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Abstract Although several accounts of autism have pre-
dicted that the disorder should be associated with a decreased
susceptibility to visual illusions, previous experimental
results have been mixed. This study examined whether a link
between autism and illusion susceptibility can be more
convincingly demonstrated by assessing the relationships
between susceptibility and the extent to which several indi-
vidual autistic traits are exhibited as a continuum in a
population of college students. A significant relationship was
observed between the systemizing trait and susceptibility to a
subset of the tested illusions (the rod-and-frame, Roelofs,
Ponzo and Poggendorff illusions). These results provide
support for the idea that autism involves an imbalance
between the processing of local and global cues, more
heavily weighted toward local features than in the typically
developed individual.
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A diagnosis of autism is based on clinical observations of
impairments in social interactions, impairments in commu-
nication, and a tendency toward restricted, repetitive and
stereotyped interests and behaviors (DSM-IV, American
Psychiatric Association, APA 1994). Though this checklist
does not include differences in perceptual processing per se,
these differences do exist, with demonstrated deficits in, for
example, the ability to discriminate biological motion (Blake
et al. 2003) and the interpretation of impossible figures
(Mottron et al. 1999). In contrast, relatively robust “islands”
of enhanced ability have been found in individuals with
autism performing certain visual tasks, such as the Block
Design (Allen et al. 1991; Shah and Frith 1993) and
Embedded Figures Tasks (EFT; Shah and Frith 1983; Jolliffe
and Baron-Cohen 1997).

Several influential theories have attempted to address
both the diagnostic behaviors and the perceptual differ-
ences associated with autism. One set of these theories,
represented most notably by the Weak Central Coherence
theory (WCC; Frith 1989), proposes that the primary factor
underlying the autism spectrum disorders (ASD) is a core
deficit in the ability to integrate contextual information (the
underconnectivity theory of Just et al. 2004, suggests a
neural mechanism by which this deficit might occur). In
turn, this deficit would lead to an inability to respond in a
typical manner to higher-level social or linguistic stimuli
that are dependent on an understanding of these contextual
cues. At the same time, this deficit could explain the
enhanced ability in certain visuospatial tasks (for example,
in the EFT, where an inability to focus on the gestalt of the
stimulus would allow for a tighter focus on the local ele-
ments that make up the embedded figure). A more recent
revision of WCC theory suggests that ASD is more akin to
a preferred processing bias rather than a static deficit in
processing abilities—that is, individuals with autism are
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less likely to integrate contextual elements, though they
may be able to do so under certain circumstances (Happé
and Frith 2006). Whereas the WCC account of autism
proposes an imbalance in the use of local and global cues
caused by a deficit in (or bias against) the use of global
cues, the Enhanced Perceptual Functioning (EPF) account
proposes that the autistic brain, compared to the typically
developed brain, has a superior ability for low-level per-
ceptual processing (Mottron and Burack 2001; Mottron
et al. 2006). In turn, this enhanced perceptual ability (as
well as those suggested by related theories, such as that of
Plaisted 2001) would lead to an overdependence on local
cues in the sensory stimulus, perhaps at the expense of the
ability to integrate objects and events over time and space.

Although the focus of the WCC and EPF accounts are
somewhat different, both predict that individuals with
autism should be relatively less susceptible to many visu-
ospatial illusions, as they should be less able or less
inclined to integrate the (misleading) contextual elements
that give rise to the illusions. However, studies investi-
gating visual illusion susceptibility in autism have
produced mixed results. Initial reports of relative immunity
to illusions (Happé 1996; see also Bolte et al. 2007) were
soon followed by findings that individuals with autism and
those without are equally susceptible to illusions (Ropar
and Mitchell 1999, 2001; Hoy et al. 2004). However, a real
difference in susceptibility might have been obscured by
the circumstances under which the studies were performed,
with clinical populations being compared to various types
of control populations. First, there is the difficulty in
dealing with differences in mental ability between the
groups. Typically, this issue is mitigated by selecting a
control group matched to the mental age of the ASD group
(as measured by standardized tests such as the British
Picture Vocabulary Scale, Dunn et al. 1982; or the Kauf-
man Brief Intelligence Test, Kaufman and Kaufman 1990),
but by design this leads to differences in chronological age.
These differences are problematic in the context of mea-
suring illusion susceptibilities, since it is known that
susceptibilities are modulated by age. Although various
authors have suggested that susceptibility matures to adult-
like levels sometime between the ages of 6 years (e.g.,
Weintraub 1979; Zanuttini 1996) and 15 years (e.g.,
Brosvic et al. 2002; Bondarko and Semenov 2004), other
authors have suggested that susceptibility changes
throughout the lifetime (Coren and Girgus 1978; Coren and
Porac 1978; Porac and Coren 1981; Leibowitz and Judish
1967). Of course, one could instead compare an ASD group
to a control group matched for chronological age, but this
would in turn introduce a confound if susceptibility is
instead correlated to mental age.

