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XS A4staL ol sfst
o2 gy JAE 7S =) o
2 Rtth(Cannon & Chatterjee, 2019). 3], 3742 &7t FA A2 Aoj7} 2= u|E &
S AgE= o4 HRERE ofy 2} Lol & A% d =
A HEE Zgshe AoRA olet BEste & FE A9 F24
(Van De Velde et al., 2019). o|2{3t 22 |28 g oA AAAHA S55HA =, &
o o] g5 7|71A] o]ojR|+= A 02 HIATETHPeppé, McCann, Gibbon, O’Hare, & Rutherford,
2007). Aguert, Laval, Le Bigot®} Bernicot(2010)0] W2, I E= FH02 HAE 444
el 288 AR W PAE ANRE 0, 4 A7) oFES 4T Wee] o o
Sjof gAE Tk W, S17] oS- ARE W o8 wro ojEste] A W
Sk Ao Uehtth ol 28 TS BT HA Azl S17] olSolA FATHS A4t
Sk

Q1912.0]2) Coctlear Tmplar, O[3} CNE 4719] olzke 2 SAjaEo] TA7L ol
DAY WA B olo] AT HAE ALetel Uole] % €gel LFH A5E 2]
A A5E H1E 9 ARE FRAEZE 4A2E Agds= FX[o|th(Hsiao & Gfeller, 2012).
(1L 771 7)Ao wx7jo] Hasislo] glom, £z Agte] Bado] sgsis Fuas
Aol S A= Atk Gfeller, Christ, Knutson, Witt, & Mehr, 2003). AA| CI AREAFS] HX]
742 29 % AS 7|7l AU oF 90%7HA] EEthe Ao®E YR (Nogueira,
Nagathil, & Martin, 2018), 283t BH40]A] CI AF&AL9] B &} o]s= 80% o]4}oa
K% 3 QJrK(Gifford, Shallop, & Peterson, 2008). SHH, CIZ QI3 wAiz] 2|zt o] Bt
oA FAZARIl Aol EL5al CT AMARES A 3] 43 o419 TAZt & &
A Z+o]| sHAI7} Q= AOSFE B ETHCaldwell, Jiam, & Limb, 2017; Nelson, Jin, Carney, &
Nelson, 2003). CI o}&9] 3%, HAE olsfistal E&sh= 58 AHAlole olz=o] flout &
lo] F/golut AFE Bl BAE HASH= A 2a°] YA JHE Adste o Fa%t
AL Sz A2 E Y A A2zt AlgkE: Hol= A& EIETHKim & Yoon, 2018).

S04 s HA Aol 9] Aghd o2 QI Eefjeke] ASAgolu HA w7
03] FF 52 sl T AT ool A= CI obs2] A 2ol J2 wAl= 22
2 BASH = A7) S7F5FaL 9th(Nakata, Trehub, & Kanda, 2012; Waaramaa, Kukkonen,
Mykkénen, & Geneid, 2018). o]2]3t A2 AU /oA A FA A2 ehAfo] AZE
4 3 304 SUE, 4209 Edolo] FT UL FS HIAL. T A4 BN
S9H0= okt o] ABA AA Azl glo] WaHeE I o5 E0] AFH BA2)
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oY A7+(Nakata et al,, 2012)04= A&, &5, &2 Al 7H4 4 17} o] H(F, B
ol £rof =7l Uo) £;)ob é Eo 299 W2 S92 oA 885t AAEA
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BAZE 5ol AA A2l n|A= FFE LEE S92 SHAIAM T CI obs9] A A2t
Fol= A7) oAl QItH Giannantonio, Polonenko, Papsin, Paludetti, & Gordon, 2015;
Hopyan, Manno III, Papsin, & Gordon, 2016; Shirvani et al., 2016). £3], 2404 Hol&= &
& A7t 542 2ot oAM= FUSH AEE 0] FEolut "t T2 2ot Al 8
A HWA Ags] A4S £ Qe v, 234 3, | 5 S FEo| mE 22|
7t 849 B9 At Y FH A9 A7t e AR UEPdTtH(Hsiao & Gfeller,
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3 AR 20 29 5 Qlrks ATHE HoZgIthWhipple o al, 2015). £, 3
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4 GAE1S Sol, Fx)o] MSE £ 1, 71E Sofo] AN HAE Ho) FA X7} 55w
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AL o4 2 T THRE T 134] Afo]9] ofs2=, JIEeR- ARG 7I3to] 671 o4
olH, 7Hd 15 BF0IA FolE F2 AT FHLE ARSI, TS5 Fofiu At Yol
719g°] gl oFsolth. NH oF&52] 3¢, d o= Aok #o] Qi= v 7415 v 134] A
o]9] obzo|m, NH 419 B, Hgor A2 ol Ql= Tt 1941FE Tk 314] Aol
/gloItt. NH oF&3} NH g9l B Adaiol= a2 o] glom, 157 SJatasd
olfHF0] fle A= AGEAT. A4 7IE0l F¥she CI oFs 1393 NH o5 367, NH
3]l 2070] T qAE AGEeH, qgAe] 712 FEE o <Table 1>3} Lt

