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A Comparison of the Speech Production Ability of Children
With Cochlear Implants and Children With Normal Hearing
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Purpose: Speech production ability is important for successful communication and in the
school life of children. The purpose of this study was to compare the speech production
ability of children with cochlear implants (CIs) and children with normal hearing (NH).
The children with CIs were implanted before 3 years of age, were over 6 in CAP, and
were attending regular school. Methods: Speech samples were collected from 10 children
with Cls (7-11 years old) and 10 children with NH with matching age and gender. Speech
production ability was evaluated through voice evaluation, speech intelligibility (SI), and
speech acceptability (SA). The voice evaluation was performed through perceptual
evaluation by speech professionals and acoustic evaluation using MDVP. SI and SA were
evaluated by college students. Results: There were significant differences between the
groups in pitch, voice quality, and intonation in perceptual evaluation for voice. In
acoustic evaluation for voice, there was no difference between groups in Jitt, Shim, and
NHR, but there were significant differences in FO and Fhi. There was a significant
difference between the groups in SA, but not in SI. Conclusions: Some indicators of the
speech production ability of children with CIs did not differ from children with NH.
Meanwhile, differences between the groups in terms of pitch of voice and speech
acceptability remained. In voice quality evaluation, the results between auditory and
acoustic evaluation differed. These findings suggest that acoustical indicators should be
studied for the speech assessment of children with CIs, and that the evaluation and
intervention of speech acceptability including suprasegmental features is necessary.
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ARG APl ofs-2 ol 57 ddo] ofgy, oz ¢
gt gtwoflA9] st S oA StHE AFHOoE FZAof of
B2 TS Aol AL Egtuo] Ak 28y 7&9] WU,
27} 2715A19] FFoz 9lgerolAle B firir9] A
ZHAof olsl A Yot shwofA we-S il QItKDaya et al,,
2000; Huber et al., 2008; Park et al., 2016). oF&°| &7
of HoiEA =W gHAv|es tE A2 4 S,
2o HZafof gttt Suehs TN JrtAE 582 EHY
A 43 g Hgo] 583 9T obA drt. LSpeech)©]
LT AAES Aote] ARREE 7T GAERl FReE,
QFetY ofzY WiE 52 58 AZolA TR EHfY}
AE 2 TP FHsP] Yol oK Tobey et al,
2011). HZA o oz HZ+&9l m=wi(Auditory feedback)d
EAIE Qst] T AkE] of#e-Z ZA "HYoon et al., 2005).
I Q13eke- ofEl] ARols Hd 71&9 EgoE Hrp w2
44 gumg 9 £ A Hd, ot Wike 58 XS
AEl Aoz HIET QIthPeng et al., 2004; Tobey et al,
2011). 24 ofds] AA Eaet] AlolE Hilsle AT Ais
T Z&E3 QIcKFang et al., 2014; Yoon et al, 2013).

Aol S48 =2 3% AN g3 34, HHA,
Y g, FAES 4 59 553 548 EUtHLee et al,
2010; Wirz, 1991: Yoon, 2004: Yoon et al., 2013). ZFgol
Q9] 2L FRAQN A ggel= 39 EAZE vk,
ol HIZY} 729 B4 HAR QIste], AJF HAY S
o] A4g} golYs WA Kot ZAE WAtk Aow dEA
9ltkNguyen et al., 2008; Yoon et al., 2013). Y5tdog &
dS Hrloke WS SFeHAQl Brie AR HriE v
T =, F e 24 AT dAdE 23 Aok S
? Bl 71AE B B4t 992 Atk BUkE, o492 T