Another potential confound brought about by a com-
parison of a clinical population with a control group lies in
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the heterogeneity of the clinical group itself. This would be
especially true if the clinical group contained individuals
across the autistic spectrum. However, it is also true even if
the participants were uniform in their diagnoses, given the
great heterogeneity in cognitive abilities and severity of
impairments seen among individuals with any one of the
spectrum disorders (Happé et al. 2006; Baron-Cohen et al.
2003; Belmonte et al. 2004; Ring et al. 2008). This effect
is only further magnified once individual differences in co-
morbid disorders are considered (Gillberg and Billstedt
2000). Given the relatively small numbers of participants
tested in studies of the cognitive effects of ASD, this
within-group heterogeneity could potentially obscure a true
difference between groups unless it is quantified and par-
tialled out within the statistical analyses of the results.

Although studies of group differences have done much
to further our understanding of autism and will undoubt-
edly continue to do so, other methods possess strengths that
can complement those of the group differences approach.
An alternative way to study the impact of autistic traits on
visuospatial processing, without introducing the confounds
of age differences, co-morbidity and variable symptoms, is
to compare measures of autistic tendencies to individual
differences in visuospatial processing ability within a typ-
ically developing population. Three self-report measures,
the Autism Quotient (AQ), Systemizing Quotient (SQ), and
Empathizing Quotient (EQ) have been developed by
Baron-Cohen and colleagues to measure traits associated
with autism within the general population. The AQ (Baron-
Cohen et al. 2001) has five subscales (social skill, attention
switching, attention to detail, communication, imagination)
each designed to quantify a set of behavioral traits asso-
ciated with autism. Systemizing refers to the ability and
predilection for analyzing, understanding and building
complex systems, tendencies strongly exhibited by indi-
viduals with ASD. An individual with a high SQ (Baron-
Cohen et al. 2003) would be better able to integrate
information about the constituent parts of a system in order
to understand how it works and to predict outcomes. In
contrast, empathizing refers to the ability to infer what
other individuals are thinking or feeling. An individual
with a high EQ (Baron-Cohen and Wheelwright 2004)
would feel comfortable in social situations and be able to
respond appropriately to the emotions noticed in others (a
trait that is typically impaired in ASD).

All three of these trait measures (the AQ, SQ and EQ)
have been demonstrated to vary continuously in the general
population, with individuals on the autistic spectrum (and
often their family members) occupying the extremes of the
continua (Baron-Cohen et al. 2001, 2003; Baron-Cohen
and Wheelwright 2004). Though relatively new, these
measures do possess good test-retest reliability (Baron-
Cohen et al. 2001, 2006; Baron-Cohen and Wheelwright



J Autism Dev Disord (2009) 39:339-349

341

2004; Lawrence etal. 2004), cross-cultural validity
(Wakabayashi et al. 2007; Wakabayashi et al. 2006), and
diagnostic validity (Baron-Cohen et al. 2005; Woodbury-
Smith et al. 2005). The use of these continuous measures
as a means of quantifying particular autistic traits, rather
than assigning each participant to a discrete group
(“autistic” or “typical”), should provide a means to
uncover correlations between performance on visuospatial
tasks and trait strength. In addition, it would allow for the
assessment of the effects of a specific autistic trait rather
than treating all traits associated with autism as a package.
An additional advantage to this continuous-trait method-
ology stems from the ability to measure hundreds of easily
obtained, typically developing participants, rather than
studying a smaller number of participants with an ASD
diagnosis. The present study uses this methodology to test
the hypothesis that illusion susceptibility is modulated by
the extent to which individuals exhibit the traits of autism.
Since a previous report has indicated that autism may affect
susceptibility to some illusions but not others (Happé
1996), a wide variety of illusions are tested. However, to
increase the statistical power of our comparisons, we will
also use the method of factor analysis to combine the
results across the illusions, in order to isolate specific
factors that reflect different mechanisms that underlie
broad patterns of illusion susceptibility.

