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Abstract  Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by impaired social
communication, repetitive behaviors, and restricted interests. Signs of autism usually appear by age 3, but the
cinical diagnosis is time-consuming and subjective. Therefore, a rapid and cost-effective assessment method is
urgently needed. Children with ASD have atypical gaze patterns when they precept emotional stimuli, which
suggests a great potential use of eye-tracking technology as an assessment method for ASD detection. This paper
proposes a model for automatically assessing children with ASD based on atypical gaze patterns. The model
extracts the eye movement trajectory features of perceived emotions in natural scenes, and uses the machine
learning model to learn to automatically identify ASD according to the eye movement trajectory features. Results

show that the accuracy reaches 79.71%, which has potentially become an early ASD children screening approach.

Keywords autism spectrum disorder; eye tracking; machine learning; emotional perception

Funding This work is supported by Shenzhen Science and Technology Program (KQTD20200820113106007,
JCYJ20210324115810030, JCYJ20220818101217037), National Natural Science Foundation of China
(81371900, 62271477, U1736202), Shaanxi Province Key R&D Program (2020GXLH-Y-013, 2021SF-194),
Shaanxi University of Traditional Chinese Medicine Innovative Team Program (2019-YL07), Natural Science
Basic Research Program of Shaanxi (2022JQ-979), National Key R&D Program of China (2020YFC2004100),
Xi’an Science and Technology Planning Project (20YXYJ0006(4)) and Shaanxi Province Science and
Technology Research and Development Plan (2013SF2-09)

Ethical Statement The study was approved by the Institutional Review Board of the Ethics Committee
of the Affiliated Children’s Hospital of Xi’an Jiaotong University (ID number: 20200409-4) and the Ethics
Committee of the Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences (ID number:

YSB-2020-Y0802), and written informed consent was obtained from each participant



66 £ R

HEoOR 2023 4

il

1 3]
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KB BERSYERR, HADIRTE JLE R, &R
Hl i FILE R H W Dhae, SBULEAEZKA
AR JEH 2 B R JIUME AR R IR F e, 4
S E B S L g, PR 44 4 LE
gy — N AT ASD . ARTT, 48T ASD IR L
Wi LCREAR IR A =, SEF IR A SR AR S
JLE JLEACRI VTR, MRS PR AR AE (40 ASD
Z WML 2] 8] 6 58 2 fix (diagnostic observation
schedule for ASD-second edition, ADOS-2). f#
PEAFIZW 5 St T 5 it (diagnostic and
statistical manual of mental disorders-5, DSM-5) **
L) dtTiEW. ZeMdRES, AT E-
EAZT BIBFE S RS |), HA5RAA —E
MMM . R R AE LT RO HLX,  H Tk
Z HIE R S s W7, T RE B ASD
JLERRE, A BT . K, X
ASD JLE 2 S — MG, i EREE. AI{E
JEE v R 2 WL B2 B 7512

R BIEW 25, FEMN ASD I
OIERANT, MEREUR) A 5 5 rh S2 HURE S S Bt
ASD JLE R CAE IR R AEBEAT AL, 33 T i B
BRAEZ W ASD JLE. W TAT AN A B 5
BRI, Wi — BRI RERRNE ST,
WEHHES L EE L MRS s T SR
A U B A 3 O R T A B2
ASD. 2T xELLERE N5 26 2 ASD A%
R, Rt A B g fhG i E B R N, H
HA B oAtk > ik, ARS8 B
AREEENE 1T, FRIEEE R PR
AR FEAR R S AR, X ASD JLE S BIZ M
AFWKRE N TR, ASD EiR 51 2%

i B R e Y. SIERW R E LE
AHEE, ASD L2 FE i 0y MR SR B0 A %) 1 46 Thi
FLEEAEE D, ez X B JLE LS
M X3 ) 55— AN X3k, Tk 2 28 ASD L
A ) B T AN E XY ASD L #E T
THI I 45 3208 A0 v B 1 RAIK,  JCHGZ AR X
UL Ee R, FERBIAFTS R, IERJLER
PR ORI, andE I 25 o 2 O0%E
MRFG, 7076 IE d i 2% op 58 2 55k e Y, ASD
JLEE A F I H X PS5 AH s, AN AR ZR
BUTF R MRS PR B A — By S B T
B AE B3 28 0 1 % SR M I 2 e
AR, Bk, FIHBERIEE R T 555 IR0
eSO ASD JLEHEAT IR, G EBCN ASD Z W
B WifEbE