o

r

olgl= B4 A SAlI-ol7l0f 71AE Boto] HYetal ARl
A& ¥ Aol F8s51H AT 4= Sl B7F o R Holso
Adt. ZAZE g7t BRpE A4 9AdGE =1 Bbeke W
Holoh, AAR AE Al T FHA Hi= A2 Al
g Alo] grlsks Ao] AEeH, 7HHsk o] &8kt =
= By ES EA8HPyo & Shim, 2007). @A 15eke-o]4]
ofzol Wi 4ES AWEY] floto] HAZHARI Bl 23kt
Aol @7t B%: ARSEI QtHuh & Kim, 2019; Montag et
al., 2014, Wang et al., 2017, Yoon, 2014; Yoon et al.,
2013). &3 Yoo F& FO, Jitt, Shim, NHRY 4714
SAAE AWEL glow, 747 7|EFuy AE, VETu ¥
o], SR ®o|, AFZ ANE & Y= Aotk ekl
A oF59] FO= 7% oFsiEtt &2 Holw(Yoon et al, 2013),
4A] o|Fof| QAFLLEE oJAlRt of5Y A% Jitt?} Shim, NHR &
T+ A%oks Hrh FosHA &% HJeon & Ko, 2007), 441 ©I
Aol QAFLe o]AE Tt ofs9 BE KT Aot gle A=
HHEKJeon & Ko, 2007: Yoon et al., 2013).
Trga(speech intelligibility)2t H&R1%(speech acceptability)
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= FPoRIe Wi S AvEeER Wikh| $RF AEE
ARGEIH(Yoon, 2014). UEETe 3RPF Aokl ske wrt
A Adiz A" A=s ouisis Zol, W&k 3K
Zo] Auit ARAHN 80| TISTRE ATE 5 Sl AHO]
t{Han, 2009; Yoon, 2014). Dagenais S(2011)2 ¥Hat: A
TRl S B & Q= W EERlEs Hrf Sl =4
Ao, &= A7t SH}F o] tie FEo] ofeh A k& &4
SRR Wie F AWt 2F Zesihr ARKIH: WHEEs
QIZekeod] ofFE mIlsle] HZo ofFe] WiE wrlo] ol
AFRE]T QJtKErtmer, 2011). XAT 7ol o}s9] U
oje- wor} Qlgeleel T2 HA|7|9 W KIHI X7)E
9] ol wiEh FAs| IR AsLkeE 2831 2871Y
& oFz9] WHREE 34.5%Chin et al, 2003), 5¢o] Rt of
B2 63.5%Tobey et al., 2003), 7¥lo] 773t ofs-2 72%Peng
et al, 20049 UHETE HIth offl uolo] kfolrlS HE:
ol W o HEA o] EAVt §i= E 2ol 7Pt
MK Ertmer, 2011; Tobey et al., 2011).

TERIEY A HAoNRIE de=m e dfes ofF ml
S, FE7fagolut wiHdA ol SRRte] 7ol wWol ARMGEAL
thDagenais et al., 2011; Han, 2009). &zZFgofelo] &4
A Asks FA7F AZPgoiRln A1 TAYE =1 &
T g AxE FAPoRIY 3482 tEA AXHKWirz,
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8 219l "PEL 9o, A7l TAare 34 E4YU 9
¢ U, 3, 54 5 284 84aF xcte U H7
ZofQlel @iz Hrlo] F83% AHoltklee et al, 2010
Yoon, 2014).
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YAAI A ol 108 o= iyt Q1Eekeol4] of
2 st 91 LAY 7-1141, W4
, A WA dFekeold] Uelzt 34| ofd, FH rAE 5
Fof,  CAP(Categories of Auditory Performance,
Archibold et al., 1995) 638 o4, Zgof Qo tE A7t
= ofsolGlth CAPZ HZ3ES ik 78 9 3
TE A2 YRGS BEA g A=t At gt Tksst
o, 782 At Bt Tked #EE guiEth dEekeeld
o} ‘:HOP AE= ® 13 2, X}’\ﬂ"} AE= & 19 A
SFirt. QlEekeold] ofsES Wit AgARS 84 97HE(105
7h4), ?l“c? 9olA] AR W 24 27HEQ6.471E)0] i
1089 s 790l ol UFLkReldlE B ofFolsiy,
399 ok WS AT ARBAR 282 UTE S
B2 Fol HA7E ARESHA] ol dgled, 1¥e HAVE
2k851 It L 2&-88 HWIKU-TAP: Urimal Test
of Articulation and Phonology, Kim et al., 20149& 7|5t
olE9] A= Bt 93,31%%h

