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A Comparison of Voice Analysis of Children with Cochlear Implant and with Normal Hearing
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ABSTRACT

The purpose of this study was to compare the acoustic voice outcomes of children with cochlear implant to those of
children with normal hearing. Participants were 41 children using unilateral cochlear implant (18 males and 23 females), and

children with normal hearing from the same age and sex. Mean age of implantation was approximately 3 years old, mean

duration of implant use was 4 years in CI group. Acoustic analyses were performed using MDVP of CSL. Speech samples
were 3 sustained vowels, /a, i, u/. 9 parameters (FO, Fhi, Flo, Jitter, Shimmer, vFO, vAm, NHR, and SPI) were analyzed.
Children with CI did not show the significant differences in those parameters after the vowel /a/ phonation. Meanwhile, there
were significantly different results in FO, Fhi, vFO, and SPI after /i, w/ phonation. These results revealed that differences of
voice characteristics in children with CI compare to children with NH persist regarding vowel context. It suggests that high

vowels would recommend as speech samples for acoustic evaluation. Futhermore perceptual analysis and speech therapy for

phonation control would be necessary for children with CIL.
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Table 1. Information of cochlear implanted children
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Table 2. Result of ANOVA and descriptive statistics

by vowel /a/
sex | group N M SD F

M CI 18 280.70 | 40.15

FO NH 18 256.49 | 24.89 2%
(Hz) F CI 23 285.20 | 4791
NH 23 265.59 | 37.27
M Cl 18 303.20 | 43.45

Fhi NH 18 275.54 | 26.23 Y
(Hz) F CI 23 310.12 | 55.85
NH 23 288.74 | 40.58
M Cl 18 257.70 | 40.62

Flo NH 18 240.08 | 26.68 130
(Hz) F Cl 23 260.93 | 44.48
NH 23 24476 | 41.81
M CI 18 0.74 0.47

Jitt NH 18 0.96 0.73 0.47
(%) F CI 23 0.88 0.83
NH 23 0.96 0.42
M CI 18 2.65 1.04

vFO NH 18 1.46 0.54 156
(%) F CI 23 2.56 1.82
NH 23 2.24 2.85
M Cl 18 3.41 1.54

Shim NH 18 3.63 1.70 395
(%) F Cl 23 3.41 1.45
NH 23 4.60 1.30
M CI 18 20.50 9.37

vAm NH 18 16.61 4.78 1,30
(%) F CI 23 19.65 8.21
NH 23 17.45 4.67
M CI 18 0.12 0.02
NH 18 0.57 1.91

NHR 1.17
F CI 23 0.12 0.02
NH 23 0.12 0.02
M CI 18 6.67 5.62

NH 18 7.44 4.64 1.50
SPI r CI 23 5.58 5.49
NH 23 4.54 2.45
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Table 3. Result of ANOVA and descriptive statistics

by vowel /i/
sex | group | N M SD F
y Cl 18 | 30278 | 44.82
FO NH | 18 | 27046 | 31.14
2.94%*
(Hz) . CI 23 | 291.88 | 41.50
NH | 23 | 273.55 | 37.80
y Cl 18 | 33120 | 55.64
Fhi NH | 18 | 288.96 | 34.40
4.14%
(Hz) . CI 23 | 311.61 | 41.78
NH | 23 | 29066 | 37.86
M CI 18 | 276.79 | 40.56
Flo NH | 18 | 253.78 | 28.90 L84
(Hz) . Cl 23 | 27355 | 41.32 '
NH | 23 | 25647 | 40.03
y Cl 18 0.76 0.40
Jitt NH | 18 0.99 0.70
091
(%) . Cl 23 0.74 0.66
NH | 23 0.95 0.64
y Cl 18 2.54 0.76
NH | 18 1.63 0.47
vFO 11.38%%%*
(%) . Cl 23 2.01 0.79
NH | 23 1.41 0.51
M CI 18 3.68 0.97
Shim NH | 18 3.25 1.22 18
(%) . Cl 23 3.11 0.95 '
NH | 23 3.26 0.86
M CI 18 | 18.18 6.02
vAm NH | 18 | 15.56 7.02 L85
(%) . Cl 23 14.31 5.75 ’
NH | 23 | 1448 437
CI 18 0.12 0.01
M
NH | 18 0.11 0.03
NHR 2.62
. ca | 23 0.12 0.02
NH | 23 0.11 0.02
M CI 18 4.85 429
NH | 18 8.62 6.41
SPI 6.61%%%
. ca | 23 5.41 4.80
NH | 23 | 1040 3.96
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FOE CI @4 ols3 NH FAb obso] 22t 302.78Hzt
270.46Hz, CI H#} oFs3} NH &=} of5o] Z}2F 291.88HzS}
273.55HzZ B olF 2% CI o}52 FO7} NH o}52] Fox
o =9tk ARE B4 AR g ol CI oFso] NHET
oAl FTgko} oz} obgell A= CI obsd NH oF5 3t
ogk atol= AT
Fhit CI 97 g3 NH @4 obso] 247} 331.20Hz9t
288.96Hz, CI &z} ol53 NH <J#} o}bso] 311.61HzS}
290.66Hz31 &1, ALSEA] Aike FOoF FYste] @A} obs2
CI oF&3 NH oF5 Atelol] o 7t zfo|7} Fosti ot o
2} obg& CI b NH ok Atololl et 7t zfol7} fr2)3t
2 gkt

