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ABSTRACT 
 

The Embedded Figures Test (EFT; Witkin, Oltman, Raskin, & Karp, 1971) is a 

search task that involves detecting a simple closed-contour shape hidden within a 

complex structure. Individuals with an autism spectrum disorder (ASD) are faster 

detecting embedded figures relative to typically developing controls (de Jonge, Kemner, 

& van Engeland, 2006; Jarrold, Gilchrist, & Bender, 2005; Jolliffe & Baron-Cohen, 

1997; Pellicano, Gibson, Maybery, Durkin, & Badcock, 2005). Superior EFT 

performance is not only observed in ASD groups relative to controls; those in the 

typically developing population with high levels of autistic-like traits also demonstrate 

enhanced performance relative to those with low levels of such traits (Grinter, Maybery 

et al., 2009; Grinter, Van Beek, Maybery, & Badcock, 2009; Russell-Smith, Maybery, 

& Bayliss, 2010). Examining individuals in these latter groups can be a useful method 

to extend current knowledge of complex ASDs by avoiding confounds such as co-

morbidity associated with ASD samples. While enhanced EFT performance linked to 

autism has been repeatedly observed, it is not clear what underlying mechanism(s) 

allow(s) for such superiority. The aim of this thesis was to examine which specific 

aspects of the stimuli employed in the EFT are critical to enable superior visual search 

performance by those with high levels of autistic-like traits. 

Four series of experiments compared performance of groups of individuals with 

either high or low levels of autistic-like characteristics, as determined by the Autism-

Spectrum Quotient (AQ; Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 

2001), on the EFT and on a number of novel visual tasks designed to systematically 

investigate potential critical components of the EFT. The first series, reported in 

Chapter Two, introduced a basic search task which contained radial frequency (RF) 

patterns as stimuli. RF patterns are deformed circular closed-contours created by 

sinusoidally modulating the radius of a circle, where the number of cycles of 



IV 

 

modulation defines the RF number. The EFT simple target shapes are closed-contours, 

and because considerable recent work on discrimination of closed-contours has utilised 

RF patterns, employing these well-defined shapes may aid clarification of the 

underlying processes. The task was to detect a target RF3 (triangular-shaped) pattern 

from an array of spatially discrete distracter RF4 (square-like) patterns. The number of 

distracter RF patterns was varied to provide a measure of visual search performance, 

specified as the change in reaction time (RT) with increasing set size (SS), commonly 

referred to as the gradient or slope of the linear function. Overlap of elements, one 

component of the EFT, was introduced to determine whether it was critical to the high 

AQ search advantage. Increasing overlap of elements reduced search efficiency of both 

groups in a systematic way, but the relative difference between the two groups‟ 

gradients remained the same. The high AQ group were faster overall and had a 

shallower gradient in all RF search conditions. They also had significantly shorter EFT 

RTs and fewer errors relative to the low AQ group. Performance on the RF search tasks 

and EFT was correlated, providing some support for the convergent validity of the RF 

search task. Complexity resulting from overlap does not appear to be critical to superior 

EFT performance in high AQ individuals. 

Chapter Three examined whether irrelevant segmentation, a design element of 

the EFT, affects the high AQ performance advantage. To create segmentation cues, the 

stimulus array was surrounded by a box, and two intersecting lines ending on the 

borders of the box were methodically introduced to the basic RF search task to mimic 

the role of lines in the EFT. The additional lines acted as clutter, resulting in an increase 

in intercept of the fitted RT versus SS function, however again the relative differences 

between the two groups‟ slopes were comparable regardless of whether segmenting 

lines were present or absent. Further, the slopes were consistently shallower for the high 
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AQ relative to the low AQ group. Therefore, task-irrelevant segmenting lines did not 

affect the performance difference between high and low AQ groups. 

The research reported in Chapter Four used the same RF search paradigm, but 

investigated the impact of changing the stimuli to contain RF patterns which engage 

local rather than global closed-contour processing mechanisms (Loffler, Wilson, & 

Wilkinson, 2003) as the targets in the EFT are also closed-contours that vary in the 

number of included corners, such that they may evoke either level of processing. 

