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Deviant gaze processing in children with autism: an ERP study
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Abstract

This study investigated event-related potentials (ERP) during an oddball task in which detection of specific eye direction was required
of children with and without autism. The detection of a change in eye direction elicited occipito-temporal negativity, which had two major
differences between children with and without autism. First, while this occipito-temporal negativity predominated in the right hemisphere of
typically developed children, it was distributed equally bilaterally in children with autism. Second, the amplitude of this negativity was more
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ronounced in typically developed children in response to the detection of direct gaze as compared to averted gaze, but was not
irect/averted gaze direction in children with autism, which converges with behavioral reports. The results concur with previous
uggesting the importance of the right hemisphere, especially the superior temporal sulcus, in gaze processing. Results indicate
eural substrates might be involved in gaze processing in individuals with autism.
2005 Elsevier Ltd. All rights reserved.
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. Introduction

Autism is characterized by deficits in social interaction and
ommunication, and by stereotyped, restrictive, and repeti-
ive behavior and interests (DSM-IV,American Psychiatric
ssociation, 1994). Among the characteristics of autism, a
ualitative impairment in eye contact behavior is commonly
eported in clinical and observational studies (Buitelaar,
995; Volkmar & Mayes, 1990). Moreover, such atypical
ye contact behavior can be observed from very early stage
f their development (Baranek, 1999; Charman et al., 1997).
typical fixation patterns during viewing facial stimuli in
igh-functioning individuals with autism were also revealed

hrough recent studies with eye-tracking devices; their fix-
tion time on facial features, especially the eye region, is
ignificantly shorter than that of individuals without autism
Klin, Jones, Schultz, Volkmar, & Cohen, 2002; Pelphrey et
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al., 2002). These atypical patterns of eye gaze proces
are assumed to be relevant to the characteristic socia
communicative developmental deficits of this disorder in
current ‘theory of mind’ or ‘social brain’ hypothesis (Baron-
Cohen, 1995). However, while several studies have fou
atypical neural activation while perceiving faces (Carver &
Dawson, 2002; Pierce, Miller, Ambrose, Allen, & Courch
esne, 2001; Schultz et al., 2000, but see alsoHadjikhani e
al., 2004), identifying faces (Dawson et al., 2002), and pro
cessing facial emotion (Critchley et al., 2000), to date very
little is known about the neural bases of eye gaze proce
in individuals with autism.

Several previous ERP or MEG studies have investig
the effect of gaze direction of perceived facial stimuli in t
ically developed population, but results were inconsis
Some have found that laterally averted gaze elicited la
occipito-temporal negativity (N170;Bentin, Allison, Puce
Perez, & McCarthy, 1996; Eimer, 2000; Sagiv & Bentin
1999) than did direct gaze (Puce, Smith, & Allison, 2000;
Watanabe, Kakigi, & Puce, 2001; Watanabe, Miki, & Kakigi
028-3932/$ – see front matter © 2005 Elsevier Ltd. All rights reserved.
oi:10.1016/j.neuropsychologia.2004.12.002
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2002) in adult participants.Farroni, Csibra, Simion, and John-
son (2002), in contrast, recorded ERPs from infants and
found larger occipital negativity (infant N170) for direct gaze
than for averted gaze. Others, however, failed to find differ-
ences between ERPs or event-related electro-magnetic fields
(ERFs) in response to direct gaze or laterally averted gaze
(Taylor, George, & Ducorps, 2001; Taylor, Itier, Allison,
& Edmonds, 2001), although both direct and averted gaze
elicited larger N170 than upward gaze and closed eyes.

To the best of authors’ knowledge, there is only one pre-
vious study, which investigated the neural correlates of gaze
perception in individuals with autism with ERP measure-
ment (Grice et al., in press). Grice et al. (in press)recorded
high-density ERPs from young children (3.5–7 years old)
with autism while they are passively viewing faces with vary-
ing eye gaze directions, and found that perceived direct gaze
elicited larger occipito-parietal negativity than averted gaze,
just like 4-month-old infants (Ferroni, Csibra, Simion, &
Johnson, 2002) but ERPs of age-matched control children
or those of non-autistic adults were not sensitive to the per-
ceived gaze direction. Their findings, which may indicate
the delayed development of gaze processing in autism, are
intriguing. But it is surprising they did not find any gaze-
direction effect in non-autistic participants, considering the
sensitivity to the perceived eye gaze direction often found in
other behavioral studies (e.g.,Senju & Hasegawa, in press;
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rection and facial expression. For example, the visual oddball
paradigm was used in a previous study to record the ERPs
while participants were discriminating facial expressions and
found that the occipital negative component (N2) in the dif-
ference wave, accompanied by a frontal positive component
(P3a), reflects the behavioral performance of the discrimina-
tion of facial expressions (Campanella et al., 2002).

