
msec (€S )
/g, =, 71/
6



- 16.4078 11.28778

/al SSA>N SSA>N N>A>S SSA>N
/el A>N>S A>S>N N>A>S A>S>N
[l N>S>A A>S>N N>A>S A>S>N
N .S A
7 /Al
(F223=1.390, p=.251).
(F2237=3.505, p=.042), LSD
0.05
7
7. ( ; )
(msec) p-vaue
- -26.2175* 9.9033 012
- -9.8097 10.2362 345

156

*p<.05

- 20 -



l=l
(5,23022.957, p=.054),
(5,23027.656, p=.002). LSD

0.05
8
8. ( ; )
(msec) p-value
- -25.8337* 10.7472 022
- -41.7715%* 11.1086 .001
- -15.9378 12.2497 203
*p<.05, **p<.01
[l

(F2,233=.286, p=.752).
(F2,233=6.510, p:.004), LSD
0.05

- 21 -



9. : )
(msec) p-value

-23.5638** 8.3003 .008

-26.7993** 8.57H4 04

-3.2356 9.4607 735

*n< 01
[yd, o, T/
[, T/
1/

- 22 -
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10.

/[ nn/ A>S>N A>S>N SSA>N A>SSN
[/ A>S>N A>S>N SSA>N A>S>N
[ 1/ SSA>N SSA>N SSA>N SSA>N
N .S A
[/

(F2,238:l6.410, p=.0001),
(F2,238:7.159, p=003) LSD

0.05
11
11. ( : )

(msec) p-value

- -13.8850%*+ 2.9946 .0001

- -15.0869+*+ 3.0939 .0001

- -1.2019 3.3892 723

- -33.2063** 11.5067 007

- -39.7896** 11.8936 002

- -6.5833 13.1153 619

#p<.01, **p<.001

- 23 -



[rc/
(F2,237= 13.147, pP= 0001), LSD

, 0.05
(F2,237=3.553, p=040), LSD
0.05 . 12
12. ( : )
(msec) p-vaue
- -10.6128** 3.9815 .008
- -20.8419*** 4.1130 .0001
- -10.2290* 44978 024
- -34.4925* 14.7669 .026
- -31.4625* 15.2634 047
- 3.0300 16.8313 858

*p<.05, **p<.01, **p<.001

[l
(F2236=7.604, p=.0001),
(F2236=5.012, p=.013). LSD
0.05
13

- 24 -



13, (

(msec) p-value
- -16.2312** 4.6068 .001
- -13.685** 4.7382 004
- 25460 5.1993 625
- -40.6125* 14,7732 010
- -37.8847* 15.2699 019
- 2.7278 16.8385 872

*n<.05, **p<.01

[ =] , )

14

- 25 -



14.

[ s/ A>S>N A>S>N N>A>S A>S>N
&/ A>S>N A>S>N N>A>S A>S>N
[ =] A>N>S A>S>N N>A>S A>S>N
N .S
[xz/
(F2,218=4.030, p=.019), LSD
0.05
(F2,218=9.603, p=.001), LSD 0.05
15
15. ( , )
(msec) p-value
-6.3010 6.8421 358
- -19.9667** 7.0642 .005
- -13.6658 7.5449 071
-49.6213** 15.1023 .002
- -61.1035*** 15.6101 .0001
- -114822 17.2136 510

#*p<. 01, **p<.001

-2 -



1El
(5,229211.170, P= 0001), LSD

’

0.05
(Fz, 22925.525, P= 009) , L SD
0.05
16
16. ( , )
(msec) p-value
- -1.0396 5.8640 859
- -26.8487*** 6.0632 .0001
- -25.8091*** 6.6182 .0001
- -23.5800 12.1047 .060
- -40.3500"* 125117 .003
- -16.7700 13.7969 233
*p< 01, **p<.001
[ =]

(5,22529.376, P= .0001), LSD

0.05

- 27 -



(F2,225=8.122, pP= .001), LSD

0.05 17
17. ( : )
(msec) p-value
- .7098 7.2679 922
- -28.9684*** 7.3375 .0001
- -29.6783*** 8.0649 .0001
- -55.7088** 18.1919 004
- -67.1276** 18.8035 .001
- -11.4489 20.7351 585

#p<.01, **p<.001

- 28 -



18, 19

18.

JREY 395( 16.8) 354 202) 396( 23.7)
[ vn/ 83 2.6) 138(* 6.9) 112 114)
[ =/ 749 185) 535@ 52.0) 66.1( 29.1)
=/ 46,0+ 164) 28.9@ 18.) 335 155)
[t/ 95 2.9 10.7(* 34) 162(+ 22.0)
1€l 715@ 19.2) 62.6(+ 49.3) 73.7(* 36.0)
/= 60.0 15.0) 479( 24.3) 500+ 25.2)
IRV 169 44) 17.6( 4.9) 168+ 18.6)
el 89.9(+ 16.0) 524(+ 456) 834 31.3)

msec

+

- 29 -



19.