B 1. QBP0 01 FE2 7] H

Table 1. Information of children with cochlear implants

M SD Range
CA(m) 105.00 20.69 84-140
ACI(m) 26.40 8.75 12-38
CAP 6.50 0.53 6-7
PCC 93.31 9.398 76.74-100

CA=chronological age: ACl=age at cochlear implantation;
CAP=categories of Auditory Performance test; PCC=percentage
of correct consonant.
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o|(vF0), Yol dfigole AREe Hir|EFul-IA7| R ms:
(Fhi-Flo), S35 %)l dFok= AH= A7IAZHO|VAME +
ottt o] ddole AR FoeHEE(iter), UHHE
E(Shimmer), AlSOEISH(NHR), <=0 3Hsis A=
wsido|(Tsam) 2. ERajo] 24 A1t

(2) YBRES BEOIE

TYIEol O BRSO By ofEY AR Rg
Tl B9 SeRT WRIEL W 1492 Boely
o] A9AZ Bol WARE £ WA TYRES WK 5o
2OlE WS Stk WHES 2 WS AAsh] A Wl
5 ek 4B St BYEEL Spte] ol el &
uht AREEA|, B} opte] B olstste HE ek ehfsk,
2L Bpte] Tol HAol] Yot AAAAT ByH B

2FAY ARETE S BABHAE S SRS 2). BUE

=

},

o4 WY WA 0 AFEE AR AR Tl
& AWAGE Botol ST 24 W] 13k 2% W7
4

(p€.01).

WET o} 201w 0] WY 7F AlE|e= Fuf AT AR(intraclass
correlation coefficients)& AR8olo] Aot WPRES] 7Rk
7t A= 974, S8R0 B} 7F AlFe= 9700

29l H7b M4 d skl Hrt A
|, ES U EEel WA & 3
F fogt ol7t QJEA AmEy] fsto] EHRE ~AHE

1. 8 o}

1) XA Hot

4 B71Y] 71684 9 JY 71 Aol A A= E 29 Z
o ZE Q404 Qlgekeol4] ofEe] wto] WA Uehgon,
Sd= Adt dH=-3.439, pC01), BEE(=-2.758, pL.05),
TH(=-3.083, pC05), S%(=-2.929, pL.05), SA(=-2.914,
pC05)ONA et 7F fojgh o7} Qloich
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Table 2. Analysis of auditory—perceptual evaluation between groups

Cl NH .
M 5D M 5D

Pitch 82.71 1150 94.11 435 -2.929"
Intonation 79.41 13.89 9488 3.01 -3.439”
Loudness 80.68 2280 93.00 3.54 -1.688

Resonance 67.10 22.67 90.86 894 -3.083’
Voice quality ~ 80.28 15.17 9451  2.90 -2.914'
Rate 7335 1564 8873 8.15 -2.758'

Cl=cochlear implant; NH=normal hearing.
"nK.05 T pK.01

2) SEH Tt
S3eHA B7ke] 7184 2 A 7 Aol A Fi=E 3
o 2k A FEoA F09] Eekol4] ofe A Het
80.50, ¥ ofs FH 230.172, Fhi® dFekpol4] of
A Bk 426.35, 1% ofs A 349.76°0=% Q39S
o]4] obg Hrto] Hto] ©f &9kom, T ik 7Ho] fojst Ao
7F AAK=3.929, pX.01; =2.177, pX.05), Flo®t vFO= o5t
o7} LERA] ¥ttt

A #A =9 Fhi-Flo9 I5ekeol4] ofF Yo =
254.80, 7% o H9| Wo] 233.38%2 F A
Aol7h glgloH, Aw T FEQI vAMS Q1F2ke-o]
o] Wo] 53.22, WA obE I Ho| 47.69
7k |93t Aol7t YSiTk

=4 T FHONA IFLRo]4] ofs okt AF ok M
9] Fio] ZZ Jittere 2.059F 2.61, Shimmers 5.463} 6.52,
NHRS .18%} 192 23 ¥ RE A HoJA EAHog [o3t
o7k A

