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Attentional Bias toward Angry Faces in Typically Developing Children and
Children with Autism Spectrum Disorder
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Abstract

This study aimed to assess the attentional bias toward angry faces in typically developing (TD) children and
children with autism spectrum disorder (ASD). A continuous performance task was employed, where a distractor
appeared as a target letter (“T”) and changed direction every 1,250 ms. Longer reaction times to the target in the
presence of a distractor, compared to its absence, were considered as evidence of attentional bias toward the
distractor. The task assessed the attentional bias toward angry faces in 14 boys with ASD and 17 TD boys, aged
6-12 years. A repeated-measures analysis of variance was conducted on reaction times with emotion, time, and group
as independent variables. The three-way interaction effect approached significance. Group-specific analyses revealed
that TD children exhibited significant attentional capture when angry faces first appeared, whereas those with ASD
did not. Accuracy analysis revealed no significant differences between the groups, with both groups maintaining
>85% accuracy, confirming the task’s suitability for school-aged children. The absence of attentional bias toward
angry faces in children with ASD indicates that these faces may not be perceived as particularly salient for children
with ASD. These findings denote that interventions encouraging top-down processing of emotional cues, such as

angry faces, may support the development of adaptive social skills in children with ASD.

Key words: Attentional Bias, Autism Spectrum Disorder, Facial Emotions, Social Threat, Typically
Developing Children
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<] B 85% ool e =E yehfo] & A7}
AT Z}iﬂ ’\ﬁilEEd ol oFFol Fo WS YAl B2 AdeE olEdA &

3}
= dFo] ALSA AAAS A % N s AT mebs, AE A EY Ao obF9
H3AR1 ALY Es w7) SlaEl B Oéiﬁr 71%9: BAA dAel ek &k Ae e frEske NdHEs 2d
& 5 s Aol
FHO: T2 HE, XH AHER Zof, Y= A, AHEH A, Y UE ofF
1. M2 HES- Al 7ke] zFo]7F ¢l 2 tH(Kikuchi et al., 2009). 7 4
Hs o & gk Ao A% ASD H 4T TD 4
dE AL AEA Grtane fE 23 A ol Hlsl dZoluh Abe] AR R AlEs o Bol
< 3tH, A3AR0 A 7les flsliAe el dis SA1E= ZAeS B tHKlin et al,, 2002). ©]2]gF A
9|7} P42 o] ti(Batty et al., 2011; Garcia-Blanco et AFEL TD Hero] dF 2= wgtslA whest=
al., 2017). A, B3 A= Fe= & AellA HhE, ASD flee dIRuhe Abzolv i o &
© d=Zo] & WA A ASERY ke FolE - 23e BEe APl des AR whEbA,
=1, 42 A5 FASEE AAE Boks dddk ASD o}g2 AR A Q1] A=l B Aol tislA]
FAIE A = 202 Ve THParks et al., 2014). 5 T Fo IS JehlA S 7t5Ae] Utk
gk AFARJA ATy Fx e AEE Y= 4 2 ASD oF59] Y Al A8 F < 4,
2 EAe FW A0 0D 29 ANE Aar] 994 4 Ak Dol U T ARS 2AF A7
wjioll, 17k ol2igh 919 A=l AHFA o E Fo7} S0 Aold AFE BHysly Qu) gjREe] Feo 7
&l th(Kappenman et al., 2014). AF514] 919 A== g Aol A ASD obge] Fo] IS &elsr] 93
Aestal A& "HAehE A2 Fo AT 2% 2 A (Dot probe task)S AFESFATE B3 A=
L2.40]tH(Green & Philips, 2004). =, AF8] %] f]go = 27 2o t)3F v A| 7k 7 Fo] WS =AE
e B ddel Wa Fo A% A5HRL o] Aok FAFL R, @ HAloME g AFe]
AR ol et AE Aol = 7] g 70 oo 1AI(el: L85, 4%) T FAE UE
2AbE] =¥ EF ol (Autism spectrum disorder: ASD) W H, B 9|9} e 9% TL ThE 9)xd] Ex
= Akl *o}i&% B oAbage] A, AR A, b=l AAE T ol B33} FAgE A A e
el Fsdss T8 SR e AT EH W B3 Aol gk vhg Ajzke] wihe] A¢-H )
ol o]t American Psychiatric Association, 2013).$3-7-¢] o WETHA, Y g 9AE Fo7F HakE Ao