/vl 771 19.0) 99.2(+ 49.8) 87.0( 28.7)
/ en/ 215@ 7.6) 60.2(* 39.0) 64.2(+ 49.8)
/ sz/ 109.2(+ 22.2) 1374 63.0) 161.6(* 50.7)
/=l 74.6( 19.1) 83.3( 3387 704 404)
[/ 21.0( 68) 56.7(* 55.7) 59.2(+ 59.3)
A=) 109.9¢ 209 124 5(+ 50.8) 1524(+ 43.9)
/- HNAE 21.3) 1058(+ 445) 111.2(* 36.1)
/T 33.0¢ 63) 74.3(* 49.1) 708( 67.0)
/=l 126.7(* 27.7) 1450 72.6) 187.3(* 52.9)
msec s
/v, i, s/ (
T°=32.118, F=224.826, =2, p=.0001), ( T°=17.088,
F=119.613, =2, p=.0001), ( T?=19.240, F=134.683,
=2, p=.0001) ( )
. Bonferroni - ,
- ) 0.05
20

- 30 -



20. ( : )

F p-vaue

/v -l 31996.266 1 114.121%* 0001
/vi-sz/ 20206.622 1 267.747* 0001
/ v - 52/ 103057.1 1 352.9254* 0001
/v -l 15525.160 1 56.815*** 0001
/vi-sz/ 20043481 1 144.759*** 0001
/ v - 52/ 70849.131 1 219.387*** 0001
/v -l 49495.126 1 163.824*** 0001
/vi-sz/ 16486.560 1 92.752*** 0001
/ v - 52/ 123113.3 1 288472 0001
**p<,001
/=, tw, e/ (
T?=21.068, F=147476, =2, p=.0001), ( T°=13.632,
F=95427, =2, p=.0001), ( T°=23.912, F=167.386,
=2, p=.0001) C .~ )
. Bonferroni ( - , - )
- ) 0.05
21

- 31 -



21. ( , )

F p-vaue
[ -t/ 31532.881 1 119.909*** 0001
le-El 15543.856 1 181.800*** 0001
[te- el 91355.062 1 273.008*** 0001
/e -t/ 21330.603 1 88.599** 0001
le-El 10419.306 1 134.032*** 0001
[te- el 61566.016 1 179.285*** 0001
RS -] 45935.206 1 149.401** 0001
le-El 19895.103 1 84.791** 0001
[te- el 126291.4 1 358.683*** 0001
xn < 001
[, 11, =] (
T°=18.830, F=131.813, =2, p=.0001), ( T?=26.230,
F=131.813, =2, p=.0001), ( T?=14.287, F=100.007,
=2, p=.0001) ( , )
. Bonferroni ( - ,
- - ) 0.05
22

- 32 -



22. (

, )

F p-vaue
[—1-1/ 44616.001 1 155.261%* 0001
/—1-=1 13759.290 1 93.734*** 0001
[T- =1 107928.7 1 280.863*** 0001
[—1-1/ 29773502 1 116.808*** 0001
/—1-=1 14244 423 1 202459+ 0001
[T- =1 85205.610 1 311595+ 0001
[—1-1/ 60233431 1 128.546*** 0001
/—1-=1 16705.563 1 18247 003
[T- =1 140381.4 1 158.166*** 0001
**p<.01, ***p<.001
/g, w, sz/
( T°=2.341, F=9.365, =2, p=.008), ( T?=1.532,
F=6.128, =2, p=.024), ( T°=1.564, F=6.257,
=2, p=.023) ( , )
. Bonferroni
« - -, - 0.05
/vl [/
0.05 : - (w-azl),

- 33 -



- (- sz/)

[/ 52/ , -
(v -wal), - (v-x)
23
23. ( )
F p-vaue
/9 -wn/ 13505.625 1 17.501** .006
/Y9 -sz/ 13601.344 1 10407* .030
[ - 52/ 54213.769 1 19.524** .006
[ = -w/ 4665.600 1 12.908* .018
/Y9 -sz/ 3265.249 1 1.376 813
[ - 52/ 15737.089 1 5.508 132
[ = -w/ 15272 464 1 3.352 300
/Y9 -sz/ 14577.124 1 6.296 .099
[ - 52/ 59691.076 1 12.500* .018
*p<.05, **p<.01
/=, w, e/
( T°=1.702, F=6.809, =2, p=.019), ( T?=1.235,
F=6.809, =2, p=.040), ( T°=2.698, F=10.793,
=2, p=.005) ( , )
. Bonferroni