Methods
Participants

Participants were University of Oregon undergraduates
who took part in this experiment in exchange for credit in
an introductory psychology course, with consent estab-
lished as per the University of Oregon Institutional Review
Board. In all, 321 individuals with normal or corrected-to-
normal vision participated (190 females), with an average
age of 19.9 (SD = 2.7) years. All participants performed a
subset of tasks (AQ, EQ, SQ, rod-and-frame and Roelofs),
whereas a subset of these individuals (N = 146) completed
a longer battery that also included other visual illusions
(induced motion, Zollner, Ponzo, Poggendorff, Ebbing-
haus, and Miiller-Lyer).! Approximately 1-2h was
necessary for completion of the full battery of tasks.
However, due to occasional equipment malfunctions and

! Participants also completed additional tasks to assess other aspects
of cognitive processing, including hidden figures, intuitive physics,
digit symbol-coding and global-local processing. Whereas the present
report is designed to specifically address questions that relate to
illusion susceptibility and autism, the results from these additional
tasks will be discussed elsewhere (for a preliminary report, see
Dassonville et al. 2007).

individual differences in the amount of time taken to per-
form the tasks, some participants were not able to complete
the entire battery and thus did not contribute a full set of
results. In the analyses, data were included in a pairwise
manner, with no attempt to replace missing data with
averages or other values.

Procedures
Lllusion Susceptibility

For each illusion, stimuli were presented at or slightly above
eye-level, with the participant sitting at a desk in a darkened
room. Stimuli were back-projected onto a translucent screen
(128 cm x 96 cm) by a Barco Cine 7 projector with a
screen refresh rate of 60 Hz. Participants sat at a comfort-
able viewing distance (approximately 122 cm) from the
screen, with the head free and no eye-movement restric-
tions. Unless otherwise noted, stimuli were red, presented
on a black background in otherwise complete darkness.
Susceptibility to each illusion was assessed by the method
of adjustment, with the participants required to press keys
on a standard keyboard to adjust the characteristics (orien-
tation, position, length or size) of a comparison stimulus
(see Fig. 1) to match a world-based reference (gravitational
vertical in the rod-and-frame and induced motion illusions),
an egocentrically-defined reference (the midsagittal plane in
the induced Roelofs effect), or a second stimulus presented
in an illusion-causing context (Ponzo, Poggendorff, Zollner,
Miiller-Lyer, Ebbinghaus illusions). Whereas the home
keys “f” and “j” of the keyboard adjusted the characteris-
tics of the comparison stimulus in fine increments
(1° counterclockwise or clockwise, respectively, when
adjusting orientation; 1 pixel left or right, respectively,
when adjusting position; or 1 pixel larger or smaller,
respectively, when adjusting size or length), keys “d” and
“k” adjusted in coarse increments (5° or 8 pixels). Thus,
participants used the coarse control keys to quickly move
the target toward its goal, then the fine control keys to
precisely adjust the target’s final position. In each task,
participants were given a brief practice session performed
without the illusion-inducing context present before the
experimental trials commenced. Each of the tasks took
approximately 5-10 min to complete.

Susceptibility was measured in each of eight illusions
(Fig. 1).

Rod-and-Frame Illusion
A tilted frame causes an enclosed line (the “rod”) to appear
tilted in the opposite direction (Witkin and Asch 1948). In

the present study, participants adjusted the orientation of
the rod so that it appeared to be vertical (32 trials).
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Fig. 1 Visual stimuli (not drawn to scale) used to test magnitude of
susceptibilities in each of eight illusions, with gray arrows (not visible
to participants) denoting the parameters (i.e., target location, orien-
tation, length or size) under participant control

Induced Roelofs Effect

When a target is presented within the context of a large
frame whose center is shifted left or right of the observer’s
midline, the perceived location of the target is biased in the
opposite direction (Bridgeman et al. 1997; Dassonville and
Bala 2004; Dassonville et al. 2004). Participants moved the
target so that it appeared to lie “straight ahead,” directly in
front of the nose (32 trials).

Induced Motion

When a target is presented on a moving background, the
motion of the background can induce an illusory motion of
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the target in the opposite direction (Duncker 1938). If the
target itself is moving, its real (or apparent) motion will be
combined with an illusory component in the direction
opposite the motion of the background. Participants
adjusted the orientation of the targets so that they appeared
to be moving in a purely vertical direction (16 trials).

Zollner Illusion

When a target line is cross-hatched by a set of obliquely-
oriented inducing lines, the target line appears to be tilted in
the opposite direction (Zollner 1860; Kitaoka and Ishihara
2000). Participants adjusted the orientation of a comparison
line so that it matched that of the target line (24 trials).

Ponzo Illusion

When a horizontal line is presented in the context of two
converging lines that appear to be parallel lines that recede
in the distance, the target line appears to be longer when it
is presented in the far space of the receding lines or shorter
when presented in the near space (Ponzo 1912). Partici-
pants adjusted the length of a comparison line to match the
length of the target line that was presented within the
context of the illusion (24 trials).

