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Abstract

This study aims to analyze the acoustic characteristics of Korean affricates produced by dysarthric speakers with cerebral
palsy. Korean fricatives and affricates are the consonants that are prone to errors in dysarthric speech, but previous studies
have focused only on fiicatives. For this study, three affricates /te, te", te/ appearing at word initial and intervocalic positions
produced by six mild-moderate male speakers of spastic dysarthria are selected from a QOLT database constructed in 2014.
The parameters representing the acoustic characteristics of Korean affricates were extracted by using Praat: frication duration,
closure duration, center of gravity, variance, skewness, kurtosis, and central moment. The results are as follows: 1) frication
duration of the intervocalic affricates produced by dysarthric speakers was significantly longer than that of the non-disordered
speakers; 2) the closure duration of dysarthric speakers was significantly longer; 3) in the case of the center of gravity, there
was no significant difference between the two groups; 4) the skewness of the dysarthric speakers was significantly larger; and
5) the central moment of dysarthric speakers was significantly larger. This study investigated the characteristics of the
affricates produced by dysarthric speakers and differences with non-disordered speakers.
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Table 4. Descriptive data of spectral moments by the group and phonation types

0.00E+00

tlo
to

A 4 [He] Ak [Hz] = HAE =2 A5 (x10%) [Hz]
uhn] 2k uln) 2 uhn] 2k uhn) 2 wln) 2
R I o I I o O e O 2 o et B o o Mt e o
o | 344827 | 352773 | 144820 | 1,195.69 0.10 0.49 0.13 221 0.97 1.30
CE Ol 475211 | +£690.79 | £307.42 | 428020 | +0.38 +0.68 +0.89 +2.98 +0.92 +0.92
o] Ao | 332019 | 379734 [ 146559 | 145267 0.07 0.47 0.66 0.38 132 1.79
%4 Sl 444211 | +822.48 | +404.02 | +363.05 | +0.44 +0.63 +1.80 +1.42 +1.16 +1.40
o | 5:040.07 | 3,978.06 | 104387 | 1,063.03 0.11 0.94 1.90 1.35 0.80 1.08
°T | 1£570.39 £19.59 | +230.71 £9430 | +0.10 £0.21 £2.86 £0.38 +0.62 +0.39
o | 396932 | 384738 | 135675 | 135281 —0.05 0.60 1.17 1.12 0.91 1.88
ST | 158697 | +£692.54 | +234.64 | +309.07 | +0.42 +0.88 +1.62 +2.78 +0.66 +1.96
% | o | 347943 | 3,688.68 | 143847 | 142725 | 0.05 0.77 0.64 121 1.06 2.86
- +485.10 | +832.62 | +268.70 | +389.00 | +0.41 +0.82 +1.35 +2.27 +1.05 +2.49
o | 484090 | 4069.99 | 1,172.12 | 1,243.32 0.23 0.34 1.60 1.22 1.18 1.27
CE | 157429 | £760.87 | +291.77 | £289.37 | +1.08 +0.82 £2.87 £2.45 +1.11 £1.07
. 7, Jeng(2000) 2= LA|8HA] &= Aot A A wha|dak
ESUNP.S
== (el o) 7 & B -7 BEE A, Jeng(2000)014 = W5
6.00E+09
5.00£409 Aol A= AeljQlo] v)golnr) » & E ZEXTh 7}
e BASEY ol B Ho) JTL VI, ALY 1E
2:008+03 % l 1 il < HgHT o B2 257380 §57 A FEE 28]
HO0EeS ﬁ | ﬁ:l ﬁi | ‘ | ﬁ\ | of wpH| ol Qlo] 25 4tEe] oH %S Z%%E}i g L= A
24 24

-1.00E+09

ofF =4 UEES
mOjE7 mOp| Hol

137 sHHE
Figure 7. Central moment for both speaker groups

gﬂr(F 0.106, p>0.05)= %ABV] SoxTE. P el
Za R folskA &

FTH(F=7.320, p<0.05)°]
3 ol A e e

==
I‘E
o

2
i
%
g
ik
dlo
%

B
lo

o
k)
e

b

ol

ol

o

)

4

1o

2 iy e
o

k)
BN
=
_E
e
El
)
o 3R
w2

QE
OH}IE‘.
.

