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& oM LAzl o 100%714] 71sskal 01%— %—‘3— i

aPRto 2 3F FAA 95%0]43e] TolE AAE 4= ATHMcDermott, 2004;
Shannon, Fu, & Galvin, 2004). T3t A 20l WA Jolr} dojsE oA 27| 32k
oe sl H A WA elojibeol slshehn He9iekSpencer, Barker, &
Tomblin, 2003). HHA o= A4 F2Pgol Fort dsehf-oldle Aldshs Al7le 2470
2 (Gfeller, Driscoll, Kenworthy, & Van, 2011), A8§ALE 3l o|4] A|7|7} w=2H w-E
T Ao FAAQ1 a7t QlSe] HilE tk(Park, 2003, 2004; Yoon & Sim, 2003).

oZi‘

olefst AWES AolHE A AgebolAn AAT B2 AT U o] Feo| L] xl
Za} Ab%, AROEET FAT WA WL o WS EAo] Glof FaF 39

e AR,

QFefg-oldlo] Wi x| Zbof| qlojA SFA AHE 7= Aof vhef, Sof A7 9
g-gof QlojA= o3| Aste] Y= ASRE HE|QtK(Hsiao, 2008; Nakata, Trehub,
Mitani, & Kanda, 2006; See, Driscoll, Gfeller, Kliethermes, & Oleson, 2013; Xu et al., 2009).

AFet= &4 Aol Ade FxEE AAEHNY] ol TR Zoll= antaolu, 54 2o
Hoh G2 Fuke 28 EYS 2 S A7 QlojA= HAI7E Ytk Mao & Xu, 2013). <
2ol oo]AloE L. 2of 2|7k ool = o1 ;(]71—01] Qlo] ZAAolxo| Hla|] HAT AHELS W
ol Aoz Uehged, Eah19 U e &3 Adste B9 2L =9l(pitch
ranking) T}A| <=8 AT}, QlFokSo]AlolE 1—‘?—0] AHots 1FHTH Tr—J—GP‘” 22 A
HATHSee et al., 2013). ESF o]gt 231 X|z}e] oy o2 g, &3t o] A& A
o Al MErinre o5 dhao] SEAel Ao LekskeHsiao, 2008).

Q1ZOR0|AloHEE 3L AZHE ofUjet &1 AEol QOIME AHoNE S} HolS mel
th lFekpollobse] Al REY| S FAEH, T A" AAoksEol Bls| &
A7t FSAY, 24 Asert 1'H:]-(Nakat et al., 2006; Xu et al., 2009). ?1-5-2}-$-0] 4]0}
Bk U AP FHoLE TFS YOR /MY A 4T Y wAlS REA 3 Fof
AEE AR Smote)o] Ful0} 2F HAES HAY A7 2, Bl HoHEEY &
A UFe] g AASH e A97E WAL, AFLPO|oRE 1Fe] ST ALE
G €3 dgstel A 74140}5 g0] vls) $-2]u]a Wokth(Nakata et al., 2006).
5 o g3 AHE SaPo] HuE glout, A

A

o So 9 eyl qm Aol e vaa 4ol cHChen ct al., 2010).
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ol 4e]9] |5 HEHHA SoF s, Rl 2V R 555 o3 E BHEIt
(Gfeller et al., 2011). E3+ AHOFESA T AT LofA] B oAt oje %} =
ot A=A 7:‘040}134 At A7 B 27 ddEeheolAlol s AS R
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=9 o7t B4 42& sl A} 2o 3of 3 k3t TS Bl A oks A

R
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Kl FAE 4= = 7RsAlo] AAE It Galvin, Fu, & Shannon, 2009). wh2}A] 2l
TorgolAolE 5ol Sof ARS B SoF W] 4 U Sof AEEE o 4 JE o
Wt S ' 2ol eIl FEE = Alo] Fasith sHANE dlEekp-olAokEsE T
Ao g she of FAE AmEY, gof X7t wE o vs) ey A B3
A Ao 2 Aol Holth 2o Akt T 27| oo A dubAo| l XA
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Peretz, Champod, & Hyde, 2003; Peretz & Hyde, 2003). Z+ZFo] & Alo]9] A&l Al &
oLt &3 sfElo] A& x|Zko|u} 7]o]o] 7]ojgkri= Ao|Th(Kim, 2008; Luo, Masterson, &
Wu, 2014). o]e] &3 A% HEHr} L QlgekgolAobgel A S ZjolE A|Zste] mi
AHESHA shaL, R ErE Bl AREA e AT A S AR 5 Al =&
o] Btz Wloleta & 4 olrk. QFLolARE &4 o] He Aurt 84 7o) 2
A AN NS wf FaLe] ZpolE A A4 o
Fu, & Nogaki, 2007; Sucher & McDermott, 2007), |23t 2|z EAS wrdst dA|Zx H2
o] QlFekp-ollolea SRt SA il qlol Ta%t Aol & 4= Q. wEbAd 2 A
ToAe dFekoloksolAl & SHFE eARler ol B ASS EHsh, =7
25 59 89 2 AL APPIE SARIRIYE AN T ol oo
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<Table 1> Demographic Information of Participants

Age Hearing Residual CI information
Sub- Sex Age 4t CI(m) (dB) hearing(dB) (device/sound processor/strategy)
ject (m)
L R L R L R L R
A F 64 21 11 90 90 25 25 CI24R N5 ACE CI512 N5 ACE
ECA

F 60 NA 24 80 92 36 28 CI24R N5 ACE N/A NA NA

M 70 12 35 100 100 20 20 CI24R N5 ACE CI512 N5 ACE
ECA

Notes. L: Left; R: Right; CI: Cochlear implant
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<Table 2> Examples of Songs that Include Target Intervals