„Local‟ and „global‟ processes have an explicit meaning in closed-contour analysis 

literature. Global processing, using the whole contour, can be demonstrated in low RF 

patterns (up to 10 cycles of modulation), whereas high RF patterns (more than 10 cycles 

of modulation) are processed by local mechanisms (Loffler et al., 2003). Since the EFT 

places targets within a complex set of different shapes, the first two experiments in 

Chapter Four were conducted to investigate the impact of increasing heterogeneity in 

the distracter set. The following two experiments were designed to determine whether 

the closed contour of EFT targets was essential or whether, instead, local aspects of the 

contours were sufficient to obtain the performance differences previously observed 

between high and low AQ groups. The tasks used in the four experiments produced 

variation in the gradients obtained and again the high AQ group had shorter EFT RTs 

and consistently shallower gradients on these RF search tasks. The same relative 

performance difference between groups was observed across the four experiments, 

suggesting that neither distracter heterogeneity nor the closed-contour of the target was 

critical. In addition, the correlation between RF search task gradients and AQ scores 

was stronger than the correlation between EFT RTs and AQ scores, providing support 

for using this new RF search task instead of the EFT in future applications. 

It was recently suggested that global closed-contour processing was weaker in 

children with an ASD relative to typically developing controls (Grinter, Maybery, 
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Pellicano, Badcock, & Badcock, 2010). Chapter Five presents a study designed to 

investigate this proposition in groups with high or low levels of autistic-like 

characteristics to determine whether the global visual mechanisms processing low RF 

closed-contours are active to the same extent in these two groups. An RF integration 

task (Loffler et al., 2003) examined the improvement in discriminating between a circle 

and RF3 pattern as additional information (i.e., one, two, or three lobes of deformation) 

was presented on the closed RF3 contour. The ability to globally integrate deformation 

information around the RF contour was better for the high AQ group relative to the low 

AQ group. Performance on the RF integration task, RF search task, and EFT were 

correlated.  

Chapter Six provides a general discussion of the current findings, noting that the 

complexity of the stimuli created in the EFT by adding element overlap, spurious 

segmentation and variation in the contour properties of the target influence search 

performance but do not alter the difference in performance between high and low AQ 

groups. This leads to the conclusion that the RF search task with its capacity for 

repetition is a better choice for quantifying the mechanisms underlying performance 

differences in these groups. 

Chapter Six also attempts to provide unifying explanations for the available 

data. A critical evaluation of the findings leads to the conclusion that a single 

overarching explanation is unlikely. Superior EFT and RF search performance could 

arise if individuals with high autistic-like characteristics had a wider effective field of 

vision. However, this cannot account for the novel report in this thesis of superior RF 

integration ability in high relative to low AQ scorers. Additional work will be required 

to investigate the suggestion of wider effective vision and the nature of the superior 

integration mechanism in individuals with high autistic-like traits. The chapter ends by 

noting the more general point that a simplistic assertion of weaker or intact global and 
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enhanced local processing is insufficient. Rather, progress is likely to be facilitated if 

researchers move away from the broad application of the labels „local‟ and „global‟ and 

instead focus on the specific underlying visual and cognitive processes required to 

perform the tasks.  
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Autism Spectrum Disorders 

Autism spectrum disorders (ASDs) are a group of neurodevelopmental disorders 

characterised by marked impairments in three main domains: social interaction, 

communication, and restricted and repetitive interests and behaviours (American 

Psychiatric Association, 2000). Impairments in social interaction may include limited 

use and understanding of non-verbal communication such as eye gaze, facial 

expression, and gesture, or failing to develop peer relationships appropriate to 

developmental level. Difficulties with communication may be expressed by a delay or 

complete absence of expressive language (without any attempt to compensate through 

alternative methods of communication such as gesture or mime), and stereotyped and 

repetitive use of language (Kanner, 1943; Rutter, 1983; Wing & Gould, 1979). Finally 

restricted and repetitive interests, activities and behaviours may be characterised by 

unusually intense or focussed interests, an obsession with non-functional routines, or 

stereotyped and repetitive motor mannerisms (e.g., hand or finger flapping or twisting). 