&= B PEA Tsam I5ekeol4] of Hte] Hifol
16.34, 1% ofs I Bdol 133602 F e 7+ Aozt
9ot =2.489, p<.05).
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Table 3. Analysis of acoustic evaluation between groups

CI NH )
M SO M D
FO 280.50 31.15 230.17 25.88  3.929"
pitch Fhi 42635 8530 349.76 71.42 2.177
e Flo 16681 5818 12731 37.63 -.031
vFO 1249 279 1253 350 1.803
Intonation  Fhi-Flo 254.80 92.87 233.38 82.54 545
Loudness vAM 53.22  7.55 47.69 528 1.898
Jitter 2.05 43 2.61 71 -2.102
Voice
) Shimmer 546 126 652 1.17 -1.945
quality
NHR 18 .03 .19 .02 -718
Rate Tsam 1634 273 1336 2.62 2.489

Cl=cochlear implant; NH=normal hearing.
"7K.05 " pK.01
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213949014 ol 213 obge] BPRES BgelLY )&
A 9 A 7 Aol A4 2R B 4 2 2wEE Hae
o4 ok HTHB674°] A% oFF Wek96.05)9] v

(92.80)0l Hloto] Wota, & Hok 7 FFt Ao|7t yEpTh
(=-3.109, p<.05).

B4 FHH LB UROIE 24
Table 4. Analysis of speech intelligibility and speech acceptability
between groups

Cl NH
t
M SD M SD
Speech
. o 86.74 16.89 96.05 4.11 -1.693
intelligibility
Speech

70.87 2156 9280 571  -3.109"

acceptability

Cl=cochlear implant; NH=normal hearing.
"p05 “p<.01

V. =9 & 28

7] obzol LAY AE 5EL ataBolA dtlolH, A
A9 ot g 9SiAE Fa37F 40|t} QlFeRolAlE
< ofsZ EIote] H7Pgol ofE9] titkrt dntekuo] xisks
I Sle @AM, olE9 ATARl T AY 43S 9 e
7] A% 539 Rl A7 "asit dekgos AdE A=
230l ots9 A HZH mzule] AjloR Qs WA 5
oA ZAIE Hlth 18y QIFeReol4] ofs WA|ZE 5ol
FHE I} Qdo] £ EIF FoRRe ZACE dHA it
2 A7 34 ofFol| QFeRolAE Mgty @A £7] Yol
=3} Qlojke YALONA QAT ThsRE 7-11419] 7] of
&9 WE 58S UF okt Hlwsilth TS 582 24,
TPEE, T8IEE BN, 34 Bl HAAE Briet
e QUi BF SiGit

=4 T W F Aee AT ARRAREY 249014 o]4]
T 7P WA WHIkE Holw X sk ®elolth
(Campisi et al., 2005). WetA] B AT i oFs59 94 4
7t BAAHoEY St o A Eee} Aolrt QlE A

olgfgt MY A+ ZA;el AgItt WHH == QAT A
g 5o ALE= IGoM LEHOE Aglo] HE HloR,
T RS ¥ds] 4 Hoks AT AHAES 2k A=
A SHAE EY 4 QtHSnow & Ertmer, 2012). Wang 5
(2017)] AollA 4A10lA 64 Atelell QIFeRe- o]4E BE2 30
5o A Al obeS FHHoE s A, S=E
et SFAQl BiEo] & F 24| A AN E A%