<Table 1> Demographic Information of Participants

Variable CI children NH children  NH adults
N=13) (N=36) (N=20)

Sex (Male : Female) 7:6 4:32 8:12
Age (years), M (SD) 9.3(1.8) 9.5(1.2) 27.1(3.1)

Etiology of deafness, n (%)

0, . () - -
(Congenital : Acquired) 11(84.6%) : 2 (154%)

Ear CI operated (Bilateral : Unilateral), n (%) 12 (92.3%) : 1 (7.7%) - -

[L] R]
Age at CI (months), M (SD) 62.4 63.1 - -
(38.6) (46.7)
[L] R]
Duration of CI use (months), M (SD) 64.6 85.6 - -
(34.1) (35.8)

Note. CIL: Cochlear Implant; NH: Normal Hearing; L: Left; R: Right.
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<Table 2> Music Variation Based on Mode and Tempo Cues

Music condition Mode cues Tempo cues
Major + Fast Major 130 bpm
Major + Slow Major 56 bpm
Minor + Fast Minor 130 bpm
Minor + Slow Minor 56 bpm

Note. bpm: beats per minute.

% A= T4
/g 9 HIE ThAo] mE oMY FA A2 fl et A dd A 2ok A
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<Table 3> The Example of Music Used in This Study

Mode Example
G D G C G D G
. f) # —_—T L . p— [
Major v — T T —1 —1 T t T E = T I — | 1 } ]
[ L4 T T
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. 0 1 [—— L , [— .
Minor e e e e e e e e e e
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3. g+t Ext

2 A7 AHAG ol AUAOR Hof SIS Ul Aol W) FO4E B £ @)
A=A B Y A A7 7% 29o] dig Bt A5 98 ofE] Age Aast
P, o] FEARR EFSFIA} Sl= NH oFs2] 220|419 HA Azt 34| 8 5
Selsle A2 QWS £ AP ASE LU 24 DA UE BHS AL
2 243t 3Yo 7 YA (Hunter, Schellenberg, & Stalinski, 2011)0]] U‘}Efﬂ —%Q}Oﬂ 9] Tk
HE A2JSHe v Qo] NH oF5 & wretekAlo] whel o) 4:320] DehAlrks Ao K
. ool T} 1 Qi Aol NH oFEo] NH A€ls SAY SEOE S SHHEA
Selsting s19.0m, ol CI okt BlEsh: FEAREA) BFES AEoHe o B4
1 AR o]F CI oF59] ool 9] A A7 52 BAskAr 2 Ado] A=t
CI oF&2] 3¢, tid#kel B4 diEAEZAholA gzt 718 FE 3 S04 widE 2=
AEAE AlEsta] AGsH & & S-HAR1 FZtolA °1¥EH”?<}9+ =9 A AL IAE
ASSIEL ot AT BRRL L34S E AT, B 1612 29 @42 9=
NS AAHOE LT SUE FAA SAZ AFIASICE, PP SO4E B3 T o
o AFE GA A7 BA] A7 A AT S SRS A, AT BT DA
= 23} Zrh(<Table 4> #X)
<Table 4> Procedure of Study

