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Abstract Superiority in visual search for individuals
diagnosed with autism spectrum disorder (ASD) is a well-
reported finding. We administered two visual search tasks
to individuals with ASD and matched controls. One
showed no difference between the groups, and one did
show the expected superior performance for individuals
with ASD. These results offer an explanation, formulated
in terms of load theory. We suggest that there is a limit to
the superiority in visual search for individuals with ASD,
related to the perceptual load of the stimuli. When per-
ceptual load becomes so high that no additional task-
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(ir)relevant information can be processed, performance will
be based on single stimulus identification, in which no
differences between individuals with ASD and controls
have been demonstrated.
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Individuals who have been diagnosed with autism spectrum
disorder (ASD) typically exhibit impairments in social
interaction and communication, whilst on the other hand
excel on certain visuospatial tasks (see Dakin and Frith
2005; Simmons et al. 2009 for an overview). This is pos-
sibly highly beneficial for early recognition of ASD, and
indeed, studies on processing of eye-gaze and visual fixa-
tion during social interaction in infancy have already been
successful in distinguishing infants at-risk for autism from
controls (Elsabbagh et al. 2009; Merin et al. 2006). Non-
social visuospatial differences might prove to be the next
step in early recognition of ASD. However, such prospects
are only viable if the perceptual differences between
individuals with ASD and typically developing individuals
are well understood.

A particularly well-documented finding is the excellence
of individuals with ASD in visual search (Jarrold et al.
2005; Joseph et al. 2009; Kemner et al. 2007; O’Riordan
2004; O’Riordan et al. 2001; Plaisted et al. 1998a), where
individuals with ASD show shorter reaction times in visual
search tasks when compared to a matched control group.
This excellence manifests itself even as early as in 2.5-year
old toddlers (Kaldy et al. 2011). In this study, eye-move-
ments of toddlers were measured and toddlers with ASD
proved more successful at finding a target distinct by a
combination of features (Kaldy et al. 2011). A possible
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explanation for these findings is an enhanced stimulus
discriminability in individuals with ASD, which is dem-
onstrated by increasing differences between groups in
reaction time when the task becomes more difficult
(O’Riordan et al. 2001; Plaisted et al. 1998a). This is also
supported by the finding that autistic children outperform
the control group in an embedded figures tasks where the
target is embedded in a more complex image (Jarrold et al.
2005). This superiority in visual search also seems to
translate to the typically developing population, where
individuals high on the autistic traits spectrum, as measured
with the Autism Spectrum Quotient (Baron-Cohen et al.
2001), outperform individuals low on the autistic traits
spectrum in a visual search task (Almeida et al. 2010).

Another explanation might be that individuals with
ASD adopt a different search strategy, and are more suc-
cessful or faster because of this. To test whether different
search strategies between individuals with ASD and con-
trols might explain the enhanced performance of individ-
uals with ASD, several studies looked at eye-movements
during visual search (Joseph et al. 2009; Kemner et al.
2007). Kemner et al. (2007) conclude that individuals with
ASD do not adopt a more efficient search strategy, which
would be accompanied by longer fixation times (Hooge
and Erkelens 1999), and that the superior performance
might thus be due to enhanced stimulus discrimination. In
addition, Joseph et al. (2009) conclude that participants
with ASD search the displays in a similar fashion as
controls, and that the superior performance is due to non-
search processes, i.e. stimulus discrimination, not search-
strategy. Furthermore, children with ASD do not appear to
search efficiently in a more ecological search setting
(Pellicano et al. 2011).

The literature seems to provide a general consensus on
superior performance for individuals with ASD in visual
search, likely due to enhanced stimulus discrimination,
which becomes more pronounced when task difficulty
increases. This superior performance is evident from
reduced reaction times in individuals with ASD, while
error rates are equal to control participants. As this supe-
rior performance is well replicated, the present study
aimed to use this as a baseline for comparison with effects
between individuals with ASD and controls in parallel
studies. A visual search task using a vertical target among
tilted distractors was used to accomplish this. However,
result from this experiment did not show the expected
superiority for individuals with ASD compared to the
control group. This incongruence with the literature led the
authors to do a second experiment in which the search
superiority for individuals with ASD was again demon-
strated. The results will be discussed and put in perspective
with current theories on enhanced stimulus discrimination
in ASD.
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Method Experiment 1
Participants