Ebbinghaus (Titchener) Illusion

When a circle is centered within a ring of larger (or
smaller) circles, the contrast causes the center circle to
appear smaller (or larger) than its actual size (Wundt 1898;
Titchener 1901). Participants adjusted the diameter of a
comparison circle to match that of the target circle (24
trials).

Muiiller-Lyer Illusion

When a target line has arrow-shaped inducers attached to
its ends, inward-pointing inducers cause an increase in the
line’s perceived length, whereas outward-pointing inducers
cause a decrease (Miiller-Lyer 1889). Participants adjusted
the length of a comparison line so that it appeared to match
that of the target line (24 trials).

Poggendorff Illusion

When an objectively straight line is obscured by another
object (usually a rectangular box), the line-ends appear to
be offset from each other (Burmester 1896). Participants
adjusted the position of a line segment that protruded from
the top of the box, so that it appeared to lie collinear with
the line segment that protruded from the bottom of the box
(24 trials).
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Errors in stimulus adjustment for each illusion type were
measured in degrees of visual angle (induced Roelofs,
Ponzo, Ebbinghaus, Miiller-Lyer, and Poggendorff illu-
sions) or degrees of rotation (rod-and-frame, induced
motion, and Zollner illusions). General measures of illu-
sion susceptibility were then obtained by submitting the
z-normalized results from the individual illusion tests to a
principle components analysis (varimax rotation), retaining
those factors with eigenvalues greater than 1.0 (SPSS 11.0,
SPSS, Inc.).

The Autism-spectrum, Empathizing and Systemizing
Quotients

In addition to the tests of illusion susceptibility, participants
completed the questionnaires designed by Baron-Cohen and
colleagues to measure AQ, EQ and SQ. In each, participants
were asked to read various statements (e.g., “When I am
reading a story, I can easily imagine what the characters
might look like.”) and then rate the extent to which the
statement described himself or herself (“Definitely agree,”
“Slightly agree,” “Slightly disagree,” or “Definitely dis-
agree”). The AQ (Baron-Cohen et al. 2001) contains 50
questions, with each question that is answered in the direc-
tion most often associated with autism scoring one point,
regardless of which modifier (“Slightly” or “Definitely”) is
indicated. Questions answered in the opposite direction were
scored zero points. The EQ (Baron-Cohen and Wheelwright
2004) and SQ (Baron-Cohen et al. 2003) each contains 40
items (and an additional 20 filler items), with each question
answered in the way that indicates the tendency to empathize
(or systemize) scoring one point (when accompanied by the
modifier “Slightly”’) or two points (when accompanied by
the modifier “Definitely”).

Results
AQ, EQ and SQ

Across all participants, the mean scores on the AQ, EQ and
SQ were 15.3 (SD = 5.6; range = 1-32),44.7 (SD = 10.8;
range = 19-78) and 28.0 (SD = 12.3; range = 5-66),
respectively. Although a one-sample Kolmogorov-Smirnov
test demonstrated that the EQ distribution did not differ
significantly from normality (K-S Z = 1.035), AQ was
found to be significantly non-normal (K-S Z = 1.486,
p = 0.024) and SQ trended toward non-normality (K-S
Z = 1.257, p = 0.085); for this reason, subsequent analyses
of these measures used nonparametric statistical tests. Two-
sample K-S tests indicated the expected gender differences
in SQ (mean male SQ = 32.7, female = 24.8; K-S
Z = 2452, p <0.001) and EQ (mean male EQ = 41.8,

female = 46.6; K-S Z = 1.536, p = 0.018); although the
gender difference in the AQ scores trended in the expected
direction, it did not reach significance (mean male
AQ = 15.6, female = 15.0; K-SZ = 1.097,p = 0.18). As
has been previously demonstrated (Baron-Cohen et al.
2003), AQ had a significant negative correlation with EQ
(Spearman’s rho, ry = —0.320, p < 0.001, with the negative
correlation explainable by an inverse method of coding the
answers in the AQ and EQ questionnaires) and a weaker
positive correlation with SQ (ry = 0.148, p = 0.009). EQ
and SQ were found to be uncorrelated (r¢ = 0.089, n.s.; see
also Lawson et al. 2004).