As individuals with ASDs suffer a range of these difficulties with varying levels of 

severity, the term „spectrum‟ was coined to encompass autistic disorder (often referred 

to in the literature as simply „autism‟), Asperger‟s disorder, and pervasive 

developmental disorder – not otherwise specified (PDD-NOS; also referred to as 

atypical autism).  

The American and European medical literature initially described ASDs in the 

mid-1940s (Asperger, 1944; Kanner, 1943), however reference to individuals who 

embodied an autistic clinical profile can be traced back to several centuries earlier 

(Wing & Potter, 2002). Whilst ASDs were considered rare disorders until the 1980s, 

estimated to affect approximately 2-4 per 10,000 children (Wing & Potter, 2002), recent 

epidemiological studies indicate a substantial increase in incidence (Australian 

Advisory Board on Autism Spectrum Disorders, 2007; Newschaffer et al., 2007; Wing 
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& Potter, 2002; Yeargin-Allsopp et al., 2003). The latest edition of  the Diagnostic and 

Statistical Manual of Mental Disorders (DSM-IV-TR) reports prevalence rates of 2-20 

per 10,000 children (American Psychiatric Association, 2000), whereas a  recent 

Australian source states that approximately 1 in 160 (i.e., 62.5 per 10,000) Australian 

children aged between 6 and 12 years have an ASD (Australian Advisory Board on 

Autism Spectrum Disorders, 2007). Other researchers report a similar increase in 

statistics, with prevalence rates as high as 100 per 10,000 (Gillberg & Wing, 1999). 

Whether this increase in reported rates is the result of methodological differences in 

diagnosis, related to an increase in the provision of services for ASDs, or a true increase 

in the frequency of the condition remains unclear (American Psychiatric Association, 

2000; Gillberg & Wing, 1999), however, recognition of higher prevalence of ASD than 

first thought suggests that the burden on affected individuals, their families, and support 

services may have also been seriously underestimated. In this context, research into the 

causes of ASDs, and the development of new directions in management, assessment, 

and early intervention have been at the forefront of recent literature in the field. 

In addition to the characteristic triad of deficits noted above, individuals with 

ASDs are often reported to pay acute attention to what most would consider 

insignificant features of the environment, and to notice when deviations occur, which is 

commonly accompanied by substantial distress (Kanner, 1943). Over 90% of children 

with autism experience sensory abnormalities and sensory symptoms in multiple 

domains, including vision (Leekam, Nieto, Libby, Wing, & Gould, 2007), and further, 

various kinds of peculiarities in their visual performance have been commonly reported 

(Simmons et al., 2010). In contrast to these difficulties and deficiencies often presented 

in social and cognitive functioning, individuals with ASDs have been repeatedly shown 

to demonstrate superior visual search capabilities relative to matched comparison 

groups (de Jonge et al., 2006; Frith, 2003; Jarrold et al., 2005; Joseph, Keehn, Connolly, 



4 

 

Wolfe, & Horowitz, 2009; O'Riordan, 2004; O'Riordan, Plaisted, Driver, & Baron-

Cohen, 2001; Plaisted, O'Riordan, & Baron-Cohen, 1998a, 1998b; Shah & Frith, 1983). 

Clinical disorders are often accompanied by a variety of deficits, and therefore, this 

finding of enhanced visual search has been of significant interest to researchers from a 

variety of backgrounds (i.e., both clinical and vision related). Visual search superiority 

is unlikely to be explained in terms of failure to comprehend the task, poor motivation, 

or general syndrome-related factors which potentially confound the interpretation of any 

evidence of deficient performance. As a result, a growing body of research has been 

conducted to ascertain the nature of the difference in the visual system that would allow 

both performance deficits on some tasks and also this superiority on visual search.  