2. Methods

2.1. Participants

Thirteen children with autism (all males; mean age 12:1
years, range 9:10–14:11 years) and 15 age-matched typically
developing children (13 males and 2 females; mean age 12:1
years, range 9:5–14:10 years) participated in this study. All
of the children were students or graduates of a primary school
that is attended by both autistic and typically developing chil-
dren. Informed consent was obtained from each child, his
or her parents, and the school director, and the study was
first approved by the Ethical Committee at Jikei University.
One additional child with autism declined to participate in
the experiment and was excluded from the study. All of the
children with autism met the DSM-IV criteria for autistic dis-
order (American Psychiatric Association, 1994), and all had
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on Gr̈unau & Anston, 1995). It might be due to the us
f passive viewing paradigm, rather than active detectio
iscrimination tasks usually used in behavioral studies. T
eural correlates of active, rather than passive, process
aze direction need to be investigated in individuals with
ithout autism.
This study explored the electrophysiological or neuro

itive basis of active gaze processing, especially the activ
ection of direct gaze, by concurrent measurement of E
n individuals with and without autism. Because atypical
nting to social stimuli in individuals with autism has be
eported (Ceponiene et al., 2003; Dawson, Meltzoff, Oste
ing, Rinaldi, & Brown, 1998), it was predicted that ERP
orresponding to active detection of change in gaze dire
re deviant in individuals with autism.

During the ERP recording, stimuli with various eye g
irections were presented according to the visual od
aradigm, which involves presenting a series of freq
timuli into which rare stimuli are inserted. This study u
wo kinds of rare stimuli: one in a direct gaze condition and
ther in an averted gaze condition. The participants wer
tructed to respond to one of the two rare stimuli, while ig
ng the other. Thus, participants in this study were require
ctively detect gaze direction, rather than passively as in
ious studies (Farroni et al., 2002; Puce et al., 2000; Taylor,
eorge, et al., 2001; Taylor, Itier, et al., 2001; Watanabe e
l., 2001, 2002). Although gaze discrimination has never b
xamined in an oddball paradigm, it seems a promising
o explore the electrophysiological activities correspon
o the detection of changeable aspects of face such as ga
 -

een diagnosed with autistic disorder by at least one
sychiatrist when they entered the school. Japanese R
olored progressive matrices (RCPM;Raven, 1956; Sugishita
Yamazaki, 1993) was administered to all of the children

stimate their nonverbal cognitive abilities, which were w
ithin the normal range (>26). All of the children had norm
r corrected-to-normal visual acuity. All of the experime
ere conducted with the children individually in a quiet ro
t the National Institute of Special Education, which is n

heir primary school.

.2. Stimuli

Color photographs of the laterally averted faces of t
emale models were cut into ovals (5◦ wide and 7◦ high, with
ach eyelid subtending 1.2◦ wide and 0.3◦ high) to produce
ne frequent and two rare stimuli for each model.Fig. 1shows
xamples of each stimulus type. The frequent stimuli (Fig. 1,

eft) were faces glancing downward. The rare stimuli w
aces either with direct gaze (Fig. 1, center) or with laterall
verted gaze (Fig. 1, right). The size of each eyelid was 1◦
ide and 0.5◦ high for each rare stimulus. The three stim
ere produced from the same basic image, on which the
erson’s eyes were superimposed from other photograp
ording to stimulus type, on Adobe Photoshop 7.0 softw
his resulted in three stimuli that were exactly the same
ept for eye direction, or at least the shape of eye region.
hat all facial stimuli were laterally averted to eliminate
ossibility that lower perceptual features such as symm
f eye shape might affect the results. Ten independen
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Fig. 1. Examples of frequent and rare stimuli. Left: frequent stimulus, face
glancing downward. Center: rare stimulus with direct gaze (direct gaze).
Right: rare stimulus with laterally averted gaze (averted gaze). Stimuli were
presented in full color.

ical adults (six female, four male) judged the eye direction
of the stimuli and all agreed which picture is with a direct
gaze or an averted gaze. Note that our previous studies with
typical adults used the same facial stimuli and found that per-
ceived direct gaze enhances visual search (Senju, Hasegawa,
& Tojo, in press) and delays disengagement from the facial
stimuli (Senju & Hasegawa, in press).

