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With a high sound quality stimulated by the electrical device and a large inclusion in medical
insurance, the number of cochlear implant recipients has been rapidly increased in Korea. To-
day, it is not surprising that early implanted young children with congenital deafness show a
similar performance to their normal hearing peers in speech perception. However, the cochle-
ar implant users still have a trouble to enjoy music. This review study aims to introduce briefly
about acoustic components that required to perceive the music and understand a relationship
between cochlear implantation and temporal fine structure. For the pediatric implant users who
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have less experience on acoustical sound features but are much familiar with the electrically
stimulated sound, perceiving the music seems to be challengeable due to the lack of temporal
fine resolution related to pitch and timbre among various components of music. Four represen-
tative test batteries for evaluating the recipients’ ability of the music perception were mentioned
and effective auditory music trainings were discussed with analysis of related investigations.
Unlike hearing aids users who usually depend on fitting algorism for better music quality, the
cochlear implant users need systematic training to improve their music perception ability. In
conclusion, advancement of speech processing technology which can provide accurate infor-
mation about the temporal fine structure of incoming music to the recipients needs to be devel-
oped. Also, a practical application of music training should be recommended as a part of audi-
tory training for the cochlear implant users.
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Pitch perception - Musical training.
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Fig. 1. lllustration of a simple sound waveform in terms of time and
amplitude. A dashed line shows the envelopes of the waveform,
whereas a solid line shows its temporal fine structure.
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Table 1. Summary of four test batteries developed for evaluating music perception ability of the cochlear implant recipients

Name Developer Contents Characteristics
Primary Measures of Gordon (1979)"™ = Two subtests having @ 40 pairs of » About 40 minutes for test duration
Music Audiation for simple rhythms, and @ 40 pairs of « Simple instruction asking whether the
children 2-, 3-, 4-, or 5-tone sequences sequence in each pair is same or
different
Musical sounds in Fitzgerald, et al. - Six objective subtests as @ rhythm, * Less than 90 and 70 minutes test
cochlear implants (2006)" ® pitch, ® melody, @ chords, durations for Cl users and normall
perception test ® number of instruments, and hearing listeners, respectively
® a sort of instrument » Can assess music perception using
* Two subjective subtests with different languages
@ dissonance and @ emotion « Sensitive fo challenges consisting
of various subtests
University of Washington's  Kang, et al. « Three subtests of @ pitch direction * Less than 45 minutes of test duration
Clinical Assessment of (2009)'¢ discrimination, @ melody identification, < Self-evaluation with high efficiency as
Music Perception and @ timbre identification computerized test format
Music in Children with Roy, et al. « Five subtests, namely @ rhythm, * Less than 45 minutes test duration
Cochlear Implants (2014)" @ pitch, ® melody, @ harmony, and  « Easy instruction with user friendly format

® timbre perception

« Same/different task
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Table 2. Summary of music training studies for Cl recipients

Study Participants Training methods Results
Chen, etal. 27 Cl children « Pitch perception training using piano < Performance of pitch perception
(2010)* (congenital/prelingual deafness) was higher depending longer
duration of music fraining.
Gfeller, et al. 24 Cl adults * While consisting of 48 lessons via « Compared scores of pre-training
(2002)* (postlingual deafness) computer, timbre perception and post-training showed enhanced
training using four familiar musical timbre perception performance.
instruments such as strings, brass, * There was a similar result in the timbre
pitched percussion, and wood-winds  quality.
Looi, et al. 18 Cl adults & 13 HA adults « Five modules with teaching phase, « After the training, Cl and HA users’
(2012)% (Cl or HA experienced users for fraining phase, and self-testing phase  responses changed to be positive

more than 6 months)

applying stimuli with instrument,
vocalist, and ensemble.

and their subjective ratings of music
perception skills were improved.

* However, there was no significant
improvement in timbre perception
or pitch ranking.