WEH, ASD o}5> Aol thek F2] ol Hd & & 3413 THChen et al., 2002). A4S E, May et
Y(Typical development: TD) ©}-5 3} T2t R H al.(2015)3 Hollocks et al.(2013)<2] 1ol A= &8 7]
otk Ffrot g Aellx= TD ot i = ASD olgEo] B Aol tish 9] HAgS e

715-E Aoy AL8A AFE e SAISHE WhE, A ekqttt 18y 72 HAE AFE-3F Garcia-Blanco
ASD G-ok= TD G-rotell vl d=olut AbS1A 2 et al(20172)9] 179141 ASD obso] 1822 AW
= Alete Akl A Zlor  ueut Ao Fo] HEFS eRth 3 Garcia-Blanco et
(Chawarska et al., 2013; Mouga et al., 2021; Nakano al.(2017b)2] AAFo A= ASD o}zo] Hir Aol o
et al, 2010). E=¢h okt Aol = TD obsol & 5] 3|32 Yepith Ghosn et al.(2019)] 1]
A2 Wake e 24 224 ve o B 2ARA e 937 AA614 ASD b5l AWAA AW A

7, ASD obx2 d= WSt 22103 &4 Wk =1 7H ol 9] WIS HYo, AL = A=l o



AL Fo 3192 vk

TD HYAE 918 Aol tia Fof A A3
FAE A4S Bk B A AL§E
52 TD obge] 9% AFH(AY AW % wix
W 7o WP UElA fevhy Busgoy
(Garcia-Blanco et al., 2017a; Garcia-Blanco et al.,
2017b; Ghosn et al., 2019; Hollocks et al., 2013; May
et al,, 2015), Z~2EF A S A3 Kindt et al.(1997)<]
AN E 827 TD oFFe] 918 AFEAE wol)
of et o) BFL erdS selstack w3 A4
T4 7= ©§H HAE el gk Seefeldt et al.(2014)°]
Aol = 8~12412] TD okgol w1 L=l ek 5
o] AFS Bk Eg, AEFYAA S AHE-3F Kim
et al.(2022)2] <179} Song & Kim(2024)2] Aol M=
Azl tigk 27] F¢] S vEt

D H2de 2

T

45199 K Garcia-Blanco
et al., 2017a; Garcia-Blanco et al., 2017b; Ghosn et al.,
2019; Hollocks et al., 2013; May et al., 2015). ZZ&{1}
vl A 71 A= AA] AlZHE: 3,000ms ~ 4,000ms)S

AFLE APEL TD obE @ YA Fo] WIS
3ol5I A thKindt et al., 1997; Kim et al, 2022;
Seefeldt et al., 2014; Song & Kim, 2024). =3}, ASD
obgel 7o HYL ZA o) T2 ALSH B
A 8] A, A= Aol WA vehd & 531 250
Huiet Beby] mRe] 92 433 2x 243 o)
g FoE Telste] SA4s] odth 5, §%7] TD
o} % ASD o}5e] Fo| UL ZAshs o A4
A= A= g2 A5 A A ARSI AY
S8 A5 gl A5l g Fo5 EEste] 54
at7] olgthe= wAIF el AUtk

Fol AFgS SAY F de T OE Ayl A

&8 9hA ol 2 o) Park et al.(2014)7F 725},
Kim et al.(2018)°] g ate] A 2 2p=ol gk F2
A%k shelo] AFES FAlol) P FAlE ZE A4
Ae] Fol whal AFo] UepIE, w43 28 A
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st AT F stk ol s AAE A
e Aol A, AFAES TD Hado] v ¢
& ekl o, 9] {4 Ve
WA S <18k thKim et al., 2022; Song & Kim,
2024). whebA, AL A F Eviels AH-EH, TD
obs 3 ASD o}z o] A=(Wsll Aol e o] A
= X A FEste] A&HQ] Fo HAelA

BUE 7o 1% A9 FAT 5 AL Zeltk
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2.1. ZTA}

