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H A9 B2 IFY A AHE EFA ol ofs(Autism Spectrum Disorder, ©]3} ASD)Z} UHt
oF&(Typically developing, ©]5} TD)2] 2t ThA 2} AJZF ThA] Z70f| whg 47}4] 7124 A(F
5, &5 2, 7R Q4 ALEEE Brtsh] s ARAT7E AAIE ST 2 Ao Zof
A= ASD A& 7|52 353 9 TAI~134] ofs 98T YRt ofF 1490 E, BE RS
o E 47H4] 71278 A Q14 58L& B7Ioke 2 T A2 JAIE AAISHIH ASD
oFzT TD oFz9] TA 24, & 2o TAQ} Az &Ao] E HAE QAlSke He=9
A 780l o] Zol7t A=AE HIL #A%E A3}, ASD oFs©] TD of5of Hs A4 Q14|
Aok ROl WA bkt B8, A2 BARe 2ok el B4 24 ARt &
2 Ao skt uxjzto 2 M4 fo] U Aol ASD oFET} TD oFF ¥ 1§ wE
S} Tl 8ol A 914 ST} ) LRI, Ak BAOIA ASD oRES o]
D OS2 k7t 74 A Uehsdel. o] ABE oz ASD ofFe 3ot v A3
U= W A AES FAE Hop & QA 5 SS ERlskelth & A SuiollA
ASD obF o} ALt #E A Al=ehe Aol 297t glom 2 Aol ATE Hig R
TS 5% A7 A& 08 AYPET|E 7St

ol AMAmEGAel, FA <14, oJxE HA, ot T, A7 TA

*E EEO 2AR] HASERQ2)S S - el 24T A
A7 EEEStE S48kt M54l -2OHH AL, SOREAAEAHKOMT) (yyeaun] 004@naver.com)
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AE| A8 E HAol|(Autism Spectrum Disorder, 0|5} ASD)= 34]] o]|Z z7] Wd ghA|of A&
B YR Aol A8E A4eAE U o450 Fga AgHEoln WAl g

A oA AT TR 22 HlAojAR oA e HIES Bl TS o
SPAL ERele] A B AUE TAS BT AT A9 of22S THTUTHAPA
2013). olgo] Elelh P 45 TAIAE BFH Swolit 2lojd Zuak ohfet HAH
SHolA 9] WF7F S A3, ASD ofs=2 BRI FAE S5t B4R wRch= b
o812 7+ o2 HUHTKCho & Kim, 2011). o]= ASD ofgo| Ede} TAES P45}
+ o AR FFS A EH o] BAE AL HHA = 7R3 Aldtete AL
2 A HH(Velikonja, Fett, & Velthorst, 2019).

ASD oF§o] Hol HAX WRe ofzgoz <la) o oEEe AN AAE AT
ofofl AaES TIA| 9lof Thet MWATIH S/ SEKLee & Ko, 2019). ASD oF5-L gt
oF&T} ASD ©0]9]9] g Aol ofFof| HIs A Q1A IAoA W2 PES Helv= At
7} AYATLE S5 wHEAHoF H I EHLee, Kang, Kim, & Kwak, 2016; Lee & Ko, 2019).
A& EW dI2HAolY FA A WS Yty Q= W 52 FA7 fEEE Aol of
ot 17 5= IS AIAASE AASH] A=t FAE FEcke HAIE 3T W, ASD
obgo] A Q4] BeHErt Qutolse] w]s) @3] @A LERttHGolan, Gordon, Fichman,
& Keinan, 2018; Heo, 2020). 3t =2 83t 7|24HA FEIAoIA = ASD of5°] &
Hh obEs v w3l o HA 14 FEE=TF FA UEFTH(Fridenson-Hayo et al., 2016). ©]Z
& AT A7k ASD oF5o] A2 43S Fo) BAE AN o] 9ol BAT oleie
HRlth= 3 SA¥Rsk=d], o] ASD of5o] BiRle] d=of thet o7} AlgHdo|1, d=
= A4 1 FAY EE Hofth= H AR ol o SOl FESIE T 11 99
Aol 24 27| 2] 02 FeiA ALK Yeung, Lee, & Chan, 2019). o4 L4
golo] A Aol QTR B2 A2 BAv F2 B8] dee] 2ol ARl
ASD o}=9] HQ A Q14]19] ojz|2o] ZVlet= ACE X = HLindner et al., 2006).

