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Abstract

We examined the ability to use static line drawings of eye gaze cues to orient visual-spatial attention
in children with high functioning autism (HFA) compared to typically developing children (TD).
The task was organized such that on valid trials, gaze cues were directed toward the same spatial
location as the appearance of an upcoming target, while on invalid trials gaze cues were directed to
an opposite location. Unlike TD children, children with HFA showed no advantage in reaction time
(RT) on valid trials compared to invalid trials (i.e., no significant validity effect). The two stimulus
onset asynchronies (200 ms, 700 ms) did not differentially affect these findings. The results suggest
that children with HFA show impairments in utilizing static line drawings of gaze cues to orient
visual-spatial attention.
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Children with autism have abnormalities in three general domains of functioning: qualitative
impairments in social interaction, impairments in communication, and the presence of
restrictive, repetitive, and stereotyped patterns of behavior, interests, and activities (APA
1994). Impairments in the quality of social interactions and social communication in children
with autism may be related to deficits in the ability to understand the meaning of nonverbal
behaviors that are for example, marked by changes in the direction of eye gaze. Children with
autism appear to be able to discriminate the direction that eyes are gazing (Baron-Cohen et al.
1995). However, they show deficits in using eye gaze to infer information related to another
person's mental states (e.g., desires, goals, Baron-Cohen et al. 1995). Children with autism are
also reported to have deficits in using information provided by another person's change in eye
gaze to look toward the same target in the periphery (Leekam et al. 1997). The purpose of the
present study was to use a simple reaction time task to examine the extent to which children
with HFA are able to utilize information provided by static line drawings of eye gaze cues to
orient visual-spatial attention compared to TD children.

Posner (1980) and his colleagues developed a cognitive-neuropsychological paradigm that has
been used to examine processes that play a key role in visual-spatial attention. The paradigm
can vary with regard to the type of cue that is used to direct attention to a location in the
periphery (e.g., the brightening of a box in the periphery, a central arrow, eye gaze cue). Studies
of healthy adults on “Posner-tasks” examining the effects of eye gaze cues on manual reaction
time have shown that adults respond faster to targets appearing at gazed-at locations compared
to trials on which eye gaze cues are directed to a location opposite to where the target appears
(Friesen and Kingstone 1998; Hietanen and Leppéanen 2003; Langton and Bruce 2000). These
findings suggest that eye gaze cues can be used to orient visual-spatial attention. The ability
to utilize eye gaze cues to orient visual attention has also been examined in adults with autism
(Bayliss and Tipper 2005; Ristic et al. 2005; VIamings et al. 2005).

Developmental studies have also examined the effects of eye gaze cues on the ability to orient
visual-spatial attention in typically developing children as young as infants. Studies of normal
development suggest that the perception of eye gaze cues emerges in early infancy (Vecera
and Johnson 1995), and that the ability to utilize eye gaze cues to orient visual-spatial attention
develops shortly thereafter (Farroni et al. 2000; Hood et al. 1998). There have even been studies
of gaze cueing in children with autism as young as 2-years-of-age (Chawarska et al. 2003).

To our knowledge, there have been only three studies in the literature that have examined the
effects of eye gaze cues on the ability to orient visual-spatial attention in school-aged children
with autism (Kyllidinen and Hietanen 2004; Senju et al. 2004; Swettenham et al. 2003). Results
from two of those studies showed that children with HFA were able to utilize eye gaze cues to
orient visual-spatial attention as well as typically developing children (Kylliainen and Hietanen
2004; Swettenham et al. 2003). Findings from the third study (Senju et al. 2004) showed that
differences between children with autism and typically developing controls were related to the
stimulus onset asynchrony (SOA, 100, 300, 700, 1,000 ms) between the onset of the cue and
the appearance of the target: children with autism and typically developing children showed
similar size cueing effects at a 300 ms SOA. However, only the group of children with autism
showed a significant cueing effect at the 700 ms SOA. Neither group showed significant cueing
effects at 100 ms or 1,000 ms SOAs. Overall, the study by Senju and colleagues suggests that
the ability to orient attention in response to eye gaze cues may differ between children with
autism and controls, particularly at a 700 ms SOA.