In all, nine stimuli (three models× three eye directions)
were used in this experiment. In addition, a fixation point
consisting of a central cross that subtended 0.5◦ appeared on
a display screen and the children were instructed to fixate on
it before the experiment started. The presentation of stimuli
and the recording of reaction times (RTs) and accuracy were
controlled by a personal computer with a 17-in. color mon-
itor and commercial software (Stim; Neuroscan Inc., USA).
The participants were seated approximately 130 cm from the
monitor, and their performance was calculated from their
button-press responses.

2.3. Design and procedure

The experiment consisted of six blocks of trials. Stan-
dards, targets, and non-targets in each block were always
photographs of the same model, presented at frequencies o
82% (standard), 9% (target), and 9% (non-target). Faces with
direct gaze were used as the target in half of the blocks, and
t other
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standards and targets with the preferred hand, but not to press
any buttons for the non-targets. As in the practice sequence,
the child was instructed to press the corresponding button
as quickly as possible, and as accurate as possible. The first
target did not appear until at least 14 standard stimuli had
been shown. Presentation of subsequent rare stimuli (both
targets and non-targets) was pseudo-randomized. Each trial
started with presentation of the fixation point for 200 ms,
followed by presentation of one of the stimuli, which re-
mained on the screen for 500 ms. The inter-trial interval (ITI)
was 1500 ms. No feedback was given about their behavioral
performances.

2.4. Electroencephalographical recording and
averaging

Exploring electrodes were placed at vertex (Cz), left
occipito-temporal (T5), and right occipito-temporal (T6)
sites, as these are reported to be the best sites for record-
ing face-specific ERP components (McCarthy, Puce, Belger,
& Allison, 1999; Puce et al., 2000; Taylor, Edmonds, Mc-
Carthy, & Allison, 2001; Taylor, McCarthy, Saliba, & Degio-
vanni, 1999; Watanabe, Kakigi, & Puce, 2003; Watanabe et
al., 2002). Vertical and horizontal electrooculograms (EOG)
were also recorded to control for the possible artifacts caused
by eye movements. All electrodes were first recorded with
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locks. Non-targets were always the other rare stimul

he counterparts of targets. Block order presentation was
omized among children. The practice sequence cons
f 29 trials, while the test sequences varied from 112 to

rials across blocks, in order to make the end of the b
npredictable for the participants.

Each block consisted of a practice sequence followe
test sequence. A practice sequence presented the se

tandards and targets. Before beginning a practice sequ
he researcher showed the child printed photographs o
tandard and target, and the child was instructed to pres
utton on seeing the standard and another for the targ
oon as he or she detected the stimulus. The test seque
luded non-targets, in addition to standards and targets
nstructions were to press the corresponding buttons fo
f

f
,

-

ight earlobe reference and then recalculated to refer t
verage of both earlobes off-line. Although chin or nose re
nce was preferred in previous ERP studies aiming at re

ng face-related activities (e.g.,Puce et al., 2000; Taylor et a
999), we adopted earlobe reference to minimize the loa
hildren with autism, some of whom have been reported
ypersensitive (O’Neill & Jones, 1997). Electrode impedan
as kept below 10 k�. Individual trials in which signal var
tions were greater than±100�V in ERP or EOG were ex
luded from averaging. ERP and EOG were recorded w
euroScan scan system (Neuroscan Inc., USA) for 40

ollowing stimulus onset, with a 100-ms pre-stimulus ba
ine, and a bandpass of 0.1–30 Hz. The sampling rate
50 Hz, and data were stored on disc for further off-
nalysis. ERP data of two children with autism were
luded from analysis, because too few noise-free trials
ecorded. Consequently, data obtained from the remaini
hildren with autism and the 15 typically developed child
ere used for all the ERP analyses.

.5. Analyses

Three-way analyses of variance (ANOVAs) for gro
autism versus typical development), frequency (freq
ersus rare), and electrodes were conducted on peak
ies and amplitudes for each component. Difference w
ere calculated in which the ERP for frequent stimuli w
ubtracted from the ERP in response to rare stimuli for
ondition (target versus non-target and direct versus av
aze). Peak latencies and amplitudes were examined by
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way ANOVAs for group (autism versus typical development),
gaze direction (direct versus averted), task requirement (tar-
get versus non-target), and electrodes.