Procedure Preliminary Pre-verification procedure for Pri <periment

steps experiment NH children’s task levels mary: experime
Participant NH children NH children (n=36) CI children (n=13)
teipants (n=8) NH adults (1 =20) NH children (1 =36)
D I R
Verification of NH children as Identification of emotion
Validation a normative group (Identifying perception levels in music by
Purpose of sound the exact level of emotional CI children and comparison
sources perception of participating NH with NH children as a
children based on NH adults) normative group
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A BAESHeE SHHS W, 7 7HA A BF LARA| O, & SHA 0

13} 2= BB A, -13 2= £F°] YAZ A HolHE A 2082 ARNES
o] Fg5FYrt o]F IBM SPSS Statistics 26 X2 13- AR5}
A2+ 4=220] Qo] 1= 7F Xjo|7} 9=A] Eeolshr] Yo &3y ukE
model of repeated measures ANOVA)S AA|51% S ™, Bonferroni B AR AL ASS

AAIBIAH.
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2 A7 AR o] AARE Hel Ao gtef] AV AR AdEstied, - A
A A7 HAY A g 5= 7= A9t F ool tigt FolE db ARt HdAte
g HERIQl FEAA Aoz St o SoAdll= A =4, A7 2 2 T,
FHEE MR H B gidy) 38 eHEe BE MRS BlEE Bt We
I A7 oA FodRte] Qatel] e A EA] ATE TEE T AES YAIBIAH. B
Hol ol dolske 4F, tA - A= 9 FEE wYE Seo] T 28

rE o2

sfelekie o= QI%k ojulet Holo WIS a2 WAISHIh tRlAA SuE A2
At g APgol ZRsd PRE FEBsle] Belo] FRT 4 PES MUNEI} Ak

el Easiict.

m |+ 23

£ 7ol 24 2L B whAjo] oot T4 Lot a1 olol NS olgA X7}s
4] QolR T o] NH oM MmO RHA 1 ol59] SotolAo] A A7l Tt /]2
Aug whskat sk B o] %A T ARORA EE NH ok5o] NH 42z}
SABH AL A b BolA] Ss] It A A% WS ABsHEon, o]
Cl oF53H NH o}59] A4 A7 452 vlmstust sheick

I X4 % YE DO D12 NH OHSTH NH 4019 MK X1zt 4 0|
24 % WE GAlo] 2 A Azt o] NH oF3t NH 49l 7 Zol7} Q=] Selst

7] S8 SRR e BARAS AWt 2o §30) e % LAk FG, 666)=
386.105, p<.0012 7k 2F 98 1t A A7 579 o7t foat Ao vehgrk
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Bonferroni ®H2 ARESIo] AR AAS AT 23 e goF /9 1 Aot el A
Z UEhgth 7 &9 79 1t S Bl 23, NH g dAe2 <gta>at <Xc}i+5é>91

S8 25 Pasl 442 Ao, LMD i) 2L BT G2

BARE A= Ao R YETh E3E, <A +‘H}E>9] BF, <HER+g>9 3ot vy
= 0 ¥52] ZA7F Hot g@o] AA4EE AR YEon, <dR+=9>0] Fp, <ch+u}
E59] 2ot} £E9] A7} B} wWo| xZE= Aoy etk 159 F avt= F(,

222)=0.544, p= 4625 NH oFET} NH 432l 7+ 218 Aol7} gl A0® vehget. uhxat
gi ool oy} 12 7+ w5 A= F(3, 666)=1.930, p=.123% 1 a7} 80514
ore A0 Uehgth(<Figue 1> A3).

Comparing emotion perception

Happy 2 =a=1H c hildre
A = MH adults
1
1]
-1 J_&.‘\-F
»
Sad -2 -

Major+Fast Major+Sow  MinertFast  Minor+Show

<Figure 1> Comparing emotion perception by music type in NH children and NH adults

2. 2¢ # H|IE CMO| MHE CT O3 NH Ots 7 M X2t =& XI0]

B AT 204 & 4719 §YOR FASEL CI oF5} NH of% 7k 2 399 89
2 ofwjgt AR AZSHEA) W BASICE Cl ol 8 NH oFge] 47h4] 2ot 94

B L B 9% BuSl BAE 85U B9, S A A eIt A
D% o, €1 ok5 0] A9 <Pt ol Mg B0 AASIL, 1 9] 37 &

O
JHE B PRoz x]ﬂs £ Ao YedthM=-03, SD=0.9). FEo2 A7s)= A
S04 A HGHS W, <G rulE> SololA] BB A7t Sfo] FH L Ao Uehytt
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(M=0.8, SD=12).