ASD oF5o] ol A l4je] ofelge BHH Frst B Aol 33e] wet s
UERATHHarms, Martin, & Wallace, 2010). ASD oF5-& tjAlo 2 ZHZMRl= 8.8 of uhE A A]
Q4 FolF Yol ATAHE AZATUHS BEWS uet AT B A
= 1 A QA FELoA drtolst H|SE 79 ¥ o] YEHHTH Vannetzel, Chaby,
Cautru, Cohen, & Plaza, 2011). 2 HeolA| ASD o159 ZAEA A T2, = Azt 3
2T WA ABSHE Aol FAsHE BIHACKCho & Kim, 2018). ASD o}5] A
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Hoh aapxo g FFA717] HeiMe Az A= 9 A7 A 29 odekE &
0] Ea3tth= Ho] AxEH=H(Kim et al., 2015), 71 F FZ A== &5 A4
Agd o ASD ofzo] AgH HHo| thsf FE 7| AY HEE HstA A2
5= 7HsAlo] oAt B alE itk Xavier et al., 2015). ©|23F =Ho|A ASD oF5-2 A|Zf
SA7E A Q149 TAE E-EE 7o) Ajto] U= BFHANa, 2006), 21> ASD oF5-2] AL
AAA HRE A2 otes IS X5t ACR YUERGTH(Dalla Bella, Peretz, Rousseau, &
Gosselin, 2001; Yoo, 2014).

ASD oFE9] 4] QU418 918 A Qs Qolol ABEIAE W) HA 914 oSl &
ofx]+= A O & LEFFTH Wagener, Berning, Costa, Steffgen, & Melzer, 2021; Whipple, Gfeller,
Driscoll, Oleson, & McGregor, 2015). ©]+= ASD ©o}so] 29°}9] gEoly A&, 3 59
ARl 848 3l T GAE AT Eok(Katagiri, 2009), HA A4 Al FoFA RS
Bfgo s Wk B A FsHel kold & 9eg HolZrhBrown, 2017;
Schwartzberg & Silverman, 2014). 0|2} ZFo] ASD o}zo] Hol= 39t4 K A2 52 vt
O ASD oFES] ASGAH WS B F Ot SOREA A7 AAHEA 2
Aol LGS Qofo] ozt ek thbael B4 @ 74 A So g AA A7} B
230] Z7}5131 Q= HHA(Yoo, Im, & Ha, 2021; Yoon, 2021), T ket edelo] u]a) A4
A Aelo} eE e Aoz AT Awst ululek Holeh & 4 Ytk ASD oFE9)
SRR ol YolAs TARL AB1Ee) SSR ozt Haztel AT TR, 4
Al olsfl 5o] T3 Fe 1T wf o] &opof thet thRt A9 A7 At Aol

1

A|ZE A9k 47t ehAfol whe A Q4] HEEE vad 7120 AT oA Hzt ujAo]
FRAQ H5AS AT b v, AAH JRE ADehe Soko] 19d S4L Belst
L dE Aol Atk A APOAE hEE vl Aoy Bae], 28 5 ¥7

[e) —
A=+0 2 &-8-51AH(Rozga, King, Vuduc, & Robins, 2013; Xavier et al., 2015) 7]&9] &9}
S Az A=3) ZAgoto] AlaSt F9-2 Qlsf(Wagener et al., 2021) 3P "2, 25 &

o SR 842 TP 3o 4F0] LY FA A4l oW FFS vHLA 2
A b Aol U FAYE A=E SoHe BN /EHA A4 wmG AF)H
]