Cl: cochlear implant, HA: hearing aid

£ 249 22 o
%] o}5-2 TShes AAJshgk 43 Hlolel ¢
712k, Q1goks 287

59| dFol 64 Rl

o
L
S

r

—

do ¢ Ho
W
o
£

~
MN

2 ol N
alle (e
19 10
ot = da |o ¢
O W ol

o,
o,
il
It
lo
o

N
& o
th ot
lles
1o

2
rO
B
ofr
S )
©
otk
T
ox
i)
N O
)
Q
T
)

Olll
S rlo
re
2
)3
(g
U ok

-0
[\
~
of.
1o
: rg
O
1o
o
il
N
Of
o
o,

)
Tl
fu
lo
1
ol
(i ok
N r
o
9‘_11‘
R
T
lles
o
>
NS
o |
Ia
¥
Moy
=

(i
lles
_]O
o
oo
& 4
fl
[
ui)
Mo
IoN
=
10
12
N,
o
>
ok
Ofr
ol
>
=
N

I
ki oo
ME
: 2 = 2o of
8 ome 10 2 XN o2 af o

o
o
o
__)&‘
Hu
fﬂﬂ
Jﬁ >
-
-
AU
-0 dlo
£
o o
)
r>~l
®
)
g e
= ol

~
>
-3
X
of
.
i)
o

o m
4>
N
T
=
92
»~ Hq,
i
fo
:‘_l‘
il
S
s
> %R
)

flo

—
o)
Q
O‘E
1o
re
-
=2
X
ot
rE
inj
oN
ol
i
2
i)
rO
o
o
4o 7
i
OE il
By

2
0 1o B &

o

ol

_E

f

o

N

P

o

P

®

oF

filo

u)

Tﬁ

il

lle

o 2

ok

or e

o 1% &

tlo —x
=

TR
i)
[>
|m
o
il

O.

%
3 Azpole, FAHe ATE o], B
= -

A ZE2o] L9e ARJElL, & 574

U

I

uit)

lo

f

z

rE
To
o

flo

lo
12
il
N
ot N
T
i
‘_’o’j (i
-

o

ol
£
rlz rﬁ
12 o
i m-_{n
iz %

N
oX
>.

]
oy
o e
SN
A 50
oft i
1o |
o o
o 32
ofX
T

ofy
_J_—‘l:, —_

&

=2

e flo 4

Off E?l_t

b
e
o

::l'ol-ﬂ

> 2 HToroh

T o
b
i)
oo
o rir

rUZ
d
2
|o
o U

2
il
B
>
fuodn
r—{0|1 EIO
oo
et o
4N =
o H
Tl
o 4y
¥0,
H1
J
_orll
k
o

o
2
i
o
=
ok

1 oz
E
o
T

R
i
rlo
2
>,
N
rir
oo
0
lr
fllo
3
=]
ol
N
N
i)
oo
(1o
i
N
Rl
o,
N

0
i o

ot
4
pacs
K
e
o=
)
2
)
oo
£
ot
i
[k
il
i
o
=2
0N oY e fhoox met o

ot
o

=

_o|L
[>
>
fu
ld
rir
10 oz 4
i3

[
>

N

N,
3
0y

2

W
e

B

I

>.
30,
bt
of
o 32 S
FH
)
Hob o
X
all

2 ot
X o
2
N
-l
el]
H e

J

i
2
= g
~
o
ot
o

o MM |
i)
o
dr o
i)
N

5
1
Y
8
c
w
o
g

- o
8
]
<
il
>
e
oo
ofs
ol
£
lles
19 o
[
D)
o
e

W o

@ gl
tlo 19
Jkgi Holv
(AL}
3 o
% o
o
T
w ot
< @
ﬁ, _ln
o
19 >
Hor dlo
e
re

o o
r Of
1o
o
rir
B3
lo
NI
B
=2
jus)
o
zl
1B
e
N
TS
1o
)
b3
=)
&

=)
u v
o
—
) =
o2 o
i
i ;EE; r
i)

