ohalE|etgA]
The Korean Journal of Cognitive and Biological Psychology
2021, Vol. 33, No. 1, 31-53

]
o7 Y 42

Original Article
http://dx.doi.org/10.22172/cogbio.2021.33.1.003
© The Korean Society for Cognitive and Biological Psychology

Comparison Between Youths with ASD and NT
in Representation of Facial Identity and
Expression Using a Face Adaptation Task’

Hyangkyeong Oh', Kyong-mee Chung'’

'Yonsei University

Recent studies revealed that persons with Autism Spectrum Disorder(ASD) showed reduced aftereffects in both facial identity and

expression in adaptation paradigm. However, no previous study has examined whether these two aftereffects are independent or

interactive. The purpose of this study was to investigate ‘expression-contingent’

identity aftereffect and ‘identity-contingent’

expression aftereffect in ASD using an adaptation paradigm. In study 1, two experiments were done with 37 neurotypical(NT)

adults. First, in identity adaptation task, two male faces with expression(happy, sad) were used as adaptors, and 13 identity

morphed images are used as probes. First, participants were shown the adaptor for 5000ms. Then, morphed images with either

congruent or incongruent expression with the adaptor were presented for 500ms. Participants were asked to discriminate the

identity of the probe. In expression adaptation task, the procedure was identical to that of identity adaptation task, except that

‘expression’ morphed images of either the congruent or incongruent identity with the adaptor were presented as probes, and

participants were asked to discriminate the expression. Consistent with the previous study, only identity-contingent expression

aftereffect was significant in NT adults. In study 2, same experiments was conducted to compare performance of 15 ASD

children and matched NT children. Identical with adults, only identity-contingent expression aftereffect was significant in NT

children. However, in ASD group, there was no significant contingent aftereffect in both identity and expression adaptation task.

These findings suggest that independent, not integrated face coding mechanisms of identity and expression in persons with ASD.

Keywords: autism spectrum disorder, face perception, norm-based coding model, adaptation paradigm, aftereffect

12k 284 20.11.09; H4e 20.12.21; 2SAMEY 20.12.26

zZtg] AHER Aof(Autism  Spectrum Disorder; 0]3]-
ASD)= ARRlA Aozatgol £33 78 SR St

Ardzoffolth(DSM-5; American Psychiatric Association
(APA), 2013; Joseph & Tager—Flusberg; 2004). ASD H &t
oI HEH ArR]A TAo] it FAla olsf FE,

[e)

2004; Senju & Johnson, 2009).

AE ALRE2 dZo] Aozrgo] Al ARE o
T e Fa% AFH AFAE TAR d2QA o of
gt AFE oA APsta dok(Dawson, Webb, &
McPartland, 2005; Pellicano et al, 2007). &=<2lALe A

JAaT T Adts Hol A7 Bl AE A, BY, 9%, IdF 59 qokﬁ} A2 AHE A7)
B o3-S AFESTHOrsmond, Krauss, & Seltzer, HHotl A = Qe 58 o= (Weigelt, Koldewyn,
* B Q7L JHE AR(ISH) AYon AR 29S Wol 2aE Qe FHAMNE: 2020S1A5A2A01042717).

2 Re 0970 A% 9 AT =S 47 AT A9
t wAAz}: g7gn], AAiEtE Al2fsta), (120-179) ASEEA AYET AARE 50
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Kanwisher, 2012), EtQlz}o] =gt OJAA

[e) [e]
4822

st AHEARRA
&ty HiETHYang, Park, & Chung,
2011; Rhodes & Leopold, 2005). ASD o] Az 4
SAgo ATE d=IAe] SHoA ARE dTE2
(Dawson, Webb, & McPartland, 2005; Harms, Martin,
& Wallace, 2010) ASD Hdo] o= #=of digt A<l
(recognition), 8 (Labeling), # 97| (match—to-sample),
H e (discrimination) YA 5 ofFet A9 wizthdolA A
e (Neurotypical, oot NT) etof| H|sf A=t 48
= Hdoty HkrH(Weigelt, Koldewyn, & Kanwisher,
2012).

ASD Hdho] Algte d= d45Ee A9str] 9t o
et Al F, = 7I§t Y E@(norm-based coding
modeD)> tHo] AFE Foll FHASHA AA Hi
(Jeffery, Read, & Rhodes, 2013; Rhodes, Jeffery, Clifford,
& Leopold, 2007). 7<= 719t 39 2E &2 NT Mo
iAo g da oju|z|7t EAK(representation) & A7t
2l E 7dsletr] Slol AlRbE It o] Rdo m=w Ff]lo]
dIS AT of }A APE ol FHY da JHE D
A2 NE 429 EAECl B3t MY = dE(face
prototype)= FAJotH, o] & d=e] ztolE H|WIoe
=4 BRI A2 AT & ok Ao (Nishimura,
Robertson, & Maurer, 2011; Rhodes & Jeffery, 2006). ©]
mdoA= Aol 3H o] i 42 NtEE &
e AYL lers Aol HE A olfojittal 7Hy
StcH(Webster et al., 2004).

T 718 29 2ds HSoke dEAel A HHes

&3 w2t (adaptation paradigm)o] ArgEo] hk(Fox

]

& Barton, 2007; Leopold, O'Tool, Vetter, & Blanz,
2001). AA71A =golt AFA omja “elf 27| Hsto]

et A8Y 4 YRS 42 Age] Wskhe WA oA,

¢

54 A=< ARlstke bl Bolste 44 12 w49 WA
o EdtHE A ZIAeh B JdcHBlakemore &

Campbell, 1969; Bednar & Mukkulainen, 2000). 5 =
gradoMe E4 de A5e I A 5 E2ES)
AR F 7V qt E32 AlAsk=d, o] i 4ol B
w3 FH AFYole &5kl +3AAE dI3de 29
g Hiis= SA4S 7 ZAog QIAEE 27 Hebrt
ofdt}. o5 Zro @i aftereffect)@tal HoJshH, tho
T A o] ztolgik= FAA, A, AF 5 oY d=
Aol A des Aol =St (aquet, Rhodes,
Hayward, 2008; Rhodes et al., 2011; Rhodes & Jeffery,

R Am 2 o

2000). d= 5ol ©<es] B4 A=l digh ¥ ot
A7l AoM dobrh A=o] Ad B4 HidiEE e
= A7 HolE dovl= e vl 7 7S ARG

Kloth, Jeffery, & Rhodes, 2015). A, & FF2 7|&
] FAE = d=2e] ARl AelE Fel olFoixith
A, ol He 4232 Fde Bl AE: JRE v
sto] 78X (update) =]l A Z A (calibrate) Hch. 5= 718t 2

g BdelAE NT de] oleid /14E 5o Aze 93
& HS AHOR AT 4 Joky AEdch

Foll= ] eSS ASD Hete] Agste] 159 d=9l
4] %ﬂﬁn% Wole AF7F A=) ok (Pellicano et al.,
2007). <& HHAHYS A8 B2 =d -9 A4S
ASD D]'O] A, BA, 9%, AT H(gaze), =AY
(motion) & HFet d= H| A4 ASD Hdo] NT A

chof] H|5) ATl FogrsE BEYS ESH(Pellicano,
Rhodes, & Calder, 2013; Rutherford, Troubridge, &
Walsh, 2012; van Boxtel, Dapretto, & Lu, 2016). ©]2|gt
2ol dF B TS HIRT AR AAZE FEo] i
gohe o7 5E et om (Pellicano et al, 2007) &
o] AJZbH 9 (attention) ] ¥t HE FARE Fo= 1
zto|7t oot tHEwing et al., 2013). o] Z3=2 ASD
o] NT Hehte 29 27 ¥g AV|1RE % d=2<
AzAsk= d AlRtel AUx(ung & Chung,
2015), ol=|gt ZAste] ©es] Tioly A[ZHA o8 Hx
of o3t Zo] opd 2|7} Hd AFo] HIHPH HHUS A
Stch(Pelicano et al.,, 2007). §<°] ASD ot HdoA H
ol gt 77t ARA oAt FEI Fofvt BH
Aol glgo] BalE Hi(Pelicano et al, 2007), AHshd %t
o 8l AlgtE AIQNAETE ofet A ] AT
A Folr] o2 Aoz HQlth