The purpose of the present study was to compare the performance of school-aged children with
HFA to TD children on a simple reaction time task involving the static presentation of line
drawings of eye gaze cues. The task in the present study is similar to one that was previously
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used to study the performance of a patient (EVR) following frontal lobe damage (Vecera and
Rizzo 2004, 2006).

This study involved two groups of children ages 8 through 13 years of age. There were 22
children with high functioning autism (HFA, 16 males, six females; 86.4% Caucasian) and 49
typically developing controls (TD, 25 males, 24 females; 79.6% Caucasian). There were no
significant differences in gender ratio between the HFA and TD groups (y2 = 2.93, p = .10).
Participants were recruited from outpatient clinics at the Kennedy Krieger Institute, local
Autism Society of America (ASA) chapters, postings at schools, social skills groups,
pediatricians’ offices, and by word-of-mouth.

Demographic information for the two groups including mean scores and standard deviations
for age, 1Q, and SES are presented in Table 1. The two groups did not differ significantly in
age. The mean age for the HFA group was 10.47 years, and the mean age for the TD group
was 10.41 years. All of the participants received the Wechsler Intelligence Scale for Children.
(Al were administered the WISC-1V, Wechsler 2003, except two children were tested using
the WISC-111, Wechsler 1991.) Of the 71 participants in the study, 70 had Full Scale 1Q scores
of 80 or above. The remaining child (in the HFA group) had a WISC-1V Full Scale 1Q of 76,
but his Verbal Comprehension Index and Perceptual Reasoning Index were within the average
(VCI of 91) and low average (PRI of 88) range. Table 1 shows that Full-scale 1Q scores were
significantly higher for children in the TD group (M = 113.5) compared to children in the HFA
group (M =100.6). The two groups did not differ significantly in terms of socio-economic
status (SES) based on the Hollingshead (1975). SES data were available for 18 out of 22
children in the HFA group and for 47 out of 49 children in the TD group. There were no
significant differences between groups based on SES.

High Functioning Autism Group (HFA)—AII children in the HFA group were diagnosed
with autism according to the Autism Diagnostic Interview-Revised (ADI-R, Lord et al. 1994;
Le Couteur et al. 2003) and the Autism Diagnostic Observation Schedule-Generic (ADOS-G,
Lord et al. 2000). The group included only those with idiopathic autism (e.g., no history of
Fragile X, encephalitis, or other known medical conditions associated with autism).

The clinician-administered Diagnostic Interview for Children and Adolescents-1V (DICA-IV,
Reich et al. 1997) was used to assess the presence of comorbid psychiatric symptoms. Eleven
out of the 22 children with autism were determined to have comorbid symptoms including
Attention-Deficit/Hyperactivity Disorder, Obsessive Compulsive Disorder, Oppositional
Defiant Disorder, Conduct Disorder, Major Depressive Disorder-past, Generalized Anxiety
Disorder, and/or Phobias. There were five participants in the HFA group, each known to have
a primary diagnosis of autism, who were taking stimulant medications (e.g., Adderall,
Concerta, Dexedrine). These stimulant medications were withheld the day prior to testing and
on the day of testing. Children in the HFA group who were taking longer lasting medications
(e.g., Celexa, Buspar, Prozac, Clonidine, Depakote, Respiridone) did not have those
medications withheld.

Typically Developing (TD) Control Group—Children were excluded from the control
group if they were suspected of meeting criteria for any of the above listed psychiatric diagnoses
on the DICA-1V (Reich et al. 1997), with the exception of a specific phobia. Children in the
control group had no history or current use of any psychoactive medication, no history of
seizures or other major neurological disorder, and no history of learning disabilities.
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The study was approved by the Johns Hopkins Medical Institutional Review Board. Written
consent was obtained from a parent/guardian and written assent was obtained from all
participating children.