19 young adults with ASD (4 female, 15 male) and 31
matched control subjects (7 female, 24 male) participated
in experiment 1. Mean age of the ASD group was 21.6
(SD = 3.04). Mean age of the control group was 21.6
(SD = 2.11). For the ASD group, the Wechsler Adult
Intelligence Scale III, Dutch edition (WAIS-III), was used
to determine IQ scores. For the control group the Wechsler
Abbreviated Scale of Intelligence (WASI) was used to
estimate 1Q. The Freiburg Visual Acuity Test (Bach 1996)
was used to measure visual acuity and Weber contrast
sensitivity (i.e. sensitivity for contrast between feature and
background luminance). The ASD and control groups did
not differ significantly on age, IQ, visual acuity or contrast
sensitivity, and all subjects had normal or corrected-to-
normal vision (log MAR acuity range —0.49 to 0.35). The
Autism Spectrum Quotient (AQ; Baron-Cohen et al., 2001)
was administered to all subjects. Due to technical reasons
AQ data of two control subjects was lost. Mean AQ for the
patient group was 32.7 (SD = 4.16) and 24.4 (SD = 3.22)
for the control group. An independent ¢ test was used to
determine significance, #(46) = 7.86, p < .001. Descriptive
statistics for both groups are given in Table 1.

The diagnostic evaluation for the ASD group included a
psychiatric observation and a review of prior records
(developmental history, child psychiatric and psychologi-
cal observations and tests). ASD was diagnosed by a child
psychiatrist using the DSM-IV criteria. The ASD group
consisted of 12 participants diagnosed with Asperger’s
Syndrome, 6 diagnosed with Autism, and 1 diagnosed with
PDD-NOS. The parents of all but one of these subjects
were administered the Autism Diagnostic Interview (Lord
et al. 1994) and eleven of the participants with ASD were
administered the Autism Diagnostic Observation Schedule-
generic (Lord et al. 1989), both by a trained rater. Seven-
teen subjects met ADI-R criteria for autism or autism
spectrum disorder; one subject did not (this subject did,
however, meet DSM-IV criteria). All of the participants

Table 1 Means and standard deviations for age, IQ, AQ, contrast
sensitivity and visual acuity for the ASD and the matched control

group

Control group ASD group
Sample size 31 19
Age 21.6 (2.11) 21.6 (3.04)
IQ 118.9 (11.1) 116.2 (12.2)
AQ 24.4 (3.22) 32.7 (4.16)
Weber contrast sensitivity 1.69 % (1.32 %) 1.33 % (0.58 %)
Visual acuity (log MAR) —0.24 (0.16) —0.25 (0.11)
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who completed the ADOS-G met the full criteria for autism
or autism spectrum disorder.

Control subjects were recruited on campus and were
screened for ASD, ASD in their family, and history of
psychopathology. None of the control subjects reported
ASD or psychopathology, although two subjects had first-
degree relatives diagnosed with ASD.

Both the subjects with ASD and the control participants
received a money reward for their participation. The study
was approved by the medical ethics committee of the
University Medical Centre Utrecht and subjects gave
written informed consent prior to participation.

Stimuli and Task

Search displays consisted of a dark-grey background con-
taining 25 light-grey line elements (see Fig. 1).

In the ‘absent’ condition, all lines were tilted 10°
clockwise. In the ‘present’ condition one line element (i.e.
the target) was vertical, whilst the remaining 24 lines were
again tilted 10° clockwise. 50 ‘absent’ and 50 ‘present’
trials were presented in a pseudorandom order. Participants
performed a binary forced choice task indicating whether
the target was absent or present. Each trial started with a
fixation cross. After the subject pressed the space bar, the
search display appeared with a stimulus-onset asynchrony
of 0-1,000 ms. The search display remained on screen until
the subject pressed one of the response keys. Response keys
were the left and the right arrow-keys on the keyboard. The
keys representing target absent and target present were
counterbalanced across participants. Response on each trial
initiated the fixation phase of the next trial.

Procedure

Participants were seated in a height-adjustable chair at
57 cm distance from a 22" monitor. A chin-rest was used to

Fig. 1 Example stimulus in target ‘present’ condition

maintain viewing distance. The size of the search displays
was 31.25° x 25°. A black curtain was then drawn over
the participant and the screen so that no external light
influenced the setup.