(Whipple et al., 2015)9|4 % 2 ThA{RtE ARESE
Be A 49 ojEgo] g9t AFoAE ol
T AN 5 YA FERARE 7R3 gotsts ) Algto] Ak wEkA B ‘Ew‘wﬂ*ﬂ
£ A4 S9AE AU DB NA AHT = Sl 299 FHIE ARSSt] A7 ThA]
o H| WO 2 B} AL WetoA ASD ofso] 5ot Bof FAE FEsHA <
A = QA AR shlet. ofof weh & A9l HA-2 ASD ofsdt Uy ofF

I

79014 ASD oFFo] Holi
A% Bl Sof Ao] ojn



(Typical development, ©]3} TD)O| 47}7] 7]E HAE QlA]ok= ég]—EOﬂ Qlo] SoF et
Azt 4 2700] w2k ofmgt o]7} Q] Lolni 6] otk B 7o) ATBAE The
3} 2t

. ASD °F§3} TD oF5-2 A1 14 AHetzo] Zol7t g7k
I-1. ASD o}§¥} TD o}5-2 A §9(F, A2 A o goF BA)o] w2 47k Ao

QlA] Al £ZFo] ojuR?
1-2. ASD ©F53} TD o}5-2 whAjo A §8o] W2 FA 4] Hero| ofwdt ol2
Hol=7p
2. ASD o}57} TD obs-2 A4 Q4] 34| 4 A ofwdt 95 WS Holivl
2-1. ASD oF5-2 ¥hA] §o] whek A 914 3| 5 A] ojWE 0F WES Holrl
2. TD o}5-2 &4 ol uet A4 914 A4 58 A oW 0.7 el Holrl
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71EAQ] FF oAtAEo] 7ot 22 ¢l A= |
2= | oj#go] gli= TD ofsolch & A+ o S
255t BEAH, HoA7L o]gsh= 221 ARUE oA A+ s7F dAE AA
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Mo Folgh & U Wel, Hol SIS HIFHAY FoIS FHF 5 9l Be Sof o
F23] 4gotrt. A7 4L B2 ol AT Folo] BT A chgAre] WA
A A SIS weret Ago] Folstol HF 24 Igo] ZE thgAH: ASD oF5 97

TD oF% 14908 tARle] 7|2 HRE <Table 1>0] AJAEo] U}
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<Table 1> Demographic Information of Participants

Variable ASD (N=9) TD (N=14)
Sex (Male : Female) 7:2 6:8
Age (years), M (SD) 104 (1.9) 12.5 (0.2)
Special education placement (Inclusion class: Self-contained class) 5:4 -
K-CARS2, M (SD) 32 (1.5) -
SCQ, M (SD) 124 (5.9) -
SRS-2, M (SD) 67.3 (94) -

Note. K-CARS: The Korean Version of Childhood Autism Rating Scale; SCQ: Social Communication Questionnaire;
SRS-2: Social Responsiveness Scale-Second Edition.

2. A =4

1) 8o A2

B AFolAE B4 94 TS 9t Soke TAslol Agalant AR, &2
S0 7t ANEE 4744, % 167]9] Qoto] A7) ofs) A=H Y H=E Soto B
L theo] MAE 2A AEsArk<Figue 1> TL).

. . . Prelimin:

Analysis of musical Composition . Jmmnary T
- investigation of Finalization

elements used to of target Validity Lo .
. . —- . — — | the stimuli with | — | of musical

express emotions in musical test . -

. . TD children stimuli

the relevant literature stimuli (N=18)

<Figure 1> The procedure of constructing music stimuli used for this study
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J

T A3 A+L(Jerritta, Murugappan, Wan, & Yaacob, 2013; Juslin & Laukka, 2003; Wagener
et al. 2021; Whipple et al., 2015) 24 53] 2 YA E thst AIRIolA F&sHA Q==
I A ZAo® By Jore] EAE EAHTH<Table 2> 3a0).

<Table 2> Musical Characteristics of Target Music Expressing Each Target Emotion

Target emotion Tempo (BPM) Mode Structural regularity l::t)t: :_lnm:ﬁ:ll)ﬁ?tl;
Happiness 110 Major Regular Low
Sadness 40 Minor Regular Low
Anger 120 Minor Irregular High
Fear 120 Minor Irregular High

Note. BPM: beat per minute.

