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Acoustic-phonetic characteristics of fricatives distortion in functional articulation disorders
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Abstract

This study aims to explain the difficulties children with articulation and phonological disorders have in producing alveolar
fricative sounds. The study will perform a comparative analysis revealing how ordinary children produce alveolar fricative
sounds through five different acoustic variables, and consequently identifying objective differences, compared to children
with articulation and phonological disorders.

Therefore, this study compared and analyzed the differences between 10 children with articulation and phonological
disorders and 10 ordinary children according to a phonation type of alveolar fricative sounds (/s/ and /s*/), a type of vowel
(/i/, /e/, h/, lol, ol /a/, /a/), and a structure of syllables (CV, VCV) through acoustic variables including a central moment,
skewness, kurtosis, a center of gravity and variance.

That is, children with articulation and phonological disorders, when compared to ordinary children, have difficulties with
concentrating an agile and momentary friction with strength when articulating alveolar fricative sounds, which uses strong
energy and accompany tension. Furthermore, the values of alveolar fricative sounds of children with articulation and
phonological disorders appeared to spread evenly over the average range, which means that the range of overall the
standard deviation values for children with functional phonological disorders is wider than that of ordinary children. For a
future study, if the mispronounced sounds relating to omission, substitution, and addition can be compared and analyzed
for various target groups, it could be used effectively to help children with functional phonological disorders.

Keywords: functional articulation disorders, fricatives, distortion, central moment, skewness, kurtosis, center of gravity,

variance
LAE e Bt 715 2E5E8gfokse] Hole Fd 0.5
Ak, O], A= 5ol kel A & o184, 1995). 7154 =
7168 Zaaddools A dolsEol @%Oli, o dofols o] tFS oFE E?M BTt =
NABHA Ao} T30 AdE HolA| ARk, AR Qlof| A wpakE-2] ek, oA, e == HE o] B8
Al ol g2 9= Hhg 0 & WA S vkt ookt Jﬂ w38 B4 At vlg- 253 *JMD} a8 ER 75 H

* Xt 8} 2, yaelinchoi@gmail.com, 2414 A}

Received 25 October 2018; Revised 3 December 2018; Accepted 5 December 2018

(© Copyright 2018 Korean Society of Speech Sciences. This is an Open-Access article distributed under the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Yang, Minkyo et al. / Phonetics and Speech Sciences Vol.10 No.4 (2018) 127-134 127


https://crossmark.crossref.org/dialog/?domain=pdf&date_stamp=2018-12-31&doi=10.13064/KSSS.2018.10.4.127

754

o
A

FATALE vEEAE ouA 9 =14 Wk, &

524 Ao)g ]

HEZ Lo
7} AT F & 0154, 2010).

(¢}

o
-

19

ol

)

el

L
.

3] Hol= A

e

7gollel A ®l

el

252

2, 1999). vkt 2] & vt

Eay
(9

Hl2~, 2000; %37 & ©]

o|J

B
o|J

wjr

\

0

A

21. 979

wir

o
5o

O,

T S2xef vlsf o

nhge

=

s}d £, 1999). ]

ot

N

A €k

2=
\

He 5l

Bl
)

iyt

)

H

bk,

S

olA 5 TA avHE Al

Y

%

)

g & W29, 2000; B 9], 1998). p-EuEte] oY wa =

bl

sl
e

}

e

}‘\l_

ul
=
9] 7|5 A< (cut-off score)’} Z+2} 24.53

(speech mechanism screening test, SMST)®l| 4]

7}(assessment of phonology & articulation for children,

vl O
=06

~

%

T

ofobEe] e vl

7

]

ob5& o
IPNAIE B

AT <1%ile(95.7%), L FHEO] 10% 232 e} Z3%

Aotk

NN 5 A

aE

At

Ko
ol

fo o 1t
(Bernthal & Bankson, 2003).

o]
5 ©

R
L

poll o125
Aol o

BITE AzrpEgelM Yehs @F 5 70

7 =AY 7]

eN
pu

o
=]

1 0]3]8 7 AK(receptive & expressive vocabulary test, REVT)

SEEREE

& AT A 1ol 7l

T
s

A& 71421 Q) tH(Bernthal & Bankson, 2003).

ohe

Al
Fict.

S

;g_
ol A A €]

Yol

=71 98.6%

el A

sl gstol A}

A
1=

oy

H

il AFS A 3%

WA B 1o &3

o)
)=

=
=

o] th(# W17, 2006; Bernthal & Bankson, 2003).