Procedure and Stimuli

The procedure and stimuli were similar to the descriptions in the papers by Vecera and Rizzo
(2004, 2006) with the exception that the schematic line drawings of the eye gaze cues were not
surrounded by the outline of a face (see Fig. 1).

The task was administered using an iMAC OS 9.1 computer with a 14-inch monitor.
Participants were seated 80 cm from the computer screen with the keyboard placed within
arms’ reach. Participants were instructed to keep looking in the center of the computer screen
and press the spacebar on the keyboard as soon as they detected a “star” (an asterisk) in a
peripheral box on the computer screen.

The stimuli and time course of events on each trial are depicted in Fig. 1. On each trial, a central
fixation point was shown with two empty boxes (0.79° (1.1 cm) high and wide) located 4.82°
(6.75 cm) to the right and left of fixation for 750 ms. Next, eye gaze cues, consisting of the
schematic drawing of eyes (1.29° or 1.8 cm wide), a nose, and a mouth, were presented for
200 ms. There were two types of eye gaze cues: eyes that were directed to the left visual field
and eyes that were directed to the right visual field. The colored portion of the eyes (0.5° or
0.7 cm wide) was moved either 2 mm to the right or left (see Vecera and Rizzo 2004, for
details). Following an interstimulus interval of 0 ms (200 ms stimulus onset asynchrony, SOA)
or 500 ms (700 ms SOA), a target stimulus, an asterisk (0.64° high by 0.64° wide; 0.9 cm by
0.9 cm), appeared in either the right or left peripheral box until the subject made a response by
pressing the spacebar on the keyboard.

Trials in which the eye gaze cues were directed toward the same location as the target were
termed valid trials. Trials in which the eye gaze cues were directed in the opposite direction
from the target were termed invalid trials. In addition, catch trials were included on which
there was no target stimulus following the eye gaze cue. Subjects were told to withhold
responding on catch trials. Catch trials were included to make sure that subjects were
responding properly to the target stimulus when it appeared. Subjects were presented with
auditory feedback (a beep) from the computer when an incorrect response was made on a catch
trial. Responses on catch trials were coded as errors.

Each participant completed four blocks of trials, with 60 trials in each block for a total of 240
trials. There was a rest period between each block. In each block, there were 12 catch trials on
which no target appeared (20%). In each block, of the 48 trials in which a target appeared, 24
were valid (50%) and 24 were invalid (50%). On half of the trials, the eye gaze cues were
directed to the right visual field, and on the other half of the trials, the eye gaze cues were
directed to the left visual field. Half of the targets were presented after a 200 ms stimulus onset
asynchrony (SOA) and half were presented following a 700 ms SOA. In addition, on half of
the target trials, an asterisk appeared in the left box. On the other half, an asterisk appeared in
the right box. The order of the blocks was randomized and the order of trials within each block
was different for each subject.

Prior to participating in the task, participants were administered a practice session consisting
of 10 trials. If more than three errors were made during the practice session, the practice session
was repeated until three or fewer mistakes were made. Participants were allowed up to three
practice sessions if needed. Practice session data were available for 21 of the 22 children in
the HFA group and for 47 of the 49 children in the control group. All except for two participants
met criterion on the practice trials in one session. Two of the control subjects took two practice
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sessions. Upon completion of the task, in order to confirm that participants were able to perceive
the direction of the eye gaze cues, participants were shown the eye gaze cues and were asked
to report the direction that the eyes were looking on each trial (n = 10 trials). Post-test data
were available for 18 out of the 22 children in the HFA group and for 40 out of the 49 children
in the TD group. Children in the HFA group and children in the TD group demonstrated an
accuracy of seven trials or better (out of 10 trials) on the post-test trials.

Reaction times were measured for all subjects as the time from the onset of the target
presentation to the onset of a response on the space bar. Responses shorter than 150 ms
(anticipatory errors) and responses longer than 1,500 ms (long latencies) were eliminated. The
cut-offs for anticipatory errors and long latencies were determined based upon what has
previously been used in the literature (e.g., Bayliss and Tipper 2005; Kyllidinen and Hietanen
2004; Vecera and Rizzo 2004, 2006).