82
b3
o K

o

—

r\l

]_

omﬂ'iﬂu

0] 1ﬂ}ﬂl‘“WOH @:}Zk—g
t al.(2016)2] Az}l A

e &
o>

A
B

Ol
oL

U} Jeng(2000) #HHA Q) mhu]Ebgoll o] G5 S Ao 2 9]
9} 2o ARG Yy, £ AT A Ut
ool o) A= Hd A9l e awTh B 2l
A D&} epRgke] dojof s o A7) vtk &

oA mhEgold 2 o] T 24 =
4°€ﬂﬂﬂfi@4ﬁ;iqéﬂ%%%%%
ofF 274 3EF 2 mpERe] o)t ol F 24 9t
UERS T o= A Y v Ee) ofgo] A&
T-%F Kim & Kim(2013)°l14] ol o} 1]7o
O] mpRke] o= o F A7} o T AR
o] mpERke] o= o] T $1R17F o] A 1.
Aol FF et 2 Ao Aol ojahd s
,] Zlo)= npR-e 3} g v 68 1 o) 53-So)
A8k Aol @as A wethe AEs

a3
go 2

#

1r oy o o
nlo

LR A dp

(NI
2
_ur“r

w3 30

ot lo O
Z

o
-

ZI:
T3] olE vl Ak

g el vhi g

o
i)
=3
i)
o
=2
rO
Mo
N
N2 g
ox = do
Fas
)
o
o N
& 1o o
Nlo im

BN
i)
olr
L)
2
2
)
o
o

Jihyun Mun et al. / Phonetics and Speech Sciences Vol 13 No.2 (2021) 45-55



T
T
2,
o
)

o4 2l N

t

=

o

2 e
ol

o) —

ot rr

o
o%

o o
i
olo

o

—

do gy to K

N o O o o

o

ﬂllo o o

f
2
IENIENY

~
o
f

f
o
bt

ot offt &L g

oN

t o o
BN
w o ¥
o

=

e
oZ: ox 9
Jo do

ols

10

m,

o

bt Lo
i

2

o,

K

Fol 7} -2l 3hA L}E}Lm
18 izt fola
stk vl 5

§
be

(AR

10 o rfu
o
o
oo (v
bt
FO

o
T
Rug 1
e B
o

o K

fUlC' l'Ul'lI
oo
B —HH
N do

4 4

oy
off ot

i)
>

o
-
=
d
1=
ol
O
=

lo
[o

B O =TT S-S S

e 4o K

o O

N
30

d

2

jeba)

1o

ooy
RS

==

% Mo
Mo 2
4 5 ol
ol PN
Ml

o) ok A5l
= el @7'4/\]7]1:1?/}5_ zg;d &

5

ol

£
oY

e

X
ofy
o

ﬁ”f

/K]/K-]o] 01‘,: j_]_ﬂ—_%_% %
mhReUAE S 5
AR, TjebA] B

o 1 4g Hn

—z_u_u} 70@ OﬂLVl% A}% ge
$ol w2} 114

o

o ol N T (o & Hf
 ox

Me oo do 2 opd L2 ro @ N & o

3L QA71el] miugg
]'74] A Yehd Ao o
7} oF X*é 7:17573: A 2]

ohe1e] LAY grol Hlz
el ont AT Aol F 24
star vha g el le] EHE:T_LE
oﬂ ]38k oJske § o]ax] oreko
Ak A 9HA &

ia u}ulwoﬂom

L
»L

O{N
~
5 o

-{E oﬁL

o
go fl
o g

4

%Oﬂ 0%34%%

)
1o

o

ok frela

Fiﬂ

ol Eo] AFES dES] ouA] BEIL Hi e THOE
v st o A4 Qleg oushar, 4o sfes nhAS
o] ofYA|7} w2 Fakp el HFE o] S HETh
(Jongman et al., 2000). w2} u}ﬂ]mﬂoﬁ(ﬂﬂ b= 9hEs-0l
A2 EE] olUAE gl i v Fake el JE
of A&& vEhlar, vpEAaE11e] 9}1‘:” ol Q13 n] el