. Al 4utt] 2 AT, AA o ual 2oto]
Aol AAE rt 2 8XoJA 24% Afol9] Zo|qtt. H
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Al | =HAJEAE 57 Likert Z45(1%3 o9 2R Qo ARE 53 =wi- JFhR A4
= Am)E YY) stie W 13 H5 Ay Bt 478402 WriEh 12 S EH A
A A3 A TS Wsial SHS SR ST SOFE s 24 Hhae
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3, 44 S WA o AR B4 Sote] £ME Alold Azstsch. S BA o)
AL b FABE, S8, B, T 3% 22 448 Agstact

9o) Axg Ba) Ay ofu] AT Ak, FARZ AA A4 FIEA} 95%7h WA e
Sore] 9ol 44 B AP AR 44 BUW 4L AEIA PES ol 1
A484E FAste] A SUL A= rk<Figure 2> FL).

A. Happiness
Moderato ¢ =110 Yea-Un Yoon
N
G D o 2 G D G
o4 I —= ﬂl — o D — - .r_-? I i |
S | —— SEslsss
B. Sadness
Adagio J=40 Yea-Un Yoon
[ Am Bm/Em Am
P’ A I 1 L I I |
F A 3 1 1| I L 1 Il |
| an WA | | 1 | | ] | I | | i |
ANV 3 T 1 T T 1 =I | 1 1 T i |
o 2 v o . ¢ s 2 s
C. Anger
Allegro (M.M. ¢ =c. 120) Yea-Un Yoon
Cm Bmo6 Cm Bmo6 C Dm6 Cm
L) 3 e > > e I O e
o & e g8 * o.9° T 1 ? T
> >
D. Fear
Allegro (M.M. e=c 120) Yea-Un Yoon
A L Cm Cm4 . Fm . ' Fm4+
X i S— —— —— — i f‘ - —
= . i—d—ﬁg—‘—'

<Figure 2> Examples of the used musical stimuli that express four basic emotions

2 A7 A Q4 A £

&2 AFoAE AME BT AL Amo] tigt A Q14 FE=E S7E5H] $8H Penn
Emotion Recognition(ER-40) =75 ARESIIT sig HAAN= HAHYol digk A AA7defett
oA AlZdh= HFE 718t A7 AR AHPenn Web-Based Computerized Neurocognitive Battery
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(Web CNP)Jol JEgHE]0] QI AR AAKGuNe] 18 ot Agalgich, & A i
HE AL BE NS GBHYOR BAUES ool AT BHE He A% FeE A
RS, AL R A Aesis Aoz 24 Al BR40 AAe] B9
EES A £70 v, Aol AAZ FAT o] Rlolt welojehs Hol
ATEoR 2% 4 Agker] Fel Rt A5 A4 E97F Algkolx, oln]
] Alegel ) ASD oF5 ] 4] Q1418 Es A% & I ATHE i
oxg H E—TL% XElslH tH(Lee, 2018; Lee et al., 2016).
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o whA] 270N 51.4% AlZF ThA] ZA0IA 45.8% S0 ThA] ZzdolAI0] A 914l A
w7t 9T TD obs oA 9o B A0 Aot $17% A7 B 2ol
78.1%% 9o} TA7L ABEAL W B4 4 eest o &7 debg ASD okt TD
ol50] @A A Q14 HEw Holi okho] <Table 357+ Ltk

3, Feigol S36%E 7P e ABHEst Suglck. AR HEE MBS o, ASD oF5-L
O

<Table 3> Musical and Visual Emotion Recognition in Children with ASD and TD

Intended ASD ™

emotion Musical Visual Musical Visual
Happiness 86.1 75 98.2 89.2
Sadness 50 472 80.3 76.8
Anger 333 389 69.6 92.9
Fear 36.1 22.1 78.6 53.6
Mean 51.4 45.8 81.7 78.1

Note. The values in the table are the rate (%) of accurate emotion recognition performance.
The highest accuracy rate in each emotion (musical and visual) recognition task was marked
with a number in bold.