 

The ‘Broader Phenotype’ of Autism 

ASDs are considered to occur on a „spectrum‟ (American Psychiatric 

Association, 2000; Baron-Cohen & Robertson, 1995; Baron-Cohen et al., 2001; Frith, 

1989; Wing, 1988), where individuals are positioned based on the severity of their 

symptoms. For instance, those who meet criteria for the triad of impairments (Wing & 

Gould, 1979) in the core symptom domains would be diagnosed with autistic disorder; 

whereas, if there is no clinically significant delay in language, a person may be 

diagnosed with Asperger‟s disorder, or if there is subthreshold symptomatology for the 

triad of impairments, a PDD-NOS diagnosis may be given  (American Psychiatric 

Association, 2000). While Asperger‟s disorder and PDD-NOS can both be considered 

less severe relative to autistic disorder, they are all classified as clinical disorders based 

on the significant impact they have on an individual‟s functioning. Therefore, the above 

concept of the term „spectrum‟ relates to the phenomenological variation in severity of 

symptoms, however, there is another perspective from which an autism „spectrum‟ has 
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been considered, and it relates to the expression of autism characteristics in non-clinical 

samples. 

While it is unusual to find a parent and child who both have an ASD diagnosis – 

arguably because ASD individuals typically struggle to engage in close relationships as 

a result of their social functioning difficulties and thus rarely have children (Bishop et 

al., 2004) – there still appears to be a large genetic component involved in autism. Twin 

studies report 36-96% pairwise concordance rates in monozygotic twins, but only 0-

30% concordance rates in same-sex dizygotic twin pairs (Freitag, 2006). Based on this 

evidence of heritability, investigation into whether typically developing relatives of 

people with an ASD have mild forms of autistic-like traits has been conducted to 

determine whether a more broadly defined autism phenotype exists.  For example, one 

study examined whether relatives in families with multiple-incidence autism had higher 

rates of social, communication, language, and obsessive impairments than relatives of a 

child diagnosed with Down syndrome (Piven, Palmer, Jacobi, Childress, & Arndt, 

1997). Relatives of individuals with autism displayed a collection of autistic-like 

behaviours (i.e., social and communication deficits and stereotyped behaviours) that 

were milder than, but qualitatively similar to, the defining features of autism (Piven et 

al., 1997). Others have similarly observed that relatives of individuals with autism, who 

themselves have no ASD diagnosis, exhibit autistic-like behavioural characteristics, 

including, rigid personality and obsessive traits, social reticence or aloof disposition, 

fewer or less reciprocal friendships, and abnormal language characteristics such as 

impaired pragmatic language use (Bailey, Palferman, Heavey, & Le Couteur, 1998; 

Bishop et al., 2004; Bolton et al., 1994; Lainhart et al., 2002; Murphy et al., 2000). It 

has also been established that parents of a child with Asperger‟s disorder were less 

accurate in interpreting photographs of the eye region of the face in terms of mental 

states than parents in a control group (Baron-Cohen & Hammer, 1997). This difficulty 
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is associated with understanding non-verbal communication, particularly through eye 

gaze, a difficulty commonly associated with ASDs (Nation & Penny, 2008; Pelphrey, 

Morris, & McCarthy, 2005). Notably, these same parents of individuals with Asperger‟s 

disorder were faster on visual search tasks than the control group of parents, 

demonstrating that superior visual search function in ASDs is mirrored in the broader 

autism phenotype. This substantial evidence for the link between individuals with ASDs 

and those with the broader phenotype of autism provides an additional avenue of 

research with the latter group to further improve understanding of the strengths and 

weaknesses found in complex ASDs. 

There are several additional reasons why examining individuals who lie within 

the broader autism phenotype can be a useful method to extend current knowledge of 

ASDs. Typically developing individuals have also displayed varying non-clinical levels 

of autistic-like traits, indicating a continuum of autistic-like characteristics in clinical 

and non-clinical groups (Austin, 2005; Baron-Cohen et al., 2001; Jobe & White, 2007; 

Walter, Dassonville, & Bochsler, 2009).  When assessed using the Embedded Figures 