Results Experiment 1

Mean reaction times and error rates were calculated for
target present and target absent trials in both groups. One
of the clinical subjects was eliminated from the analysis, as
mean reaction time for target absent trials for this partici-
pant was 10.3 s compared to a mean reaction time of the
other young ASD adults of 2.77 s (SD = 1.03 s). Other
than that, no trials were excluded from the analysis.

RT Analysis

A repeated measures analysis of variance (ANOVA) with
target (i.e. present or absent) as a within-subjects factor and
group (i.e. ASD or control) as a between-subjects factor was
used to determine statistical significance. The ANOVA
revealed a significant effect of target on reaction time
(F(1,47) = 89.22, p < .0005, n]% = 0.66), reflecting the fact
that both groups were faster on target present trials as com-
pared to target absent trials. No differences were seen between
the ASD group and controls (see Fig. 2). There was no effect
of group (F < 1), nor was there an interaction between target
and group (F < 1). The results are depicted in Fig. 2.

Error Analysis

A repeated measures ANOVA revealed a significant effect of
target on error rate (F(1,47) = 49.13, p < .0005, nf) = 0.51),
indicating that the error rate in the target present condition
(m = 0.142,SD = 0.125) was significantly higher than in the
target absent condition (m = 0.007, SD = 0.013). Again,
there was no effect of group (F < 1), nor was there an inter-
action between target and group (F < 1).

Discussion Experiment 1

The purpose of experiment 1 was to replicate the general
finding that the ASD group shows superior performance in
visual search. To accomplish this a visual search task was
administered in which participants searched for a vertical
target among tilted distractors. Both the ASD group and the
control group were significantly slower to react when the
target was absent, consistent with general findings in visual
search. There was, however, no superior performance for
the ASD group, neither when the target was present nor
absent. More errors were made by both groups when the
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Fig. 2 Mean reaction times with SE for target absent and target
present trials in ASD and controls

target was present compared to target absent trials. How-
ever, no differences in error rates between the ASD group
and the control group were identified, neither when the
target was present nor when it was absent.

These results are intriguing, and in high contrast with
the body of research on visual search in ASD. The study by
Kemner et al. (2007) used similar stimuli and task as the
present study, but, in contrast to the present study, did show
clear differences in visual search performance between
subjects with ASD and controls. The only differences
between the two experiments were that the present exper-
iment consisted of only one set size (i.e. 25 elements), and
that the distractors were slightly less tilted from vertical
(i.e. 10° clockwise tilt in the present experiment compared
to a 17° clockwise tilt in Kemner et al. 2007). Furthermore,
the groups in both studies were very similar regarding age,
IQ and diagnosis. Finally, it should be noted that in the
earlier study by Kemner et al. (2007), the effect between
the ASD group and controls was numerically largest in the
display resembling the present experiment the most; the
25-element display with a vertical target between 17° tilted
distractors. To resolve this apparent incongruence, a sec-
ond experiment was conducted with stimuli constructed to
match those in Kemner et al. (2007).

Method Experiment 2
Participants

13 young adults with ASD and 14 matched control subjects
participated in experiment 2. 12 control participants and 12
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participants with ASD had previously participated in
experiment 1. AQ scores for these participants were com-
pared using an independent-samples ¢ test, #(22) = 4.95,
p < .001. At least 6 months had passed between experi-
ment 1 and 2. For the 2 control participants who had not
participated in experiment 1, the Wechsler Abbreviated
Scale of Intelligence was used to estimate 1Q. To the young
ASD adult who had not participated before the full
Wechsler Adult Intelligence Scale was administered. This
participant was diagnosed with Autism according to DSM-
IV criteria, resulting in a group total of 7 diagnosed with
Autism. Furthermore, the group comprised 5 participants
diagnosed with Asperger’s Syndrome and 1 participant
diagnosed with PDD-NOS. The ASD group and the mat-
ched control group did not differ significantly on age, 1Q,
visual acuity or contrast sensitivity. Descriptive statistics
are provided in Table 2.