xQ
s
G ¢
o} 0
1o
o
o
1>

5

N
)
Y
2
|o
o Hu
oo
o
_O|L
k1
o
o2
e
re,

A_/“
)
2
o
=
2
2
Oft
o
I r
Mo
(Y
lo

f
E
3{; ]
tlo
QL

N Y
Nooxt
ro,
il
o
[
o

o
ox
o o
1% o
lo
B}
rC
o
off
1o
o K
oo
o
N,
olr
W
i)
i‘;;)
)
i
A=)
i

¥
&
[
s
v
Q.
s
e
-
2
ol
N
o
e
it
o,
rO
oft
1o

=

L=l

o7& 3} e
P dAbE o1ds] 45 31 ol Rl ATt ofEle e &
2

=

2l



©
re
i)
il,;,
et
Ho
4
<
4
o
18

& wolA)k, 0| Ao}
13 v AzBgIEE ol
b8 AR o g B AN
2 QA0 ol 2 Mol WA FA
ehitth 3 29 149 A%} 48 5t ol 2
21 ARV | 7E0) AR L B 2Hg Ao
w5 A3EA) o] upolet ! Bk TR, 4
AP HEAEL ulws) Bk v) ¥ 1F

&0 A} Aol QloiAl Azt S HeiA

¥ okl B9 2] 1A A glof ek bk e 5

4
=2
s
2
X
rlr
ox
ox
o
1%
ro,
=2

s}

£
1o
o
b
%

N

S
b
o
o
<2

B oo X N g fE O o o
éclﬁz
i)
o
2
o

_‘O_‘
off
1o
I

of F7H4 AlF& Fl DA7F B2 A3 EAEIME tA=
o $-59 eS Uehll” 53] A W obse] 7
T ek o4 A A 7ol AFsh] whiel et
5 S MRl F 8 & A5 o e AR dHA
MR 23] 71ASolt 2)%5l7] ufie] Foko] S

3] 52 AAE s AsHE Holle B2 ol

7¥eh= diE4Q HAF =42 PMMA, Mu.S.L.C, UW-
CAMP, MCCI®] 4747} 9lom g7te] BEAfof whe} ghe] A
{531 gk 11 Fol| A= PMMAE 714 th3E2]0] AARRH
&o] a9} 2ol tiste] Bk 4= 9lar, Mu.S.L.CY 2
T, F8A AR Ueo] B71e 4= Sl AAreloh UW-
CAMPE &9 14, 25, W2, 513, M| tjsle] 3
7K 4= 9lom Xt ghatolR = HAEo|(K-CAMP) =W
AN E g Qok MCCI e 9] 24, 25 2
2o, 3k, SAol| thate] F7FsE 4= Qlek. e w429
Q- o]4] Aol vlaf el oFF] gLt 2Hg-
A50 Fof Azt waH A7 S| o]Fox|A] ¢
L 9tk Blgo] Q1Feh-e- o] AR -59] Fof A Zte]| tial Ehf
23 AAER] HALE S HeiMe A E =5
3 - A o2 ol A ARg-o] AAgE AR w9} B
Tt ASH A E=tEo] EE AL A-gEolof a7l <l
549 2850 gof THd gt At T2 2] 1A

ol

2 QAX|sh AL BHo FjeloA Ak 118 Fo] o
B o}50] A9 Falrlzto] A4 LolelAlEo] 27l
3w aEdeh 2ol A o Feut GARE 8ot ARE
PSS Ak & AL ok Fr Sl RAES] A

Cl-Mediated Music Perception lHan W, et al.

I S0 BUS BURE B B9
2 AZHECLY op A e B ARk 714e ot
Qo] glof BlEo] ThalAs FHa Ang At 9o
U o) TAet &l thal Al B ES ARE AlRshy
B Z3j0, o] sjAsh] 9Iste] A ul] P& RO B
4 712 ANSHE B AL Qe el A s
of e, £ A3 5o AnE wwstge o, EaAd) o
2 A9 S80] A7} ke FAEUT, RAHO R o]
QA HePloldE P SYSIGk AR OR
st ohopet A5 A 714, 58] A wlH TR YRS B
M3k 2 gl 71 RS Zlstel, @R AASE A
A Soll o BT B 7|42 FA M £e)S F
$AHE0] B 2 B 4 Gk 2o TR WS B W}
o} Qg7hE] sk Hgto] QB HEAE Lot
2713 49 AL FHT 4 A E718 v

Acknowledgments

This work was supported by the Ministry of Education of the Re-
public of Korea and the National Research Foundation of Korea
(NRF-2018S1A3A2074932).