Test (EFT; Witkin et al., 1971), individuals with high levels of autistic-like traits in the 

typically developing population show similar enhanced visual search performance 

capabilities to individuals with ASDs (Grinter, Maybery et al., 2009; Grinter, Van Beek 

et al., 2009; Russell-Smith et al., 2010). Comparing groups of individuals in the 

typically developing population that are differentiated according to whether they self-

report high versus low levels of autistic-like traits is beneficial as it allows for groups to 

be matched on IQ and to be of similar chronological age. This form of matching is often 

difficult when studying individuals with ASDs relative to a control group, as matching 

intellectual capacity often results in disparate group means on chronological age, adding 

potential age-related developmental confounds to the results (for a discussion of issues 

of this kind, see Brock, Jarrold, Farran, Laws, & Riby, 2007; Jarrold & Brock, 2004; 
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Thomas et al., 2009; Walter et al., 2009). Further, significant heterogeneity lies within 

clinical groups, including within the ASD categories, which span across a continuum of 

levels of symptomatology (Baron-Cohen, Richler, Bisarya, Gurunathan, & 

Wheelwright, 2003; Happé, Ronald, & Plomin, 2006; Ring, Woodbury-Smith, Watson, 

Wheelwright, & Baron-Cohen, 2008). Even within a uniform diagnosis, for instance 

Asperger‟s disorder, there is substantial variation in the severity of impairments and in 

the variability of cognitive abilities; these heterogeneity issues are (arguably) better able 

to be controlled when studying individuals in the broader autism phenotype (Baron-

Cohen et al., 2003; Belmonte et al., 2004; Happé et al., 2006; Ring et al., 2008). 

Individuals with an ASD also often suffer from other co-morbid conditions, further 

magnifying heterogeneity within clinical groups (Gillberg & Billstedt, 2000). Finally, 

medication is used with a reasonable frequency in the ASD population (e.g., 

approximately 25% of individuals with autism experience seizures [American 

Psychiatric Association, 2000] which require management through medical 

intervention). This additional potential confound can be avoided by examining 

individuals with high or low levels of autistic-like characteristics in the typically 

developing population. 

 

The Autism-Spectrum Quotient 

 The Autism-Spectrum Quotient (AQ; Baron-Cohen et al., 2001) was designed to 

assess the level of autistic-like characteristics an adult with normal intelligence displays 

(whether they are in the typically developing or clinical population). The AQ is a brief 

50-item self-report measure which provides a score from 0-50, with higher scores 

reflecting greater levels of autistic-like traits. The questions tap the triad of impairments 

which characterise ASDs, such as “I prefer to do things with others rather than on my 

own” for social interactions; “I enjoy social chit-chit” for communication; and “I prefer 
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to do things the same way over and over again” for restrictive, repetitive interests and 

behaviours. While the AQ is not intended to be a diagnostic tool, it is capable of 

differentiating clinical samples from controls (Baron-Cohen et al., 2001; Woodbury-

Smith, Robinson, Wheelwright, & Baron-Cohen, 2005). Using a cut-off score of 32, 

Baron-Cohen et al. (2001) were able to accurately classify 79.3% of Asperger‟s disorder 

and high functioning autistic disorder individuals, and 98% of typically developing 

controls. Using a lower cut-off score of 26, the AQ correctly classified 83% of adults as 

either meeting or not meeting diagnostic criteria for Asperger‟s disorder, prior to them 

completing a more rigorous diagnostic assessment (Woodbury-Smith et al., 2005). 

Further, significant differences on the social skills and communication subscales of the 

AQ were observed between typically developing parents of children with an ASD 

relative to a control group of parents with no ASDs in the family (Bishop et al., 2004).  

Measuring autistic-like traits with the AQ is not restricted to those with a clinical 

condition or families of autistic probands, with several research groups demonstrating 

that individuals from the general population can also display a range of AQ scores 

(Baron-Cohen, Hoekstra, Knickmeyer, & Wheelwright, 2006; Baron-Cohen et al., 2001; 

Grinter, Maybery et al., 2009; Grinter, Van Beek et al., 2009; Hoekstra, Bartels, 

Verweij, & Boomsma, 2007; Russell-Smith et al., 2010; Woodbury-Smith et al., 2005). 