Stimuli and Task

The experiment consisted of two sessions, one ‘easy’ and
one ‘hard’ session (i.e. analogous to Kemner et al. 2007),
which were counterbalanced across participants. Stimuli
again consisted of dark-grey displays containing light-grey
line elements. The set-size of lines in the stimulus display
was varied in both sessions with 4, 16 or 25 lines in the
display. In the ‘easy’ session, the display consisted of
vertical line distractors with a target line tilted 17° clock-
wise in half of the displays. In the ‘hard’ sessions, the
display consisted of 17° clockwise tilted line distractors,
with a vertical line target in half of the displays. 30 trials
were presented per condition, resulting in a total of 180
trials [30 trials * 2 (target present or absent) * 3 (set-size)]
per session. Participants performed a binary forced choice
task indicating whether the target was absent or present.
Each trial started with a fixation cross. After the subject
pressed the space bar, the search display appeared imme-
diately. The search display remained on screen until the
subject pressed one of the response keys. Participants
responded with the left and the right arrow-keys on the
keyboard. The left arrow key represented the vertical line,

Table 2 Means and standard deviations for age, IQ, AQ, contrast
sensitivity and visual acuity for the ASD and matched control group

Control group ASD group
Sample size 14 13
Age 22.8 (2.46) 22.9 (4.05)
1Q 118.9 (13.5) 116.1 (11.6)
AQ 24.7 (3.58) 32.4 (4.08)
Weber contrast sensitivity 1.27 % (0.34 %) 1.54 % (0.42 %)
Visual acuity (log MAR) —0.26 (0.12) —0.25 (0.11)
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and was to be pressed when target was present in the ‘hard’
session and when the target was absent in the ‘easy’ ses-
sion. The right arrow key represented the tilted line and
was to be pressed when the target was present in the ‘easy’
session and when the target was absent in the ‘hard’ ses-
sion. The response on each trial initiated the fixation phase
of the next trial.

Procedure

The procedure was identical to experiment 1.

Results Experiment 2

Mean reaction times and error rates were calculated for
target absent and target present trials in all set sizes.
Analyses were done for the ‘easy’ and ‘hard’ session sep-
arately. No trials were excluded from the analysis.

RT Analysis

A repeated measures ANOVA with Greenhouse-Geisser
correction using target (absent or present) and set size (4,
16 or 25) as within subjects factors and group (ASD or
control) as a between subjects factor was used to determine
statistical significance. The results are depicted in Fig. 3.
In the ‘easy’ session, a main effect for target was observed
(F(1,25) = 18.96, p < .0005, ng = 0.43), reflecting longer
reaction times when the target was absent (609 ms for target
present vs. 740 ms for target absent). Reaction times

Fig. 3 Mean reaction times

increased with set size (F(1.29,32.21) =7.50, p < .01,
ng = 0.23, with mean reaction times of 644, 682 and
697 ms, respectively. A significant two-way interaction
between target and set size (F(1.12,28.04) = 9.01,p < .005,
ng = 0.27) reflected the rise in reaction time due to set size
especially when the target was absent.

As can be seen in Fig. 3, clear differences between the
ASD and control group were found. The between subjects
effect for group was significant (F(1,25) = 4.25, p = .05,
nﬁ = 0.15), indicating the overall reduction in reaction
time for the ASD group compared to the control group. The
two-way interaction between target and group (F(1,25) =
5.86, p < .05, ng = 0.19) reflected the difference between
groups especially for the target absent condition. Finally,
the three-way interaction of target, set size and group was
significant (F(1.12,28.04) = 4.53, p < .05, nl% = 0.15) and
reflects the increase in reaction times due to set size when
the target was absent, particularly for the control group.

In the ‘hard’ session, again longer reaction times were found
for target absent trials (F(1,25) = 12.74,p < .005, ng = 0.34);
865 ms for target present vs. 1062 ms for target absent. Reac-
tion times increased with set size (F(1.08,27.03) = 8.33,
p < .01, n% = 0.25); with mean reaction times of 856 ms,
1011 ms and 1023 ms, respectively. A significant target and set
size interaction was observed (F(1.39,34.86) = 12.02,
p < .0005, nf, = 0.33). Although the pattern of results in the
‘hard’ session resembled that in the ‘easy’ session (see Fig. 3),
the main between subjects effect for group (F(1,25) = 2.04,
p=.17, nf, = 0.08), the target and group interaction
(F(1,25) =242, p = .13, ng = 0.09), the set size and group
interaction (F(1.08,27.03) = 1.01, p = .33, ng = 0.04) and
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the target, set size and group three-way interaction
(F(1.39,34.86) = 1.88, p = .18, ng = 0.07) were not signifi-
cant for the ‘hard’ condition.