AT g 6~12419] 7] TD obF 1778(HEF
Hohd ASD oFs 14%(5F Hoho® A=A
ASD oFF 7 B2 A2 oA iste] Ae] A
A A2 e g A e Ak FEe F
]l 3= 3Aek ASD of52 FAlAg A 5 FA #A
Z(Diagnostic and Statistical Manual of Mental
Disorders, DSM) 433} 535 7|90 2 o 7o)<
21y A~HEY ZPOH A e vk o}%_@_i 7‘39]‘3}2111}.
2=
dol] MHoz Hol w

Fofatslon, Bge

A
7l
HEDE AP

RS

TD obs A7k Y B 338 5l
ok BE AT ke A% d
LR %94*1 24
2 2% o] T oulk J,]

A7HAL Al 9] 71 obs-8 A&e] 257 A Wechsler
Intelligence Scale for Children, WISC)2] A A| A5 A
“~(Full Scale Intelligence Quotient, FSIQ) 70 w7+l 7
-9k o] HA o] w3 AIZE B Ao 3 %
AL oo ol dRE YERA A2 stk A
AL A A9 71l slFshs Z7EAE SIATh whebA,
=407 31%(TD 174, ASD 147)2] dHlo]Ej7} &4
e Atk & A= digte] A& 91 U3)(IRB)
Q1S Who} ISP ATHE QIS 2021-012-023_A).
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Wl 2F=91 A+F A= Korean Facial Expressions
of Emotion(KOFEE, Park et al., 2011)oll 4 % 7}A] A
AM7H RS 52 PEHE 7= 1479 (94 81)

o] Mejslol, & 2879 AFo] AHEHTh Y U2

o] A dF
o(Cooney et al., 2006; Leung et al., 2019), = 04—7-01]/\1
e 29 g A=50E g8 dIF5 M9
BE ke A Fds 9317] AT A5 I’erﬂ
A A Aol Al A A= & A
SAstAIRE vl o] A ARI(RE F N, BE
T Myske]l AREE AT wheEbA, A Aol AREE
2 A A QE U A 247 9] AFHE R 1271, FE
1271)0] & Aol AHEE AT D= A=9 HEy B
ojuf MG 2 B o] FolF o]IlE FEFS viAl
at7] flste, d= A=¢] = ¢ Fie AAT F
S 50 7 AA AT AP LG mER(EGA
A =511, A7) 13.391%], s1HY]E: 16:9, 8
I 1920x1080)& AHE-ato] &3 AFA I3
o Al Qo F=2] 3}A| = Presentation 18.
TEF = ATk

Qg Geel ) RAHOE SNE F 9
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222 72| 4|
Fol A= B 3 g5 IS A52E 3 Yeon
& Kim(2018)°] A&a) AA & 4 et AHEsH3 S
™, A= Z(Passive viewing) A<} A5 A 1]
I E59] £ AR YT A5 =
A=l gk xlsgto] o] Hdk 7]7<ﬂ°ﬂ =9
= WA s 918, Aol AMEEHE

Al Al FEH R 2EqAT|E
A A A= & =
e Uehde 42 A=
Y

< 500ms E<F SAISHES A wam oH shw ¢
2 el 3 A5 <777k YRt 1,250ms vt 72
[e)

Hstetdinh. A7HAE S 531 A <1
2ot —’Fﬁﬂ(oo 90°, 180°, 2700)01133_ 71HE

(45°, 135°, 225°, 325°)01Ud 2 H%—E—% FEE
whoket, olw, A= Wl Ap=o] sH TGl A
e} 5,000ms(i.e., 1,250ms * 49 2] 272 A A])
et ALHAT A= m611 Aol et wol = &
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g 2 OIS

ouZ F7HAES 1,250ms Vet HE

=oll tisl Bkg-sioF Atk ol & 3l

o wet Watshs o) Wk eI 5 YAk
Sl

T HANA ] FHHUJAL AP} AIZPo R A
Al 2712 el A= A7l whe Elof e
T ATl E UE ATk A 20 e A= AlA|
A1l wet T1, T2, T3, T4, TB(T Baseline)2] Tt