AR, KEWFTBRINEER RHT ASD
WHBNIZT. Cilia 2581 R4 59 4 FHER N 8
% 1) LE A AR B, X AR 1
B 71285 Bt AT v AL ME SR L, R G A #
LM AT 3, ASD B RUEHZERIEE] T 71%.
Wan 25" SR 74 4 4~6 L )LEUWE A
10 s T PRARIP AR B8R, FREL 10 ANBGER X I3k
(areas-of-interest, Aol) FIVEMAHFHFIE, FEAIH
SR &AL (support vector machines, SVM) X§ ASD
JLE AN K F (typically developing, TD) JLE [
FEMRE A T 028, HMERRIA 2] T 85.1%. Tao
VIR 08 44 5~12 % JLEMA 300 HK K IR
SR, NGRS N 25 5 K 1E 12 N 2%
AT, DL R — i B S0 IR 2 38 2 15
KH ASD JLE, HUEfHFRIAR] T 57.90%.

HeAh, ARSI ASD BB LII- 2R
BB FE AR s PEROPE ™. a1 de Wit 252 %
W, EEREM. FURAZVHMFESEREN, 5
IEHE XTI JLZEAT L, ASD £ )L HR I VA 5 A ek
s AR A R, ASD L2
SEETER R . SRR T L T E SR
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TERRIE I AR, 5 IR X R LE AR,
ASD JLETEN A B E MEMEL, Kkl
B2 AL T A B (0 S SR . DA R
WA SRR, BT ER S IR A S R 22 38
/b, ASD JLEE AT DLZIR 2 STE LS, (R e
VEE B R R I EM R AT AP B
53 S I OO S RS 4 RN B R A &K
R R, R Eh A 235 BRSO IR
FIBERAE T, T LAR N ) LE X IS A ol AR
H AT AL .

BT BRI, AR T —MET AR
HEFRAETT, ASD JEM AT HURFAER) ASD JL
T E BN R E R IE S B AR g B
KA T )LE RS FEF T ALE B, R
BLER ¥ 21 )76 ASD JLE S TD JLE MR ZhELZE
BEAT 432, JET ST ASD JLE B2 I .

2 MR5EREE

21 5%
ASCHEFERT G 2020 4F 12 H—2021 4E 4 H
1574 22 28 8 K24 B 8 LB BB | 12 #5510 ASD
JLEE, LAEMTE T FEFE LWL SR TD L
o AHEF CRTGVE 2A8 8 K M L3R R B e
HZ 51 2 f0 rp B R BE IR YIS 2t B AR 5 B 46 3
TR SHAE . SEIORT, SRATSCIGULIE, FEIRIRAT
25 L BRI ANFRZ.

PRGN Bl s  (4) oAt Ao 2805 1 5
g5 (5) R HOCEIRENER . ASD AN
#E: TR 2 44 DL BRI PR L B A SRS fh R R A
LW LE R 4 DSM-5 fl ADOS-22 ¥4
T ASD Wi/ fH. TD I NbrifE: ADOS-2 ¥
SMET ASD Wi o BA% B R B &
W i (Griffiths Development Scales-Chinese
Edition, GDS-C) /ME AL T 1E% Ju i ™. AT
FALGIN ASD JLIE 48 B (2% 8 Bl HJE 35
fil. B S Bl), TD JLE 34 Fl, WFFSRMHE
AAG BWR 1R,
22 HERE

AT FE A8 F SR Y Sk L CASTA H[E [
SR LI HHE 122 2T, B P T A A A
N E IS R . AR AL EL 14 DNEIA T
AR, B 2~10 s, BEANLAIY
JER T — A EEE AR HARE B EE . 14 /N5
BRUAREFE 7 ASPURE E A (3 MR 58,
4 ANPURFEEEFE) A 7 AN U (3 AR
FEREEoE, 4 ANEGIFRESS) o B 5 5K i e i
SR LA R, IR N SR R T
W ERE I E . B 1 E %SRBI R
B, B~ RN CASIA HE E SR B Bods
J2E FRILA P A P