Jobe, Williams, and White (2007) reported that high AQ scorers experience more social 

isolation and difficulties in interpersonal relationships than low AQ scorers, providing 

further support that the scale is tapping autistic-like traits. Further, Austin (2005) and 

Baron-Cohen et al. (2001) found that university students who were engaged in programs 

that contained substantial scientific and mathematical content (e.g., physics, 

engineering) had higher AQ scores than humanities, biological sciences, and social 

sciences students. Based on this limited review of studies using the instrument, it is 

apparent that the AQ is a valuable tool to assess where an individual is positioned on the 
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continuum “from autism to normality” (Baron-Cohen et al., 2001, p. 5), and using it to 

assess and subsequently investigate those from the typically developing population who 

have high, yet subclinical levels of autistic-like traits may provide insight into ASDs 

more generally. 

 

Superior Embedded Figures Test (EFT) Performance in Individuals with ASDs 

 A substantial body of research has demonstrated that while individuals with 

ASDs have significant social and cognitive deficits, they also possess a particular 

perceptual style or capability which allows for enhanced visual search performance. 

Some have argued that this unique perceptual profile associated with autism includes 

superior local processing abilities (Frith, 1989; Jolliffe & Baron-Cohen, 1997; Shah & 

Frith, 1983, 1993) and an ongoing debate exists as to whether global processing suffers 

as a result (Dakin & Frith, 2005; Mottron, Dawson, Soulières, Hubert, & Burack, 2006). 

One of the earlier suggestions of enhanced local processing associated with autism 

resulted from reports of performance on the EFT. This task requires the observer to 

describe a complex stimulus composed of line designs and following this, a simple part 

of that complex stimulus is presented, and the observer is required to detect the simple 

shape within the larger figure as quickly as possible. Several studies have observed that 

both adults (de Jonge et al., 2006; Jolliffe & Baron-Cohen, 1997) and children (Edgin & 

Pennington, 2005; Jarrold et al., 2005; Pellicano et al., 2005; Pellicano, Maybery, 

Durkin, & Maley, 2006; Shah & Frith, 1983) with ASDs are significantly faster than 

matched controls on the adult or children‟s version of the EFT respectively. Related 

tests, such as the Preschool Embedded Figures Test (Coates, 1972) that similarly 

involves locating a simple shape (triangle) within a meaningful figure, have also 

produced findings of superiority by those with an ASD (Morgan, Maybery, & Durkin, 

2003). 
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Other studies have found disparate results when comparing ASD groups to 

matched controls using the EFT, in that while the ASD groups‟ performance was not 

poorer relative to controls, it was equivalent rather than superior (Brian & Bryson, 

1996; Kaland, Mortensen, & Smith, 2007; Ozonoff, Pennington, & Rogers, 1991; Ropar 

& Mitchell, 2001; Schlooz et al., 2006). Several explanations have been offered to 

account for these discrepancies. Some studies used ASD groups with greater 

heterogeneity, including participants with Asperger‟s disorder and PDD-NOS amongst 

their observers with an ASD (Brian & Bryson, 1996; Ozonoff et al., 1991), rather than 

only using participants who had an autistic disorder diagnosis. As other studies have 

used mixed groups or separated their ASD group into an autistic group and Asperger‟s 

group and still observed the clinical groups to be faster than controls on the EFT 

(Jolliffe & Baron-Cohen, 1997), a study by Schlooz et al. (2006) specifically examined 

individuals with a PDD excluding autistic disorder to determine whether they exhibit a 

similar perceptual enhancement for processing detail as individuals with autistic 

disorder. This research group did not observe significant differences between their 

clinical and control groups on the Children‟s Embedded Figures Test (CEFT; Witkin et 

al., 1971), which they claimed may be due to excluding individuals with autistic 

disorder in the clinical group, proposing that individuals whose deficits are less severe 

and are thus considered to lie 'lower' on the spectrum may display superior embedded 

figures detection to a lesser extent (Schlooz et al., 2006). However, contrary to this 

suggestion by Schlooz et al. (2006), recent studies which compared groups of 

individuals in the typically developing population with either high or low levels of 

autistic-like traits, as determined by the AQ, found that EFT performance was superior 

for the high AQ group relative to the low AQ group (Grinter, Maybery et al., 2009; 

Grinter, Van Beek et al., 2009; Russell-Smith et al., 2010). Therefore, as suggested by 

Schlooz et al. (2006), it may be more likely that the nonsignificant ASD and control 
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group differences they observed resulted from insufficient task difficulty in the CEFT, 

suggesting that the test may not have been sensitive enough to manifest subtle group 

differences.  