& sk vl S Wi R Vst dE
S i = Sleh

L] A5 o F A olA 4
gt F o] FosHAl vk,
B} 28 3= 3k TH(p<0.05). @E %;EOI EFod dlojEle]
3ol ol dAI7F v EAFE dvlsk=d, vl EgelQle] vt
Z3Ee] Ao, FAFA, AL dlolEellA] ofF 24 S5 9t
ol v 87 Bl 9 vE e Ads A3t
WA E T whebA] v el 9] o) - 24 5 1k sle] o

A7} Tk EAlHL, 0] % F7HA 0% R sloF I WS

’

|

m o
EL
=)
%
fol
L
ofo
fol
A
=2

A Apaict,
FUARL HAEe 25T W vpEL g oUX Y BEE
el A xR, BE 382 A 3 ollA] v dadel]l
o] TR} FosHA =& A E & BT o] nhy
dolclo] FA-SS 25T o Ao R txTHTh st
NUAE Al &8t As HoF L, o= A AY vt
Hjgel o] B39l I o2 QIst AFE B 4 it} 5,
wpa|Ebgello] dhag 23 Al Al 7158k 8 Ast oA,
075 FRkeE] woll A& ¥ vhEAg o] ofHa, 7
AU Y 13 9 55 A o 5 FAsA fAE] &
SH7] wiitol] WSk =3HA Q1 whEo] o §] st nhEs
S8 d oy S Al 2 5 9ok g S48 E0)
Ay v el S S e S EEHA] s R
715 F USs HoErt
5.2

ol =77 dol& BTt
*JUXH el Z“E’J A5 T A 22 {2 gk Ao 7} EAHA
P =
A, mpa] el Qlo] o] sk A F o & 3he BTk
TAA, ehalEtelQlo] FroJstAl & T A E ahs BEith
2 AT sl AA, A, $8 ZEE e skA] @Skt
101tk Nam & Yi(2010)°14 7

e

rr
\1

R A 25 Gollots S H .
ol Rl obRke] Aol ol 85 A o] =
551 el e Wk gl o1 s 94l 4
woll F&S vIA7] wel, A%, W Bas $L5t o+
5ss Al oo AT AT A E B8 o8

Jihyun Mun et al. / Phonetics and Speech Sciences Vol.13 No.2 (2021) 45-55 51



otk AR WHH FEES A vhlmgellS thgo.
2 ATE QPSR RoITh F4 AT A FEE
B AUE rhIRNE OR ATE WS FEE
of wel 4] @50l ol Web 1, ofm e FFYE AV

£AE sjobe 4 912 Zoluh
VE SPITEALS AT R BT AT RAY
21533

24 H7H i xﬂ*lé}ﬂ, 1E o4&
3k ) gof ol v tf 2 to] Ak
g3t} wpn)Egofol o] w3l

References

Ahn, M. (2018). Types of cerebral palsy [Web log post]. Retrieved
from https://hworld.org/385

Byeon, H. W. (2010). Comparing the acoustic character of diphthong
production between flaccid dysarthria and spastic dysarthria.
Communication Sciences & Disorders, 15(1), 66-78.

Byme, M. C. (1959). Speech and language development of athetoid
and spastic children. Journal of Speech and Hearing Disorders,
24(3), 231-240.

Chang, C. B. (2008). The acoustics of Korean fricatives revisited.
Harvard Studies in Korean Linguistics, 12, 137-150.

Choi, Y. (2019). Acoustics properties of Korean affricative produced
by Russian speakers. Korean Language Research, (51), 215-252.

Dworzynski, K., & Howell, P. (2004). Predicting stuttering from
phonetic complexity in German. Journal of fluency disorders,
29(2), 149-173.

Gordon, M., Barthmaier, P., & Sands, K. (2002). A cross-linguistic
acoustic study of voiceless fricatives. Journal of the International
Phonetic Association, 32(2), 141-174.

Hernandez, A., Lee, H., & Chung, M. (2019). Acoustic analysis of
fricatives in dysarthric speakers with cerebral palsy. Phonetics
and Speech Sciences, 11(3),23-29.

Jannedy, S., & Weirich, M. (2017). Spectral moments vs discrete
cosine transformation coefficients: Evaluation of acoustic mea-
sures distinguishing two merging German fricatives. The Journal
of the Acoustical Society of America, 142(1),395-405.