SIS AE IE R B R AT, SO R E
— NP 1 440X 900 BN 19.5 TR
BN R, LB R T B, FEE B R

ZH5ARGT A )LEHRR: (1) ™HEMMSS 60 cm, RIESZR8 755 W AR S )L
P sy () MARE RPHm S Q)L EAML 80 cm Mk &, 5L KRR
x1 MHRIKEXER
Table 1 The basic characteristics of participants

Hil GRS FRYIMH ADOS-2 GDS-C &3 EE TR A FKI PRI A AFER
NE (05D (briEZ) =5y B4y =5y B4y B4y 393 B4y B4y
37.73~ 51.36 1.00~ 1.00~ 1.00~ 1.00~ 1.00~ 0.00~ 1.00~
ASD 4 408 73.10 (8.58) 72 60.00 95.00 55.00 97.50 70.00 90.00 60.00
38.07~ 56.74 20.00~  30.00~  17.50~ 2.50~ 7.50~ 12,50~ 10.00~
D 4 2509 79.53 (8.83) 03 99.00 99.00 99.00 99.00 99.00 99.00 99.00
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Fig.1 Example of the types of emotions
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Fig. 2 Schematic diagram of data collection
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NI ARFR I HERAYE, 2 B HE AR AR I A%, 0
FANXZ KBS HEATIRE, DA OREEAR Aol X1
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Fig. 5 Eye tracking data visualization
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3.1 Aol XIERENFIENZIT AR

76 ASD A1 TD 4 J)LFEF, AHFFXFFEET)
18 YERFIEA AT T 2 504, B T AN 2
B30, HCR A HEZ %0 Mann-Whitney U K58 %
P LE R SRR R A RS ER, 2
EHACTRERN 0.05 WRE) , &R InE 2 iR,

M 2 W40, 5 TD 4UMitk, ASD ZHfE
PRRE A VR KISME . R KT
ZE . VEALAR I B BRI K DL K [ IR B3 8
s 17 0P 0 Aty DX R R BRI B G L AR
ARHAR DX SR I A O B A RN 7 72 3
ERE. TE 18 4ERBNFFEF, H 13 4EFIEER
) LB [|] B A o3 A oA B 2 5
3.2 L

T HAEE BN, AT T IS X
L1 St 3 = 17 B 1 P 2 R SR Y 7 S i
A TPN R AREL 5 IRFN K38 . 4 ASD
NIER], TD R, XS RT 4 Me
FRIEAT VRS, $885 5 BAHER % (Accuracy) «

J& (Precision) « 7 [A] 2 (Recall) fll F1.

XTT Aol H#fiE, R 2 R EAGREMEE
S 13 4ERRAE, R 2 LS 5 SRR AT 5
3, iRk 3 Prox. HER 3 ATk, SVM A
IR i, WERAR N 75.94%, F1 4 81.07%.

X T HR B8 B rT AL BUR 0 A A, RRAESR
B % 2) 25 107°, Batch 5 16, XF] Adam
AR, R RO AE SUE R R A, I ZREe 5L
N80, KFHRFEM BT . SHER IS
A1 BG5S 050 2 2 PR G Rl & R HEAT 22 sk
5%, UM e RAE, LR RnE 4 .
P RIS L 6 4 I, REREAS AR AL
R, PORALE MR R N 79.71%.