Eeje} Ajolh Slgick ol WAV B AT TR SIgee

ol
il

lo 1> rlo

d

Siy7| QUSAROIY Otsat Y 039 a2 ME

oIr

=2 Hlﬂ

=

ofsEolAAE Ue, HAAA Briet S3FeHe 7 RERoA
A% obs9l 2k8t xolg Bt 24 T HloAE= FAL
A griot 5% 24 At XSk Goith BUREE AdF
£ ofs9] ¥AZE 1 o589 40| AH %t felsiA A
o7t Sle Zo® Wrlelylty. 18y % HrlMe SEE o
Hoks FEQ FEEASE(i, IEHEE(Shim), ARHARl &
=9 EAZ HoFes S I FHXY &5 d s HE
(NHR)ollA & Het 7+ ZJol7} glgiet. S2FsHaRl BrtollA S48
Aol FEoAE ol Wele] S4F BrIske grlle &84
PO QT o9l Tad EAS Bk de R4l &5t
e AoZ 8T 4 9tk ol Choi 5(2010)2] Aoz
et 2=, AZA0R19] 344 B0l 54870 S E =
FoF Y 2y 7144 ZAlA 71918k Ao] ofyr] wEe
2 FAHEc E3 OEs AAAE gt S grh BE
A 78 Jol7k F5dar, ol= 341 o]Xof UABLkeoldE
gt ofs 9] &It 1% ofzY] L&k Hlg| L= A
PATL} dAJok= AFo|tiOh et al., 2011),

THHoE, 2 AfolA9 F Bt AE Huste] By <
FeReol4] oz AH ofse A BN HAAH BH7 4
9, 2=, 244 F HA 7k Zol7t {9

o, §UHA FFolA F A 1 Zo|7F folsA] gk
o & PSS U39 ofsY "aYE =1 4% EdHet
wote] WA FEE AYE BE Q404 Zolg 7|1
et WHH SR HrloAe &R S5 R HRIoA
Ak 7+ o7k AT, F=et S8z AT Wl A

o7k FoJokA] Aottt £ AtollA AR FX4H F
71eh S kY] At dAE gL YEEY 2k F
THE, & Ad 79 |Yvgt Zol7t doka Briseltt. dwt
Aoz A WrloA FAAH w7t Axet 3 Bt dn
Eo] &Hs] Aok A2 oFATHPyo & Sim, 2007), &3}
A Qo 2= QIFReol4] ofF9 WA E Hrshz Ao Al
ol Aot wEbA S Bt 2 FAE Hoiide AA 94
g oA TAHE 21, HRE e AR dgolA Tad
E/0] disl stA Bt 4 e ZAAE 7 285
(Kent & Ball, 2000), ¥/ @RolA &0 ABEL Q= F
4 A#E0] AFAS ofs9 A B2 T8 HoFA &
Ste ZA0E UEgerng AdAoly MEE A# F-AYZ
A A3

2 Ao AT ofEe] ARl TAE 58S TR
Lo} el ® Hrkela EE 1A okse A} B|wsigi:
O+ A3 UHEEs T Y 7 Zol7t gilon, ERIEA
T A 2F 27t FYstA HEiaL ol ARAT dfet 44
StHFreeman & Posoni, 2017; Montag et al., 2014). & 9l
FE of59] Tad= GEl AR A uE Mgl Hole
A7F glovh, FAoA L7t PutyolR] gth= S L
2 ojugit.
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Fold, Eefe} Ao)7t Gl oA Tt dEe] Bl
%3 QItKErtmer, 2011; Fang et al, 2014; Freeman &
Posoni, 2017; Montag et al., 2014). ¥Hd 915} o5&
Jog TERIT] et A7e Bol oIFo|AA] U, APAT
oAME 7173 ofsate] Aolg Hirskal SItKYoon, 2014). A7t
Aol 491E S g AFoINE FAES FPNR1Y] Ead
£ =1 dER Hjof EERIEE B A B7t ot3ltklee et
al., 2010). oFs= HC=Z 3 Yoon(2014)S] A+t H|mwsto]
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Appendix 1. Information of children with cochlear implants
ID 2E o 23 ~ e -
1 M 70 H& 2;3
2 F 8,0 %l 10 61
3 M 72 ol 350 4,0
4 M 11;8 & 3:0
5 M 1155 gol 1;3 33
6 F 8,0 ol 2,7 2,10
7 M 10;3 ol 257 61
8 M 8.6 ol 1,7 1;11
9 F 8:0 Hs 2,7
10 M 7:6 %l 40 2:0

HE ) UHITOL UR0|T 7L oHfR

Appendix 2. A Guide to the evaluation of speech intelligibility and speech acceptability
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