|

SEo2 YR, TS Wl 433 2% A450] £
Al Edsh= W& ovlshH, T1olA Alatske] vl
1,250ms”7F A'g Wiwich H3x 2= «779] Whake] wsh
S BE AT Warel v Agel wet A
T2, T3, T4 Fuekdch el Aol Ueht ¥
5.000ms7} AR, el AT AT S A3
A ke wWskels TB 202 PAHRI W)
AFo] AR E wel FA JERE BRAFE TS
= Aojagon, 4 Aol g 2
o F=9]7} & 55 offset effect”} ‘/}E}” T A= A
o grlee], T50l gk tlolBl= 5 A ollA Al
3} tHKim & Hopfinger, 2010). ¥ H Zp=0] AlRR]
B3 AFe Ehbs 2491 TBe) 2ol 4
o el AT AZ AL APL AZT 5 Ux
3,750ms, 5,000ms, 6,250ms, 7,500ms % 2F9=
g Hth e 18 S AT A 42 A
== AU G FAEH 51 A= “T”PJ J“Oﬂ ol 5
3k w23 Gt SHS
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Press button 2

Fig. 1. Continuous performance task paradigm
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B oATAE AR olEE Ay Ay
K-WISC (Korean-Wechsler Intelligence Scale for Children)
49K (Kwak et al., 2011) ¥ 537(Kwak & Jang, 2019)<
Abgste] 7k Als A& S48k K-WISC
= B 6AlelA 1641704 AL s et Q1A 715 37t
EolH, & delMe sdE I 27 vl
A sl AedAE Al E AT ], AT o] @
€ 7122 19 oY AsHARE AR oo
obgel Aol AAke AFEE 99
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rlr

3o
N

R

2.2.4. AE|H oMAE MEX|Social Communication
Questionnaire: SCQ)
ALE1A SJAtaE A

N7} s e dAE

TASCQE Al ~HEH
12 AE 5 3= énil'i— =,
A% Ak HAEA|(Autism  Diagnostic  Interview-
Revised, ADI-R)AA #3& FZ3ste] 7id= ot
(Lord et al., 1994). ¥ A7l A= Yoo(2008) 7} SH=ol =
gke Stole A1EA]
of Social Communication Questionnaire: K-SCQ)E A}
2319 th SCQE Hukdel wadd LA E YA
FR3 A2 4L B4 7S PO R SHHE
A FPOR TREM, B ATAE A4 §3S
AHESEAT K-SCQe =+ 34718 w@om 7
slom, 7t BGe “olr T ol 90 SHIE

gtk Relpzel uglel shiel A4t £E
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2.4, =M g

HE 25 SPSS 258 A S AFE-&le] B4 ¥ Q)
M ASE St Hx A did wreAzE

5
(Reaction time, RT)Z &35 2}=¢ sl A <siA <
3k ¥]8-9 A8 (Accuracy)S g3t A8 A
(Yeon & Kim, 2018; Kim et al., 2018; Kim et al., 2022;
Park & Kim, 2024; Song & Kim, 2024)¢} Fd 314 =
3 AF=ol vEhE TielA 9] wk3-AIZE H o] TB RE
SAIZE Fatol] vl frejusiAl =g A veht 3ol
AstE= S WEl Aol oF Fo g5
(attentional capture)©] 2} A 2|5}
M =9 gkgAIZke] A&E =
(attentional holding)z}. % €]}

Ak 7k F9] o] xpo|7F YEtskEA] #Q16}H]
I8l RESAIZH] sl 2(F & TD/ASD) x 2(WWsl A=
o] Y7k Fi/a &) x S(AIZE T1/T2/T3/T4/TB)S] 4F

it

, T2, T3, T4°]

e Fo #A4

o HHES FAHEA](Repeated measures analysis of
variance)< A AI8FITE B §, At 7k A 3 Fg

=9] Aol 7k vhebitin

FUA A UEE

‘_l -1
EEELRESEREREE

i o} Al Fh(partial eta squared)S 2FQ13F O 1,
i ol R Al 7ol 0.14 013 A9 =2 AHEs

7H A= AL E 34 3F tHCohen, 1988).

3.1, QITEHSN M2 Y AR S

2 Aol= 6~12419] 7] TD Hof 17783 ASD
ol 1490 st on, 7t Juo] AR F 1Q ¥
SCQ Aol Wish B3} EFHA+= Table 13} 72t}
T AT 7F AR Aol UEhA] e k1(29) =
61, p > .05), A AS(FSIQ; #29) = 3.00, p < .05)7}
2h 24 YeERl = A4(SCQ; #(29) = -12.15, p <
05)ell A Felu]gh 2ol 7} vreytth.