Sess-  Target Used
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o w B4 weRes] Zeade Folak ABeleolAoHEe] Sa1 A REE o
A} ) A 3 HS) SRS IS Sistel, & E W A| AR Sa1e) F
shgeoh 7|58 Fohote] Aol 2L ]S AR Hlmstg oM, weiEs] Al Ab
28 HA S0 AT 23 3} Aol B ZAdte] o|F Abg-AFol Hmsgth. A AvHe
okt gk

o Ak

—

1. =

olo
M
0x
Lo

A A9l A7, 85 57J(C4-C5) AA Al AR ARl A e 531 Fukapel AlAE
71 &l Fukas 7 Alolgh: CAolA 24.0, C59A 46.62 LERE oL ARS- HAIA = C4
oA 11.8, C50ll4] 6.12 FFasRlet. S= S7(C4-G4) AHA Al AR Aol A 2] Aol gk
C4ollA 6.8, G40l 311 oL, ARS HAPIAE CaollA 4.4, G40l A 882 AA| H4sl3
th 3& SA(C4-E4) A Aol AR AR Ztolgto] C4olA 6.9, E4oflA] 13.4%1 0L, ARS
HAF Zpolghe: CaollAl 3.4, E4oA 622 ZastRirt

A B 747, 8= =4 AAl Al B Sal Fupeeh AAlE 71E sl Sk F
Zpolgro] A At A= C4ollA 28.6, C5OllA 1222 YEREOL ARS Aol A= CaoflA
10.4, C50llA 1.92 Zasilet. 5= 24 A4 Al AR AARlA 9] 2fegh2 C404 20.2,
G4l 75500, AT HALA = C40flA] 1.4, G4olA 14302 TA AT 3= 2
g AL Alofls AR AR 2tolgko] C4olA] 22.2, B4olA] 40.00] 101, AR AR Aol gl
C4ol| A 1.6, E4ol|lA] 2272 ZFA3}ST)

A C= 8k 57 AlA Al B 23l Fubpeel AXE 7€ 3L Fuk 2 Apolgk
of AR FAt A= C4ollA 29.6, C50lA 18.82 UERF 2L ARS HAolA = C4ollA 12.0,
C5ollA 422 Faste). 5= =4 A AL ARD ARl A 2] Zpojgl2 C4oflA 11.4, G4
A 394901, ARS- AR A= C4ollA 6.9, G494 2.002 FA FasRieh 3= 574 A
Al AL CAolM AR AR ZFolgho] 16.3, AR~ AL Zpolgho] 5.92 fAadtl o, E4oA=
AL AR Zbolgko] 134, AR AR Atolgto] 18.22 78It M tidAte] HHE &
Al Fuppe) 7)E5The] ARolghe there] <Table 3>3 Lt



<Table 3> Frequency (Hz) of Produced Notes and Difference With the Target Notes at Pre—
and Posttest

Target Pretest Posttest
P el R Ry
frequency frequency

A 8th C4 261.6 285.6 24.0 2734 11.8

Cs 440.0 486.6 46.6 433.9 6.1

Sth C4 261.6 268.4 6.8 266.0 4.4

G4 369.9 338.8 31.1 378.7 8.8

3rd C4 261.6 254.7 6.9 265.0 3.4

E4 311.0 3244 134 304.8 6.2

B 8th C4 261.6 233.0 28.6 251.2 10.4

C5 440.0 427.8 12.2 438.1 1.9

5th C4 261.6 241.4 20.2 263.0 1.4

G4 369.9 444.4 75.5 3842 14.3

3rd C4 261.6 239.4 222 263.2 1.6

E4 311.0 351.0 40.0 333.7 22.7

C 8th C4 261.6 291.2 29.6 273.6 12.0

Cs 440.0 458.8 18.8 435.8 4.2

Sth C4 261.6 250.2 11.4 268.5 6.9

G4 369.9 330.5 394 367.9 2.0

3rd C4 261.6 2453 16.3 267.5 59

E4 311.0 297.6 134 329.2 18.2
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2, §AR oA fAEE 0w LeRdth AL ALY S Ao Tist A12HA glo]
E1S B, A AR 950 831 Fuke} AXshs Aol F7HeE AL Bld 4= )
o AR BO] A%, AMA dAllA] BAE 3 AME 917 A2-D30| gL, AR Al
A= AZF3R 3uHS AR &3 W97 SR gleh ek AR Aol A s Al ZAjOlA
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<Table 4> Produced Notes During Singing in Comparison With the Expected Notes
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Interval-Based Singing Program for
Improving the Accuracy of Pitch Production
in Children With Cochlear Implants:

A Case Study

Kim, Hyo Jin*, Chong, Hyun Ju**

The purpose of this study was to examine changes in the accuracy and range of produced
pitch in children with cochlear implants (CI) after an interval-based singing program. A total
of three children with CIs aged 5 received twelve 35-minute individual sessions two to three
times per week. The interval-based singing program was composed with third, fifth, and
eighth intervals and implemented pitch discrimination, pitch imitation, and singing songs with
target intervals in a sequence. At pretest and posttest, the changes in accuracy of pitch
production during pitch imitation and singing were measured. The results demonstrated that
all participants showed improvement in pitch accuracy and produced the target notes with
great similarity to the expected pitches in the original song. The range of produced pitch also
increased after the program. The results indicate that sequential trials to imitate pitches in a
multisensory environment to facilitate the processing of pitch information may reflect how this
population perceives pitch information and assist children with Cls to improve their pitch

accuracy.

Keywords : children with cochlear implants, interval, pitch production, singing
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