Table 2 displays the percentage of anticipatory errors, long latencies, and responses on catch
trials (errors) for participants in each group. T-tests indicated significant differences between
groups for anticipatory errors, trials with long latencies, and responses on catch trials (p-values
all less than .01). Children in the HFA group made more anticipatory errors, had more trials

with long latencies, and made more responses on catch trials compared to children in the TD

group.

Mean reaction times were analyzed by using a repeated measures ANCOVA with Group
(autism, control) as a between-subject factor and Cue type (valid, invalid) and SOA (200, 700
ms) as within-subjects factors. To statistically account for differences in 1Q, Full-scale 1Q was
included as a covariate factor in the ANCOVA. Table 3 shows the mean reaction times and
standard errors for each Cue type (valid, invalid) and SOA (200 ms, 700 ms) for children in
the HFA group and for children in the TD group.

The Levene's Test of Equality of Error Variances showed a significant difference between
groups in the variance on valid trials at the 700 ms SOA (F(1,69) = 8.80, p < .05). Specifically,
the TD group showed less variability in their reaction times on valid trials at the 700 ms SOA
compared to the HFA group. This suggests that TD children were easily and relatively more
consistently able to show an advantage in reaction time from the valid cues at the longer latency.
There were no other significant differences between groups according to the Levene's test on
invalid trials at the 200 ms and 700 ms SOAs or on valid trials at the 200 ms SOA.

The ANCOVA showed a significant Group (autism, control) by Cue type (valid, invalid)
interaction, F(1,68) = 5.74, p < .05. No main effect was found for Group (F(1,68) =1.44,p>.
05), Cue (F(1,68) = 2.54, p > .05), or SOA (F(1,68) = .22, p > .05). The interaction effects of
Group by SOA and Cue type by SOA were not significant F(1,68) = 1.69, p = .20 and F(1,68)
=.22, p = .64, respectively. In addition, the three-way interaction of Group by Cue type by
SOA was not significant F(1,68) = .34, p = .56.

To further analyze the significant Group by Cue type interaction, we conducted a t-test between
groups on the validity effect (invalid reaction time minus valid reaction time) collapsed across
SOA. The t-test was significant (p < .05). TD children showed significantly larger validity
effects (M = 13.24 ms) compared with children with HFA (M = 1.77 ms). To further analyze
the effects of the eye gaze cues, we conducted paired t-tests within each diagnostic group on
invalid reaction time versus valid reaction time (RT). Results for TD children showed that
reaction times on invalid trials were consistently slower than reaction times on valid trials
(paired t-test, p <.001; invalid RT M = 459.27, SE = 13.34; valid RT M = 446.03, SE = 12.29).
However, for children with HFA, there was no significant difference between reaction times
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on invalid trials and reaction times on valid trials (paired t test, p = .79; invalid RT M = 504.64,
SE =23.50; valid RT M =502.86, SE = 23.22). These results show that there was no significant
validity effect for children in the HFA group. These findings are illustrated by the differences
in the slopes of the lines in Fig. 2.

There was no significant correlation between age and the size of the validity effect for subjects
in either group (HFA: r =—.270, p = .23; TD: r = —.269, p = .061). In addition, we inspected
whether there was any significant correlation between impairments in social development and
the ability to utilize eye gaze cue to shift attention by examining whether there were any
significant correlations between the “Qualitative Impairments in Reciprocal Social Interaction”
domain scores from the ADI and ADOS instruments and the size of the validity effect. The
results showed there were no significant correlations between the size of the validity effect and
the “Qualitative Impairments in Reciprocal Social Interaction” domain scores for the ADI (r
=.068, p =.77) or for the ADOS (r = .064, p =.79).