3.2, BFSAlZt

Fo] Haky #AHF o RT 4 ZF+= Table 29}
Table 39l #| A&} T}

o 71AE st ke, wESAITE BAldl =
gEet Algge] kg Alkete] EFFE QAT WhE-Al 7t
&k 2(F e TD/ASD) x 2(al A=2] AA7) 2/
815y x 5(A1 7k TUT2/T3/T4/TB) 44 wHE=24 FAL
415 AASSATE Mauchly®] 34 A7 A, A
o] A 734 7Hge]l FFEA %S B E(Mauchly’s

Table 1. Group characteristics

TD (N=17)  ASD (N=14)

M (SD) M (SD) :
AGE 9.2 (1.8) 9.6 (1.8) - 0.61
FSIQ 1084 (12.19)  92.4 (17.35) 3.00%*
SCQ 1.7 (1.2) 21.6 (6.6) S12.15%%

Note. *p< .05, **p< .01, ***p< .001
FSIQ-Full Scale Intelligence Questionnaire; SCQ-Social
Communication Questionnaire

Table 2. Mean RT (ms)

. ) TD (N=17) ASD (N=14)

Stim Time
M (SD) M (SD)

T1 714.88 (75.40) 724.64 (87.53)

T2 692.17 (78.03) 703.25 (85.90)

Angry T3 689.47 (74.68) 710.65 (86.12)

T4 686.90 (71.52) 700.36 (94.38)

TB 689.88 (70.85) 706.49 (94.65)

T1 715.98 (62.62) 720.64 (90.77)

T2 678.75 (65.65) 713.52 (93.06)

Happy T3 682.58 (66.10) 704.05 (79.21)

T4 693.32 (70.79) 706.29 (79.64)

TB 696.07 (73.92) 715.85 (84.03)

Table 3. Repeated measure ANOVA (RT)

F p ny*

Stim*Time*Group F(1, 29)=3.90 0.058 0.119
Stim*Group F(1, 29)= 42 0.522 0.014
Stim*Time F(4, 116)=1.30 0.275 0.043
Time*Group F(4, 116)=1.18 0.324 0.039
Stim F(1, 29)= .06 0.804 0.002

Tim F(2.78, 80.58)=10.66 <0.001 0.269
Group F(1, 29)= .37 0.550 0.012

Stim-Angry, Happy / Time-T1, T2, T3, T4, TB / Group-TD, ASD



W = 0.458, p < .05), Greenhouse-Geisser =¥ AT
g AMSEt F BAIES Astenh Alzke] Fas
(F(12.78, 80.58) = 10.66, p < .001, 1,2 = 27)7} <]
sem, FA x A7 x Joe] s dg e
(F(1, 29) = 3.90, p = .058, 1,2 = .12)7} frelg==ol 3
aHA UrEME}.
A dEAE a3t fove A4S veRd o,
ZF Ak Wol Al Alzkell whe} ojw gk o] A s
Hol=A] gelstarat 7k kel s 2(4=l A=2
M7k B/ ) x 5(/&1 TI/T2/T3/T4/TB)-4 HHE S
°

N7Ye) FaEFI} Fo u]z;ﬂguq(Fm, 64) = 891, p <
, Aok Az oA a3 19
TAHSHA FERETEHF(L, 16) = 4.21, p = 057,
n? = 21). §F, ASD H&+e] 7%= A 7ke] Fa vt
o] ol SHIATHAIZE, F(2.35, 30.54) = 3.14, p
= .05, 2 = 20; BAPAIZE B AA O] =83 p > .05).
o2, TD o] HA x AlZF AdEzg a3
st AR AR g B T-AA S Agsisich
TFAHCE, el A=) AA] A7 A 7Fel] whet
el 58 2ol tigk 9] A% 9 §4 a3E
gHelsly] sl Wl el A7 ZZ(TUT2/T3/T4)o0 A4 9]
A1k WEl AF=o] gl TR 2719 whAIS
H| W3} tTable 4). o] o, vFE-H T-FAHO 2 <13
o71E F Ae 1T L7 TUHE EAS] 9l
Benjamini-Hochberg corrections ©]-&3o] fo|= &
2 X A3} tHBenjamini & Hochberg, 1995). #4] 2
= Fig. 29} Fig. 3 =2]8}8i8ich Ae Ao wel,
o AF Aore thad 22 2oE ALtEA