ORCID

Jinsook Kim https://orcid.org/0000-0003-3440-2393

REFERENCES

1) Clark GM, Tong YC, Black R, Forster IC, Patrick JF, Dewhurst DJ. A
multiple electrode cochlear implant. J Laryngol Otol 1977;91(11):
935-45.

2) Lee KS. Soree ear clinic is responsible for one out of four cases of
cochlear implant in Korea. [cited 2016 Nov 15]. Available from:
URL: http:/news.kmib.co.kr/article/print.asp?arcid=0923642008.

3) Bell B, Stieger C, Gerber N, Arnold A, Nauer C, Hamacher V, et al.
A self-developed and constructed robot for minimally invasive
cochlear implantation. Acta Otolaryngol 2012;132(4):355-60.

4) Park HJ, Lee JY, Yang CJ, Park JW, Kang BC, Kang WS, et al. What
is the sensitive period to initiate auditory stimulation for the second
ear in sequential cochlear implantation? Otol Neurotol 39(2):177-83.

5) Nelson PB, Jin SH, Carney AE, Nelson DA. Understanding speech
in modulated interference: cochlear implant users and normal-
hearing listeners. J Acoust Soc Am 2003;113(2):961-8.

6) Mirza S, Douglas SA, Lindsey P, Hildreth T, Hawthorne M.
Appreciation of music in adult patients with cochlear implants: a
patient questionnaire. Cochlear Implants Int 2003;4(2):85-95.

7) McDermott HJ. Music perception with cochlear implants: a review.
Trends Amplif 2004;8(2):49-82.

8) Limb CJ. Cochlear implant-mediated perception of music. Curr Opin
Otolaryngol Head Neck Surg 2006;14(5):337-40.

9) Boéx C, Baud L, Cosendai G, Sigrist A, Kés M1, Pelizzone M. Acoustic
to electric pitch comparisons in cochlear implant subjects with residual
hearing. J Assoc Res Otolaryngol 2006:7(2);110-24.

10) Gfeller K, Lansing CR. Melodic, rhythmic, and timbral perception
of adult cochlear implant users. J Speech Hear Res 1991:34(4):916-

www.kjorl.org 213



Korean J Otorhinolaryngol-Head Neck Surg 1 2019;62(4):207-15

20.

11) Moore BC. The role of temporal fine structure processing in pitch
perception, masking, and speech perception for normal-hearing and
hearing-impaired people. J Assoc Res Otolaryngol 2008;9(4):399-
406.

12) Chang YS, Moon 1J. Definition and clinical implication of temporal
fine structure. Korean J Otorhinolaryngol-Head Neck Surg 2018;
61(1):1-8.

13) Hopkins K, Moore BC, Stone MA. Effects of moderate cochlear
hearing loss on the ability to benefit from temporal fine structure
information in speech. J Acoust Soc Am 2008;123(2):1140-53.

14) Gordon EE. Primary measures of music audiation. Chicago: GIA
Publications, Inc.;1979. p.42-9.

15) Fitzgerald D, Fitzgerald H, Brockmeier SJ, Searle O, Grebenev L,
Nopp P. Musical Sounds in Cochlear Implants (MuSIC) Test.
Innsbruck: MED-EL;2006.

16) Kang R, Nimmons GL, Drennan W, Longnion J, Ruffin C, Nie K,
et al. Development and validation of the University of Washington
Clinical Assessment of Music Perception test. Ear Hear 2009;30(4):
411-8.