Discussion

Under these conditions, in a simple detection task involving the static presentation of line
drawings of eye gaze cues, 8 to 13-year-old children with HFA were not able to utilize eye
gaze cues to orient visual-spatial attention and respond to the onset of a peripheral target to the
same extent as TD children. Specifically, after accounting for 1Q in the analyses, unlike TD
children, children with HFA showed no advantage from eye gaze cues that were directed to
the same spatial location as an upcoming target (valid) compared to eye gaze cues that were
directed to an opposite spatial location (invalid). The two stimulus onset asynchronies (200 ms
and 700 ms SOAs) did not differentially affect these findings. The failure to find a validity
effect at a relatively long SOA (700 ms) argues against the hypothesis that participants with
HFA deploy attention in an abnormally slow manner. That is, spatial attention does not appear
to be “sluggish’ in these individuals.

Our findings are consistent with the results in high functioning adults with autism who were
also tested on a simple reaction time task involving schematic line drawings of eye gaze cues
(Ristic et al. 2005). Ristic and colleagues found that unlike typical adults, adults with autism
did not show significant validity effects in response to eye gaze cues. However, when the eye
gaze cues were made to be 80% predictive of the target location, adults with autism showed
significant validity effects. Ristic and colleagues interpreted the results to suggest that adults
with autism may be relatively more sensitive to changes in stimulus probability compared to
normal adults and less sensitive to the “social power of human eyes.” It would be interesting
for future studies to examine the performance of children with HFA on a task where the cues
were 80% predictive of the target location to determine whether children with HFA perform
as well as TD children when the predictive value of the cue is increased.

The results from the present study differ from the results from the studies by Kyllidinen and
Hietanen (2004) and Swettenham and colleagues (2003) which found that children with HFA
were able to utilize eye gaze cues to orient visual-spatial attention as well as TD children. In
the study by Swettenham and colleagues (2003), the colored parts of the eyes (the pupils)
appeared to be moving. Perceived motion of the pupils of the eyes may influence reaction time.
Having the eyes appear to be moving could possibly facilitate responding to targets at cued
locations, and such facilitation might not depend on the gaze direction itself but instead on the
sensitivity to directed motion (see Chawarska et al. 2003; Farroni et al. 2000). Farroni and
colleagues (2000) reported that directed movement of the pupils of the eyes, compared to static
averted eye gaze, facilitates cueing effects in infants on a saccadic reaction time task.
Furthermore, Farroni and colleagues (2003) reported for motion to be effective in cueing spatial
locations, the motion needs to be preceded by a period of direct mutual gaze (eye contact).
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Chawarska and colleagues (2003) found that 2-year-old children with autism and typically
developing children showed facilitation in saccadic reaction time on valid trials in response to
an eye movement cue. Thus, in the study by Swettenham and colleagues (2003), the perception
that the eyes were moving could possibly have facilitated the cueing effects. Additionally,
different neural mechanisms may be involved in orienting attention guided by moving stimuli
compared to static visual stimuli.

In the present study, the finding of no validity effect in the HFA group (when collapsed across
the 200 ms and 700 ms SOAs) differs from the significant validity effects reported in the study
by Senju and colleagues in children with HFA at the 300 ms and 700 ms SOAs. In the present
study, children in the TD group showed a significant validity effect across both 200 and 700
ms SOAs, while the control group in the study by Senju and colleagues showed a significant
validity effect only at the 300 ms SOA but not at the 700 ms SOA. The demand of the task
(simple detection versus discrimination of target location) is unlikely to be an explanation for
the differences in the findings between studies. It should be noted that while previous studies
in the literature examining the effects of eye gaze cues on manual reaction time in children
with autism involved photorealistic faces (Kyllidinen and Hietanen 2004; Senju et al. 2004;
Swettenham et al. 2003), the literature suggests that line drawings of schematic faces and
photorealistic faces are processed similarly, at least in gaze cueing studies.