==

2o
ol

7} A7y Z2(T1, T2, T3, T4)2] vHA|7F -
714 A(TB) 2] WH-&-A 7k

AV A A TD AR BE A5 A6 B
Az vl A=) b Tiol tlgh w34z} TRo]
Wa MesE e folulaA LAl

ZATUTITAN A ] 0] 4= B} f510] 9
Aol 7 UEhA) ehgkeh. ey, s 2ol ojal A
= AFo] ANE TIF olF A7 24 Bl TBS)

o]F A7t

Table 4. Attentional Bias Effects

TD (N=17) ASD (N=14))
Stim  Time
M (SD) ¢t p M (SD) ¢ P
24.99 « 18.15
Tl (31.23) 3.30 <0.005 (50.20) 1.35 0.20
2.28 -3.24
T2 (19.64) 0.48  0.64 (33.36) -0.36 0.72
Angry
-0.41 4.16
T3 (32.49) -0.07  0.95 (22.93) 0.68 0.50
-2.99 -6.13
T4 (32.49) -0.38  0.71 (15.83) -1.45 0.17
19.91 4.79
Tl (36.17) 227  0.03 (24.41) 0.73 0.48
-17.32 -2.33
T2 (25.43) -2.81  0.01 (27.22) -0.26 0.80
Fiappy 13.49 11.80
T3 (25.32) -2.20  0.04 27.22) -1.62  0.13
-2.75 -9.56
T4 (2134) -0.53  0.60 (23.41) -1.52  0.15
*Significant after B-H correction.
TD group
40
*
30
gzo = Angry
10
g L : = Happy
S o : | ]
s T T TT! o
_9-10
m-20
-30
Time (ms)

Fig. 2. Attentional bias effects in TD group

ASD group
40
30
520 I = Angry
o 10
= = Happy
i BE s g o
2.10 T T2 T! Fi
[11]
-20
30
Time (ms)

Fig. 3. Attentional bias effects in ASD group



WThA(16) = 3.30, p < .0062 after B-H correction). ¥+,
ASD ot Je2 i d=23 5 d=o EE A7
Zo M e] wkgA Zke] TBO| wh-AIZHa frefw] gk 2b
ol7F YEhA &Sttt &, ASD obg2 i dFF
& A= oA fFongh F¢ AdS JEpAA
eI okt

oA Hetk 7k 2ol 7F e H=A] ER1517] 938,
Aol thak 2(- e TD/ASD) x 2043 A=2] A A
7h: E/3) 5y x 5(A1Zk: T1/T2/T3/T4/TB) AH) whE=
A BARNS AAEGTE 1 A3, BE Fadel 4
28 a3 F fFonskA] dtiall ps > .05, Table

5). 5, % ABS A} A7k 2360 s A

Table 5. Mean accuracy (%)

TD (N=17) ASD (N=14)
Stim Time
M (SD) M (SD)
Tl 87.47 (5.47) 85.98 (10.68)
T2 87.85 (8.57) 87.47 (9.63)
Angry T3 85.35 (8.25) 87.64 (7.31)
T4 86.76 (6.62) 88.54 (8.52)
TB 86.85 (7.61) 86.20 (9.05)
Tl 88.11 (5.97) 88.99 (7.05)
T2 88.36 (5.76) 87.35 (9.19)
Happy T3 88.97 (6.41) 89.73 (8.10)
T4 86.02 (6.48) 86.85 (9.47)
TB 87.32 (4.33) 87.91 (7.51)

Table 6. Repeated Measure ANOVA (Accuracy)

F p '’

Stim*Time*Group F(4, 116)= .54 .703 .018
Stim*Group F(1, 29)= .01 .927 .000
Stim*Time F(4, 116)=1.97 .104 .064
Time*Group F(4, 116)=8.89 475 .030
Stim F(1, 29)=3,07 .090 .096

Time F(4, 116)= .59 .672 .020
Group F(1, 29)= .02 .879 .001

Stim-Angry, Happy / Time-T1, T2, T3, T4, TB / Group-TD, ASD
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