Ilusion Susceptibility

Each of the illusion paradigms successfully generated the
expected bias in perception, with significant effects noted in
each (Zollner: #(159) = 21.564, p < 0.001, two-tailed,;
Roelofs:  #308) = 13.149, p < 0.001; rod-and-frame:
1(308) = 14.696, p < 0.001; Ponzo: 1(126) = 14.254,
p < 0.001; Poggendorff: #(159) = 26.431, p < 0.001;
Ebbinghaus: #(159) = 24.423, p < 0.001; Miiller-Lyer:
1(159) = 46.924, p < 0.001; induced motion: #(163) =
31.312, p < 0.001). We also obtained general measures of
illusion susceptibility by delineating groups of illusions
whose susceptibilities co-varied across the participants.
This was accomplished by a principle components analysis
that took as its input the susceptibility measures from each
of the illusions. The output of this analysis uncovered two
factors that accounted for a combined 40.7% of the total
variance from the results of the eight illusion tasks
(Table 1). The first of these factors (illusion susceptibility
factor #1) was driven mainly by susceptibilities to the
Zollner, Roelofs, rod-and-frame, Ponzo, Poggendorff and
Ebbinghaus illusions, accounting for 25.0% of the total
variance. In contrast, the second factor (illusion suscepti-
bility factor #2) was driven mainly by susceptibilities to the

Table 1 Results of factor analysis of illusion susceptibility

Illusion Susceptibility factor #1  Susceptibility factor #2
Zdllner 0.574 0.129
Roelofs 0.557 0.130
Rod-and-frame ~ 0.555 0.144
Ponzo 0.710 —0.204
Poggendorff 0.456 —0.013
Ebbinghaus 0.407 0.576
Miiller-Lyer 0.157 0.636
Induced motion  0.294 —0.700

Bold values highlight loading weights that surpassed a threshold of
+0.4
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induced motion, Ebbinghaus and Miiller-Lyer illusions,
accounting for an additional 15.8% of the total variance.

Given that the intent of performing the principle
components analysis was to isolate factors that might
underlie susceptibilities across subsets of the tested illu-
sions, subsequent analyses were performed on factors that
were modified from those described above. In particular,
since the Ebbinghaus illusion proved to be non-diagnostic
in the sense that it contributed to both susceptibility
factors, it was eliminated from further consideration. The
individual factors were also modified by eliminating the
individual illusions that failed to provide loading weights
that surpassed the threshold of 0.4 in the different factors.
The resulting susceptibility factor #l,,,q accounted for
35.7% of the total variance from the Zollner, Roelofs,
rod-and-frame, Ponzo and Poggendorff illusions, and
susceptibility factor #2,,,q accounted for 55.94% of the
total variance from the Miiller-Lyer and induced motion
illusions.

The Relationship Between Illusion Susceptibility
and Autistic Traits

In a comparison of AQ, EQ and SQ scores to illusion
susceptibility, a significant negative correlation was seen
between susceptibility factor #1,,q and SQ (even when
using a Bonferroni-corrected significance level of
p < 0.008); that is, a greater SQ corresponded to a
decrease in the combined susceptibilities to the Zollner,
rod-and-frame, Roelofs, Ponzo and Poggendorff illusions
(Table 2). This relationship had a moderate effect size,
with a Cohen’s d of 0.72 (Cohen 1992). In contrast, this
susceptibility factor was not correlated with EQ or AQ,
nor was it correlated with any of the individual sub-
components of AQ (social skill, attention switching,
attention to detail, communication or imagination; for
each, ry < —0.104). An examination of susceptibility
factor #2,,,4 found no significant relationships between
AQ, EQ or SQ (Table 2), nor any of the individual sub-
components of AQ (for each, r; < —0.084).

Table 2 Correlations (Spearman’s rank correlation, r;) between
illusion susceptibility factors and AQ, EQ and SQ

Susceptibility factor #1,,0q Susceptibility factor #2,,0q

AQ rs = —0.107 rs = 0.021
n.s. n.s.

EQ rs = 0.122 re = —0.153
n.s. n.s.

SQ rg = —0.338 ry = 0.025
p = 0.0001 n.s.
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Because SQ is known to differ significantly between
men and women (Baron-Cohen et al. 2003), as is the
susceptibility to some illusions (e.g., Girgus and Coren
1987; Philips et al. 2004; Voyer et al. 1995; but see also
Porac et al. 1979), it is important to determine whether
the correlation between SQ and illusion susceptibility is
merely driven by gender differences. This was accom-
plished with a linear regression that separately assessed
the contributions of gender and SQ on susceptibility
factor #1,,4, using ranked SQ and susceptibility scores
for a nonparametric test. Even after partialling out the
effects of gender in this way, SQ was found to account
for a significant additional 8.9% of the total variance
explained (p = 0.001).