Pk,

S

A AT A A

=2+
=4
AR 3R BAo] 2

S CEEL!

&l
off AR, A}

&
T

W

on

2292

é9U]-

9] 5

A=3] &
2000; o]F3

11;].(

% 28719 ol =

AZ(CV, Vevyel uet

o
=]

%’

A&7, 2013; Bl 9], 1998; 0174 3] & ©]%-

X

o] 7]

k4

<], 2005). o] 2}

E-(central mo-

ment), | & (skewness), 3 & (kurtosis), 7% (center of gravity),

Yang, Minkyo et al. / Phonetics and Speech Sciences Vol.10 No.4 (2018) 127-134

128



101858
Table 1. List of syllables

cved | A A % 2 o~ A A
PN

VOVEE [olA] oAl 94 o o oA oA}
™ (0% =] AAH F orx 2 A R
WITVeves [olM oM 94 ox o oH op

=535kt =5 7] o] SONY ECM-PC60 48 o]
£ o] g3t A7 uPRte] )& vlol 3
=

Jojicgl 5 S48 A

do 1
rr
S
&
4r
ry
(o3
it
of
32
K

A1, 121 @8 B3] OVER Fel = Aol hele] 9% 7}
540] Q7] wizel ThA] = &5 el A A9l stk 2
AARE St el shAlel thel A, ol &
2 A9 SHZ ANSDT AL ol BB B
WA EeFE Qg 5wl sl ujel el Sisivt.

B
o

o

¥ AT Praat 54.1.02 o]&3to] TAAE, A, HE,
th5 3} o] Z7 3T, Praats A AIA A%
< objects= B2 H, view-editE S 3HH A
| shetolli= AFER 730] vepdt) vl
Eg 3o vk} 7)1 4 1k A Hol PR
. & ¥0] (pitch)y= AR2oll whel 33
Akl & Bt AlA] Y, 2014). 5, &
= =3E0] A& Kol7] wEol,
THro] A A E = StE X Zmt
ato] 9]2] 2ol 5 Kol
aFolar, VeV SdellE X
Lhal mpto] AlR
sHAl 9 A7} ke
33T} FileolA] Extract
selected sound(preserve times)= Al S AT 1 A,
objectsll AEAl 2873 ¥ 3+L S 714 9} Analyse spectrum®l| 4] To
spectrumdto] QueryollAl T AAE, A%, A%, FATH, 4
s Ttk S BE G AR 7 A7 whE et
A okl T = ARE-SEITE A E G vlo]| AR ANE o
Al (Microsoft Excelsoftware Program, version 2010)% FJ &} &
Al A ofl A3 T

B 42 SPSS 21.0(Statistics Package for the Social Science
21.0)0% ol-&sto] A MEFHAE, A=, He, FAT
A, A 7F BE Pearson T4l Fal &1t A

)=}
W OIS 2ELERNoER BYLR) SATECY,

o
o
M
2
o
-

dlo
o
z
<
i
e,

=2
oo

2
i)
oft

o

rlo
(> fIf

o 1%

4z
Sh
l

oot
)
S
1%
ol
ol
38

[o

F
N d
4 4r ooz O

W 1o
>
N
N
)

s
('<) —{]I 4
e

m o 4

-
S
>
me
=
(7
o

Ir 4z ol
M
o
MU o>

o g
>
o
T
o,
°

2 me
Bh)

ill‘
g
Mo

[o o
i

=2

2

o

—

of M3
'~

LA
oo = ofy
)

i
X,
)
(o0
ol
2
Bh)

rorr

N
2
o
td
L
s

>
>,
A
o
i
2o
)
o
ol
2
ll
)

rr
pedt

Moo woeR e

{0,
3
N
R
|
=
a
o
dlo
-
M
|o
it
R
)

[e]

o
g

FEAAE A AR AT, A A0S v, 2418)
A8l HHEZ7 FAFEA] (repeated measures of ANOVA)S- A A| 3}

31. A E, A, A, FAIEA, A 2] A

THAE, A&, A, FATA, B WeE Aol B
35 Lobr] Sl 7154 aagolotEst dutoksel
Pearson®] g ¥HEA S AAISIGITE ool whE A vk 1 200 A
Aletlet. b §1= 7164 25adoloks, thzhal of
= GHtobE 2 kA Aot

£2. 753 2822 N0FE 7 YulobE o] JTHEA At
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Table 3. Results of the repeated measures of ANOVA according to
phonation types of alveolar fricatives in CV and VCV syllables
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Table 4. Results of the repeated measures of ANOVA according to vowel