—
o HEtde 28<

gAsta

gHH, 7]& e 283 g2 dFES
dFo] HA Qe B AEE F T K 242 #5
ol Fojavs St 1dd T A= A=) A4A
TFEE AR o|EE2 42 AEE 4ol AR I F

A on AHEnal Attt o] o252 d=ef Hdt
EEo] 27 F 7 Ao ERE & Uee Adst
AoHBruce & Young, 1986; Haxby & Hoffman, &
Gobbini, 2000). & ®A 2L GA, AF I S
20| 92O T2H UAE THNE 242, ATl B
W R HgAeR fAHE EAe 7Y £ WA
Aee 74, AT o RYS Edck=d ole2 AlAl

217y Wslel= H4HE @il Qith(Haxby & Hoffman, &
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Gobbini, 2000). Z7]e % 241e] A27t EPHoR of
Fold Zolet sbgsigont, vlud A2 UAE F5A,
AR AFEL 5 Aol A Rt YA

Aeke Az RN Asgel olFolds wwal
53, 49 A7EL 72 A4 59 Azl B
weked, dRHes WANT mHol 2] de A
== o2s AA8se HIRtH(Calder &
Young, 2005; Kaufmann & Schweinberger, 2004).
QAT B EPHo A Anso] By
WA, & HEuds E8% d7E gdT d=E Ao
A Uebrt £ A9E e nefeke A77h AaElkFox
& Barton, 2007). 3ld d7E2 B% NT Ao ez
AN Ao AAE e B F A F e Abdo] ¥

ssid o2y Z} o Fejmyt 277t detleA] A

rk
ﬂzwiﬁ
FE.L

=

MEoRH, UF FEE BHSH TN FANT
Hol G F3 weAl Seisi, 1 28 a8
AT 7F AAAC] AT A9, T2 e A9 v

of 4 Zojmiprt H& 34 WS WESHthH(Fox,
Oruc, & Barton, 2008; Vida & Mondloch, 2009). A4
| ¥iol= 204 Hxs7]= ol gzt 3
At AL BAE wiAR, et 37 AETe R Ay

ARRE, 2#E] BAAe] SU

ShAEE BF

BN
Y
<
x
in}
Ho
rlu
B X
—ll m 0214.4
=
£
fol
=
N
i
Bug
r-
}L
O
=]

N
o

2,

2,

9,

Fl

2,

1o

>,

M,

ol

ol

2

Fl
m o2 oXx
rlo o nlo

g

2 ol

= 2*3%*—3: HojErH(Fox & Barton, 2007). A%
Az gt 274 Zro] @7} (identity—congruent expression
aftereffeCt)E]' gyt o4 Ao RE HAA

Aolaal 27171 wAe] Wl oiro] wet b odng &

SEgHET, BRS WSS FESH] A Helmit
QAR fAsel AU AN Folant St

2] EJchFox, Oruc, & Barton, 2008). A7] A+ A=

2 o2 AR A, 2 A AR dolA A

At ®Ao] HAs] FHAolA] Wal Ao A-gRith =4,
H

B3-S AN Folmike PAER 9w, AN
14 Aelavigie] $AH A AALS BRoRY =4
49 4 glot, BAL AAY A Suete] g

el 247}
Sl A2 Holtw| Azttt Se] wet Buisks 3
He eador At ¥ oF Bz walwAs 54 A
BE EPsHs Aol 1 wide] A9nr) B8 AR 4

QS Aolct. o Ajtd FxH FE o] E(structural
reference theory) o]2gh {JAA Q1 Ao2-g0] 04%01/‘]
of glojA ERA A2 HAUS A A ofETHGanel

Goshen-Gottstein, 2004). Ganel?} Goshen—Gottstein
(2004)2 AAIAS oA Thokot =S L] 9FiA= )
&7F EAo] Wttt AL otAAH o7 njelsi= g
(@Al GebEEE SUE AR oks ), 19 7
1ol A ztolE etste] #FS Wdsk: 577

o
-
2 AU AFEY] BRE sefshe Z)o] B Bag
kel

o
N
o
8
fu)
o
4
F—?L
o
I
riL
o,
lo
Fo
-
2
=}
kD
o
20
ox
:

1>

fol oZ B omo L
o
lo &
fu 1
)
ol
o,
Y
FH
o,
rlo
X
g
ox
i—%
oo
o
i)
EN
ol
o,
2
2
ach
ol
rir

i)
2
o
L

ol
Sk
Y

mo}oq 92e WS e 92 o
sheate Ue7 Arse gdoz e
L gedoln geidel & 240] Asdinhs AL

9)\
ot NT %ﬂ‘ﬂoﬂ/ﬂh ol2fgt ol Tt 5A| ofE7ImF

L

1‘
)
10,
(o]
R MU

1o gk & oo

kel
o
=2
30 1
2
o
ox
o>
2o
o
e
LU
J:i
o2
1o
e,
—111
sl
mlo
LS
>

]

o] H]oH 2J5}E]o] 9]
g ze HiE wp gloi, —‘:r 2490 AsAg o

g o] Ate ARk A 22 AAE g =
FolMe Al ofd Q1FW B FEE F-goto] IF

ox

—_>‘J—“4

o,

[

)

N Rl
rulm oo ke ;9

r& 2 N

re

-5 B4 Zro{ g 3Hrace—contingent aftereffect) S EAsH
Fds zto] & 2HIetItHKim et al., 2018).
AtE FQAFl BHIFol Hol 4= Aol &
= Zolet 7Hto =N da A 59 Aol
T I dFe A=A 4RE AuE ol d=
= 7Y F A deAgs
39 kel JlE @7
=2 A, 7749 ¢4 5_ 2pgel =gtsto] T159] AR
Q £ ulgls OC‘EK]ung & Chung, 2015;
Aol A NT o] H]

?:_:5] A2 —_’-EO] :rFr;% "}

Lee & Chung, 2015). zadtﬂ
off AxoHAUE Rt gt ¥
§op7l= opA|et °°‘Hh

ot HhAlo] NT Heko] H
< AARITE ASD %ﬂ%a ElWOE AAE ARALE
(Rhodes et al., 2018)& ASD %
=gtoto] Frojamte] 37 ek JA QI SHA oFE7|RH
NT et gt zpo7t yepdE Hol3awt d=29] 7
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7] e Aol Sots FAY 2 JHEE S9chs WA & JEHeR AASKOIH. RE PREETE Ad A
= TAZIE Hl ool el delide AEE Ar Aol Akl ek A FoE el e AEe
Sl E3te Bl e WAl Q= ASD ofF 9 AHa ¥Y 4 olfE At 872 fls) HoiE AR
e ez FAdn 24o] SHAIA 52 d2agel ol E;ste Hr@E@HWE EAeR ATt F 42
A AFE NT At vwste 22 259 vdd4d e tiete] Asfe HAE sAsialer, tao A9l 7]
A oM AgsiE 4 e, % Fof wt

bl 5ol ZAIA A=A 1) AFH HAE 2
O350 Atd d=QAel tiet Mz A4 HI2We v 7 gEsiA 29 Be0=3), 2) AFH HAY ASA™

A o =80l B 4 U Aol 2 63] ol ANT H0n=2),
B A7Y 2R ASD ofF @ 3aW WUe] 9B AA T AYel Wistel AF 4] PR W 373
H3h B30 YA B RS AT Aol ol 9 (F 108, of 27F)elglon], oS0 I W BF I

s A3 d7olM AHgE A9 HEtdS =liell Aste 2 oF 21.80A4I(SD=2.41), 9% W= 19~274 3.