VFOE CI A obs3 NH &7 obsol 247t 2.54%9)
1.63%, CI o1&+ b3 NH o=} obgo] 242 2.01%2F 1.41%
2 Yehgth AASEA A3 1 g3 obse & Al fdl
H&)] Fosil %A, Cl 9#F oFs = NH 3=} of5of H]3|
sl =T

SPIE= CI 27 o}5o] 485, NH 94 o}5o] 86291, CI
7} obg-E 541, NH A4 oFg-& 10400100k AR-24 2
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Table 4. Result of Post hoc analysis by vowel /i/

Group NH-M NH-F CI-F
CI-M * *
FO
NH-M
(Hz)
NH-F
. CI-M * *
Fhi
NH-M
(tHz) NH-F
CI_M * * *
vFO
y NH-M
9 NH-F *
CI-M * *
SPI NH-M *
NH-F *
33 BS /5
B /5 A% wAel Ui Ad & r|eSAe BAHEA
A= <F 5> 2o B4R A} Fo, Flo, Fhi, vF0, SPI

ZAANA AT 1 FOR Aol7h ERTHF=A4.17, p<0S:
F=5.17, p<.001; F=3.95, p<.05; F=4.23, p<.05; F=3.01, p<.05).
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Table 5. Result of ANOVA and descriptive statistics

by vowel /w/
sex | group N M SD F
M CI 18 310.88 48.70
FO NH 18 266.82 29.12 417+
(Hz) F CI 23 297.44 54.12
NH 23 274.33 36.53
M CI 18 338.61 60.18
Fhi NH 18 283.61 33.19 5. 7
(Hz) F CI 23 318.60 59.82
NH 23 288.66 40.16
M CI 18 284.85 39.56
Flo NH 18 252.15 26.78 305+
(Hz) F CI 23 277.82 48.83
NH 23 256.45 17.59
M CI 18 0.97 0.57
Jitt NH 18 1.04 0.43 0.09
(%) F CI 23 1.03 0.57
NH 23 1.02 0.42
M CI 18 2.73 1.42
vF0 NH 18 1.51 0.51 403%
(%) F CI 23 2.16 0.55
NH 23 1.68 1.64
M CI 18 2.02 0.58
Shim NH 18 2.01 0.76 0.49
(%) F Cl 23 1.82 0.55
NH 23 1.89 0.69
M CI 18 17.04 533
vAm NH 18 13.70 4.85 1.99
(%) F CI 23 13.49 497
NH 23 13.66 5.80
CI 18 0.11 0.01
M NH 18 0.11 0.02
NHR 0.59
F CI 23 0.11 0.02
NH 23 0.11 0.01
M CI 18 35.13 19.44
NH 18 49.58 26.36
SPI 3.01*
F CI 23 37.62 19.81
NH 23 49.59 13.31

FOE CI & oFs# NH A obso| 22 310.88Hz2t
266.82Hz, CI o1&} ob&3 NH &} obso] Z42; 297.44Hz%}
27433HzE, AFE BA A7 dA o}5L Ol oF5<] Fo7F NH
ob5-9] FORTE frol3tAl EUAT A7t obFe] 4% C1 A
ob&2] FO= NH o7 obg9] Foo} 2] atol7h glith.

Fhiv CI 92 obs3 NH &4 obso] 242 338.61Hz%t
283.61Hz, CI A o}53 NH A ofbso] 318.60Hz%t
288.66HzE, AFSEA A3} CI FA}F olF<] FhiZl NH @ 2
£ Al nia) folstAl =%, CI A& ol Fhi =39
NH 34 =& Ao Fhiol ¥la] f2lsiAl =k
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Flo CI 9 ok&¥# NH A ofFo] Z47; 284.85Hz%}
252.15Hz, CI 4=+ o}53} NH oAjolFo] zHzb 277.82Hz,
256 42Hz 2, AFFEA Al Fhigl np7IAE2 1 EAl obF
9] Flo7} NH 3 o}59] Flooll M8 &9&tA =34t} CI o
2} obg<] Flo =& NH ¢4 A9 Flooll HIs| f2lstA =

kot
VFOE CI ¥4 obg-2 2.73%, NH @At oF5-2 1.51%%2
o CI 97} ob5-& 2.16%, NH 47t ob5-2 1.68%= Eb:

o ARFEA A dA obge] - CI oFE9] vFO7F NH of
2] vFooll Hlsl frejsiAl =3kom ofaf opge] A--oll=
ob&2] vFO7} NH °Fs¢] vFORTH &3kort frojgh fo
AT