The values for manual reaction times in this manuscript are similar to those reported in prior
studies of gaze cueing in children with high functioning autism (Kyllidinen and Hietanen
2004; Senju et al. 2004; Swettenham et al. 2003). There was no significant difference in overall
reaction time between children with HFA and TD children. In other words, after accounting
for differences in 1Q, children with HFA were not slower to respond than TD children.
Kylliainen and Hietanen (2004) also reported no significant difference in reaction time between
children with HFA and TD children.

Evidence from post-test trials supports the notion that children with HFA looked at the static
line drawings of the eye gaze cues. Children with HFA demonstrated on post-test trials that
they were able to discriminate and verbally report the direction that the eyes were looking with
an accuracy of seven trials or better out of 10 trials (post-test data were available for 18 out of
the 22 children with HFA). Thus, the absence of a validity effect in children with HFA is
unlikely to be due to impairments in looking at and discriminating the direction of the eye gaze
cues. It would be interesting for future studies to include measurements of eye movements.

Our findings in children with HFA are similar to the results shown by the frontal lobe patient
EVR (Vecera and Rizzo 2004, 2006). Similar to the findings in children with HFA, EVR failed
to show a validity effect in response to eye gaze cues (when tested with 100, 200, and 700 ms
SOAs). EVR was also tested under two other cue-type conditions involving peripheral cues
and word cues (e.g., RIGHT, LEFT). EVR demonstrated a typical sized validity effect in
response to peripheral cues, suggestive of the ability to reflexively shift attention. However,
he showed no validity effect in response to cueing mediated by word cues or by the eye gaze
cues. These findings suggest that eye gaze cues may influence shifts of attention in a relatively
voluntary or controlled manner rather than in an automatic or reflexive manner (Vecera and
Rizzo 2004, 2006). Thus, under these conditions, the current findings in high functioning
children with autism may suggest impairments in voluntary or controlled orienting of attention.
There is evidence in the autism literature to support the suggestion of impairments in the
executive control of attention in autism (e.g., Geurts et al. 2004; Goldberg et al. 2005; Hughes
et al. 1994; Landa and Goldberg 2005; Ozonoff 1997; Ozonoff et al. 1991, 2004; Pennington
and Ozonoff 1996) as well as differences in frontal lobe regions of the brain in individuals with
autism (e.g., Bailey et al. 1998; Carper and Courchesne 2000; Girgis et al. 2007; Kemper and
Bauman 1998; Ohnishi et al. 2000; Zilbovicius et al.1995).
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Posner (1988, 1990) described three mechanisms involved in orienting attention on cueing
tasks: attention must be disengaged from the current location, moved to a cued location, and
then engaged in a target or stimulus at the new location. The pattern of findings in the present
study (i.e., no significant validity effect in children with HFA), in some ways resembles the
pattern shown by patients with a form of Parkinsonism called progressive supranuclear palsy
(PSP). In patients with PSP, regions of the midbrain are damaged (superior colliculus,
pretectum, periaqueductal grey and mesencephalic raphe degenerate) and there are
accompanying deficits in producing voluntary saccades, particularly along the vertical
meridian compared to the horizontal plane (Posner et al. 1982). Specifically, Posner and
colleagues reported on a patient with PSP on a task using a peripheral cue, who showed no
validity effect until 1,000 ms after the cue in the vertical direction, but a validity effect early
on when tested in the horizontal direction (Posner et al. 1982, Fig. 5). From this pattern of
finding, Posner and colleagues proposed that damage to the midbrain affects the latency of
covert orienting and reflects a deficit in moving attention (Posner et al. 1982; Posner 1988,
1990).

Wainwright-Sharp and Bryson (1993) reported a similar suggestion that there may be
impairments in moving attention in individuals with autism in a paradigm involving central
(arrow) cues. That study showed in a sample of high functioning adolescents and adults with
autism no significant validity effect at an early, 100 ms SOA, but a significant validity effect
at a 800 ms SOA, suggesting a potential deficit in moving visual attention in autism. Future
studies are needed comparing the effects of longer SOASs (e.g., 1,000 ms) on the ability to orient
attention in our sample of children with HFA in order to be able to conclude whether there is
an impairment in moving attention in response to eye gaze cues.