Error Analysis

Mean error rates in the easy session were 0.025
(SD = 0.007) in the target present condition and 0.016
(SD = 0.003) in the target absent condition. A repeated
measures ANOVA on error rates in the easy session
revealed that these means did not differ significantly, nor
were any other significant main or interaction effects
observed.

A repeated measures ANOVA on error rates in the hard
session revealed a significant main effect for target
(F(1,25) = 10.23, p < .005), indicating that the error rate
in the target present condition (m = 0.044, SD = 0.008)
was significantly higher than in the target absent condition
(m = 0.015, SD = 0.003). No main between subjects
effect for group was observed, nor were there interactions
involving the group factor.

General Discussion

The aim of present study was to replicate the general
finding of superiority in visual search for a clinical group
diagnosed with ASD. Furthermore, the aim was to establish
a baseline of superior performance in visual search to be
compared with intergroup effects in parallel studies.
However, the results of experiment 1 indicated no such
superior performance for the ASD group compared to
matched controls. To uncover why this difference in per-
formance was absent, a second experiment was conducted
more closely resembling the Kemner et al. (2007) study. A
visual search display varying in set size (i.e. 4, 16 or 25
elements) was used, and the experiment consisted of two
separate sessions. In one session the target was a tilted line
among vertical line distractors, referred to as the ‘easy’
session, and in the other session the target was a vertical
line among tilted line distractors, referred to as the ‘hard’
session. The naming of these sessions (i.e. ‘easy’ or ‘hard’)
is in accordance with earlier research using such visual
search displays (Kemner et al. 2007; O’Riordan et al.
2001). All but one individual with ASD and two controls
had previously participated in the first experiment.
Results from the second experiment were in accordance
with general findings in visual search literature. Reaction
times increased when the target was absent, and reaction
times also increased with set size, particularly when the
target was absent. As in the Kemner et al. (2007) study, in
the ‘easy’ session, the ASD group was significantly faster
than their matched controls, especially when the target was
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absent. Furthermore, this difference between the ASD
group and the control when the target was absent increased
as set size became larger. In the ‘hard’ session, however,
the superior performance for the ASD group was not sig-
nificant. Why this might be the case will be discussed later
on. For now, the results from experiment 1 indicate no
differences between the ASD group and the control group,
whereas the results from experiment 2 do show a superior
performance for the ASD group compared to the control
group.

In order to put these results in context, we have to
consider the differences between experiment 1 and 2.
Experiment 2 was set up to match the Kemner et al. (2007)
study, with two sessions (i.e. ‘easy’ and ‘hard’ session) and
three set sizes in each session. The tilted lines, which could
either be distractors or the target depending on the session,
were tilted 17° clockwise from vertical. Experiment 1,
however, only contained one session, in which the target
was a vertical line among tilted line distractors. The tilt of
the line was smaller, at only 10° clockwise from vertical,
making it more similar to the target. Furthermore, only the
set size of 25 elements was included. Finally, it is impor-
tant to note that the participants in experiment 2 had all but
three (1 in the ASD and 2 in the control group) participated
in experiment 1, with at least 6 months in between mea-
surements, although the group size was somewhat smaller.
In other words, the differences between experiment 1 and 2
are limited to time of measurement, group size and dif-
ferences in the visual search display (i.e. one versus three
set sizes and decreased tilt of lines).

In order to discuss the results of the present experiments
in terms of experimental differences (i.e. changes in target-
distractor similarity and the addition of set size as a factor),
first we must rule out other possible explanations for the
observed effects. As the group of participants in both
experiments is highly similar, one could suggest that some
form of perceptual learning between sessions has taken
place. However, this would suggest that perceptual learn-
ing had taken place in the ASD group only, and span at
least 6-months. Research on perceptual learning in indi-
viduals with ASD show that controls outperform the group
diagnosed with ASD on a perceptual learning task they
have previously been exposed to (Plaisted et al. 1998b).
This would then suggest that, if perceptual learning had
taken place, the control group would outperform the ASD
group in the current study, which was not the case and is
thus not likely to explain the current results. Another
possibility is that there is something special about the
clinical group in the current study. So far, two studies have
previously reported no superior performance in a visual
search task for individuals with ASD. First (Constable et al.
2010) find no differences in a visual search task requiring
participants to find an ellipse in a set of circles in reaction
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time or error rates between the clinical group and the
control group. They suggest this might be due to an older
age group compared to previous studies, which would
indicate perceptual differences between the clinical group
and typically developing individuals could diminish over
time (Constable et al. 2010). However, as the age of par-
ticipants in the present study resembles that of previous
research (Kemner et al. 2007; O’Riordan 2004), and
superior performance was actually found in experiment 2
(similar to Kemner et al. 2007), this suggestion is not
applicable to the present study. Second, Baldassi et al.
(2009) find no superiority for locating a deviant stimulus at
the center of vision for a group of children with ASD
compared to typically developing children. However, as
the task in Baldassi et al. (2009) measures sensitivity
thresholds for briefly presented sets of stimuli, it is hard to
compare their results to the present study. The remaining
option is that the difference in results between experiments
1 and 2 is due to differences in the visual search task itself.