NH o}59] 79, AZulEsTh GRIP>L JR o7 A2ksha, <z rulSsT} <gx
reg-2 sE0w NZe Ao et BEoz A2kt 27l Lot FolAE <gx+
uhE>o] ths] FEO R X|7He S0l Wt ¥ATM=13, SD=07), SBHOR X715 27}
o] o FAME <cHR+LYoo] o] LBO2 A7kehe Szo] Br} B AoE Uehir)
(M= -14, SD=0.8).

<Table 5> Emotion Perception Levels for Music Types in CI and NH Children

CI children NH children
Music condition (n=13) (n=36)
M(SD) M(SD)
Major + Fast 0.6 (1.1) 1.3(0.7)
Major + Slow 0.0 (1.0) 0.1 (1.0)
Minor + Fast 0.8(12) 20.6(1.1)
Minor + Slow -0.3(0.9) -1.4(0.8)

Note. Subjects were asked to rate the score from —2 to 2, with a score of 0 indicating a neutral emotion, a score
of 2 indicating a perception of happiness, and a score of -2 indicating a perception of sadness.

S 9% Ghajof The A A7k 40| Ol oFE T NH ok% kol Ao} gl=A] gl
o17] ol Y HHE=4 EAHE A (mixed model of repeated measures ANOVA)S A| Y5}

<Table 6> Comparing Music Type and Emotion Perception Levels Between CI and NH Children

Main effect of music . Interaction effect of
Main effect of group .
Variable type music type and group
F p F P F p
Emotion 103.709 < .001%* 24229 < Q01%* 45645 < 001%F*

perception level

wx <001,

$ot #30l wE F EIE FG,582)=103709, p<00IZ R A0 Uehgch
Bonferroni %13 Abg3to] AT HHL AP AT, YRNE>0] P, RG>, <aF

Ho&2
FiuhE>, <THRA-Y>0] B3t FIT Holrk YA < 001), AT WA 2719] Lfo
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el AAHES FEO HAE 7H Bol AZeks Ao® Rttt <gmeng>o] AL,
<@z keI §O1% Hol7t GO > 05), <GEHLY>TH= T Hol7} Y= A
o2 Uetdthp<.001). %, RT3} <GR k-] 2o B A5l ol
N2 AZEE Aol Aor, <TELY>0] AL, HiY-0] Sohurt £2 4
A AZFee A0z Uehhth, <trsulE>0] A9, GmiulET <tELg-THe 9
3 Aol7k Gl Z0E Ukt W <.001), <FRA=FoTH FT Holr} gl RoE
Uekdthp > 05). AEL <tz E>0] 49, <grriEentt gRo] A4S 9 A%
She Zo® e}, <gmg>o] Sotut vt Buo) FA7} Re} go] A7}
s Zow ekdth, npAeto 2 <thrrig>o] 49, TE A 71K 249] Solit BE &
ofat Aol7} Qi O ehtul(p<.001), PHAEE <Rr=>o| SOk 7P LuA
A2fsie Aoz et

89 2= 3= F(1, 194)=24.229, p< 0012 CI o}=53} NH oF% 7+ §-9]5t x}o|& Ho]
L o tepieh tigo, 8o fuT 1 7F WEAE Tk F(3,582)= 45645, p
<0012 $o}3lo] CI oF53H NH o5 7t 29 990] T B4 Azfe] 9lof The FAL
ol Ao Uehth NH o}5-2 <gzulE>3} <g2g>0] 2ok guo] PA= A
Zeha, <gmmbEsa} <gErig-o] Sore SB9 MR A7sHe 2o ekt vt
B, Ol obg <Gz g9 golut 5B YA A2sHe Ao ekt <Gzt
£-0] 29 NH ol5-& 29 MR A|Z3hs ¥, CI ok5e <Jxrulsa JART 45
oz Buo| YA AZsHe Ao ek