( - , - , -

- 34 -

0.05



=/ [t/
[t/ lEl 0.05 :
- (=-ED)
[/ el : - (=-rw),
- (- El)
24
24, ( , )
F p-vaue
RS -] 8555.625 1 9.84* .036
le-El 12659.364 1 15.300* 012
[te- el 42029.289 1 13.944* 015
RS -] 3319.684 1 9.140* 042
le-El 11356.900 1 8.524 051
[te- el 26956.864 1 10.706* .030
/e -t/ 7091.569 1 1.312 846
le-El 16966.161 1 20.278**  .003
[te- el 45995524 1 5.211 134
*p<.05, **p<.0l
[, 11, =] (
T°=1.128, F=4512, =2, p=.049 ( T°=1.680,
F=6.721, =2, p=.019) « , )
, ( T°=.827, F=3.308, =2,

- 35 -



p=.090) . Bonferroni

[l [/ , /1l /=l
0.05 -
(¢—1-=l)
[aati [/ , - (-3,
- (¢ n-=l)
25
25. ( , )
F p-vaue
[ -l 11895.601 1 8.711* 048
[1-=] 8156.736 1 5317 J41
[ m-=l 39753.025 1 9.725* .036
/-1l 9180.900 1 15.058* 012
[—1-=] 209.764 1 148 .709
[1-=] 12166.144 1 5.817 A17
<05

- 36 -



/v, m, 5=/

( T°=6.456, F=9.365, =2, p=.008), ( T?=2.745,
F=9.607, =2, p=.010), ( T?=3.800, F=13.300, =2,
p=.004) « ) )
. Bonferroni
( - , - , - 0.05
, /1Al /2], [ vn/ [ ==/
, - (m-m/)
26
26. ( )
F p-vaue
[ = -w/ 9748.271 1 12.528* 021
/Y- 3/ 23164.840 1 44 731*** .0001
[ - 52/ 62967.538 1 42.730%** .0001
/v -/ 7242.010 1 10.938* .033
/Y9 -sz/ 6341468 1 11.655* .027
[wn- 5/ 27137.071 1 21.869** .006
[ = -w/ 4701.388 1 2.552 447
/v-5/ 50011.868 1 23.949** .003
[wn- 5/ 85380.840 1 26.600** .003

*n<.05, **p<.01, **p<.001

- 37 -



/=, w, &/ (

T°=6.749, F=23.622, =2, p=.001), ( T°=1.971, F=6.899,
=2, p=.022), ( T?=7.105, F=24554, =2, p=.001)
« . , )
Bonferroni =/ 1=/, [/
I/ 0.05 , - (=-rtx/)
27
27. ( : )
F p-vaue
[ -t/ 8470.134 1 6.791 .093
le-El 21618.801 1 44,6164 0001
[te- el 57152.871 1 35.124** 0001
/e -t/ 2676.338 1 3.837 258
le-El 14544 360 1 14.133* 018
[te- el 29698.778 1 14 537* 015
/e -t/ 17920.284 1 4.902 174
le-El 21189.654 1 24.043** 003
[te- el 78082.988 1 29589** 003
*p<.05, **p<.01, **p<.001
[, n, =/ (
T°=6.339, F=22.185, =2, p=.001), ( T°=3.962,
F=13.868, =2, p=.004), ( T°=6.055, F=21.192, =2,

- 38 -



p=.001) C , )

( -
, - , - ) 0.05
[l /=1, [l /=l
, - (¢-11)
28
28. ( : )
F p-vaue
[ -l 11441.868 1 9.678* 042
-3l 35482.001 1 45.246%* 0001
[ m-=l 87221.778 1 39.780***  .0001
[ -l 9946.738 1 23.911** .003
-3l 9993.334 1 15.027* 015
[ m-=l 39880.090 1 29.942** .003
[ -l 14673.284 1 2.857 387
-3l 52197.018 1 35.024*** 0001
[ m-=l 122220.0 1 24.718** .003

*n<.05, **p<.01, **p<.001

- 39 -



0.975 ,
0.835 , 0.693
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9 3 [wn, o, T/ ,
7 /c, 1, m, w, 7, s, A
[, &, A/
L] ( L]
« ) )
( - ) -

(¢—-=1) ,

- (v-=, =-g, 1-3/)

(-3, m11-/)

¢—-m, 1-=, 1-3/)

- (=-tc/)

- (v-m, =-t, 1-711/)

- 41 -



Workinger® . Workinger®

VOT
) VOT
/v, =, 1/
, /w, o, 1/
e/ /=1
Workinger®
9 6 /e, wm, @, sz, B, A/
, 2
e, =l ., Workinger®
: 2 , - 3
) (constriction
length) o 2
Workinger®
Workinger®

’ ’

- 42 -



. Workinger®

’

6
(variability)
9 7
Workinger®
; Kent
N etsel [*” . Workinger®
/w, o, 1/ ,
el /v, —, 1, =, T/
[w, o, 11/ [, &, 3l