As previously stated, the visual search task in experiment
1 differed from that in experiment 2 on a number of factors:
only one session was included (i.e. vertical target among
tilted distractors), one set size (i.e. 25 elements) was pre-
sented, and the distractors were more similar to the target
(tilted only 10° clockwise from vertical instead of 17°).
Whereas the two sessions in experiment 2 were referred to
as ‘easy’ and ‘hard’, this categorization of difficulty cannot
easily be extended to experiment 1. Increasing difficulty on
a specific task will undoubtedly result in slower reaction
times, that is, if the error rates remain constant. However,
slower reaction times (at constant error rates) do not nec-
essarily reflect a more difficult task if the task is not iden-
tical. The fact that the number of elements in the visual
search display, or set size, was not varied in experiment 1,
meant that switching between different set sizes was not
necessary. This, in itself, makes the task in experiment 1
different from the task in experiment 2, and makes com-
parison of task difficulty troublesome.

Something can, however, be said about the perceptual
load of the visual search displays in both tasks, instead of
task difficulty. Lavie and Fockert (2003) provide a clear
distinction of task difficulty and perceptual load, and the
two should not be confused when interpreting the following
explanation. As the name implies, perceptual load is the
concept of how much load is being placed on the percep-
tual system, something that increases as both the number of
elements in a visual search display is increased as well as
when target-distractor similarity is increased (Lavie 1995;
Lavie and Cox 1997). This concept of perceptual load
provides the basis for load theory, which posits that human
perception has limited capacity and automatically uses that
capacity for perceptual processing (Lavie 2005; Lavie et al.
2004). If perceptual load on a task is low such that the task

does not require all capacity, any capacity remaining is
automatically used for task-irrelevant information. When
perceptual load on a task in high, no capacity is left, and
task-irrelevant information is not processed. This is dem-
onstrated by the decreased interference of distractors when
perceptual load is high (Lavie 1995; Lavie and Cox 1997).
What this means for the current experiments is that per-
ceptual load increases when set size increases, which is
what happens in experiment 2. Furthermore, perceptual
load also increases when target-distractor similarity is
increased; thus the visual search display in experiment 1
has a higher perceptual load than the largest (i.e. 25 ele-
ments) visual search display in experiment 2.