=

W EY WolaNE 27 SAstug g A a7 14 7P

LAY e SR Qe 4 A BIs] 9 # S PsychoPy v 185 (Pierce, 2007) ZEIHE o]

s S Gsh NT Ae thioR A9 AUsta, o o AFE, BM Z2AAZ BAE Window XP 29

5 Q7 20l4E ASD ok ¥ 3AWE foE 9F 4 AAl ARHE Fo LAt 2P W= 1600 x
O

Ak w4 Folgat zre] A S NT Mot vlw 1200, 1591%] 3719 CRT BYEE Fal Jystgict. A4d
sttt @ 7ML w2 2ok A, =l NT dishd i A7Eket 2Y¥ 2 78e oF 60cm~70emE FAI5HAL,
oA ARl Aot iR E B - A ejayt RE PSS oY Aen AdFe =ty Add E

+ WEEA S BA-pE 2 Fojgagto] fojd  AAA A7) = ool Aol kst
Aoltt, E4, NT ofg - d4d Mok A+ 19 NT g}
A Adat fAH BAY-4RE 24 gtojagte] fojd AT
Zolut ASD ek Aolet figs B Zlofr, T Aol AHgE A2 A 42 233 (Yonsel Face
Database)(Chung et al., 2019)9|4] FAHo2 g 7o
G 1. =L NT Cishd ite] H= Hajld 2 =, 94 5%, B, C D, Be 7w, &5 34 A= 2%
BA 22| ko] A EH (A, B BAo| Y717 re(REA) A3e] % 1279 7

=o] AREA. Aol wet oyt sks ol

A= AT B4 1 FEH B offE BMsh] 9 geohe A7 AdE TEsto(Litde et al, 2005) d=
¢ A detds SR gutet & 4 QleA ERish] A= AdE BE GACE FUSHIth A dAelA ®
ol = diey AgE dide=E = AFE IAE Toll  AS AT o FH(pleasant)-EF (unpleasant) 2He] Zkzt
B4 5uF A 7ro] a7k (Fox et al,, 2008)<F AAG 9 &ohs BAEC] I A Bl Fo §lo] 8ol
24 @i (Fox & Barton, 2007)& ZZb S5tttk A 2 Fojgypyt 2 whgsicts A3 (Rutherford, Chattha, &
T 194 AeE AL A7t a4% 7] st g8 Krysko, 2008; Vida & Mondloch, 2009)of whef, 783t
O3] (Department Review Committee, DRC)Q] A4 &59] 27 & A=Fo=2 Adsiqnt. A7 24 ¢
S e T AAHGCHATHAE: 201701100501). = A e F= o2 20E FASH] Sle ot

22 A= 1y dAAE AR 1A, B2E AR AW A

oo & ARG, 4= 9 ©A9 IS FHaskelr] sl

Hepzte, 7 FES AAX gdgor d= A=s By

712} 5t¢ith. &5 Adobe Photoshop CS6 Z=2 1388 ARES] zt

2 A7) B AeA 24 Uhe] Fgstiel At 3o g mE Suwoz zgse BE ES FAsdr
2 tshgol sttt WSS Aaste A9 4% A8 ¢

Aolee] AAE BA FLLS B Pske ARYS A8 AN SSIA. BN AAY HolanE 5]
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ARt AAE =AM E F BAEA, B FEA, 7]
o 93 £F ZYor A% 6719 A=o] A=AA,

SAIRY, 2 AlRRell AA ARBEQIH ZF AR E= *}%%
A= tad 2ok 1) AFAA gANAM= FEY A B
Z 209 Aol AHEEItHFigure 1a). 2) A5AIY TAC
Ae 71BA, £FA, 7188, 8B & 419 AFol AEE
QchFigure 1b). 3) 2 AJgfo] AL 228 A &84
(adaptors)?t HAAZ(probes) 0 & FAHE WA, 321+
o] A%, A5 AR DACIA AREE 4710 A5 FL6k
thHFigure 1b). AAF AF=(probes)< FantaMorph Software
(Abrosoft Fantamorph ver. 3.0) Z23-& Faf 7|8 14

@ Identity A Identity B

Meutral

Identity A  Identity B Identity A

Happy

©  Mlorphed imagzes of happy expression

Identity B

o] &= A A, BE =Y (morphing)?t Aol A
Fo] ZAs Bd9"E A& mHd F A65%):B(35%) ~
A(35%):B(65%)° &olh= Fa-g 2.5% H= HY=2 FE9
13787} AF&-= et (Figure 1c).

hm

A «=STA. BAL-FE 324 doans sklshr] §
gt 2y =SIAeIME A AAEEC D, E) 4749 718
21 &Z 5Hoz FAHE F 6719 AF A=o] ALA]
¢ 787 B Aol A ALEQL 2 A9 g AR
A2e gheqt 7t 1) ASAHAE 7|mC, SZC 20
9] Zp=o] AREE I tHFigure 2a). 2) 2 AP BAA &

I

SR B
65% A

3R A
65% B

Figure 1. Examples of stimuli in identity adaptation task. a. neutral expression in stimuli presentation

session, b. adaptors, c. probes (morphed images from 35%~65% intensities).

Tdentity C

Tdentity I

& Morphed images of identity I

35% happy
G5% wad

15% sad
65% happy

Figure 2, Examples of stimuli in expression adaptation task. a. happy and sad expressions in practice

session, b. adaptors, c. probes (morphed images from 35%~65% intensities).
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WA} npb7EA| = —/-\—27‘]'13’—} 74/\VFL°§ TEE A =
SA=E 718D, €8D, 7I8E, €3 47 A=o] ARE Sl
th(Figure 2b). AAA=2 Zélﬂ"é De] 7|8 &5 ¥4 4
HE FantaMorph Software T2 Fo =93+ 1374
(718(65%): &5 (35%) ~ 718 (35%) &2 (65%), 2.5% 7%
@92 29 Aol lrH(Figure 2¢).