3. Results

3.1. Behavioral performance

Behavioral performance has been presented elsewhere
(Senju, Yaguchi, Tojo, & Hasegawa, 2003). Results with typ-
ically developing children replicated previous reports, in that
stimuli with direct gaze were more accurately detected than
those with averted gaze (d′ = 2.62 for direct gaze and 1.47 for
averted gaze,F (1, 26) = 13.91,p< .01). Results with chil-
dren with autism, however, found no effect of gaze direction
on their performance (d′ = 1.10 for direct gaze and 0.93 for
averted gaze,F< 1,p> .1). In addition, when their levels non-
verbal intelligence (i.e., the score of RCPM) were introduced
as a covariate, group difference was significant in direct gaze
detection (F (1, 25) = 12.84,p< .01), but not in averted gaze
detection (F (1, 25) = 1.59, ns). There was no significant ef-
fect of reaction time (RT; in children with autism, average
RT = 562.6 ms for direct gaze and 563.5 ms for averted gaze;
in typically developed children, average RT = 540.6 ms for
d
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Fig. 2. Grand-average ERP waveforms of children with and without autism
in response to frequent and rare stimuli at T5 (left occipito-temporal region),
T6 (right occipito-temporal region), and Cz (vertex). The ERP components
sensitive to stimulus frequency were occipito-temporal negativity (N170 and
N270, at T5 and T6) and vertex positivity (P290, at Cz). In contrast, neither
P130 nor N130 was sensitive to stimulus frequency. Left: ERPs from children
with autism. Right: ERPs from typically developed children.

The positive potential at anterior sites, known as vertex
positive potential (VPP), did not correspond with N170 in
this experiment, which contrast to other studies. The absence
of VPP may be attributable to the age of the participants, as
VPP is reported to be absent in younger populations (Taylor et
al., 1999). P290, whose peak latency is faster for rare than for
frequent stimuli (F (1, 24) = 11.03,p< .01), was recorded at
vertex (Table 1). By contrast, the peak amplitudes of P290 did
not differ from each other. There were no significant effects
of participant group for P290.

When analyzed separately according eye gaze direction
(direct versus averted) and task requirement (target versus
non-target), no effect reached significance for all compo-
nents.

3.3. ERP: targets versus non-targets, direct versus
averted gaze

Figs. 3 and 4present difference waves, in which the ERPs
for frequent stimuli were subtracted from the ERPs in re-
sponse to rare stimuli for each condition (target versus non-
target, direct versus averted gaze). Only occipito-temporal
negative component (N2) and vertex positive component
(P3a) amplitudes were elicited. This difference wave repre-
sents ERP in response to the detection of rare stimuli, exclud-
irect gaze and 563.1 ms for averted gaze; allF< 1.3,p> .1).

.2. ERP: frequent versus rare stimuli

ERPs in response to rare stimuli were averaged for
articipant and compared to averages of frequent st
Fig. 2); five main components, occipito-temporal P130
5, T6), vertex N130 (at Cz), two peaks of occipito-temp
egativity (N170 and N270) and vertex P290 were foun

he ERP waveforms in this study (Table 1). The latencies an
mplitudes of the first two components, P130 and N130,
naffected by stimulus frequency (allF< 2.8,p> .1).

An earlier peak of occipito-temporal negativity, N1
as been assumed to reflect face-specific activities in a
Bentin et al., 1996; Eimer, 2000; Sagiv & Bentin, 1999) and
n typically developing children (Taylor et al., 1999; Taylor,
dmonds, et al., 2001). A later peak, N270, was not report

n previous studies concerning gaze direction. Both N
nd N270 were larger for rare stimuli than for frequent s
li (N170:F (1, 24) = 9.67,p< .01; N270:F (1, 24) = 70.88
< .001). However, since these two components were

apping, the independent effect of each component coul
e determined. In addition, there was a significant inte

ion between frequency and electrode for N270 ampli
F (1, 24) = 18.21,p< .01) as the frequency effect was lar
or the right than for the left hemisphere. N170 peak late
as faster for the right than for the left hemisphere (F (1,
4) = 5.29,p< .05). There were no significant effects of N2
eak latency. Importantly, there were no significant effect
articipant group.
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Table 1
Latency and amplitude of ERP components for frequent and rare stimuli at each electrode in children with autism and in typically developed childrena

P130 (T5) P130 (T6) N130 (Cz) N170 (T5) N170 (T6) N270 (T5) N270 (T6) P290 (Cz)

Latency (ms)
Autism

Frequent 131.3± 10.9 132.0± 9.6 128.0± 7.8 187.3± 16.8 184.7± 9.9b 259.3± 25.4 259.3± 12.2 296.4± 27.5
Rare 130.0± 13.0 133.7± 11.4 127.6± 7.3 191.3± 18.0 185.8± 10.3b 264.0± 24.5 269.1± 13.4 286.9± 21.7c