SPI= CI &4 oF50] 3513, NH &4 o}50] 49.58, CI o]
Z obsol 37.62, NH A} obgo] 49.50%{ ek A4 A3t
@2 obg oA} obF B CI 59| SPIZF NH ©F&2] SPI
off vl frofshAl St

E 6. B /50l B AFTEA A
Table 6. Result of Post hoc analysis by vowel /u/

Group NH-M NH-F CI-F

CI-M * *

FO(Hz) NH-M *

NH-F

CI-M * *

Fhi(Hz) | NH-M *

NH-F *

CI-M * *

Flo(Hz) | NH-M *
NH-F *
CI-M * *

VFO(%) NH-M

NH-F

CI-M * *

SPI NH-M

NH-F *

4. =9 2 A&

A2golle] &4 ole YAHoR Wy B 7134
ol/ge] sle] iyt A v=w e Ao A 7]RA7E Ao
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2004; FL%, =T, 2007, Hamzavi et al, 2000;
Hocevar-Boltezar et al., 2005; Hocevar-Boltezar et al., 2006). £

AFE v oA pole] AT ol4L Wi, o]y F

_v;

rlr

dlo

ox

C
ox

oo 1
)

r>~

lu

N

l



76

A 4 o) ATASE ABalS ATASE B A4
s=uo] o&s Atk FHEE ol5S HOE o5 &
A B4e A obEdt et EF F2g] ofEo)A
Hoo 2By o ¥ tHoLo]] oS = F Y= Ao=

B2(Feo} 2010, HLo}, uEA
2012), & EER Aﬂ NSl mgal e L3R,

AT Ax} ARG /olol A QS olFe AA ofE} 9
I 24X ZFolA F23 2polE Holx] ghoith T8y 1
25 /o)t /oA 1FS obs2 7| EFIEF0), A7
BF555(Fhi), A7)7) 879451 0](vF0), 4T3 ZE(SPI)ol|A]

3 obET fol@ Aol B, WA FoEMEE(Ci,
ZWEE(Shim), A71WZWo|(vam), &5 o wWg HE

(NHR)I A= ol 2ol & Rolx] ergiek,

N

)

z27)°l AFLS o]alg W HZPAel obFollAl A3
4 EAE ZIdshe AL oldE dAol a3 25414
A 24 FEAA 7tAAEE 2 Y3 AZE A HL
3k THo| HolUER o|F0] JAFI4-E Bl &2 A4
Tews F&HoE ASE S Attn By wEoitt
(Hocevar-Boltezar et al., 2006). &2 /ololA 97]] S &
T 13 oblsH FYT 2ol7t gle B AT AFHe o]E H
g B3 /ohE BARER AMES AAT Follv IF
W7t A ol Aol7) e ALE Yehd AeEE 3

TH(Hocevar-Boltezar et al., 2006; Poissant et al., 2006; Seiferet
et al,, 2002). o123 AT} Hlwdte] B A7 thS AthA
02 AFAS o4 Yo7t ofelx, AT Ag T
AT ol#F Afolh mE johel A A okEH HolE B
ol & olf7t B Aolth e B 04% Az} AFoHS

obEEL ALEF /o)/¢} /gl HaiAE &= B #lY Fo
Fhi, vFOS} =] A=E HoF= SPIOHH A% o5
& zol7t AU ol& AF obsEe] ARS oHE
WA v B} o]t /9 2e RS A T Al
AAY 5 2d oyl Ao HFo] 1A ok
Ho}y A5 °l—r°111° ojr gt wet

£ W1 oY 28 WY 2AFL
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obET & ApolE Ho|A| @b FHA|= litter, Shimmer,
NHRA=H], o] SHAE W3R S4 HrtdAe 71823
o7 *}%6‘}% =4 Bd#ﬂﬂ(‘ 3}, 2007). OIE Hees A
A7 A

AEol B obBel AR B RO Aot 1
A9 AAT £ 5= AL Hok 94 £ P
B7k A Yurse.
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o2 ehgth EW AFE o149l vzt mwa x7]o]
T, U 717 ol AFSE B A2 veue weke
o= el el ueh 4 B wWelolA A% okEw
Aol g 19l A olSol wed) B2 SEme §E A
DA g4 AN Lo} e 554 H2ol ohd ek A
Hol1 S318 SEHY Ao YL AT

&4 549 maels 71718 o83 B} slo] 3A%4A
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