Jeng, J. Y. (2000). Intelligibility and acoustic characteristics of the
dysarthria in Mandarin speakers with cerebral palsy (Doctoral
dissertation). The University of Wisconsin-Madison, Madison,
WL

Jongman, A., Wayland, R., & Wong, S. (2000). Acoustic charac-
teristics of English fricatives. The Journal of the Acoustical
Society of America, 108(3), 1252-1263.

Kim, H. (2006). Acoustic analysis of plosive generation in patients
with dysarthria (Master’s thesis). Yonsei University, Seoul, Korea.

Kim, H., Martin, K., Hasegawa-Johnson, M., & Perlman, A. (2010).
Frequency of consonant articulation errors in dysarthric speech.
Clinical Linguistics & Phonetics, 24(10), 759-770.

Kim, S., & Kim, H. (2013). Acoustic characteristics of Korean

Qo ¢

alveolar sibilant ‘s’, ‘s’ according to phonetic contexts of children
with cerebral palsy. Phonetics and Speech Sciences, 5(2), 3-10.

Kong, E. J., Kang, S., & Seo, M. (2014). Gender difference in the
affricate productions of young Seoul Korean speakers. The Journal
of the Acoustical Society of America, 136(4), EL329-EL335.

Lee, E. J., Han, J. S., & Sim, H. S. (2004). The effects of the phonetic
complexity on the disfluencies and the articulation errors of people
who stutter. Communication Sciences & Disorders, 9(3), 139-156.

Lee, G. (2017). Examination of aspiration in Korean fricatives and
affricates. Phonetics and Speech Sciences, 9(2),31-38.

Lee, J. S., Lee, J. Y., & Kim, S. H. (2020). Effect of articulation
abilities on the articulator strength training by IOPI of spasticity
dysarthric speech. Therapeutic Science for Rehabilitation, 9(1),
91-99.

Lee, Y., Sung, J. E., & Sim, H. S. (2013). Consonant confusions
matrices in adults with dysarthria associated with cerebral palsy.
Phonetics and Speech Sciences, 5(1), 47-54.

Li, S., & Gu, W. (2015, September). Acoustic analysis of Mandarin
affricates. Proceedings of the 16th Annual Conference of the Inter-
national Speech Communication Association. Dresden, Germany.

Liu, C., Chen, L. M., Lin, Y. C., Cheng, C. F., & Chang, H. C. (2016,
October). Speech intelligibility and the production of fricative and
affricate among Mandarin-speaking children with cerebral palsy.
Proceedings of the 28th Conference on Computational Linguistics
and Speech Processing (ROCLING 2016) (pp. 153-163). Tainan,
Taiwan.

Liu, H. M., Tseng, C. H., & Tsao, F. M. (2000). Perceptual and
acoustic analysis of speech intelligibility in Mandarin-speaking
young adults with cerebral palsy. Clinical Linguistics & Phonetics,
14(6), 447-464.

Nam, J. H., & Yi, B. W. (2010). Acoustic properties of fricatives
produced by children with functional articulation disorder.
Phonetics and Speech Sciences, 2(4), 93-100.

Park, H. J., Shin, H. J., Jeong, O. R., & Seok, D. 1. (2006). An
acoustical and perceptual study of /s/ in the speech of dysarthric
speakers. Journal of Special Education & Rehabilitation Science,
45(1), 187-202.

Platt, L. J., Andrews, G., & Howie, P. M. (1980). Dysarthria of adult
cerebral palsy: II. Phonemic analysis of articulation errors. Journal
of Speech, Language, and Hearing Research, 23(1),41-55.

Shin, G. E., & Ha, J. W. (2015). The effects of phonetic complexity on

the disfluency and articulation errors of children with speech sound

52 Jihyun Mun et al. / Phonetics and Speech Sciences Vol 13 No.2 (2021) 45-55



disorders. Journal of Speech-Language & Hearing Disorders,
24(1), 91-102.

Song, H. N, Lee, Y., Sim, H. S., & Sung, J. E. (2013). Effects of
phonetic complexity and articulatory severity on percentage of
correct consonant and speech intelligibility in adults with dysarthria.
Phonetics and Speech Sciences, 5(1), 39-46.

Tanner, K., Roy, N., Ash, A., & Buder, E. H. (2005). Spectral
moments of the long-term average spectrum: Sensitive indices of
voice change after therapy? Journal of Voice, 19(2),211-222.