Emotion perception according to music type

Happy z e[ children
A o FH e hildre nl

Sad -2
Major+Fast Major+5Shw Minor+Fast  Minor+Sow

<Figure 2> Comparison of emotion perception of CI and NH children by music type
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|53t ATHe <Table 750 AAEQITE CI oF50] A9, <Az+}E>, <thR+L2>0]A o] &
A Az} 7F%7} NH o3} Hlms) Be} WS Fog Uehton], T gof 93oa Az
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Aert =8 Ao g Jehton, T 8ot 9o xZt=E 7o) Eo] (I o=t
Hlﬂfsﬂ yo zom L}Ewn}@mgure 3> B2).
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<Table 7> Comparison of the Intensity of Emotion Perception of CI and NH Children’s on the Music
of <Major+Fast> and <Minor+Slow>

CI children NH children
Music condition (n=13) (n=36) ¢ p
M(SD) M(SD)
Major + Fast 0.6 (1.1) 13(0.7) -5.876 <001
Minor + Slow 03 (0.9) -1.4(0.8) 8.261 <0015

w0 < 001,

Intensity of perceived emotions

el ayor+ Fast
o Mince+3 1oar
*kkock
Happy | |
A
1
a
...
-1 '-......_”'
v [
Sad |
4 3k ok
**kp <.001.
CI children NH children

<Figure 3> Comparison of the intensity of perceived emotions by CI and NH children
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& AFoMe 24 9 FR2 DA w2t F4E etolA CI okso] FAE oEA A5t
EA] YotE i, o5 NH obs H| Wt 24 CI oF&2] ool 2] A A|zof gt 7]
A2 E udst A} 519t o]E Q8 <A +HlE>, <AFR+LT> <k X4HlE> < FR+L-T>
o] & VM FE2E 592 TSt AT, sig sl IFER AdEe A
FI(E, FEL 5 2 AL £ o Zol7k A=Al vl EAsIAT. Eot 5ot 24
S J R Ao ZARE HA X Zo] sk 7o o] 27 |7HA] A&A o' U= sEolRhe A
< 1] B AoAle i JTeZ A 23E NH obso] NH 413t fAksHAl ZEst 4
A A 22 Hol=A] gelsty] Asf & Aol I AR AS dAE Jgsies 45 2,
NH obs3 NH g1 7+ 723k Zpol7} @l Ao & yehyth ol% & AolA CI ozt
NH oFz2] gA A4S vl Z45H3eH, olo] mhe Ao =92 thad &t

AR, 243 AE GME 245 4" 24 FF°l WE CI obsd NH oks A
IF9 BA A7 AmE 2, 2ore] f3ol weh A Aol 1% Aot Q= Ao R
vhehdeh B A7old fAES <gmeukg>e] Sofold BBe] 34E ol A4 A
o Uehton], Wite <ti+ig-o S0k 7M &7 AZshe A0 Uehth ol
Qubro g gzmE>o] Soke Yo HAE FEL, <HE+-Y-o| SOk £E0| 4
NE SEATtE 2iE A4don Rusje F4 Be gl uete gojsis Aol
(Hunter et al., 2011; Komosinski & Mensfelt, 2016).

A, 247 AR $AE 24ske] Y5 2o0) 3ol il 1 1k ol7} A

3 A3k, C1 oFE-2 gololA] AAE X2ske H 9lo] NH obs T} ThE 4e Kol Ao
Uehdth 38 £410] g}\}:, Z NH of=-& <& +m]-__> <AZ+L-g>0] golo - FPH o
2 A5, < Z+8REs, <X +L-Y>0] 2okl £Z 0 2 X ZF51= RS H 9Tt 19 |
3, CI oFs2 €528 A <d2+L=7>9] S92 ARl 37 22, & <d2+uE>, <&
2>, <G2HHRE>] 5o BT PEOR XZ4she Z2® YERY NH o3 EF
G2 e PEO R AZshs e B o= NH ofe-2 247 F2 dA7t S
o <2/ DA ZATHE Bl U= W CI o5 ‘|3 ©hAo] LASH: el A
o] <Hx+HE>0] FofoA WE Y] "R ThAo] ZAS s ohS FEo R A% AL
& AdiEnh 2 A5t FARE HEtollA AAE AP A-H(Hopyan et al., 2016)°4 %= CI ok
°] NH oFz¥= He H2H4] Adea AREst] SoolA el AME A4dtttal Basigle=t,
3T AollA= CI oks2] HAM A2 0] 7IE FetollM 24o] Hskd oA =
7} ke 270 o 27 HalkE Zlow Eﬂ%ﬂ & AT A= g °:1—TL9‘r et
Zolsh= Aoz Holu, ol /oy AA| JoagollA A Az Qlof && FHY

o

Hlo R
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°JoF 5 Z9l012] a0} Zo] AU Fuks: R A|Zfe] ATHYe] wet €1 ob5o) BA
Aol A G Z e AR weba] SotelAe] B4 Azt westel &
A GAE sk BEo AYsH: o] €1 ol5Y] A A7l JRS M % e
T3 "at ek