With a participant population drawn from college stu-
dents, it is certainly possible that a portion of our
participants were on the autism spectrum (with or without
actual clinical diagnoses as such). Given this, it may be that
the correlation between SQ and illusion susceptibility
reported above reflects not a true continuum, but instead
the side-effect of two participant populations (that is, on
and off the autism spectrum) that differ qualitatively in
both SQ and illusion susceptibility. Baron-Cohen et al.
(2001) have suggested that an AQ score of 32 serves as an
effective threshold for delineating those on and off the
spectrum in the general population. However, only one
participant in our sample had an AQ of 32 or more, and
eliminating this participant from consideration had no
effect on the significance of the relationship between SQ
and susceptibility factor #1,,,q (p = 0.0001). Furthermore,
the elimination of the 17 participants that surpassed a more
liberal threshold of AQ = 26 (which Woodbury-Smith
et al. 2005, demonstrated to be an effective threshold for
screening for Asperger syndrome in a group of adults
referred for clinic diagnosis of the disorder) also failed to
appreciably alter the significance of this relationship
(p = 0.0002).

Although susceptibility factor #1,,,q was found to cor-
relate with SQ, this relationship may have been driven by
only one or a few of the illusions that contributed to the
factor. To test this, the magnitude of the susceptibilities to
the individual illusions were directly compared to SQ. Of
the five illusions that contributed to susceptibility factor
#1moa, the Roelofs (rg = — 0.181, p = 0.001; Cohen’s
d = 0.37), rod-and-frame (r; = — 0.155, p = 0.006;
d = 0.31), Ponzo (r; =— 0.270, p = 0.002; d = 0.56)
and Poggendorff illusions (r = — 0.170, p = 0.032,
d = 0.35) were significantly correlated with SQ. In con-
trast, susceptibility to the Zdllner illusion was not
significantly correlated with SQ (r; = —0.091, n.s.), nor
was susceptibility to the Ebbinghaus illusion (r;, = —0.023,
n.s.), which had contributed to both of the original
susceptibility factors #1 and #2.
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Discussion

Previous evidence has indicated that the autistic brain uses
a different balance of global and local cues for visual
processing than that used by the non-autistic brain (e.g.,
Happé and Frith 2006; Mottron et al. 2006). This has, in
turn led to speculation that individuals with autism would
be less susceptible to visual illusions than are typically
developing individuals. However, published evidence for
this immunity to illusions is inconsistent, at best (Happé
1996; Bolte et al. 2007; but see also Ropar and Mitchell
1999, 2001; and Hoy et al. 2004). In the present study, we
sought to determine whether a link between autism and
illusion susceptibility could be more convincingly dem-
onstrated by taking into account the extent to which
individuals exhibit various autistic traits. The findings
demonstrate a significant correlation between the autistic
trait of systemizing and susceptibility to a subset of the
tested illusions. In particular, systemizing was negatively
correlated with a general illusion susceptibility factor that
combined the susceptibilities to the rod-and-frame,
Roelofs, Ponzo, Poggendorff and Zollner illusions. When
tested individually, the susceptibilities to four of the five
illusions (with the exception of the Zollner illusion) were
also correlated with SQ scores, demonstrating that this
relationship reflected a general phenomenon rather than
one driven by the artifactual correlation of only a single
illusion. Susceptibility to another set of illusions (induced
motion and Miiller-Lyer, the major components of sus-
ceptibility factor #2,,,q) was not found to correlate with
any of the tested autistic traits.

Baron-Cohen coined the term ‘systemizing’ to refer to
the drive or tendency to analyze the variables of a system,
so that one can predict and control the system’s behavior
(Baron-Cohen et al. 2003). Given that this tendency would
require an attentional focus on the details of the system’s
parameters, it is perhaps not surprising that systemizing
would be correlated with illusion susceptibility, since a
greater focus on the relevant details of an illusory stimulus
(for example, the rod of the rod-and-frame illusion), and an
accompanying decrease in the processing of the illusion-
causing context (i.e., the frame), would lead to a decreased
susceptibility. In this way, systemizing seems very much
related to the ideas of the WCC (Frith 1989; Happé and
Frith 2006) and EPF (Mottron and Burack 2001; Mottron
et al. 2006) theories of autism. Indeed, Baron-Cohen has
theorized direct links between systemizing and WCC,
noting that the “...attention to detail described by WCC
may be one of the earliest manifestations of a strong drive
toward systemizing, or vice versa, interest in systemizing
may arise as a consequence of attention to detail,” (Baron-
Cohen and Belmonte 2005, p. 112). Happé and Frith (2006,
p- 19) propose a similar link, noting that “...some systems

(e.g., bus route numbering) may be fathomable through
‘local’ coherence, provided that simple if-then rules oper-
ate without context-dependent effects. Mastery of such
systems would not be counter to the coherence account.”
Furthermore, Billington et al. (2008) have recently dem-
onstrated that SQ scores are correlated with a measure of
local/global precedence using Navon figures, a finding that
further suggests a relationship between systemizing and the
underlying neural processes at the heart of the WCC and
EPF theories.