Whitehill, T. L., & Ciocca, V. (2000). Speech errors in Cantonese
speaking adults with cerebral palsy. Clinical Linguistics &
Phonetics, 14(2), 111-130.

Yang, M., Choi, Y., Kim, E. Y., & Yoo, H. J. (2018). Acoustic-
phonetic characteristics of fricatives distortion in functional
articulation disorders. Phonetics and Speech Sciences, 10(4),
127-134.

You, Y. S, Jang, S. J., Bak, S. J., & Choi, Y. L. (2010). Acoustic
analysis of the differences of fricatives and affricates between
normal children and cleft palate children. The Journal of the
Korea Contents Association, 10(5), 285-295.

FA¥ @ihyun Mun)

Agrieka o) sks) AlukE gt

AeA] JebT Aotz |

Tel: 02-880-6164

Email: jhhh_1202@snu.ac.kr

P4l Rk 241914, S49101 A2, 21o] ol

774 3] (Sunhee Kim)

Aetigtal Boju g3 wa

AeA FebT etz 1

Tel: 02-880-7693

Email: sunhim@snu.ac.kr

Aok Zh2o] 5498, S doiA T
» 713} (Minhwa Chung) .41 %] 2}
Algdista Q1o sh wa

A A JebT AR 1

Tel: 02-880-9195

Email: mchung@snu.ac.kr

Aok 5494, S dolx e, AFH 7|9 ddojals

Jihyun Mun et al. / Phonetics and Speech Sciences Vol 13 No.2 (2021) 45-55

53



3% 1. 240 ALg B To]

T =4 AF =4
Be A5 = B A5 i

DIk ol Dk ol DIk ol g o DIk ol Rk o
AP 2014 23t AP 2008 e AP 2031 | HojQ | AP 2013 =2F AP 2012 3 CW 2008 | U] |14
CW 2078 | ZA | AP 2017 2o AP 2018 | 384 | CW 2006 | A | CW 2011 | A WA
CW_2079| A | Ccw_ 2088 | A< CW 2001 | & |CW_2019| wHE |CW 2016 | F+ WA
CW 2080 | A& | CW_ 2089 | WA CW 2043 | A& | CW 2035 | ALRI 2] | CW_2034 | AFH A7)
CW_2081 AE | CW 2090 | H& CW 2080 | A& | CwW 2082 | &AA | Cw 2039 | Al WA
CW 2082 | AA | CW 2092 | X= CW 2086 | A=A EX 0026 | 1A &¥ | CW_2049 | o} WA
CW 2083 | [g}4d7] |[cw 2093 | W CW 2092 | = | EX 0027 | A |CW 2051 |5 WA
CW_2084 | Agh7] | KP_2010 X u} KP_2003 | %=&FA] | EX_0043 712k | CW_2052 | oA WA
CW_ 2085 | 4 | KP_?033 2l KP_2006 | WF7FA] | EX 0066 | #= | CW_ 2053 | & ¥iA|
CW 2086 | 8A | EX 0015 | Al KP 2015 | oFWX] | EX 0071 | %3 |CW 2056 | &%
CW 2087 | %3 | EX 0047 | #7] KP 2019 | 23] | EX 0173 | 2% |CW 2058 | 1%
KP_2009 | A A EX_0083 2 KP 2020 | A7 | EX 0298 | A€ |CW_ 2075 | Y HA
EX 0001 | A3} | EX 0084 | =€} EX_0006 | ®IAIX] | EX 0307 | 7F3% | Ccw 2089 | 3 WA
EX 0005 | A2} | EX 0133 | =<k EX 0061 | ST X | EX 0316 | %A% | EX 0187 | &4
EX 0025 | AW | EX 0134 | X% EX 0082 | 7% | EX 0340 | AXE | EX 0260 | ¥ 7
EX 0028 | A2 | EX 0135 | =}o] EX_ 0085 | 2WAF | EX 0360 | ¥57}F | EX 0466 | <%
EX 0065 | A #o] | EX 0202 | #HxE7] EX 0086 | 27 | EX 039 | 533 |EX 0499 | 9%
EX 0080 | A+ | EX 0203 | EX 0127 | o}&w} | EX 0406 | w3
EX 0082 | AA | EX 0204 | HWHx EX 0139 | EFx | EX 0421 | 157}
EX 0097 | A< | EX 0255 | ASH EX 0140 | EF& | EX 0425 | & A o]