Aeflobiso] 2o}

© O O
Hlobgo] 2557

types in CV syllables
e | 28 Y yto} - 25 &7 ool F
/N 63,376,847,906.06 68,574,382,125.54
(+16,325,338,680.50) (£27,594,263,735.30)
M 82,300,794,376.96 | 84,348,358,487.51
(£9,325,470,943.45) (£19,787,412,782.14)
- 77.431,611,761.95 81,866,128431.11
= (£20,019,753,919.25) (£26,535,954,703.75)
<) Ju 89,114,138,529.56 99,285,946,475.34
kS| (+42,823,978,670.70)° (£15,602,799,657.79)°
& I 63,931,000,839.51 79,044,109,015.45
(£13,598,348,866.82) (£33,379,434,374.90)
1) 77,070,796,211.79 86,243,930,128.48
(£11,320,087,168.51) (£55,579,427,883.34)
I+ 50,902,634,269.17 104,837,404,189.44
(+43,171,858,427.11) (£26,344,478,221.24)
v 1.24(£1.29)* 1.39(£0.71)®
/47 —0.76(x1.72)® 0.45(£0.44)™
/T —0.77(£1.95)® 0.92(£1.43)®
QCH /L] 1.08(x2.13)™ —1.12(1.51)®
A 1.88(£3.60)™ 1.88(£1.33)®
/47 -2.02(£2.55)® 1.36(£1.01)®
\C, /'t —0.89(:0.46)" 0.74(£1.64)™
,Z% v 5.01(£1.98) 5.25(+3.26)
= Al 1.6(x2.44) 4.86(+2.90)
. /7 6.97(7.78) 4.99(+3.45)
= /] 9.15(+8.42) 13.53(£22.87)
A 2.16(x1.15) ~0.74(23.25)
/1 6.96(x9.19) 20.38(£25.26)
I} 5.22(+10.86) 12.31(£19.27)
v 4,622.50(£504.94)® 4,059.95(+1,274.14)®
14/ 3,507.46(+422.87)™ 2,763.53(£563.20)™
i I/ 3,558.70(x1,271.92)® 3,059.31(£1,293.93)®
f%] A, 2,440.74(+631.02)® 2,247.40(+793.92)™
2 /—/ 4,702.39(£633.03)™ 2,911.64(+1,432.37)®
/4/ 4,088.70(£688.93)™ 1,585.82(+753.39)®
[}/ 3,433.01(£1,309.79)™ 2,188.22(+447.51)®
I/ 3,350.19(£607.92)° 3,559.58(+1,037.40)°
A/ 4,319.18(x668.96)" 3,270.65(+646.53)°
. /—/ 3,614.34(£917.68)° 3,986.93(+1,414.54)°
*IJ 14/ 4,559.67(+1,566.58)" 4,700.41(+2,235.59)°
7/ 3,229.31(£1,322.32)° 4,046.20(+2,391.16)°
// 4,611.68(+£556.44)" 3,336.33(+1,757.18)°
I+ 4,406.58(+2,795.17)° 3,940.04(+1,065.28)°

PR, p<.05,° A=t 7F p<.05

5. VOVSAol A BeEFol e HHE S AR A3
Table S. Results of the repeated measures of ANOVA according to vowel

types in VCV syllables
HE | 25 A nkots e i S
1) 57,767,860,836.76 114,529,772,052.43
(£12,067,422,992.55) (+43,703,236,898.24)
M 73,612,300,261.92 95,678,833,281.89
(£12,705,763,622.32) (£25,646,452,452.49)
- 65,364,603,480.78 105,958,022,759.86
= (+637,286,212.72) (£55,672,063,057.33)
A I 75,251,328,316.44 129,878,103,745.34
& (£62,592,826,249.73)° (+41,671,683,599.40)°
2 I 40,100,614,662.19 81,321,790,911.60
(+51,892,126,738.71) (£13,395,048,564.67)
1) 81,669.852,661.65 113,433,173,463.61
(£12,217,191,490.14) (£31,723,098,394.64)
IH 85.372,922.897.31 138,696,406,368.31
(£14,250,367,493.27) (£50,394,324,504.96)
I/ —0.54(+1.28)° 3.09(£0.87)°
/7 0.24(+1.86)° 1.19(+1.02)°
/T —1.89(+3.80)° —0.62(+0.89)°
ﬂ] [/ -0.70(x1.02)° —0.53(£1.03)°
A 0.26(x0.73)° 1.55(1.08)°

v /4/ —0.59(+1.34)° 0.28(0.68)°

\C/ Y ~0.9(1.25)° 0.100.81)

o v 3.77(x2.67)" 3.47(£2.77)