The suggestion that ceiling effects - resulting from the CEFT being too easy for 

observers - may explain why superior EFT performance by individuals with an ASD 

relative to controls has not been replicated. Some studies yielding non-significant 

findings examined children with normal intelligence (Ozonoff et al., 1991; Schlooz et 

al., 2006) or those who were in an age group well above the recommended age for the 

CEFT (norms for the CEFT were developed for children aged 5 to 12 years, yet the 

ASD group of Brian & Bryson, 1996, had a mean age of 18.5 years with a range upper 

limit of 27.5 years). These findings suggest that superior ASD performance on the 

CEFT may only become evident when the task difficulty challenges the control group 

sufficiently. Indeed, a study by Ropar and Mitchell (2001) which tested children 

(chronological age range: 7 years, 7 months – 18 years, 3 months) utilising the adult 

version of the EFT observed ASD superiority, whereas a study by Schlooz et al. (2006) 

which examined children (chronological age range: 9 years, 5 months – 11 years, 5 

months) on the CEFT did not observe significant results yet reported overall group 

mean reaction times (RTs) on the CEFT of approximately 5 s. This mean is significantly 

lower than the normative mean CEFT score of 16.6 s (SD = 5.4 s) for children in the 9-

10 year age bracket (Witkin et al., 1971). Therefore, despite the suitable age range of 

children participating in this study, the exceptionally short RTs indicate performance 

may have been at ceiling. In sum, while there have been some discrepancies in 

embedded figures task results (related to sample heterogeneity and/or ceiling effects) 

the majority of the literature favours superior performance by individuals with ASDs.  
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Superior Visual Search Performance in Individuals with ASDs 

Other research groups have examined visual search more generally in an attempt 

to identify which specific aspects of search are enhanced in observers with an ASD. 

One study examined search performance of children with autism relative to a control 

group of typically developing children (matched on chronological and verbal mental 

age) on two basic search tasks (Plaisted et al., 1998b). The first was a feature search 

task, whereby the target (red S) shared colour with one set of distracters (red Ts) but 

was unique in shape (other distracters were green Xs), and the second was a conjunctive 

search task in which the target (red X) shared colour with one set of distracters (red Ts) 

and shape with another set (green Xs). While the average RTs of the children with 

autism were lower across the three set sizes (SSs) in the feature task relative to the 

control group, no significant effect of group was observed for this task. However, for 

the conjunction task, children with autism were significantly faster relative to the 

control group and were less affected by increasing SS. The lack of group difference in 

the feature task may have been due to ceiling effects as the group with autism were able 

to perform the task with minimal increase in RT observed with increasing SS, reflecting 

a „pop-out‟ type search process (Sternberg, 1966).   

In order to confirm that ceiling effects were responsible for the nonsignificant 

performance differences between the ASD and control groups on the feature search task 

(Plaisted et al., 1998b), O‟Riordan et al. (2001) further examined visual search 

performance in children with autism and typically developing children who were 

matched for chronological age and general ability. They again employed tasks which 

required searching for a target defined by either a single feature or a conjunction of 

features; however the single feature exploration was performed by employing two 

feature tasks, with one of these tasks sufficiently difficult to prevent ceiling effects 

masking potential group differences. The two feature tasks employed stimuli previously 
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used to demonstrate a “search asymmetry” effect (Treisman & Gormican, 1988; 

Treisman & Souther, 1985). The first of these tasks involved searching for a tilted line 

target in a background of vertical lines (a task known to engage an efficient search 

where there is minimal impact on RT with increasing SS), and the second task required 

searching for a vertical line target amongst tilted distracter lines, which is known to be 

significantly more difficult for typically developing adults (Treisman & Gormican, 