Ao AAto] w2H(Leopold et al., 2001), 837t Fub,
A, E 2 A5 AME A 849 A § AR =4
2Rl oA Aot 2 F(low—leve) o] FHojga7t
=3 ol AV, 749 &t olanE S4s5H] ol
$™(Zhao & Chubb, 2011), ol& BAISH] fleidE &
A= AAREL] 2714 AlA] 91A1E B E et 9l
ohar AlQkstelt. ole At & Aol A= wlf Alsgmict
w8 A= HA A= 7 2715 2Yste] A SIS

A= 3em x 6cm, AAAE 2cm x 4em = 4em x
8cm).
Azt
2 dAFfMe= 27H94 AAAEAS =53HA, B4 +=SA)
S APty AE AEE 2-3709] AlE HAR L=

om e ‘AfolA vHPE Hg HkSsloth = A9
S8IME FUT WA A2 oF 20-25% 1 AAHIL

o, Wk 5y Al et dgdstete] Ak

AAE A BA &sdAe 24 Heh ofFe] o
2t A Aot FetAeA, & 24— A
o gyt EAsh=A] gelshy] 9’k ZAe® Fox, Oruc, &

Barton(2008)¢] A3 mfjettels arste] Aztstgint. AA|
4 =8IAlE ASAN-ASAIE-E AR 3dAz 74
Hck(Figure 3). A=EAA] ‘?_}74] M=
A, B A= AXSte] T AAEE 7
ot oldfj, F#% X}JO AIARE o= %7}1}501
ol vl2] &8
A=
gFe AXE 0}9&—1— O]—r ‘?}74] oA Zﬂ/\]ﬂ 3 A
o] @71 A=Fde Hld 49 FoUth 4= Z]’%% H7A7Y

12 o
met N

24
ox
o
gl
4
o
)
)
o
Rl
[>
|>
Hu
=)
a0
st
=
N
>
fih
-4
30,
H1
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Ry
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-0,

Q
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rlo

WS § AAEE 343

JHU ox
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C)

ur

719 skl 9 AAlskgleh A=AAL DACA
FEA Aol AR A Y] AP Bl
71 A= 474(71 A, 7B, A, £EB)E 500ms <t Al
AgE =, ofF Aol A, B F o AFAGold=A vt

=5 AASHATHEE ] = A A, L8R ¥R
= A4 B). F AR e e 4 AFCIEA, 7R
B, €FA, €5B)< 28] {5 AASHAL, Hf Algnidt m=
HFF AU, %?i%HE} )& Agstlth(Figure 4a). 4
g0l of 90%7t B w7(ell. 8AF F TAIR ol H=)
WSS 34 18], 2d 53714 AFAPE ek
AEABE 69 ol HHER Wt AAE & HEst
A R ACR st} gAflA AlelE gk

2 AR &3S AR 2 =AYl dAlste =

T Yy G| s 2R FAET & AY 8l

rir
2
>
g_L
= b

Al Z=o] 24
ZAAD. FAA)] A o 374' 2t ) &A=
5000ms &< AARH. 2)  500mse]
interval) &, AAAEE 500ms =<t AAgtc) 3) A7IAE
& AAAEC] A, B F o Aol 7Rl A58
det 7|RER WhESHAr.

ouopt
=k

=

ISI(interstimulus

OFT Fl

BH

3 A B oAl AA WS} ofFof met
ol g deprl=a], & AA-0 24 dolawt
AYsk=2] S]lohy] 91gt Ao2 Fox & Barton(2007)
Fasto] Aasioict. 774 s le A=AA 2AZE
1S AlQskar oAt T AR
3 A7 7124 e T
=) & 4 AeA Dskr] Sfel AAE
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Stimuli
Presentation

Identity adaptation task

) [ Practice

) [ Adaptation Phase

Expression adaptation task

Practice ] ) [ Adaptation Phase ]

Figure 3. procedures of adaptation tasks
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a
+ . Correct!
A B
Fixation Probe Response Feedback
500ms 500ms Until RESP 1000ms
Expression  Expression
congruent incongruent
+ .
. . - i
Fixation ISI Probe Response
500ms Adaptor 500ms 500ms Until RESP
5000ms .
Identity | Identity
congruent incongruent
) . '
+ .
. ' Happy Sad
Fixation TSI Probe Response
500ms Adaptor 500ms 500ms Until RESP
5000ms

Figure 4. Experimental procedure of adaptation tasks.

expression adaptation task.

Fo AN S FLshch

B Aol &892 AART 7 A4 o] dAshe
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Table 1. Result of paired rtest in identity adaptation task and expression adaptation task

condition
congruent incongruent t df p
M(SD) M(SD)
identity adaptation task 0.57(0.13) 0.59(0.14) -1.333 36 191
expression adaptation task 0.69(0.12) 0.55(0.13) 7.204 36 <.001""

note. *** p<001
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Table 2. Descriptive statistics of demographic variables (N=30)

Groups
t df P
ASD NT
N 15 15
Sex(male/female) 15/0 15/0
M(SD) 190.60 (17.59) 189.33 (17.41) .20 28 84
Age(month)
range 159 ~ 219 149 ~ 208
IQ M(SD) 102.47 (12.13) 101.80 (14.37) 14 28 .89
Note. * p< .05
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Kormogorove—Smirnov Shapiro Wilks

statistic df D statistic df D

ASD 171 15 n.s 937 15 n.s
Identity discrimination
D 125 15 n.s .969 15 n.s
ASD 155 15 n.s 931 15 n.s
Expression discrimination

D A71 15 n.s 954 15 ns

Note. * p<.05

Table 4. Result of repeated measures ANOVA in identity adaptation task
Group
. F 2
Condition ASD NT o p 1
Group x Condition
M(SD) M(SD)
Expression congruent 0.51 (0.13) 0.59 (0.15)
157 n.s .006
Expression incongruent 0.53 (0.14 0.66 (0.14)
Note. * p<.05
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Table 5. Result of repeated measures ANOVA in expression adaptation task

Group
. F 2
Condition ASD . P 1
Group x Condition
MESD) M(SD)

Identity congruent 0.67 (0.11) 0.80 (0.11)
6.368 .018* 185

Identity incongruent 0.64 (0.10) 0.65 (0.11)

Note. * p<.05
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Figure 6. Size of expression aftereffect depending on identity
congruency in two groups(ASD, NT). The size of aftereffect for
identity congruent condition was significantly larger than for

incongruent condition In NT group (identity—coningent

expression aftereffect). This pattern was not observed in ASD
group.

An asterisks(*) indicate statistically significant differences (p<
.05). Error bars indicate standardized errors of the mean(SEM).
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49 Aol QYA ool el AL el ol
RHEC o] ATE NT AR tiom @ A9 A7l
Folis} 717 IBAA 52S f5p] l5Trkn B

ot ZA(Dennett, McKone, Edwards, & Susilo, 2012)3} % Af
ofsiet.

ol sfiAgtel glol A Esof & e A, & o
o &7kst ASD ot - Had2 A5 A47t AAA ol
el &ohm A AsALe] Bl 1008 Aolshe

117)°5(high—functioning) Folzh= otk ASD Feo]

lo
e

A 222 FANHAE 159 ABAY £40] olslt
3 Hiske di dAFEo] AtHKlin et al., 1999). =it
A7 o] fsE e A28 Aok IS 9
she o g s Gw Sen we gon 2o
(Brittain, La Marche, Reeder, Roth, & Boll, 1991) 4=