17) Roy AT, Scattergood-Keepper L, Carver C, Jiradejvong P, Butler C,
Limb CJ. Evaluation of a test battery to assess perception of music
in children with cochlear implants. JAMA Otolaryngol Head Neck
Surg 2014;140(6):540-7.

18) Helms J, Weichbold V, Baumann U, von Specht H, Schon F, Miiller
J, et al. Analysis of ceiling effects occurring with speech recognition
tests in adult cochlear-implanted patients. ORL J Otorhinolaryngol
Relat Spec 2004;66(3):130-5.

19) Zeng FG, Popper AN, Fay RR. Auditory prostheses: New horizons. Ist
ed. New York: Springer Science & Business Media;2011. p.305-39.

20) Looi V, McDermott H, McKay C, Hickson L. Music perception of
cochlear implant users compared with that of hearing aid users. Ear
Hear 2008;29(3):421-34.

21) Looi V, McDermott H, McKay C, Hickson L. The effect of cochlear
implantation on music perception by adults with usable pre-operative
acoustic hearing. Int J Audiol 2008;47(5):257-68.

22) Galvin JJ 3rd, Fu QJ, Nogaki G. Melodic contour identification by
cochlear implant listeners. Ear Hear 2007;28(3):302-19.

214

23) El Fata F, James CJ, Laborde ML, Fraysse B. How much residual
hearing is ‘useful” for music perception with cochlear implants?
Audiol Neurootol 2009;14 Suppl 1:14-21.

24) Vongpaisal T, Trehub SE, Schellenberg EG. Identification of TV
tunes by children with cochlear implants. Music Percept 2009;27(1):
17-24.

25) Xu L, Zhou N, Chen X, Li Y, Schultz HM, Zhao X, et al. Vocal singing
by prelingually-deafened children with cochlear implants. Hear Res
2009;255(1-2):129-34.

26) Franks JR. Judgments of hearing aid processed music. Ear Hear 1982;
3(1):18-23.

27) Gfeller K, Christ A, Knutson J, Witt S, Murray K, Tyler R. Musical
backgrounds, listening habits, and aesthetic enjoyment of adult
cochlear implant recipients. J] Am Acad Audiol 2000;11(7):390-406.

28) Looi V, McDermott H, McKay C, Hickson L. Comparisons of quality
ratings for music by cochlear implant and hearing aid users. Ear Hear
2007;28(2 Suppl):59S-61.

29) Sucher CM, McDermott HJ. Bimodal stimulation: benefits for music
perception and sound quality. Cochlear Implants Int 2009;10 Suppl
1:96-9.

30) Chen JK, Chuang AY, McMahon C, Hsieh JC, Tung TH, Li LP. Music
training improves pitch perception in prelingually deafened children
with cochlear implants. Pediatrics 2010;125(4):¢793-800.

31) Looi V, King J, Rebecca Kelly-Campbell R. A music appreciation
training program developed for clinical application with cochlear
implant recipients and hearing aid users. Semin Hear 2012;33(4):
361-80.

32) Gfeller K, Witt S, Adamek M, Mehr M, Rogers J, Stordahl J, et al.
Effects of training on timbre recognition and appraisal by postlingually
deafened cochlear implant recipients. ] Am Acad Audiol 2002;13(3):
132-45.

33) Jung KH, Cho YS, Cho JK, Park GY, Kim EY, Hong SH, et al. Clinical
assessment of music perception in Korean cochlear implant listeners.
Acta Otolaryngol 2010;130(6):716-23.

34) Choi WJ, Oh SH, Bahang J. Efficacy of music training on speech
recognition and working memory in children wearing cochlear
implants. Audiol Speech Res 2017;13(1):70-7.



oz
o
#2
=
fz

2| [u]
®

I
4

Cl-Mediated Music Perception lHan W, et al.