A2t A FFoll T2 ASD ofs} TD obs9] FA| A E ZolE EgHY vHEST
O YEAHEA S Bl A5 1159 5 a3+= F(1, 21)=15.587, p=.001= ASD o}&3}
TD o}&-9] A 140 F-oJgt Zpo]7} UU=H] ASD oF5(M = 48.6, SD = 6.2)> TD oFa(M
=79.9, SD=5.0°] B3] 2o &4 L A2t GAE B3l HHEH FAE Aok =Tt
FYoHA R A2 Uehgth ©A9 F 3= K1, 21) = 2422, p=.1352 3 TSAM
=66.5, SD = 4.1)°} AlZ} TA(M = 62.0, SD = 4.4)0] T Z}o]7} FolsHA] gk Ao & et
i, AA 889 3 FIM= A3, 63)=17.869, p<.001= A S0 ula} FA Q4] Hshe
o §2fgt Aol7t Q= AL E YBHTh Fofgt Apol7t yehd A /3ol 3101 Bonferroni
WS ARSRE AR A, R (M =872, SD =3.8)0] tigt Q1A FEETt SFM =63.6,
SD =58, PEESZ: p=.004), B (M=58.7, SD=58, FE-BL: p=.001), FHIWM =
47.6, SD =53, BE-F23F: p<.00)ETE =9k, 50l et 4] BLLrt FH(EE-F
HE: p<.00DET =2 A0 = Yehgth €53 £le(p = 1.000), Bt F2H3(p =.192) 7t

Aol fol5tA) elorh
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At 5 F weAE2 F(1, 21)=0.117, p=.736%2 2|54 k=2 HPH(<Figure 3> 3
1), A %-%134 5 7F WOAE(F3, 63)=17.869, p<.001)T TAle A §9 2+ Wzt
& F(3, 63)=4.462, p=.007Z 35t 2102 Yepgrh 9484 §3-1F 1 13482
F(3, 63)=0.767, p= 5178 S-9]5}7] otr}.

Accurate emotion recognition

100 — —e— ASD
el
090 4 TD

% 1 o S—

70 +
60 +
50 +
40 —+
30 +
20 +
10 +

Performance rate (%)

Musical Visual

<Figure 3> Accurate recognition of emotions depending on the cue type
in ASD and TD groups

94§37 18 7+ L3480 AL, £ 18 BF A7 A 24
e} gof B A B4 Q4 FBEA} £ Aok ALY ASD ok5o] A9 1
Aol7k TD obsuTt A AlZh BAZt AZHYS HEet 2o A7t ATHAS o A
e} A3k AAJSHE Sto] WA 71 o= Lehgh BAe 34§39 T3

210 SlolAE B 2Eol et Q4] HIHEL SoF whAIeh A7 A AN fAR
WS HQl W, Bioo} Selgo] that 214 HHEO] B9t §9o] e A3} Kol
7} TR GARE Hol Ao UERith A7 B, & 92 Tuold XA HNZ
NSHEE ANHYS T, BB Ak JTr} 2L v £l e Q4sHs Hewst
"&W%Pﬂ ol Aol lgick. 10 s ok B9 F AAVE EAHAL v, F HA

B3} &30 Hls) FSsHA AASH Hgo] ek, T FA 7k T Holx X

‘BI‘RIEP(<Flgure 4> Zan).
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Performance rate (%)

Happiness  Sadness Anger Fear

TD group
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50 |
40 |
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10 4+ —— Visual

Performance rate (%)

Happiness  Sadness Anger Fear

<Figure 4> Emotion recognition rate of each target emotion
in ASD and TD groups

2. ASD OFET} TD OFEQ| XA O1Al9] Q2 THE

ASD o5t TD oF&29] A 1A @F wiee dotir] Hisf AAE ZAER tidAEol
B BAE AL, 7 AAER ojd FAR 29let B9t WAl 1 Wt A
Ho] @77 Yehus 3ol 543 wide] A=A 245HIT ASD oFE9] ThA 2o wh
A Q12 oF el B4 Aiks <Table 4>0f A|A =31t} ASD oF&9] 2oF T4 2719
4% 86.1%7F PE0 2 HrIPT, th2 AR Q% A= F2 Holth E&EL2 50%E &
FOR UYL, 7P Wl E57 BAE FEQ5%)eIH i 33.3%E 22 F7HAL
7Hg @ol &8t A FRQT8%)0IT FHEL 36.1%E FHEoE WAL 7P B
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<Table 4> The Confusion Matrix of Error Patterns During Emotion Recognition in Children With ASD