/al

- 43 -



l=, 7l :

[/, [E/, /=]
el 3]
) . [t/
( L] L]
) ,
/v, =, 7/
JREY /=, 1/
/v, =, 7/ ,
JRsY

- 44 -



[/

[w, o, T/

[ =/

[/

- 45 -

/al
95%

[ =/

/=l 95%

95%



[z, &, =/

[xz/
95%
e/
[ =/
/=l
/=l
[T/

[E/
95%

95%
/=l
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il ) il
- . [, n, =l
( = y - ] - ) '
3
/v, m, =/ lc, w, =/
« - -, - )
] = (/v—l':;]/)
- (v-=, c-&, 1-4/)
- (-5, 1-=/)
[y, w, =/
/=, w, &/ - (v-w, =-t/) -

(v-=, =-e/)

¢—-m, -3, 1-3/)

- 47 -



/v, w, =/ [, T, =/

(v-m, =-t, 1-1/)

(physiological limitation)

- 48 -



30

- 49 -

10

10

40

20



CvC

Kent '

(frequency of usage)

(CvQ) :

(duration)
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(Vev)

(tensity)
(CvO)

38)

(word initial)
(syllable initial)

(closure duration)
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Abstract

Acoustic properties related to the plosive production

of adults with spastic and athetoid cerebral palsy

Jung Yeon Kim

Graduate Program in Speech Pathology, Yonsd University

(Directed by Professor Chang-1l Park)

Cerebral palsy is a comprehensive term encompassing overall symptoms
of non-progressive movement disorder due to brain damage. Two representative
types of cerebral palsy are spastic and athetoid, each of which refers to
different areas of brain damage and carry different symptoms.

The most common type of speech disorder of the cerebral palsy is
dysarthria, which deteriorates intelligibility. A general evaluation method of
intelligibility is the perceptual analysis. However, a more objective acoustic
analysis is accompanied to complement the reliability and validity of the
perceptual analysis. The basic goal of treatments for dysarthrias is to
confirm phonemic features and phonemic contrasts that reduce intelligibility
through acoustic analysis, and to improve intelligibility by applying
appropriate treatment for adjustment.

Therefore, this study, with an objective to identify characteristics of
dysarthrias of cerebral palsy, concentrates on the acoustic analysis of 9

plosives according to both manner(lax, tense, aspirated) and place(bilabial,
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alveolar, velar) of articulation in word initial position for the spastic,
athetoid, and normal groups. The aspiration duration has been measured
among the acoustic properties of plosives. The goal of this study is: 1) to
identify the difference in aspiration duration between normal and cerebral
palsied groups, and between spastic and athetoid groups, and 2) to identify
the difference in the aspiration duration according to the manner of
articulation for each group.

The summary of the results of this study is as follows. First, the
aspiration duration for the cerebral palsied groups was significantly longer
than that for the normal group, with significant differences observed in the
mean aspiration durations of /mi, ro, 71/ and in the ranges of aspiration
durations of /=, 1, i, v, 11, 5=, A/. However, difference between spastic
and athetoid groups was subtle. Only the mean aspiration durations of /tc,
e, F/ for the athetoid group were significantly longer than that for the
spastic group. Second, the normal group presented significant difference in
the mean, maximum and minimum aspiration durations for all contrast
pairs(lax-tense, lax-aspirated, tense-aspirated) regardless of the place of
articulation. The spastic group, however, showed weak lax-aspirated
contrast. The mean aspiration durations for /-1-=/ contrast and the
maximum and minimum aspiration duration for /H-sx, —-&, “1-7/
contrasts were not significantly different. Also, the minimum aspiration
durations for /wn- 3z, 77- =/ contrasts were not significantly different, either.
Especially, the maximum aspiration durations of velar plosives for all
contrast pairs( —1-711, “1-=, 711-=/) were not significantly different. The
athetoid group presented weak lax-tense contrast. The mean and minimum

aspiration durations for /—-tc/ contrast and the maximum aspiration



durations for /" -u8, ©w-tr, —1- 711/ contrasts were not significantly different.

The results of this study draw the following conclusions. Through an
objective acoustic analysis, it may be confirmed that the articulation ability
of plosives of adults with cerebral palsy is distinguished from that of the
norma adults, and that such difference may attribute to the reduced
intelligibility of cerebral palsied speakers. Additionally, it may also be
observed that the production of triplets of plosives of adults with cerebral
palsy not only differentiates from that of the norma adults but also
according to the types of cerebral palsy, thereby implying that the

symptoms of dysarthrias may also vary accordingly.

Key Word : spastic cerebral palsy, athetoid cerebral palsy, dysarthria,
intelligibility, acoustic analysis, triplets of plosives(lax, tense,

aspirated), aspiration duration.
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