Functional magnetic resonance imaging (fMRI) studies have identified the superior temporal
sulcus (STS) as a key neural region involved in eye gaze processing (Hooker et al. 2003;
Kingstone et al. 2004; Mosconi et al. 2005; Pelphrey et al. 2003, 2005). Pelphrey and colleagues
(2005) found that when typically developing adults and adults with autism viewed a photograph
of a character producing shifts in eye gaze, they both activated the STS region. However, when
gaze shifts were incongruent with the location of a peripheral target (invalid) compared to when
the gaze shifts were congruent (valid), the results showed that only typically developing adults
showed increased activity in the STS. In adults with autism, there was no differential activity
in the STS between incongruent and congruent gaze shifts. Individuals with autism showed
incongruent versus congruent activity in other brain regions including the insular cortex/
inferior frontal gyrus and the posterior middle temporal and middle occipital gyri. These
findings provide neural evidence for impairments in eye gaze processing in autism and
converge with behavioral findings from the current investigation suggesting impairments in
utilizing eye gaze cues in autism.

In conclusion, this study demonstrated that compared to TD children, children with HFA
showed difficulty in using statically presented line drawings of eye gaze cues to orient visual-
spatial attention. This study provides insight into possible mechanisms related to visual-spatial
attention that might be disrupted in children with HFA. The similar pattern of performance in
children with HFA to the one shown by the frontal lobe patient EVR on the same type of task
involving static line drawings of eye gaze cues suggests that impairments to the frontal lobe
may potentially contribute to deficits in the voluntary control of attention in individuals with
autism. It would be interesting for future fMRI studies to examine whether similar to adults
with autism, children with HFA also fail to show differential activity in the STS region of the
brain to invalid versus valid eye gaze cues.

In order to be able to address the social implications of the eye gaze cues in the present study,
it would be important for future directions to examine whether there are cueing differences
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between tasks involving line drawings of eye gaze cues and arrow cues in typically developing
children. Furthermore, comparisons between static line drawings of eyes, realistic static
photographs of real eyes, and videos of eyes moving (in the process of gazing) should be
components of future research. Finally, it is of additional importance for future studies to
examine the specificity of these findings to individuals with autism by examining whether the
pattern of findings also pertains to children with other neurodevelopmental conditions.
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Fig. 1.

The stimuli, sequence, and time course of events are depicted. The figure illustrates events on
a valid trial. On invalid trials, a target (asterisk) appeared in a peripheral box opposite to the
direction of the eye gaze cues
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Fig. 2.

Mean reaction times on valid and invalid trials for children with high functioning autism (HFA)
and typically developing children (TD) are illustrated. Note the slopes of the lines differ for
children with HFA compared to TD children. Unlike children in the TD group, there was no
significant validity effect for children in the HFA group
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Table 1
Demographic information

Age Fs1Q” SES
High functioning autism group
Mean 10.47 100.60 56.75
Standard deviation 177 15.54 8.64
Typically developing group
Mean 10.41 113.53 54.52
Standard deviation 1.42 14.59 9.01

*

p<.01
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Means and standard deviations for the percentage of trials with anticipatory errors, trials with long latencies, and
responses on catch trials by group

High functioning autism group

Typically developing group

Mean Standard deviation Mean Standard deviation
Anticipations* (reaction times 277 3.21 121 1.45
shorter than 150 ms)
Long latencies™ (reaction times 1.80 2.39 61 .70
longer than 1,500 ms)
Responses on catch trials™ (no target 21.59 16.60 10.76 9.98

following eye gaze cue)

*
p<.01
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Table 3
Mean reaction time and standard error for Cue type and SOA for each group

200 ms SOA 700 ms SOA
Valid Invalid Valid Invalid
High functioning autism group
Mean 500.90 504.49 504.83 504.80
Standard error 22.61 23.89 19.04 20.24
Typically developing group
Mean 455.85 466.11 436.20 452.43
Standard error 15.15 16.01 12.76 13.56
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