Typical
Frequent 137.9± 11.9 132.3± 9.1 134.4± 11.4 191.7± 11.2 186.5± 10.2b 258.8± 68.9 260.8± 17.8 296.5± 13.4
Rare 133.6± 12.3 131.5± 7.5 134.9± 11.9 192.5± 10.2 185.6± 12.3b 277.1± 27.9 260.8± 19.7 276.5± 29.8c

Amplitude (�V)
Autism

Frequent 5.8± 4.6 6.5± 2.4 −10.9± 4.7 −2.8 ± 2.0 −2.8 ± 2.6 −1.2 ± 3.4 0.8± 3.0 11.2± 7.4
Rare 6.5± 4.5 5.5± 2.8 −11.2± 4.6 −4.1 ± 3.0d −3.2 ± 2.9d −4.4 ± 4.0d −4.6 ± 4.4d 12.5± 6.1

Typical
Frequent 5.8± 5.1 9.1± 7.2 −12.1± 4.2 −1.8 ± 3.2 −0.1 ± 4.1 1.8± 4.9 4.8± 5.9 9.4± 7.6
Rare 5.9± 5.0 8.3± 7.5 −12.4± 4.8 −2.8 ± 5.0d −3.5 ± 5.0d −0.9 ± 7.1d −3.8 ± 8.6d 11.9± 6.0

a Mean± S.D.
b Inter-hemispheric difference: latency of N170 was faster at T6 than at T5 (main effect of electrodes,p< .05).
c Effect of stimulus frequency: latency of P290 was significantly faster for rare than for frequent stimuli (p< .01).
d Effect of stimulus frequency: amplitude of N170 and N270 was significantly larger for rare than for frequent stimuli (p< .01).

ing other neural activities such as visual processing or facial
encoding.Table 2presents difference wave data for the peak
latencies and amplitudes of occipito-temporal N2 and vertex
P3a.

Peak latencies and amplitudes of occipito-temporal N2
were analyzed. For latency, there was a significant main
effect of lateralization (F (1, 24) = 8.69,p< .01), such that
N2 was faster at the right than at the left hemisphere. No
other main effects or interactions reached significance. For
peak amplitude, there was both a significant main effect
of lateralization (F (1, 24) = 17.41,p< .01), and a group
x lateralization interaction (F (1, 24) = 8.13,p< .01). Sim-

ple effect analyses revealed that N2 was lateralized to the
right hemisphere in typically developed children (F (1,
24) = 24.66,p< .01), as compared to children with autism
(F (1, 24) = 0.87, ns). A three-way interaction among groups,
gaze direction and task requirement was also significant (F
(1, 24) = 7.19,p< .02) for peak amplitude. Simple effect anal-
yses indicated that the effect of gaze direction was significant
only when typically developed children responded to the tar-
get (F (1, 24) = 4.85,p< .05), a pattern that mirrored their
behavioral performance (Senju et al., 2003). In contrast, no
significant effects were found for the latency or amplitude
of P3a.

Table 2
Latency and amplitude of N2 and P3a for targets and non-targets and for direct and averted gaze at each electrode in children with autism and typically developed
childrena

Autism Typical

N2 (T5) N2 (T6) P3a (Cz) N2 (T5) N2 (T6) P3a (Cz)

Latency (ms)b

Targets
Direct 300.4± 31.5 294.2± 32.1 261.5± 25.3 308.8± 53.1 285.3± 35.3 262.4± 23.1
Averted 315.6± 39.2 290.9± 29.3 253.5± 26.2 304.5± 33.6 293.3± 36.6 266.4± 18.9

Non-targets
Direct 320.0± 39.8 302.2± 38.8 256.4± 12.8 308.3± 42.1 286.9± 34.7 265.6± 16.8
Averted 285.8± 44.6 302.9± 29.2 267.3± 30.0 313.6± 41.0 287.2± 31.6 273.3± 35.9

A

.2± 4.

.1± 5.

.0± 4.