A recent study by Remington et al. (2012) suggests that
high perceptual load impairs visual detection in typically
developing adults, but not in adults diagnosed with autism.
They suggest that superior performance typically observed
for individuals with ASD in visual search (Joseph et al.
2009; Kemner et al. 2007; O’Riordan 2004; O’Riordan et al.
2001; Plaisted et al. 1998a) is related to an enhanced per-
ceptual capacity in individuals with ASD. This enhanced
capacity implies that individuals with ASD process more
information, and although that additional information can be
task-irrelevant, it can also be task-relevant (Remington et al.
2012). In this case, the task-relevant information would
mean the detection of a target among distractors. Previously,
Remington et al. (2009) demonstrated that individuals with
ASD require higher levels of perceptual load to be able to
ignore irrelevant distractors, again suggesting enhanced
capacity for individuals with ASD. Furthermore, this
enhanced capacity seems to be reflected in the severity of
autistic traits, as typically developing individuals scoring
high on the AQ are affected less by higher perceptual load
than individuals scoring low on the AQ (Bayliss and Kritikos
2010). While this concept of enhanced perceptual capacity
has been used to explain superior performance in individuals
with ASD, it might also explain the results observed in
experiment 1 of the present study. A possible explanation for
the results in the present study is that the perceptual load of
the display in experiment 1 has become so high that also the
capacity of the individuals with ASD has left no room for the
processing of additional task-(ir)relevant information. As
such, the critical factor is no longer in capacity for pro-
cessing multiple information sources, but in the discrimi-
nation of a single stimulus-element. With reference to the
search displays in the present study this would be mean that
the task in experiment 1 is so demanding that both partici-
pants with ASD and controls make a decision of target or
distractor for one element at a time. In cases of lower per-
ceptual load, as in experiment 2, multiple stimulus-elements
can be processed at the same time, with the enhanced per-
ceptual capacity of individuals with ASD allowing for more
stimulus-elements to be processed simultaneously.
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If perceptual capacity for both the ASD and control
group leaves no room for processing more than one stim-
ulus-element at a time, any superiority for either group
would be due to static stimulus discrimination or identifi-
cation. Previous research has demonstrated that there is no
clear evidence for superior or inferior performance in static
stimulus discrimination in ASD, which might contribute to
the result in the present study (Simmons et al. 2009). For
instance, De Jonge et al. (2007) found no differences in
contrast sensitivity and thresholds for form discrimination
between individuals with ASD and controls. Although
Bertone et al. (2005) demonstrated lower thresholds for
orientation detection (i.e. detecting whether a stimulus is
oriented one way or another) in individuals with ASD
under certain circumstances, no differences have been
reported on orientation discrimination (i.e. discriminating
the tilt of a line from another) between individuals with
ASD and controls. This suggests that when the task breaks
down to single stimulus-element discrimination, no dif-
ferences are to be expected, and could explain the results of
experiment 1 in the present study.

With reference to the previously noted study of Con-
stable et al. (2010), this could mean that the absence of a
difference between individuals with ASD and matched-
controls in their visual search task might not be due to an
older age group, but to limits on perceptual load and the
consequent stimulus discrimination. Whether perceptual
load in the task Constable et al. (2010) use (i.e. finding an
ellipse in a set of distractor circles) is actually of higher
perceptual load than finding a tilted line among vertical
line distractors has thus far not been tested directly. Future
research should prove useful in determining perceptual
load across different paradigms. It should be noted, how-
ever, that the explanation Constable et al. (2010) provide
for their results might still very well be true—that per-
ceptual differences between individuals with ASD and
controls can diminish with age.

When the findings of the present study are put in the
context of load theory we can hypothesize the following; as
long as perceptual capacity leaves room for processing of
additional task-(ir)relevant information, individuals with
ASD will show superior performance. When perceptual
load is so high that no room is left for processing additional
task-(ir)relevant information, even in individuals with
ASD, no differences will be found on static stimuli
between individuals with ASD and controls. Future
research will be helpful in testing these claims, pinpointing
the scope and limits of the superiority in visual search for
individuals with ASD, and uncovering the specific anom-
alies of visual processing in ASD.

A final note on the results of experiment 2 in the present
study is in order. Although the results from the ‘easy’
session in experiment 2 showed superiority in reaction
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times for the group diagnosed with ASD compared to
controls, this effect was not found in the ‘hard’ session.
Numerically, the effect does appear to be present, even
larger than in the ‘easy’ session, though the effects are not
significant. A possible explanation for the lack of statistical
significance is the large standard errors in the control group
in the ‘hard’ condition. When we compare the present
results with the Kemner et al. (2007) study, whose exper-
iment most closely resembles experiment 2 in the present
study, similar standard errors are observed (i.e. around
200 ms in the larger set sizes when the target is absent).
Mean reaction times for the ASD group in the fastest
conditions (i.e. ‘easy’ session when the target is present)
are around 600 ms in both studies, although mean reaction
times for the control group in the slowest conditions vary—
around 1350 ms in the present study compared to 1,600 in
the Kemner et al. (2007) study. The absence of a significant
difference might then be due to a more condensed spread in
the reaction times, though the standard errors are quite
similar. Furthermore, as the AQ scores in the control
population are quite high, this might have lessened the
difference between the ASD group and the control group
(see e.g. Bayliss and Kritikos 2010). Nevertheless, these
considerations do not undermine the finding of superiority
in visual search for individuals diagnosed with ASD, as
reflected in the ‘easy’ session. As such, the absence of
statistical significance in the ‘hard’ session does not deter
from the conclusions of the present study and the hypoth-
esis regarding perceptual load as a limiting factor for visual
search superiority in ASD.
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