A4 HAE ATl olAl ASD Ho] QXA FEo]
YFE & 7S gAs] wiAg e jloh 22 AAE
AFE2 7% ASD Fdo] IS A wf 32 7%t
A2 (rule—based strategy)S AHEES HI1lstAtHCapps,
Yirmiya, & Sigman, 1992; Rutherford & Mclntosh,
2007). 7+3] Z|9F ol A4 FEolA A= AHd]
Aelshr|Hh= A= AlF B4l dish dgsiA 1Alst
31 dojHog sHESH= 710 2 (Rutherford & Mclntosh,
2007), A4A oA BldPAS EAY ASD fdo] A
A BAE A doll= NT ot fo3t 3825 Hol
A e @Al gt dge=m AlRtEA dthRutherford
& Meclntosh, 2007; Smith, Montagne, Perrett, Gill, &
Gallagher, 2010). @A=A= 1715 ASD Fdo] dadZ
A w2 Z|HF HeEhS ARgsh=A], delrt o] el
AA= 150 A4A deke HesiFeAlel dof v
Aol dod Zlog Houf shte] figha Z|Al= alesf

C

=
SH g A= S4oltt. & dellA AR HETAlE
T AAE B 2e 20T S B4 Bod de A=
= A, &% A=e ARt HETAIE AAIRE 7
= AYIFINE &4 Aol =t ASD e NT g
Tt Apole] Fgol trEA UehdE Bttty & delME
=% Jrrt W2 dE A= AXRES o, ASD Hde]
Fol frofsHAl Astd ®H, A= 5ol ©& HosiAl=
7+ olde] AEAFHE He avk(floor effect)= ¢Ish

A7y PEE A AFHSmith et al, 2010). ©] AIE

T iR R £ A 2R HERAE olgA A2 7t
ol e E3dl, AR Hd wAellA ASD Heke] B
= oF 58%, NT Hee] B+ Ak oF 02%= F
ko] =271 B 50%((F4A ¥Rl 7Hthe A2 o] 7}
d& A7

oA, 2 dA4e Sl NT Jee] AAda 249 &3
A g oigt ddgety fE AHE Al A 1, 2
AT 9 12~184] ob - AAdo] AR17Ie FARE Hd=
Hlth olHr; ¢ o2 ¥k 74| 121 B 94| obF Ftho]
A dlat sdetA AAA-EE 24 thojaaprt HEE gl
22 HgH A A771F 9l ev(Vida & Mondloch, 2009),
9 12415 E A75H pEolA dFel4] widoe] gl 4

Qtt= A4 A 13 W(Golarai et al., 2007), 7F 12

A

oL

or m

=

Al ol ol tigh ' on] 9l Ao Kol Egt
71E AYArt o7 FA-u 24 Fojaimte 4
3 A gy, B AZ= gH-40F AAA doj gl digt
ZAE 7 o]FofF ke AoA NT oFs - F4d Ao
gt 3710 ARE AFeict 2 Aot As A A
€ TNE o, NT Hto] A0 574 7+ 584 24
2 ofF obF7|HE oln] ARl FARE FFor WEE o]
L2188 &4 4 9th(Vida & Mondloch, 2009). o] 4=
Qale] o e Hole teket A JHe] = FEHER
89 & S Aokt

HHH, ASD o] 29 QS ooz AHAgdat 4o
S wAl sl 2ARE At §lo] 2 A9 ofF
Ay HorollA vepd g A1 o] AA77EA] A%
Sl dieiae 719l gl dasitt X AAH
ATEL ASD Athe] Ago] F7kete] et Zojaat o
of B3Pt vehd 4+ 9152 HolF3th(Cook et al., 2014).
dE Eo°l, ASD HHES ez FAA dodars SAT
AFES AHEH, o Foho] ¢ NT Hetol Hlsf Aot
¥ Zrojavs el GHE(Pellicano et al., 2007), A<
AolM= Zol7h BEEZ] ZFAtHCook et al, 20145
Walsh et al., 2015). ©o]= ASD Hoto] FTAF HFAlo] T4 7]
oz Wk £ QIS AARIth o] AIE AEste, ASD
Hetol A w9 BEA W gloiAz Aol ot
gt o2 S Holex] gRIg "art gl

B A7) At 5 Aol tigh Ak o3} 2k

AR, 2 Al HFHoR Wit e EAS
g o A7 AAE detstols ol o 72 sido]l a7
Hoh WA, A7 2004+ AFE A FAE olslst 4
Pt £ = W5 ASD Hee dfozgt Ayt ey
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ok ol Q15 HFHoEL A Ak >
of 4ot 7k Wtk g 1579] golute] £ o] mg

dz 749 e wee, 97 ok
S o @ o 4, A9,

y 082y v

- ot

oh. AAl ASD g2 25, 4E 2 dd7E ol oY
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£ 2% Ot ASD ATl 488 4 =S 49 g

Aol 4 TS AA & AT AAE WHE AFE 1
R
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oh glo} 7 18 Sef Fu vl o A¢ 5L W
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oz A+ 1 ot
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H
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=
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o
_}.4_(4
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X
o
kI
o
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9 o
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T AW, fexe] e gelan 27 Aolo)
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AHgstel AT 24 dejavs SAstdeRr Ve
e 27 Gesisrlolle AV S 2 dteldE
AR ok Ae AREY Alofer tofdt B4 ASe AR
F ot ASD et NT ek 7+ A o] o)zt
24 FR o= OE 4 dde A7 2YE 1T o

(Humphreys, Minshew, Leonard, & Behrmann, 2007), t}

€ 349 2 A=E 8ot AAde 24 3 ey

2Rl ol BA Y Aol disll 1 T4 A= P

AHFSK(Pellicano et al.,
2013), 1&(Kim et al, 2018) & 1 <ok TheFs d=
HEZS QAR QlojA Addo] Qlgol Humdrh. webA
ASD Heto] o2 Az HHo| dieiAz /HEA At o
o] A Ao ofggS HoleAlo| tefl AR
A 50l Hole de A4 HHYAdS e g
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A, £ AL 25 A AR Bl HAF AT
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@AY 4 AR 5 gl ool AR dhe 573
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71 SelidE AR e e 7)€ HE SEHES &5
5 $9E 7 Aol APHoz vug Bast YAk
References
American  Psychiatric ~ Association (2013). Diagnostic and

statistical manual of mental disorders (5"ed.). Washington,
DC: American Psychiatric Publication.

Anderson, N. D., & Wilson, H. R. (2005). The nature of
synthetic face adaptation. Vision Research, 45(14), 1815-
1828.

Ashwin, C., Chapman, E., Colle, L., & Baron-Cohen, S. (2006).
Impaired recognition of negative basic emotions in autism:
A test of the amygdala theory. Social Neuroscience, 1(3-4),
349-363.

Bednar, J. A., & Miikkulainen, R. (2000). Tilt aftereffects in a
self-organizing model of the primary visual cortex. Neural
computation, 12(7), 1721-1740.

Blakemore, C., & Campbell, F. W. (1969). On the existence of
neurones in the human visual system selectively sensitive to
the orientation and size of retinal images. The Journal of
physiology, 203(1), 237-260.

Brittain, J. L., La Marche, J. A., Reeder, K. P., Roth, D. L., &

_46_



Comparison Between Youths with ASD and NT in Representation of Facial Identity and Expression Using a Face Adaptation Task

Boll, T. J. (1991). Effects of age and IQ on paced auditory
serial addition task (PASAT) performance. The Clinical
Neuropsychologist, 5(2), 163-175.

Bruce, V., & Young, A. (1986). Understanding face recognition.
British journal of psychology, 77(3), 305-327.

Boucher, J., & Lewis, V. (1992). Unfamiliar face recognition in
relatively able autistic children. Journal of Child Psychology
and Psychiatry, 33(5), 843-859.