.5± 4.

t T5 (m
gnifican (
itude o
mplitude (�V)
Targets

Direct −5.8 ± 4.8 −6.5 ± 2.9 5
Averted −6.7 ± 2.8 −8.3 ± 3.8 3

Non-targets
Direct −7.7 ± 4.3 −8.8 ± 3.0 2
Averted −5.4 ± 4.1 −6.1 ± 5.3 4

a Mean± S.D.
b Inter-hemispheric difference: latency of N2 was faster at T6 than a
c Effect of gaze direction: in typically developed children, N2 was si
d Inter-hemispheric difference: in typically developed children, ampl
9 −5.5 ± 6.7c −11.1± 4.6c,d 4.4 ± 7.2
8 −2.8 ± 5.5 −8.2 ± 4.4d 4.0 ± 4.3

7 −5.1 ± 4.8 −11.2± 4.1d 5.6 ± 3.6
5 −6.2 ± 6.4 −10.6± 4.6d 2.2 ± 5.9

ain effect of electrodes,p< .01).
tly larger for targets with direct gaze than for those with averted gazep< .05).

f N2 was larger at T6 than at T5 (p< .01).
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Fig. 3. Difference waves for targets, which is a subtraction of ERPs for fre-
quent stimuli from ERPs for target stimuli. In typically developed children,
N2 was larger at T6 (right hemisphere) than at T5 (left hemisphere). How-
ever, such hemispheric differences in N2 were not found in children with
autism. In addition, N2 was larger for direct gaze than for averted gaze in typ-
ically developed children, but was not sensitive to gaze direction in children
with autism. In contrast, P3a was not sensitive to gaze direction. Left: ERPs
from children with autism. Right: ERPs from typically developed children.

Fig. 4. Difference waves for non-targets, which is a subtraction of ERPs for
frequent stimuli from ERPs for non-target stimuli. As with ERPs for target
stimuli, N2 was larger at T6 (right hemisphere) than at T5 (left hemisphere)
only in typically developed children. Neither N2 nor P3a was sensitive to
gaze direction in this condition. Left: ERPs from children with autism. Right:
ERPs from typically developed children.

To control for the possible effects related to the prepara-
tory processes preceding the button press, ERPs from correct
responses were averaged and subjected into the same analy-
ses. The main findings presented above were still statistically
significant in this subset of the data. First, the amplitude of
N2 was larger in the right hemisphere in typically developed
children (F (1, 24) = 4.51,p< .05) but not in children with
autism (F (1, 24) = 0.25, ns). Second, direct gaze elicited
larger N2 in response to the correct target detection (F (1,
24) = 4.53,p< .05), but not to the correct non-target rejection
(F (1, 24) = 0.20, ns), in typically developed children. In con-
trast, gaze direction of the targets (F (1, 24) = 0.07, ns) or the
non-targets (F (1, 24) = 0.15, ns) made no effect on the N2 of
children with autism. In addition, no significant effects were
found for the latency or amplitude of P3a.

4. Discussion

This study is the first to investigate the ERP correlates of
active detection of gaze direction in children with and without
autism, and the second to report the ERP correlates of gaze
processing in children with autism. The effect of a change
in eye direction was most prominent in the enhancement of
the occipito-temporal negativity (N2). In typically developed
children, N2 was lateralized to the right hemisphere, and
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ehavioral patterns. We suggest that N2 correlates with
al activity for processing gaze direction, which seems t
eviant in children with autism.

Again, children with autism, as well as typically dev
ped children, elicited N2 in response to the detectio
aze direction. Neither the overall amplitude nor latenc
2 differed between children with and without autism. Th
ere, however, two critical differences between groups.
First, although N2 for typically developed children w

ateralized to the right hemisphere, it was bilaterally
ributed in children with autism. Such a lack of laterali
ion of ERP in children with autism has also been repo
hen passive facial perception was required (Carver & Daw-
on, 2002), even though they did not show atypical ERP
ralization when non-social visual stimuli were prese
Kemner, Verbaten, Cuperus, Camfferman, & Van Engel
994). Atypical brain activation in individuals with autis
as also reported during perception of faces (Pierce et al.
001; Schultz et al., 2000) and facial expressions (Critchley
t al., 2000). The results of the present study seem to sug

hat gaze processing, as well as perception of faces and
xpressions, is also subserved by atypical neural subs
owever, it is quite difficult to estimate source location fr

he current study, and further studies utilizing high-den
RP or MEG with source analysis techniques are need
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investigate which neural areas are responsible for gaze pro-
cessing in autism.

Second, although the amplitude of N2 was larger for di-
rect gaze than for averted gaze in typically developed chil-
dren, there was no effect of gaze direction on the amplitude
of N2 in children with autism, in agreement with the behav-
ioral failure of perceived mutual gaze to facilitate detection in
autism (Senju et al., 2003). Note that this does not necessar-
ily mean the inability of children with autism to discriminate
two rare stimuli from each other. As mentioned in Section
3, the discriminative accuracy of children with autism was
not different from that of typically developed children when
the target was averted gaze and distracter was direct gaze. It
suggests that children with autism were as adept at detecting
the target ignoring the distracter in this condition. So, the be-
havioral results seems to show the lack of facilitative effect
of direct gaze on the performance of detection task, rather
than a total inability in the discrimination between targets
and distracters.