Presented emotion

Happiness Sadness Anger Fear
M A% M v M \% M \%
Happiness 86.1 75 25 19.4 27.8 194 27.8 16.7
Sadness 2.8 8.3 50 47.2 25 11.1 16.7 13.9
Response
0 Anger 56 139 L1 194 333 389 194 444
Fear 5.6 2.8 13.9 13.9 13.9 30.6 36.1 25

Note. M: Musical; V: Visual. The numbers in bold showed the accurate recognition rate and the shaded cells
represented the highest error rate during each recognition task. If the highest error rate was less than 10%, the value
was not marked.

TD ob59] Al 7o) M2 A Q4] F oid 24 ZA3N= <Table 5>0f A A=At
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oh BlE 69.6%5 B2 B/, 7}% @ol &3 FAl= -?E%E(IZS%)O]E}. T
18.6%5 FHoR W/, 7P wWol &3t FAE £5(10.7%), F(10.7%)°]t}. TD
obz9] Azt ThA] 279 - 89.3%7F PEOZ U, ThE FAE QI H9= &F
(7.1%) o|th. £&2 76.8%% &&= W/, 7P Hol &5t A+ F23(14.3%)°]
ot Bl 929%E B2 H7ia, O PR eQIdt B9 FHe dHolth I
53.6%E FHESOE HIIGAL, 7P HWol 53 HA= E%@Zl%)ol"f}.
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<Table 5> The Confusion Matrix of Error Patterns During Emotion Recognition in Children With TD

Presented emotion

Happiness Sadness Anger Fear
M \% M \% M \% M \Y%
Happiness 86.1 75 25 19.4 27.8 194 27.8 16.7
R Sadness 1.8 7.1 80.4 76.8 10.7 0 10.7 32.1
esponse
0,
%) Anger 0 36 36 89 69.6 929 107 90
Fear 0 0 16.1 14.3 12.5 3.6 78.6 53.6

Note. M: Musical; V: Visual. The numbers in bold showed the accurate recognition rate and the shaded cells
represented the highest error rate during each recognition task. If the highest error rate was less than 10%, the value
was not marked.
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A AR JBHAS ol Erks 2290] A e 9] 35 71e] HAaHel
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At9] Z1E A A} (Klin, Jones, Schultz, Volkmar, & Cohen., 2002; Lahaie et al., 2006).
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Emotion Recognition in Children With Autism
Spectrum Disorder: A Comparison of
Musical and Visual Cues*

Yoon, Yea-Un**

The purpose of this study was to evaluate how accurately children with autism spectrum disorder
(ASD; n=9) recognized four basic emotions (i.e., happiness, sadness, anger, and fear) following
musical or visual cues. Their performance was compared to that of typically developing children
(TD; n=14). All of the participants were between the ages of 7 and 13 years. Four musical cues
and four visual cues for each emotion were presented to evaluate the participants’ ability to
recognize the four basic emotions. The results indicated that there were significant differences
between the two groups between the musical and visual cues. In particular, the ASD group
demonstrated significantly less accurate recognition of the four emotions compared to the TD
group. However, the emotion recognition of both groups was more accurate following the
musical cues compared to the visual cues. Finally, for both groups, their greatest recognition
accuracy was for happiness following the musical cues. In terms of the visual cues, the ASD
group exhibited the greatest recognition accuracy for anger. This initial study support that
musical cues can facilitate emotion recognition in children with ASD. Further research is needed
to improve our understanding of the mechanisms involved in emotion recognition and the role

of sensory cues play in emotion recognition for children with ASD.

Keywords: autism spectrum disorder, emotion recognition, intended emotion, musical cues, visual

cues
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