2 I/ 5.08(3.51)° 3.31(27.24)°
. /7 7.57(x18.21)° 18.21(+20.82)°
=z v 24.98(+27.89)" 30.22(+28.19)°
A 2.99(+2.32)" 0.80(0.95)"

/4/ 11.80(:14.06)° 19.18(18.70)°
I+ 9.34(+9.04)" 7.09(x19.97)
v 5,400.71(£743.64)" 2,554.53(x1,050.71)"
/47 3,867.78(+873.71)® 3,116.00(£1,553.43)™
N /7 2,530.05(£658.23)™ 1,987.44(+1,101.57)®
j,a] /L] 2,595.08(x919.71)® 2,112.53(+936.03)®
2 /—/ 4,414.18(+£780.20)™ 3,334.77(£753.03)®
/4/ 3,401.76(+546.22)® 2,433.95(x916.81)®
I}/ 3,172.13(+704.80)™ 2,284.30(x1,117.39)®
v 4,006.64(+1,010.46)° 3,106.44(£852.97)
/7 4,199.46(+1,122.47)° 3,826.59(+2,084.61)°
. /—/ 3,398.28(+872.48)° 6,070.75(3,139.97)°
f‘} /47 4,401.21(+823.79)° 3,648.48(+1,393.46)°
/T 4,512.65(+1,284.17)° 4,042.22(+2,518.28)°
|/ 4,043.24(£823.48)° 4,714.99(+1,494.94)°
It/ 4,798.85(+£668.47)" 4,779.81(+1,443.83)°

LR, p<.05,° Ak 3H p<.05

w
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6. CVAOIAN BgFFol M vhE-24 ik Az A T p<.05). BE S AT RN 252 oolso] Uul
Table 6. Results of the repeated measures of ANOVA according to vowel - = .
eptyp e ¢ obgol Hlal BAIE o £k ETHp<.05). W= Unl
S 1IN syllables
ols i} ZeFolloks BT VOV S40] CV S8 R {9
©° ) % = =]
Gl ) Lko}s ZEEEPololE S| 3= THp<.05). FATA2 Antolge] cv 57do] £2)3
s =
N 63,376,847,906.06 68,574,382,125.54 A =%, Foadollols Ul VeV S8 o] f-ol8kA =3k
o (£16,325,338,680.05)°  (£27,594,263,735.30)° (p<.05). SHTF BE AnlolEo] 2889 gollolEH T £
= 54,897,256,568.70 69,941,327,350.08 ~ o oo
A P G11,110,144,857.28)  (229,534,041,134.41)° HOZ FFHA T UTHp<.05). T Unbobs i} 2858
S| N 57,767,860,836.76 114,529,772,052.43 ool BE VOV S8o] oV S KT B4 2 0 7§93
= (£12,067,422,992.55)°  (+43,703,236,898.24)°
vev wol OlHlOlE O] HALS =20 0 0 XelolE
o 65,559,018,275.23 58,262,278,232.49 EATHp<.05). YHtolEo] BAake 2SS olols R} CV
(£9,900,676,012.91)°  (£34,495,294,385.55)" SAA o3l BT, 2SS Aol EL olutolE W)
N 1.24(£1.29)° 1.39(20.71)° o -
CV O A A EAA O O o] ] o} <
9 /M 0.11(x3.51)° 2.17(+0.40)° VOV 2ol M S A 0 2 2]l 33k thp<.05)
= e N —0.53(+1.28)° 3.09(+0.87)°
Jan/ 0.91(x1.08)" 1.55:0.86)° 4 A=
ov N 5.01(x1.98) 5.25(+3.26) :
2 Ian/ 2.34(+2.82) 6.10(8.51)
= — 12N 3.77(£3.47)" 2.67(£2.77)° H A= 7157 e eAoolsy)l AxlolEo] X% n}
Ian/ 3.81(3.85)° 8.4(+6.93)" } B} o i
1o A}Z= 0 (1A Jlx] ©5E A Wiy ZARE ot AT
= oy Y, 4,622.50(504.94)°  4,059.95(=1,474.14)° B TS 7 S M@ AE, A AR T
A I/ | 488175455280 3,514.66(x1,459.36)" AT, EAhE A8l o] 8 B3t 7|54 2852 olo}
% Inl | 5400712743260  2,554.53(x1,050.71)° o] 2] % gLahO. AL S A= ul @0].0. rho gl 7k
vev Xz nhE Al oigh A AL oS 2k
2 I/ | 4385.95869.18)°  3,819.37(£944.48)" &2l A= OE v . LL : L‘; ZEU . Eq
= = Z X S T —
o JAl | 3,350.19(2607.92)° 3,559.58(+1,037.40)° SHAAELS A xS Y, o5, SETZ
b b
f“; I/ | 3,221.41(441.14) : 2,692.94(i1,154.9f) A YRR 2o 0 geolEo] QulelERT 2 7S FhRl
At Inl | 4,006.64(+1,01046)°  3,106.44(+852.97) . )
VCV 0] 299 O Rloflo)o] ZHHLA o Z plzle. o =z o
Il | 3,286.33(2654.26)" 4,184.06(:1,216.16)° t, ol Zeaeelobso] AtA 0w Az viEES 5
*A ], p<05,* A& H p<05 sk o) st UA|E AFSSke] Z2gdthe AS gu|sit) =,
Zaeedoobsol Xz kg AxSS 8l Al 7
SHA| 73t A, 2178 s 3to] A Atol & 7]1R/7T W= A