Calder, A. J, & Young, A. W. (2005). Understanding the
recognition of facial identity and facial expression. Nature
Reviews Neuroscience, 6(8), 641-651.

Capps, L., Yirmiya, N., & Sigman, M. (1992). Understanding of
simple and complex emotions in non retarded children
with autism. Journal of Child Psychology and Psychiatry,
33(7), 1169-1182.

Celani, G., Battacchi, M. W., & Arcidiacono, L. (1999). The
understanding of the emotional meaning of facial
expressions in people with autism. Journal of Autism and
Developmental Disorders, 29(1), 57-66.

Chung, D. Y. & Chung, K. M. (2015). The face identity
discrimination according to the adaptation with the average
face in children with ASD and TD. The Korean Journal of
Cognitive and Biological Psychology, 27(4), 777-803.

Chung, K. M, Oh, H. K, & Seo, Y. M. (2018). Treatment
outcome study of app-based face perception and social
enhancement program for children and adolescents with
ASD: A preliminary Study. Journal of the Korean
Association for Persons with Autism 18(1), 35-56.

Cook, R., Brewer, R., Shah, P., & Bird, G. (2014). Intact facial
adaptation in autistic adults. Autism Research, 7(4), 481-490.

G.,, Webb, S. J, & McPartland, J. (2005).

Understanding the nature of face processing impairment in

Dawson,

autism: Insights from behavioral and electrophysiological

studies. Developmental Neuropsychology, 27(3), 403-424.
Dennett, H. W., McKone, E., Edwards, M., & Susilo, T. (2012).
in face

1279-

differences
23(11),

Face aftereffects predict individual
recognition ability. Psychological ~Science,
1287.

Ellamil, M., Susskind, J. M., & Anderson, A. K. (2008).
Examinations of identity invariance in facial expression
adaptation. Cognitive, Affective, & Behavioral Neuroscience,
8(3), 273-281.

Fox, C. J, & Barton, J. J. (2007). What is adapted in face

adaptation? The neural representations of expression in the

human visual system. Brain Research, 1127, 80-89.

Fox, C. J.,, Orug, 1., & Barton, J. J. (2008). It doesn't matter
how you feel: The facial identity aftereffect is invariant to
changes in facial expression. Journal of Vision, 8(3), 1-13.

Frith, U., & Happé, F. (1994). Autism: beyond “theory of
mind”. Cognition, 50(1), 115-132.

Ganel, T., & Goshen-Gottstein, Y. (2004). Effects of familiarity
on the perceptual integrality of the identity and expression
of faces: The parallel-route hypothesis revisited. Journal of
Experimental Human

Performance, 30(3), 583-597.
Garner, W. R. (1974). Attention: The processing of multiple

Psychology: Perception  and

sources of information. Handbook of Perception, 2, 23-59.

Golan, O., Baron-Cohen, S., & Hill, J. (2006). The Cambridge
mindreading (CAM) face-voice battery: Testing complex
emotion recognition in adults with and without Asperger
syndrome. Journal of Autism and Developmental Disorders,
36(2), 169-183.

Golarai, G., Ghahremani, D. G., Whitfield-Gabrieli, S., Reiss, A.,
Eberhardt, J. L., Gabrieli, J. D., & Grill-Spector, K. (2007).
Differential of high-level
correlates with category-specific recognition memory. Nature
neuroscience, 10(4), 512-522.

development visual cortex

Gross, T. F. (2005). Global - local precedence in the perception
of facial age and emotional expression by children with
autism and other developmental disabilities. Journal of
autism and developmental disorders, 35(6), 773-785.

Harms, M. B., Martin, A, & Wallace, G. L. (2010). Facial
emotion recognition in autism spectrum disorders: A review
of behavioral and neuroimaging studies. Neuropsychology
Review, 20(3), 290-322.

Hasselmo, M. E., Rolls, E. T., & Baylis, G. C. (1989). The role
of expression and identity in the face-selective responses of
neurons in the temporal visual cortex of the monkey.
Behavioural Brain Research, 32(3), 203-218.

Haxby, J. V., Hoffman, E. A., & Gobbini, M. 1. (2000). The
distributed human neural system for face perception. Trends
in cognitive sciences, 4(6), 223-233.

Humphreys, K., Minshew, N., Leonard, G. L., & Behrmann,
M. (2007). A fine-grained analysis of facial expression
processing  in adults with  autism.
Neuropsychologia, 45(4), 685-695.

Hwang, S. T., Kim, J. H., Park, G. B., Choi, J. Y., & Hong, S.

H. (2013). Korean Wechsler Adult Intelligence Scale-IV

high-functioning

_47_



The Korean Journal of Cognitive and Biological Psychology

(K-WAIS-IV). Daegu: Korea Psychology

Jaquet, E., Rhodes, G., & Hayward, W. G. (2008). Race-
contingent aftereffects suggest distinct perceptual norms for
different race faces. Visual Cognition, 16(6), 734-753.

Jeffery, L., Read, A., & Rhodes, G. (2013). Four year-olds use
norm-based coding for face identity. Cognition, 127(2),
258-263.

Joseph, R. M., & Tager-Flusberg, H. (2004). The relationship of
theory of mind and executive functions to symptom type
and severity in children with autism. Development and
Psychopathology, 16(1), 137-155.

Jung, D. Y. & Chung, K. M. (2015). The face identity
discrimination according to the adaptation with the average
face in children with ASD. The Korean Journal of
Cognitive and Biological Psychology, 27(4), 777-803.

Karnadewi, F., & Lipp, O. V. (2011). The processing of
invariant and variant face cues in the Garner Paradigm.
Emotion, 11(3), 563-571.

Kaufmann, J. M., & Schweinberger, S. R. (2004). Expression
influences the recognition of familiar faces. Perception,
33(4), 399-408.

Kim, S., Chung, K. M., Kwak, E., & Kim, H. W. (2018).
Race-contingent facial expression aftereffect in Autism
Spectrum Disorder. The Korean Journal of Cognitive and
Biological Psychology, 30(4), 353-372.

Kim, M. H., Chung, K. M., Rhee, M. A,, Ryu, C. J.,, Won, S.
C., & Shin, Y. J. (2011). Discrepancy between parent and
child report on quality of life and behavioral problems in
child and adolescent cancer survivors and healthy control
group. The Korean Journal of Health Psychology, 16(3),
483-500.

Klin, A., Sparrow, S. S., De Bildt, A., Cicchetti, D. V., Cohen,
D. J, & Volkmar, F. R. (1999). A normed study of face
recognition in autism and related disorders. Journal of
Autism and Developmental Disorders, 29(6), 499-508.

Kwak, K.J., Oh, S. W., & Kim, C. T. (2011). Korean Wechsler
Intelligence Scale for Children-IV(K-WISC-IV). Seoul:
Hakji-sa.

Kloth, N., Jeffery, L., & Rhodes, G. (2015). Gaze direction
affects the magnitude of face identity aftereffects. Journal of
vision, 15(2), 22-22.

Krebs, J. F, 0., Kamp-Becker, I.,
Remschmidt, H., & Schwarzer, G. (2011). Face processing

Biswas, A., Pascalis,

in children with autism spectrum disorder: independent or

interactive  processing of facial identity and facial
expression? Journal of Autism and Developmental Disorders,
41(6), 796-804.