Given the finding of a relationship between illusion
susceptibility and SQ, it is somewhat surprising that there
was no significant correlation between susceptibility and
AQ or its subscales. In particular, the AQ subscale of
‘attention to detail’ would seem to measure at least one
component of the systemizing tendency; indeed, ‘attention
to detail’ was the AQ subscale that was most strongly
correlated to SQ within our participants (rs = 0.322,
p < 0.001; the only other subscale significantly correlated
with SQ was ‘imagination’, r; = 0.119, p < 0.05). How-
ever, the relationship between ‘attention to detail’ and SQ
did not also translate into a correlation between ‘attention
to detail’ and susceptibility factor #1,,,q (rs = —0.055,
p = 0.547). It is very likely that a contributing factor for
this null finding is the fact that ‘attention to detail’ is
assessed with only 10 of the 50 questions that comprise the
AQ questionnaire, whereas systemizing is assessed with 40
questions within the SQ questionnaire. Thus, the ‘attention
to detail” subscale is undoubtedly less reliable than SQ as a
measure of the systemizing trait.

The finding that illusion susceptibility is correlated with
the autistic trait of systemizing echoes the results of Happé
(1996) and Bolte et al. (2007), who found that suscepti-
bility in children with autism was somewhat less than that
seen in a typically developing population. Given our
findings, one might wonder why Ropar and Mitchell (1999,
2001) and Hoy et al. (2004) failed to find a difference in
susceptibility in a comparison of similar groups. Our
finding that the susceptibility to only a subset of illusions
was associated with systemizing might lead to speculation
that these other studies simply examined illusions that did
not show this relationship. However, this was not the case,
since the studies of Ropar and Mitchell (1999, 2001) and
Hoy et al. (2004) did include two of the four illusions that
were seen here to be correlated with SQ (including the
Ponzo illusion, which had the largest effect size). In an
earlier report, Brosnan et al. (2004) speculated that the
discrepancies seen in the findings of Happé (1996) and
Ropar and Mitchell (1999, 2001) might have been due to
differences in the participants’ method of responding, with
Happé requiring a verbal, categorical judgment of the
stimuli (e.g., “Are the two lines the same length or dif-
ferent lengths?”) and Ropar and Mitchell requiring
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participants to null the effects of the illusion by the method
of adjustment. However, the current results, in which a
relationship between SQ and illusion susceptibility was
found using the method of adjustment, would seem to rule
out differences in the method of responding as a possible
explanation.

Other possible reasons for this discrepancy do exist,
with the most striking difference between the studies of
Ropar and Mitchell (1999, 2001) and ours being the logic
by which the paradigms were designed. In their first study
of the issue, Ropar and Mitchell (1999, experiment 1)
carried out a straightforward examination of the illusion
susceptibilities of three clinical populations (with diagno-
ses of autism, Asperger syndrome or moderate learning
difficulties, and mean chronological/mental ages of 13/7,
14/14 and 10/6 years), plus three groups of typically
developing controls (with mean chronological ages of §, 11
and 17 years). Although this type of comparison is stan-
dard in the literature on developmental disorders, it is
nonetheless subject to confounds brought about by the
different ages of the participant groups, with illusion
susceptibility known to change during development. In
addition, differences in the extent to which various autistic
traits and co-morbid disorders are exhibited by individuals
in a clinical population could potentially obscure any real
differences in the dependent variable being tested in a
given study. In contrast, the present study tested a popu-
lation of undergraduate college students by comparing
individual differences in illusion susceptibility to a quan-
tification of the extent to which these individuals possessed
different autistic traits. As a result, this paradigm mini-
mizes the possible confounds brought about by group
differences in chronological age, mental age and co-
morbidity, and has the added benefit of allowing the testing
of a large number of easily-obtained participants.