3}, FAHEL SAFE et Aol

3

V=4 =
FARG FAA R Fs =R, Ao 2552 Foz st £1H4Ql vpEo] ojg 9] e Az viEg
Foflobg& VeV S8o] oV ARG BAX O E oAl & alEo] of¥uhE 21 o 5= Qi)
I p<.05). 2o dololso] Arlobs it BE Sd Wiz A2 v IR Y, BEE, TR 2
ol SAHLE FOASHAl ERATHP<05). W dwtolge]  FEelobgo] Unlokgrr E g JHREH), ol 25
CV 5ol VeV 58 HG frolatl 3001, e delobs  Sgolobsd] A2 wpas oux] R27t Bt e FHOE
VeV 520l OV S BT frolatl 3t p<05). Zaaw  A9A ok 21E ouldith 255 elobs 5] X% nf
Bellobgol dntobs Rt EAH 0= FofohA 2 THp<05). 23 gk Fate] Wl wA Hlolu thekatAl ExE e 9l
s dutobedt 52 olobs 7 CV 2ol VOV S 22 & 5 9l o] 2 918 2352 doobso] WA 253
AR oSl =3kt p<05). FATHS dutebse] VOV A} gre) W 9)7E Antelgel] wis) Wol Bt atdkel te)zt At
Aol frefshAl 3k, Zasdolobs e eV 540l el = Re d gl
S =3k TH(p<.05). Artolse] FAIT 0] Zaadolohs W= Az v WA, Rad, o E oA
HUp BE FATRA BAHCE FosH EUThp<05). A U] §ol8k 2fo]S RO 7)15H 2SS ook
AR dutokse] vev 520 foa =L, £EE2F 1 Aokl A e 2hol 7} ¢l
ofobs-2l CV o] o)Al £k thp<05). Eosgelor FATHEE Az v MR, BedE, adTEel
Fo) ate] AntoHERTECV oA FolEhAl okan, AN A eubolEo] 2 &S e Aol E Rt 2 ke ARk X% v}
oF&ol VOV 5ol M o8l sk thp<.05). A= vHEE /m/ 258 g8 el 77 Ul 71577 w27 S3jsto
ol s ael mhE FHAES AWtobgel VOV S0l VC  3kH 0% 8 nhat o U] 7E A A of gt ARtolE- X%
TR o ERA, Eawdddloksd] v w0l mAEE 23T W) A mpEeURA 7 A E o] mhET
VOV 58 Bt 2] 8] s34 Thpe.05). Zaa2dolobssl 5 zboll 73k o7} ek o] & Qe FAIFA gkl ZA)
AAE] AtergRth OS2 Fo3HA EUT, Aol Z4Em &S golobEnrt 2 §te 7 4= 9lek o]l 1)
zo =

| Zaadolobs Bt VeV 5dolM frefsi =9k o] ZEagolobe =34l AFol obd AAA o w 7
(p<.05). HEE= URlebs o] vev &4o] eV S4BT FoatA g A= wpE-e-o 2S5 i Qulo}

[ = = =
FAL, ErmdelobEe] OV S o] VOV SR frelsh ol n]s) & BTt AR FAFA gho] Fe1EA Arke
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