Current results may seem to contradict with those ofGrice
et al. (in press), who found that gaze direction affected ERP
amplitudes of children with autism, but made no effect in
non-autistic controls and adults. Several methodological dif-
ferences might account for such an apparent contradiction.
First of all, our study adopted active detection task, compared
to the passive viewing used inGrice et al. (in press). It might
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As mentioned in Section1, there are several studies which
investigated ERP correlates of direct/averted gaze perception
in typical adults. They have consistently found N170 (Puce
et al., 2000; Taylor, Itier, et al., 2001; Watanabe et al., 2002),
but they did not find occipito-temporal N270 appearing after
N170, or N2. One of the likely reasons for the discrepancy
between current results and those from other studies is age
differences. In the studies with typically developing children,
there is often a bifid component present in N170 (Taylor et
al., 1999; Taylor, Edmonds, et al., 2001), and it is possible
that N270 in the current study may simply be the second peak
of this bifid waveform. However, previous studies with chil-
dren did not report the characteristics of this latter component
in detail so it is difficult to compare the current N270. The
other possible explanation for different findings lies in task re-
quirements. Passive viewing of faces, and thus implicit gaze
processing, may have been required in previous studies, in
contrast with active or explicit gaze processing in this study.
Again, it is possible that N2 corresponds to explicit gaze pro-
cessing. Explicit facial processing, and thus attention to the
face, has been reported to enhance superior temporal sul-
cus (STS) activation (Hoffman & Haxby, 2000; Narumoto,
Okada, Sadato, Fukui, & Yonekura, 2001). Preferential ac-
tivation of N2 in response to direct gaze was observed only
to targets, not to non-targets in the present study, which also
suggests the attentional modulation of N2.
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nd, because children with autism who participated inGrice
t al. (in press)were younger (3.5–7 years old) than th

n our study (9–14 years old), developmental change m
lso account for the discrepancy between two research
ddition,Grice et al. (in press)used facial stimuli in fron
iew, compared to the laterally averted faces used in ou
eriment. It might be thus possible that lower perceptual

ure such as bilateral symmetry inherent in direct gaz
ront view might affect the results inGrice et al. (in press.
lthough such lower perceptual feature does not affec

ect gaze processing in typically developing infants (Farroni,
ohnson, & Csibra, 2004), it is still unknown whether it i
lso the case in children with autism. Further study wil
equired to examine if these factors affect the ERP relat
aze processing in children with and without autism.

On the other hand, several previous ERP researches
lso found that the ERPs of children with autism fa

o show differences between face and non-facial ob
Carver & Dawson, 2002), between familiar and unfam
ar faces (Dawson et al., 2002), or between different vowe
Ceponiene et al., 2003), which concurs with current ER
esults. Such a lack of sensitivity in children with autism
erceived mutual gaze and other critical social signals
orrespond to their lack of interest in social stimuli (Baranek
999; Baron-Cohen, 1995), and might relate to atypical soc
ognitive development (Baron-Cohen, 1995).
d It is also possible that N2 reflects selective visual at
ion to targets, as in ‘processing negativity’ (Harter, Aine, &
chroeder, 1982; Nääẗanen, 1982) or ‘selection negativity

Czigler & Csibra, 1990, 1992), elicited by target detectio
nd distributed to the occipital area. As in the present s
ampanella et al. (2002)utilized the visual oddball task
etecting changes in facial expression and found that o

tal N2 was enhanced around 300 ms after stimulus ons
esponse to rare target stimuli. However,Harter et al. (1982
eported that processing negativity corresponding to intra
ial attention is lateralized to the left hemisphere, which c
radicts the right hemisphere lateralization of N2 in this st
s right hemisphere predominance of gaze processin
een reported elsewhere (Pelphrey, Singerman, Allison,
cCarthy, 2003; Puce, Allison, Bentin, Gore, & McCarth
998; Watanabe et al., 2002), the N2 seem to correspo

o face-specific processing rather than domain-general s
ive attention. In addition,Puce et al. (2000)reported tha
ccipito-temporal negativity was sensitive to the chang
ye direction but was not affected by the configurative ch

n non-facial visual stimuli (checkerboard), which also s
ort that current N2 was related to the detection of chan
ye gaze direction, not the detection of the changeable
f visual stimuli in general. The data suggest that occip

emporal N2 reflects neural activity involved in detect
hanges in facial signals, such as eye gaze and facia
ression. Further research will be required to confirm

