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The application of eye-tracking technology in
the study of autism

1 1.2
Zillah Boraston and 5arah-Jayne Blakemore
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Far many decades, eye-tracking has been used to investigate gaze behaviour in the
narmal population. Recent studies have extended its usze to indiiduals with disorders
on the autism spectrum. Such studies typically focus on the processing of socially
salient stimuli. In this review, we discuss the potential for this technigue to reveal the
strategies adopted by individuals with high-functioning autism when processing social
information. Studies suggest that eye-tracking technigues have the potential to offer
insight into the downstream difficulties in everyday social interaction which such
individuals experience.

Autism is a pervasive developmental disorder, characterized by a triad of A
impairments: social communication problems, difficulties with reciprocal social \j

interactions, and unusual patterns of repetitive behaviour (Wing & Gould, 1979). It was
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Impairments in using eye gaze to establish joint attention and to comprehend the
mental states and intentions of other pecple are striking features of autism. Here,
using event-related functional MRl (fMRI1), we show that in autism, brain regions
involved in gaze processing, including the superior temporal sulcus (5T5) region, are
not sensitive to intentions conveyed by observed gaze shifts. On congruent trials,
subjects watched as a virtual actor looked towards a checkerboard that appeared in
her visual field, confirming the subject's expectation regarding what the actor ‘ought
to do’ in this context. On incongruent trials, she looked towards empty space,
violating the subject's expectation. Consistent with a prior report from our laboratory
that used this task in neurclogically normal subjects, ‘errors’ (incongruent trials)

evoked more activity in the 5TS and other brain regions linked to social cognition,
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* The subjects with autism spent a smaller
percentage of time examining the core features of
the face (eyes, nose and mouth; subsequent
analysis showed this effect to be driven by less gaze
time to the eyes and nose).

Also, when gaze data were analysed in terms of
fixations, fewer of the autism group's fixations were
to these core facial features, though these
differences were not significant at the level of
individual features.
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(a) Eye image (cropped) (a) Eye image (cropped)

(b) Spherical Panorama (cropped)

(c) Foveated retinal image (45° FOV) (c) Foveated retinal image (45° FOV) (c) Foveated retinal image (45° FOV)
(I) Interacting with a Computer (11) Talking to Two People (11I) Playing Pool




Eyes fOr RE|Ightlng [Nishino and Nayer, SIGGRAPHO04]
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(a) (b) (c)

Figure 1: (a) An image of a face. (b) A magnified version of the
image of the right eye of the person. (c¢) An environment map com-
puted from (b). One can see the sky and buildings through the win-
dows.




° E@O)Eﬁ BERNOIRIREZHS

~ &5 hT—Izﬁ%E1Eofb/9°')/7‘

(a3) environment map
(al) original image (a4) face replaced image
(a) replacing faces in Amelie
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(b2) lefteye

_— (b3) environment map
(b1) original image X : 3 : (b4) face replaced image
(b) replacing faces in Roman Holiday




AREk D 22 {a[ET JL

« REXAAEEAIRBKEIXIELZSIK
- 2DNHEMAEHLI> - TETILE

o KEJEZD/N\NTA—Z(BAME) (Nishino & Nayar, [JCV 2006)

[mm]:

Cross Section Model Overlap Geometric Eye Model
16




N A - BREKFE] D AT B R D BRI

Circular-.
Gaze Direction g/ Limbus
v

Q.

G.‘aé' e
fo'e Cf

Cornea )
fe”
Limbus\y !

Iris Cbrneal
Optical Axis Sphere
Camera

Average
Depth Plane




AASDEEFFRERDED ASTAE
P’(0.2'-8)




AHDOAR
- BORERFEGORRAT

— The World in Eye
— BOEABEEXDIEE

» REKORERPZFESI-TARTLA-HASFv!)

J l/_:/EID [Nitschke and Nakazawa, ICCV2009, CVIU2011]

« IREKDFRME R STERAEHTICKSTR=ETE
[MIRU2011]
— fRERETAl v.s ER = ETA
— kDA E
- B

- SR




TARTLA " HATGV AT L

"\:'

7
J 4.

Mobile Special Displays Driver Assistance

20




TART A EDAT DR ZRE

EEBRO)ZQ 5 JKETb\bT?%)[Nltschke and Nakazawa 2009, 2011]

[ %8

s TARTLAENATD
7%17'%1‘?‘(*E-‘11—L% & Camera
)%, EREK D = mE R 5T

Z,

1N T A EZH

F




o Eye Pose

Pattern e
encoding e Optimization

Limbus Eye Image 1

Eye Image N

Algorithm




@
Display Pattern

Different Poses

Reconstructed Geometry







A1l FR FH & (UI)

Applications
* Display-camera system enables novel interfaces

Gaze-based Interfaces Gesture/Body-based
Interfaces

* Non-intrusive realization of eye tracking systems
1. Display-camera calibration in advance
2. Eye pose estimation at runtime
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L. Young and D. Sheena, “Survey of eye movement recording methods”,
Behavior Research Methods & Instrumentation, 1975.
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OC Amplifier L '!L f
b T 11
| [ 1
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|} sec. _' SCALES: 20 mm/sec
1.4% Adiv
Figure 1. Typical horizontal eye movements recorded with a photoelectric monitor showing saccadic §
o wing jumps, fixation movements,
smooth pursuit, and optokinetic nystagmus. From Young, 1970 {Copyright 1970, McGraw-Hill Book Company. Used with permis-
sion of McGraw-Hill Book Company). pany pe

Electrooculography (EOG): £EH* L TODEMEZE{FHST

B DA RZEE
-FEE, FUTJMDORZE

Figure 2. A method for reducing cross coupling in conjugate
tlectro-oculography (Young, 1970 after Jeannerod et al., 1966).
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Figure 4. The AQ ophthalmograph (Taylor, 1971). Courtesy
of Educational Development Laboratories, A Division of
McGraw-Hill Book Company .
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Figure 7. Mobile corneal reflex eye movement camera
Courtesy of Polymetric Company).
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Figure 8. Head-mounted corneal reflex illumination, viewing, Figure 9. Head-mounted corneal reflex illumination, viewing
and combining optics (Courtesy of Instrumentation Marketing and combining optics (courtesy of Instrumentation Marketing
Corporation). Corporation).
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Figure 15. Light and photocell arrangement for limbus tracking (Stark, Vossius, & Young, 1962). Note . Arrows indicote modes of adjustment
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An illustration of a procedure for recording

LATERALLY POSiTICNEL eve-lo-eye contact between mother and child, (A mirror
HFRARED faRT at a4 45-degree angle to the visual axes of the mother and
the baby reflects visible licht thus producing an apparent

Figure 26, Ilustration of a system for recording eye behavior natural vis-a-vis image to both. The infrared image of
ip infants ([Haith, 1969] Copyright [1969] by the American the infant’s eye is transmi.tfr.ﬂ through Mirror ¥, re-

. « 1 ' . flected by Mirror X, and then recorded by the top tele-
Psychological Association. Reprinted by Permission.). vision eye ¢amera, The infrared image of the mother's

face iz transmifted by Mirror ¥ and recorded by the
lower television face camera. The oulputs from these
two cameras are mixed into one picture and then recorded
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Figure 43. “‘Pipestem™ bite board device for head-position
measurement incorporated with an eye movement device
(Courtesy Systems Technology, Inc.).
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