Lahaie, A., Mottron, L., Arguin, M., Berthiaume, C., Jemel, B.,
& Saumier, D. (2006). Face perception in high-functioning
autistic adults: evidence for superior processing of face
parts, not for a
Neuropsychology, 20(1), 30-41.

Lee, C. M. & Chung, K. M. (2015). Mouth-specific aftereffects
in children with ASD. The Korean Journal of Cognitive
and Biological Psychology, 27(4), 737-761.

Leopold, D. A., O'Toole, A. J., Vetter, T., & Blanz, V. (2001).

configural face-processing deficit.

Prototype-referenced shape encoding revealed by high-level
aftereffects. Nature Neuroscience, 4(1), 89-94.

Little, A. C., DeBruine, L. M., Jones, B. C., & Waitt, C.
(2008). Category contingent aftereffects for faces of different
races, ages and species. Cognition, 106(3), 1537-1547.

Loffler, G., Yourganov, G., Wilkinson, F., & Wilson, H. R.
(2005). fMRI evidence for the neural representation of
faces. Nature Neuroscience, 8(10), 1386-1390.

Lord, C., Rutter, M., & Le Couteur, A. (1994). Autism

revised version of a

Diagnostic Interview-Revised: A

diagnostic interview for caregivers of individuals with

possible  pervasive disorders.
Autism and Developmental Disorders, 24(5), 659-685.
Lord, C., Rutter, M., DiLavore, P. C., & Risi, S. (2002).

ADOS. Los

developmental Journal  of

Autism  diagnostic observation schedule:
Angeles, CA: Western Psychological Services.
Nishimura, M., Robertson, C., & Maurer, D. (2011). Effect of
adaptor duration on 8-year-olds’ facial identity aftereffects
suggests adult-like plasticity of the face norm. Vision
Research, 51(11), 1216-1222.
Oh, D. H & Chung, K. M. (2017). Effectiveness of
Computer-based Eye Contact and Holistic Face Perception
Training  Program(FaceA) for ASD  Children and
of the
Persons with Autism, 17(3), 29-58.

Orsmond, G. I, Krauss, M. W., & Seltzer, M. M. (2004). Peer

Adolescents.  Journal Korean  Association  for

relationships and social and recreational activities among
adolescents and adults with autism. Journal of autism and
developmental disorders, 34(3), 245-256.

Ozonoff, S., Pennington, B. F.. & Rogers, S. J. (1990). Are
there emotion perception deficits in young autistic children?

Journal of Child Psychology and PsvcMany, 31, 343-361.

_48_



Comparison Between Youths with ASD and NT in Representation of Facial Identity and Expression Using a Face Adaptation Task

Passarotti, A. M., Paul, B. M., Bussiere, J. R., Buxton, R. B,
Wong, E. C., & Stiles, J. (2003). The development of face
and location processing: An fMRI study. Developmental
Science, 6(1), 100-117.

Pellicano, E., Jeffery, L., Burr, D., & Rhodes, G. (2007).
Abnormal adaptive face-coding mechanisms in children with
autism spectrum disorder. Current Biology, 17(17), 1508-
1512.

Pellicano, E., Rhodes, G., & Calder, A. J. (2013). Reduced gaze
aftereffects are related to difficulties categorising gaze
direction in children with autism. Neuropsychologia, 51(8),
1504-1509.

Peirce, J. W. (2007).
Python. Journal of Neuroscience Methods, 162(1-2), 8-13.

Posamentier, M. T., & Abdi, H. (2003). Processing faces and

PsychoPy-psychophysics  software in

facial expressions. Neuropsychology Review, 13(3), 113-143.
Rhodes, G., E., Adams Jr, R. A, Ambady, N,
Nakayama, K., & Shimojo, S. (2011). Aftereffects reveal

Jaquet,

that adaptive face-coding mechanisms are selective for race
and sex. RAA Jr., N. Ambady, K. Nakayama & S. Shimojo
(Eds.), The science of social vision, 347-362.

Rhodes, G., & Jeffery, L. (2006). Adaptive norm-based coding
of facial identity. Vision Research, 46(18), 2977-2987.

Rhodes, G., Jeffery, L., Clifford, C. W., & Leopold, D. A.
(2007). The timecourse of higher-level face aftereffects.
Vision research, 47(17), 2291-2296.

Rhodes, G., & Leopold, D. A. (2011). Adaptive norm-based
coding of face identity. The Oxford handbook of face
perception, 263-286.

Rhodes, G., Robbins, R., Jaquet, E., McKone, E., Jeffery, L., &
Clifford, C. W. (2005). Adaptation and face perception:
How aftereffects implicate norm-based coding of faces.
Fitting the mind to the world: Adaptation and after-effects
in high-level vision, 213-240.

Robel, L., Ennouri, K., Piana, H., Vaivre-Douret, L., Perier, A.,

Flament, M. F., & Mouren-Siméoni, M. C. (2004).
Discrimination of face identities and expressions in children
with autism: Same or different? FEuropean Child &

Adolescent Psychiatry, 13(4), 227-233.

Rondan, C., & Deruelle, C. (2004). Face processing in high
functioning autistic adults: A look into spatial frequencies
and the inversion effect. Journal of Cognitive & Behavioral
Psychotherapies, 4(2), 149-163.

Rutherford, M. D., Chattha, H. M., & Krysko, K. M. (2008).

The use of aftereffects in the study of relationships among
emotion categories. Journal of Experimental Psychology:
Human Perception and Performance, 34(1), 27-40.

Rutherford, M. D., & McIntosh, D. N. (2007). Rules versus
prototype matching: Strategies of perception of emotional
facial expressions in the autism spectrum. Journal of Autism
and Developmental Disorders, 37(2), 187-196.

Rutherford, M. D., Troubridge, E. K., & Walsh, J. (2012).
Visual afterimages of emotional faces in high functioning
autism. Journal of Autism and Developmental Disorders,
42(2), 221-229.

Scherf, K., Behrmann, M., Minshew, N., & Luna, B. (2008).
Atypical development of face and greeble recognition in
autism. Journal of Child Psychology and Psychiatry, 49(8),
838-847.

Schultz, R. T. (2005). Developmental deficits in social perception
in autism: The role of the amygdala and fusiform face area.
International Journal of Developmental Neuroscience, 23(2),
125-141.

Schweinberger, S. R., Burton, A. M., & Kelly, S. W. (1999).
Asymmetric  dependencies

in perceiving identity and

emotion: Attention,
Perception, & Psychophysics, 61(6), 1102-1115.
Schweinberger, S. R., & Soukup, G. R. (1998). Asymmetric

relationships among perceptions of facial identity, emotion,

Experiments with morphed faces.

and facial speech. Journal of Experimental Psychology:
Human Perception and Performance, 24(6), 1748-1765.

Senju, A., & Johnson, M. H. (2009). The eye contact effect:
mechanisms and development. Trends in cognitive sciences,
13(3), 127-134.

Smith, M. J. L., Montagne, B., Perrett, D. 1., Gill, M., &
Gallagher, L. (2010). Detecting subtle facial emotion

recognition deficits in high-functioning autism using dynamic

stimuli of varying intensities. 48(9),
2777-2781.

Song, Y., & Hakoda, Y. (2012). Selective attention to facial

emotion and identity in children with autism: Evidence for

Neuropsychologia,

global identity and local emotion. Autism Research, 5(4),
282-285.