w5, WARSCIES MuTE & T80
R A IR B2 ASD i &5 7 v EAT X b, AR
RSCHARE S Cilia 2548 B 10 IR ) R4 77
o ZJEEE T EIR SR 3 A3 T
B WM. DEFERR I, JEgnAD AL ak iR
R, MR AR B (1 3 7 e F R i B
K ResNet 18 #4732, 3 FERBNRHIE T
R A R EE RN 5 Fios. 5 Cilia 2591

x2 RIMFEREFRIN

Table 2 The significance of eye movement characteristics

VR VERL VRIS (ms) VUMK % (ms?) BV BLUCH B

ASD 41 0.211+0.180 0.058+0.131 406+273 159 3744576 156 0.103£0.174 0.192+0.203

TD 41 0.248%0.189 0.074+0.144 4594267 181 5144400 363 0.144£0.195 0.181£0.198
BENE 0.000™"" 0.000™"" 0.000™" 0.000™"" 0.000"™ 0.151

mipmy R i BT B K MR K

ASD 4 0.285%0.220 0.191£0.225 0.126+0.184 0.079£0.159 0.154£0.187 0.281+0.234

TD 41 0.277£0.215 0.189+0.241 0.189+0.228 0.123+£0.202 0.168£0.211 0.282+0.236
BN 0.588 0.045" 0.000™" 0.000" 0.733 0.958

LI WIREER wmpomn e  weshomE deke)  mawm 0 SRR

ASD 4 0.382%0.175 0.153+0.175 118443 349544090 0.425+0.189 0.309+0.121

TD 41 0.338+0.148 0.118+0.143 107+34 267943320 0.449+0.195 0.304+0.128
WEE 0.000" 0.000"" 0.000""" 0.000" 0.001™ 0.752

e 2 EEME<0.05, e REEME<0.01, R EE<0.001



72 ®£om HOOR 2023 4F
3 Aol HHEFHENHKLER
Table 3 Classification results for Aol-related features
it Accuracy (%) Precision (%) Recall (%) F1 (%)
AL 62.01£3.45 61.98+3.76 68.26+4.45 64.86+3.15
SVM
PR G 75.94+7.72 75.66+7.28 87.78 +7.44 81.07+5.94
‘ AR 60.84+3.12 62.68+3.99 59.66+5.85 60.94+3.68
ARV o
R G 74.53+3.60 78.23+4.95 79.56+10.56 78.20+4.57
4 AL 58.95+0.48 60.12+1.18 60.27+4.45 60.08+1.84
K it 4l
R G 71.07£8.65 72.88+4.52 79.78 +13.99 75.85+8.51
AL 60.93+1.74 61.75+£2.65 63.60+3.19 62.58+1.86
BEATLARR B
R G 75.94+7.72 77.32£6.65 83.78 +£10.08 80.16+6.72
#4 REBIFEGSELER
Table 4 Eye Tracking image classification results
R B Accuracy (%) Precision (%) Recall (%) F1 (%)
BRI 60.24+1.54 61.61+1.90 60.97+3.66 61.20+1.83
5:5
RS A 77.20+8.40 85.84+7.74 73.33+11.50 78.62+8.62
MBI 62.514+2.04 63.13+2.52 66.07+3.69 64.46+1.85
6:4
RS A 79.71+£11.63 85.83+8.89 77.56+13.23 81.29+10.93
MR 60.214+1.52 61.13+1.24 62.924+5.07 61.88+2.32
7:3
RS A 78.13+4.26 84.51+3.06 77.33+11.39 80.13+5.46
BRI 57.54+1.27 59.57+1.83 55.75+7.80 57.22+3.92
8:2
RS A 70.05+11.68 97.78+4.44 51.11423.17 63.671+17.66
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Table 5 Model classification results of three eye movement feature engineering methods
REAE T2 Accuracy (%) Precision (%) Recall (%) F1 (%)
AL 62.01£3.45 61.98+3.76 68.26+4.45 64.86+3.15
Aol FFE B
R 75.94+7.72 75.66+7.28 87.78+7.44 81.07+5.94
AL 62.19+2.01 65.27+2.94 57.19+5.14 60.81+3.04
Cilia Z51 B
R 78.13+£6.77 86.28+8.52 75.33+£9.75 79.96+6.70
AL 62.51+£2.04 63.13+£2.52 66.07+3.69 64.46+1.85
R zhiE i g B
R 79.71+£11.63 85.83+8.89 77.56+13.23 81.29410.93
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Fig. 6 ROC curves of three eye movement feature
engineering methods
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Table 6 Accuracy of the proposed model on children of

different ages

FE (%) NH M (%)
3 10 63.33+33.88
4 33 86.35+11.72
5 32 82.4349.14
6 7 75.00+25.00
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