A more mundane difference between the present study
and those of Hoy et al. (2004) and Ropar and Mitchell
(1999, 2001) lies in the statistical power of the analyses
performed. The participants of Ropar and Mitchell were
tested with far fewer trials (40, 64 and 24 trials in exper-
iments 1 and 2 of Ropar and Mitchell 1999, and 2001,
respectively) than the participants of the present study (200
trials for approximately half of the participants, and 80
trials for the remainder). The three experiments of Ropar
and Mitchell also differed with the present study in the total
number of participants, with 109 participants (13-23 par-
ticipants in each of 5 experimental groups; Ropar and
Mitchell 1999, experiment 1), 99 participants (17-35 par-
ticipants in each of 4 groups; Ropar and Mitchell 1999,
experiment 2) and 87 participants (11-20 participants in
each of 5 groups; Ropar and Mitchell 2001) tested. Hoy
et al. (2004) tested only 34 participants (17 participants in 2
groups). In contrast, the present study examined the
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relationship between illusion susceptibilities and autistic
traits as continua in a more-uniform sample of 127 college
students (or 321 participants for the more direct
comparisons of SQ and susceptibilities to the Roelofs and
rod-and-frame illusions).

It is generally assumed in the visual perception literature
that visuospatial illusions are not all driven by the same
underlying mechanism (Coren et al. 1976; Coren and Porac
1987; Prinzmetal and Beck 2001), and indeed, some may
be driven by mechanisms that impact wide ranging levels
of visual processing (Dyde and Milner 2002). Given this, it
could also be assumed that the susceptibilities to different
illusions would be more or less correlated to the various
autistic traits. Indeed, the original work of Happé (1996)
found that although susceptibilities to a subset of illusions
(Ponzo, Poggendorff, Ebbinghaus, Hering and Kanisza)
were decreased in an autistic population, Miiller-Lyer
susceptibility was not. This pattern of findings fit well with
those presented here, where only the Ponzo, Poggendorff,
rod-and-frame, Roelofs, and Zollner illusions were nega-
tively correlated with systemizing (albeit with the Zdllner
illusion only as part of susceptibility factor #1,,,q). The
recent work of Prinzmetal and colleagues (Prinzmetal and
Beck 2001; Shimamura and Prinzmetal 1999) provides a
strong clue as to the reason why susceptibility to these
illusions might have co-varied in a way that caused them to
group together within a single susceptibility factor. Prinz-
metal and Beck (2001) found that the effects of the Zollner,
Poggendorff, Ponzo and tilt-induction illusions (the latter
related to the rod-and-frame effect) were magnified when
observers made their judgments while the head and body
were tilted 30° from vertical. In contrast, the Miiller-Lyer
and a size constancy illusion did not show this effect.
These authors suggest that the affected illusions were all
driven by context-related distortions of the observer’s
perception of vertical and horizontal directions. In the
present study, we found that the Roelofs effect co-varied
with this group of tilt-induction illusions, suggesting that it
also shares a common underlying mechanism. Previous
demonstrations that the Roelofs effect involves a distortion
of perceived straight-ahead (Dassonville and Bala 2004;
Dassonville et al. 2004) suggests the need to broaden
Prinzmetal and Beck’s “tilt-constancy theory of visual
illusions” (Prinzmetal and Beck 2001) to include other
illusions that are manifest by context-related distortions of
the observer’s spatial reference frame but are not affected
by tilt constancy, per se. Further work is needed to
understand why susceptibility to these illusions, but not
others, is related to the systemizing trait of autism.

One obvious limitation of the present study is that it
does not include the direct examination of illusion sus-
ceptibility in an autistic population, and this restricts our
ability to definitively state that individuals with autism are
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less susceptible than the typically developing population.
However, inasmuch as it is believed that systemizing is an
autistic trait that forms a continuum across the general
population (with autistic individuals generally falling at the
upper end of this continuum, Baron-Cohen et al. 2003), the
current study clearly demonstrates a link between the
systemizing trait and susceptibility to at least a subset of
visuospatial illusions. These findings generally support the
idea that autism entails, at least in part, an atypical balance
between the use of local and global cues in visuospatial
perception. However, it remains to be determined whether
this imbalance is manifest as an increased focus on local
elements (as suggested by the theory of EPF, Mottron et al.
2006), a decreased use of global cues (as suggested by the
theory of WCC, Happé and Frith 2006), or some combi-
nation of the two. Previous studies specifically designed to
quantify the separate local and global influences in autistic
perception typically used paradigms that would have been
susceptible to the various confounds of comparing partic-
ipants within clinical groups that are all too heterogeneous,
which might explain why the results of those studies have
been so inconsistent (see Table 1 of Hoy et al. 2004). It is
probable that this research question and others like it would
greatly benefit from the use of a continuous-trait method-
ology similar to the one used in the present study, with
sensory and cognitive processing abilities and tendencies
directly compared to the magnitude of specific autistic
traits within individuals. To fully understand autism and
the related disorders, it will undoubtedly be necessary to
combine the strengths of various approaches.
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