A, £ Aol A Aze] glo] M 9 Bz o] aclo] Fat YRS TN
Aoz Bl 2 A7) A8E 208 2T WE WA JFUS AR )
S 1874 EHS BAIT 2012 AL83I9on, olo] ujel NH o st A Azt glo]
W whAo] YRS Bk Wol W Zo oSITh 2 W GAo] mE A A7
WS W o] wpel HIELE AYAT(Hunter et al, 2014 HAZ} Sl Aol
Rl ASOIE ofgl AHo) obEe FE GAo] 2A HAS AZsHE AoR BuEL
81237] o]5o] o|ZejAlof HQlTt fASH 244 BAE BEte] HAE AL AoE

b ofl v el i NH oFe] Mol 2 4] ol N Lk 41
A gol5}7] 93t AFd A2 HAE st on, 1 Ay}, B 7o Zojdt NH of=L A
Ltk RAHA 24 SAle] SASKe A0 el O okl Mol A Azte] ol
HA)7t 5] B2 AYe ST & Uk
50 230 WalslA |25t A0S UERY <Az rwlEs, <ok
Z+=9>0] s NH obsd} Hlws HA7F AR Aol dis) folstA 92 52
2 AT A0 etk ol NH ol53} FHREE I ol5e] HA X7 Ao] 27]9]
W2 e ol cheret BolAe) ARkl 4 ol it AYOR A WY
Azkska E@H= SEo] Ado] IS Aolehs FF5HS A|A 5t (Wiefferink, Rieffe,
Ketelaar, De Raeve, & Frijns, 2013), CI 7]7]9] E#0.F QIgl 4] HE | Aglo] XJA-]—¢=’ A
ZFohs Aro] Y vIHS 7FsS AR 4= ok W, 2 AtolA ARE &
54 248 Basi A, & FHH 2A0E THE S 48T A o] 2 2ok
T2 UFE 7 GA HIAIE o /12 ZlolHk CI oks9] A% 2ls4 5401 29
S weh Wos A2 5 ke Aot ARATE B HEHOR BT Holgki (oo
McDermott, McKay, & Hickson, 2008; Vongpaisal, Trehub, & Schellenberg, 2006), A4 A2t}
THE oE dF=0ME o2 FH 9 F5ol 2EEHAY s HEe] #s) 5o FAE ¥
gl 8] 2 4L 713 4 okal B =9It Whipple et al., 2015). £ @to] ALgE SoF
oAl T2 254 S4o] BrtElA] Qo} CI olBo] WHol} &BE wr} WA T2
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Depending on Mode and Tempo Cues for
Musical Emotion Identification in Children
With Cochlear Implants™

Lee, Yoonji**

The purpose of this study was to investigate how children with cochlear implants (CI) perceive
emotion in music depending on mode and tempo cues, and to compare them to NH children.
Participants in this study included 13 CI children who were implanted with either unilateral or
bilateral cochlear implants aged between 7 and 13 years, 36 NH children, and 20 NH adults.
The musical stimuli used in this study were piano recordings in either major or minor mode,
with tempos of 130 bpm and 56 bpm. A comparison of the emotion perception levels of NH
children and NH adults before the experiment showed that there was no significant difference
between the two groups. Meanwhile, the way they perceive different emotions from each music
condition varies, in that CI children perceived all music conditions except <Major+Slow> as
happy, while NH children perceived music in a major key as happy and music in a minor key
as sad. It supports that CI children tend to rely primarily on tempo cues to process and identify
emotional information from music, which is contrary to NH children. It is important to note that
this study enhanced and specified the understanding of how CI children perceive music emotion
and use specific musical elements in the process. These findings indicate baseline data on

emotion perception in music in CI children.

Keywords: children with cochlear implants, perceived emotion, mode cues, tempo cues
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