Spangler, S. M., Schwarzer, G., Korell, M., & Maier-Karius, J.
(2010). The relationships between processing facial identity,
emotional expression, facial speech, and gaze direction

during development. Journal Child

Psychology, 105(1), 1-19.

of Experimental

_49_



The Korean Journal of Cognitive and Biological Psychology

Tanaka, J. W., Wolf, J. M., Klaiman, C., Koenig, K., Cockburn,
J., Herlihy, L., & Schultz, R. T. (2010).

computerized games to teach face recognition skills to

Using

children with autism spectrum disorder: the Let’s Face It!
program. Journal of Child Psychology and Psychiatry,
51(8), 944-952.

Teunisse, J. P., & de Gelder, B. (2001). Impaired categorical
perception of facial expressions in high-functioning
adolescents with autism. Child Neuropsychology, 7(1), 1-14.

van Boxtel, J. J., Dapretto, M., & Lu, H. (2016). Intact

recognition, but attenuated adaptation, for biological motion
in youth with autism spectrum disorder. Autism Research,

9(10), 1103-1113.

Vida, M. D., & Mondloch, C. J. (2009). Children’s
representations  of  facial expression and identity:
Identity-contingent  expression aftereffects. Journal of

Experimental Child Psychology, 104(3), 326-345.

Wallace, S., Coleman, M., & Bailey, A. (2008). Face and object
processing in autism spectrum disorders. Autism Research,
1(1), 43-51.

Walsh, J. A., Maurer, D., Vida, M. D., Rhodes, G., Jeffery, L.,
& Rutherford, M. D. (2015). Norm-based coding of facial
identity in adults with autism spectrum disorder. Vision
Research, 108, 33-40.

Webster, M. A., Kaping, D., Mizokami, Y., & Duhamel, P.
(2004). Adaptation to natural facial categories. Nature,
428(6982), 557-561.

Weigelt, S., Koldewyn, K., & Kanwisher, N. (2012). Face
identity recognition in autism spectrum disorders: A review
of behavioral studies. Neuroscience &  Biobehavioral
Reviews, 36(3), 1060-1084.

White, S. W., Keonig, K., & Scahill, L. (2007). Social skills
development in children with autism spectrum disorders: A
review of the intervention research. Journal of Autism and
Developmental Disorders, 37(10), 1858-1868.

Wolf, J. M., Tanaka, J. W., Klaiman, C., Cockburn, J., Herlihy,
L., Brown, C., & Schultz, R. T. (2008). Specific
impairment of face processing abilities in children with
autism spectrum disorder using the Let's Face It! skills
battery. Autism Research, 1(6), 329-340.

Yang, J. W., Park, N. R, & Chung, K. M. (2011). Facial
Expression Recognition in Adolescents: Association with
Psychosocial Adjustment and Peer Relationships Korean

Journal of Clinical Psychology, 30(2), 475-495.

Yoo, H. J. (2007). Korean version of Autism Diagnostic
Interview-Revised (ADI-R). Seoul: Hakji-sa.
Yoo, H. J. (2007). Korean version of Autism Diagnostic

Observation Schedule (ADOS). Seoul: Hakji-sa.
Yankouskaya, A., Humphreys, G. W., & Rotshtein, P. (2014).
The processing of facial identity and expression is
interactive, but dependent on task and experience. Frontiers
in Human Neuroscience, 8, 1-12.
Zhao, L., & Chubb, C. (2001). The

face-distortion after-effect. Vision Research, 41, 2979-2994.

size-tuning of the

_50_



Comparison Between Youths with ASD and NT in Representation of Facial Identity and Expression Using a Face Adaptation Task

A AME Hol WLkI}p WA WY A 2
A YN BH BY A0 Ho

C g2 =8 A2 4E

oua', wanl

' Mchstm

2 A4= 2 AHEF Fof(autism spectrum disorder, ASD) oFg - HAEE tiAtor BA-4uHt FAA Fodgyl e
I AR B ol aatE SRt RN A2 AT 2 A 1 BAE M6k} sk olF sl AA|, A
e (Neurotpyical, NT) oot e diido= F ojgup} ofd oFfos Uehhea] Elstan(d+ 1), 4, 95 13
UG A wferiels Z8sto] ASD obF - HAd o] ol gvks NT o Hlw g4 SHIeH(AT 2). 97 1oA=

Sl e
ek 378E dez GAd eeaAlet B4 & HIE A7 AAlskalt A &sile s A I B

d AV rodgsel] oot Aol7h AeA(BA-HE A doladh), B4 &siAle A 23149

ol wheh B4 Zolavte] fofgt Aot AsA AV - B hofaxp) Slshy] figh Aol A 204 7 12

~184|9] ASD At 1573 I53 25, g8 e NT A 15%8< diez a7 13 Ut 7 IAE HAAISHIth

loldE NT wishl Aol q A1 ut 24 gojavpyh SRl=ln. A2 NT ofs - Fad A

o At B Holadprt oot Aom veht A 19 sy At sdet ol e N, ASD A

o NT =2
ERE Zrolavie PEEA| oottt o] A¥Es TR, NT Hee] B¢ 42 % 4 A, BA8 24 #=7t

2 of
Mz geke Faron], S8 Eol HA Axel 4t BT AR PAL whE ASD A AN B3
2 FgHoR BASHE o offigol e Helzth

_51_



The Korean Journal of Cognitive and Biological Psychology

chgo] AEe AAAZ Aulet AR B AR FI WS & Qe AABY Al o ez olzolA ayt
A YA BT A2g B8ToRN PUUTYAS o 3

. 7F 0] tsto] Ahie] B

3. A8 84 71 =54
Hrdo] Azfsle= A9 A7 HE oldl siFduzt? gl OF siFAHAL.
ofF L BE ok B
1 2 3 4 5 6 7
4. 297t @4 4 dE BHol YFUA? (o, ofL)
4-1. ok ofd HPY7}?
i (AA] FAYstAF Y7} g4 9
ii, (AA] FAYsHAZ Y7 L))
i (AA] FAYstAZ Y7 4 9
5. Zhd7t Ao Hog af1FUT D)ol gag Aol JAFUA (A, o)
5-1. ot ojd H BWJ}?
i, (A ALstAzY7H a4 9
i, (AA JLstAEU7t: 4 9
i, (A dLstAsu7t: Ll =)
6. A7t @A B85l ool JUFUZ (e, oh2)
6-1. QIthd F& oFIu7p?
i (AAFE 2835 U7: 4 9
ii, (AAFE 285U 7t: a4 9
Iil, (AAFE F8UHY7k a4 9

7. A7t @A BeSE JPAGRREABIE JEUR (, oh]2)
7-1. 9ok B2 okdu7l?

H
i (@A%E 2gPaE @ D)
i (ARE 28Pat @ 9
i @A%E 28Pal W @)

_52_



Comparison Between Youths with ASD and NT in Representation of Facial Identity and Expression Using a Face Adaptation Task

8. Theol A4 Y1ghEE Ausk g 9 XU B9 AEUAY

A 2271 A, 28 o oL
B. 28p7](e: 9, #2744, 237 o oL
C. TE571AI(A): =) bl oL
D. ZZAA(A): o, o=, ) o oL
E. "7 A 38) o o
FAAZ1RE: g, b4, 24g) o oL
G AZBAE: ¥, A%, 32, 28 bl ol
H. A ¢-25, AAEET ) o ol

9. W& AF o5& Taske AA FA7t syl (e, ofHL)
9-1. YTHA o 29 durp?

_53_