he N2 data are specific to facial stimuli.
As mentioned before, it is quite difficult to estimate

ource of neural activation from surface electroenceph
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graphical distribution, but previous neuroimaging (Hoffman
& Haxby, 2000; Pelphrey et al., 2003; Puce et al., 1998) stud-
ies may indeed provide the clue: they have found that direc-
tion of eye gaze is processed in the STS. Similar occipito-
temporal negativity has been reported in response to detect-
ing biological motion, which was also lateralized to the right
hemisphere (N240;Hirai, Fukushima, & Hiraki, 2003). These
data seem to imply that occipito-temporal N2s such as N270
and N240 reflect STS activation resulting from visual cues
and social perception (Allison, Puce, & McCarthy, 2000).
Although the fusiform gyrus is also known to be involved in
neural circuitry regarding face perception (George, Driver, &
Dolan, 2001; Hoffman & Haxby, 2000; Kanwisher, McDer-
mott, & Chun, 1997), it is unlikely that volume-conducted
current generated in the fusiform gyrus primarily influences
current ERP at T5/T6. AsWatanabe et al. (2003)have pointed
out the dipole generated in fusiform gyrus is oriented mainly
tangentially to the surface near T5/T6, which would make
the electric field around T5/T6 very small. In contrast, the
radially oriented dipole generated in the STS would more
likely be the source of the ERP recorded in T5/T6. However,
it is clear that the three electrodes used in the current study
are the minimum required to estimate source location. Future
studies should use a larger number of electrodes and apply
source analysis techniques to estimate the source location of
N2. Although there are other neuroimaging techniques such
a olu-
t nts.
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the current study used an earlobe reference, in response to
reported hypersensitivity in some individuals with autism
(O’Neill & Jones, 1997), but that may reduce the ERP in
the posterior temporal region and might mask the possible
gaze effect on N170 or N270. Averaging references from a
large number of electrodes would be a possible solution to
investigate in future studies. Second, exact fixation points of
the participants during recording were not measured, even
though children were strongly instructed to fixate to where
the eyes of the stimuli would appear, and their gaze direc-
tion was carefully monitored by the experimenter. Because
individuals with autism are known to fixate less frequently to
the eye region during visual scanning of a face (Klin et al.,
2002; Pelphrey et al., 2002), it might be the case that chil-
dren with autism in fact fixate less to the eye region of the
stimuli, which could affect the ERP results. We believe it un-
likely that the participants ignored our instruction about the
fixation because they followed other instructions very well.
However, further study with precise recording of the fixations
of participants will be required since control of fixation can
affect the brain activity in response to the face processing
(e.g.,Hadjikhani et al., 2004). Third, the lack of non-autistic
clinical controls made it difficult to determine whether such
deviant ERPs in response to gaze processing are specific to
autism. Impairment in sensitivity to gaze direction has also
been reported in other disorders with social and communica-
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s fMRI, PET or NIRS available today, their temporal res
ion seems too low to investigate specific ERP compone

Aside from N2, no other ERP components were se
ive to the active mutual gaze detection. First, current N
n addition to N270, did not differentiate direct gaze fr
verted gaze, although both elicited larger amplitudes
ownward-looking gaze. This replicatesTaylor, George, e
l. (2001) andTaylor, Itier, et al. (2001) and seems to su
est that these components relate to the detection of c

n eye gaze. In addition, similar occipito-temporal nega
ties have reported to be face-specific (Bentin et al., 1996
imer, 2000; Sagiv & Bentin, 1999; Puce et al., 2000; Ta

or et al., 1999; Taylor, Edmonds, et al., 2001), which also
upport this interpretation. However, since the frequenc
resentation differed between these stimuli, we cannot to
eny the possibility that amplification of these compon
ight have simply been caused by a novelty effect due t
ovelty of the less frequent stimuli possibility, which sho
e investigated in further study. Second, vertex P290
elieved to reflect volume-conducted currents generate

aterally at distant areas (possibly near T5 and T6). Sinc
eak latency of P290 was longer than that of N270, and
oth P290 and P3a were unaffected by gaze direction

ikely that P290 incorporates responses to other cogniti
ttentional factors (Campanella et al., 2002; Garćıa-Larrea
ukaszewicz, & Mauguìere, 1992).

This study has several limitations. First, although the
ults strongly suggest that N2 is face-specific, it is still po
le that it reflects more general neural processing, and fu
tudies with non-facial stimuli will be required. In additio
ive components, such as Turner syndrome (Elgar, Campbel
Skuse, 2002). It is possible that deviant gaze processin

resent in such disorders.
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