F0|Z2 0 =2 Heto = U A2 0|Fe| Hof m2H T Z0|Hol|lA F0|ZH0| XX|st= HIEE 1946 F
1.9%01lA 1973 Palva 2 0.9%, 19833 Jeang %8 0.04% ME 2 H1stn QICt =0|Qsho| ZiHAZ 2= H|ZsHo|
= 22 7tefjoll Exisl= Al oS Sot AFAQl Mot EFE7|e] Aalo| U= 4R UEHAZEH Moo=
S5E0| Mot =7AL, st F0|ge| MES %3._* MIAZ2S0| MAI=| UCt 2 o*o“c%*% Z7ols R8N 1S,
WS, O|STHY, I1UMZI MEM 0|RE HO|1 FHAME A& A7EHLD} Aot Ao =2 E|o J2H 90%7t THS40|H
LIHX] 10%= 22413 2 S8 Ad42 Ho|1 £7(0f| 0|22iM= Soiu/HHES EOIEH AFE Stiet €Y 0|2 S0|
SotA HEECE Fo|Zao| REHR|SIH AHCRE 0| I S0 Lf Moto| 2&ut & 7428 1A ¥ Langhan's
giant celsZ O|R0{Z! FO0IES #HEE & UT ZM F0Ix%| U =8 MESE MYXIH, 0|, FL=S7|, 0|A=2]
ofo|7t LIEHLEA| 0 TIEE2 ol2(st ERAQ] UMM = e 4~ oLt 2 S22t 20| StXte| EZX0I Hag 4
i ME Qte|H, DA, SESUAMNEY, SFUAK A, FHIZZE “._% JAE Solf A&l TIHo| 0|2
A o Tk J2iLt AN F0|Y SXte| tiCkert tHER & & MAOLE o2 & HeE|XZ[Exo 2 TIH0| 0|R0
TS okt i &2 EE“E%*M 2 LA Zatiol| Sfolnt | M0 2lsHA] 0|F0f & 4~ UCH
1231 A Case of Secondary Tuberculous Otitis Media Combined with Multidrug—Resistant Tuberculosis. Seung—
u Nam, Shi—Nae Park, Sang Won Yeo, and Kyoung Ho Park. Korean J Audiol 2009;13(2):179—-182.

0z

™ < |-.LI

o2

2

& § LYSts ATMG 242 1R ESX |2 e FH2 PES2Z, S0| & T OIS6HK| 2 QtHZ o]
O B2 XMx|7t 02 S5t & & ArZet FAOFK 2§ OH|= tiEE 2412t Ol Fut ZHASIEZ 0] 712t
oF paret "eUt e, o|7}t Xi&kls d? ST S(packing)oll Qs stHAIZAR Z& 220 Yt 7Hs5Ho| esz
LT M|7{sHOF BT, =247 OfH|7 wilist 22 Zojet 21, £3501 2loto] Lt 420|822 AHZ0|ES AFSSHEHA
Zuts BESICEL AT0H7E ZASt F2 HHMAS & Al EI6HK| ZE FRLE AHEMNBLEYL| JH5H0| U2eH Tt
S &3] Mir=S AlYslof itk

o

2
il
.
>
2
_>r_

Lilist= QHHEMZADHIE & 2i= 0|20 QXK= 271 & =30l 2felEl= FRE0 B, 22
Ol AZ0| EHEUS w7t OfL2t MARE E= Ed0] HRl0|H, AHZ0|=E Fofoin EZ2Xoz X|=siH of
N BEM R 2 |SHCL UEER &40| ASH HHHS HEAIF = THEREENE(end to end anastomosis)E Al
st= 20| 7HY ol ¢FoIck HEREERE0| 27test B oMY E= HIEAIEE 0183510] 41Z0]A(nerve interposition
graﬂ)° HThE QrHME Atoofl AlfBHT
HuEeh OIS0, erHMy met O*E*l

iHYH, 0153 RYES7IZME In0lH[RI= 1 fg—.*

fSt—0|nf, 3rd ed. TAFEEA}L2018. p.938.
|2}, 3rd ed. TAFE AL 2018, p.487.

r
OH I
A
riok
3
o
E
ﬁn

= r.J

www.kjorl.org 215