54 Jihyun Mun et al. / Phonetics and Speech Sciences Vol 13 No.2 (2021) 45-55



sgubu] whalggel 49

-

o shae 4E P BA-

ZE2E
B AT AHE AE-F5E WA ol gl 4l
8$—

Slo] At g

she] 2ol uHic.

s1agol: whul o), S48, vhaE

y ® O T

o] Ab& 3t dhro] v o] SFehA el &
0] 9] mpA-E I} 98-S 25 e FH WIS DAk ARSI, 7€ ATEL uhEgof
A 2 AT win o) siabr) abE St vES-S g o 7 HAsax

ElHo] A ol A S /e, te", te/0] o) F A T o] ZAlof 9%
ol g shak 67 7 v el 3 skl s ] Wkl w|o]E

o ghage] 3y EA& el viaSsE AAdske] 48 Al
7.4_01,—‘?—74]%%], AL O, S, AR E B Ay o Aok ) o5
oMl 71 mpETRe] Mol & Eoﬂ‘ﬂr 2) mpu]Egeliqlo] §-2l5H A 71 H8 1] HolE
79 F Awk 7] {205k 2po] 7} EANBEA] Wkt 4) win] B ol Rl0]
ofqlo] Rt & SHAE e Rtk & A vl lo] AEd v

ExS Bt}
ot A Z et et
$th QoLT_SPEECH 2014 ©]o]

o]—05| 7&1:_%‘_:_1: 7:1;(16:] ;d—

J5he Wol % 417
5 4l AT 2ol o) kel S s

9k hapRke] o), B8 734
Z/}j v’}ep‘oﬂ/ﬂ u].ﬂ]u]—;(}oHo o] -
ngirk 3) FAF
Frolabl 2 9= ghe wgich, s) b Eg

o] 5295 A skaL, vl

/H o }\‘]]I;Hfﬂ—"‘[ A1 /\]_zﬂsﬂh:

A E, 0] %-2(2010). 7153 Z%ZJOH ol A& nh g9

kSN EA ghr o) 24 7S] 2(4), 93-100.

HEA3(2009). G F 7 o] 4F mpH] 2oy o] =5
7] HA o)Al AR H S L A ==
uk3) A, AlE) A, A5 45 Y(2006). THA ool IS
npE/s/oll thEE &S] - AANH AT Frw AL
81972 45(1), 187-202.

S, o] gm], A, FA12(2013). &%&‘—%M EL é%%‘—%
Sof| ;& v EAelQle] A5 =l &
o2 44J 5(1), 39-46.

A7FE, 3HA€H2015). TAaE ol obEe] Z2SEZHA ) wE
Ul B 2507 54 Ho/FZH T 24(1), 91-102.

o
=]

f{{o
b
l“ (o}
u
Y

oEL
m&
IS
L

*
rhe
e
-
rlr
i
o
2
Ho
ry
o
e
%a
o
Hl
i
=
[N
2
ofot
ro
o
e

QM $4(2018). A wiR] o] T/ o] EAT
hworld.org/385.

R, HA A, 2A, & FHAL (2018). 7154 2227l
obE o] X2 upEg o] SFSATH BA. g/ 2
AZ3E 10(4), 127-134.

A, AR, BsA, o >2010). F9LD b A4 of
T vpES I B0 SFSATEH B vl o
Z 8= %] 10(5), 285-295.

olgn], A2, A@A(2013). HAA IR

T2 B2 hitps://

Q1% vy 2ol 4

QN9) Ahg O F BAL, Bie] 9 S I, (1), 47-54.
o1&, A%, AAA(2004). 2 BAY o) MK A 22

SR/l HX = G o/ F N E T 93), 139-156.
o|&4l, o] A&, 141 8] (2020). IOPI & &85 257 | EH =
230 A& Y viH gl o] 25 FH ol mA= I A
BR[| 278F, 9(1), 91-99.
1], (2019). Aok AT} -G Sharo] ThEg-o] S
S48t EA. 27 51,215-252.

TR DAY 0 2 73 = A -5-(FHAH 3 R2019080018).

Jihyun Mun et al. / Phonetics and Speech Sciences Vol 13 No.2 (2021) 45-55 55