1988; Treisman & Souther, 1985). The former, simpler, feature task resulted in similar 

levels of performance for the autism and typically developing groups, however, in the 

latter feature task, which was known to be more challenging, the group with autism 

were less affected by increasing SS and thus found this feature task significantly easier 

relative to the matched control group. These results demonstrated that once ceiling 

effects are avoided through evoking more difficult searches (where RT increases 

substantially with increasing SS), children with autism have superior ability relative to 

matched controls on visual search tasks (O'Riordan et al., 2001). These findings were 

supported by experimental observations of Jarrold et al. (2005) who also investigated 

search performance when feature and conjunctive search tasks were employed. They 

created a challenging feature search task which involved detecting the target, a red X-

shaped clown, amongst green T-shaped and red O-shaped clowns. The conjunctive 

search task involved detecting the same target; however distracters were green X-

shaped and red T-shaped clowns. The children with autism were overall faster and had 

shallower RT versus SS slopes relative to the control group (matched on non-verbal 

ability) for both the feature and conjunctive search tasks (Jarrold et al., 2005). 

O‟Riordan and Plaisted (2001) argued that the superiority of ASD groups on 

visual search tasks was the result of enhanced ability to discriminate targets and 

distracters. They employed complex triple (Experiment 1) and double (Experiment 2) 

conjunction search tasks and compared performance across different versions of the 



14 

 

tasks in each experiment, where the versions differed in the degree of target-distracter 

similarity. In Experiment 1, the rectangular stimuli varied on the dimensions of size, 

colour and orientation, and in Experiment 2, the colour and form (C, E, F, T, and X) of 

letters were varied. For each of the two search tasks, children with autism were faster 

overall, had shallower gradients for RT as a function of SS, and were less affected by 

increasing target-distracter similarity (O'Riordan & Plaisted, 2001). Based on these 

findings, they concluded that children with autism demonstrate superior detection of a 

unique item. This was also replicated in adults with autism, suggesting they too have 

enhanced visual discrimination ability (O'Riordan, 2004).  

Following a comprehensive review of research aimed at understanding visual 

processing (motion perception, colour vision, visual search and attention, and 

perception of faces and objects) in ASDs, Simmons et al. (2010) concluded that the 

majority of the literature supports superior visual search, and more specifically, 

enhanced EFT performance, in both children and adults with autism. Importantly, 

Simmons et al. (2010) also stated that while the reason for this superiority is still not 

certain, it may result from enhanced discrimination of micro-pattern elements 

(O'Riordan & Plaisted, 2001; O'Riordan et al., 2001). Continued investigation of visual 

search in ASDs remains a priority, as it would be useful to understand the mechanisms 

underlying enhanced EFT performance since it has often been reproduced. The most 

influential accounts of superior EFT performance will be presented below, with their 

limitations highlighted, which then provide a rationale for adopting a novel approach to 

investigating the nature of superior EFT performance in the autism spectrum. 
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Weak Central Coherence: An Adequate Explanation of Superior EFT 

Performance? 

 The theory of weak central coherence (WCC) was developed to account for the 

observation that individuals with ASDs perceive the details of a scene at the expense of 

absorbing the wider context or overall environment (Frith, 1989; Frith & Happé, 1994; 

Happé, 1999). According to WCC, details are focussed on and therefore retained, while 

a global or contextual understanding is limited. This was suggested to occur from a 

local processing bias in ASD populations, combined with a relative failure to extract the 

gist of events in everyday life (Frith, 1989). WCC has been suggested to occur at both 

„low‟ and „high‟ levels of processing, where the former refers to processes such as 

perception, learning and attention, whereas the latter refers to linguistic and semantic 

processes (Happé, 1996, 1997). At the „low‟ level, observers with WCC are said to 

process the local parts of stimuli while ignoring the visual context in which these local 

parts are presented. Consistent with this notion of WCC occurring at low levels of 

processing are studies which report enhanced performance by individuals with ASDs on 

tasks such as (1) copying „impossible‟ figures (Mottron, Belleville, & Menard, 1999), 

which are geometric, 3-D line drawings where the parts conform to 3-D rules, yet the 

relations between parts violate these rules such that successful copying requires the 

drawer to perceive the elements of the figure as unrelated, (2) the Block Design 

component of the Wechsler Intelligence test that requires constructing, as quickly as 

possible, a particular dichromatic pattern from a set number of identical blocks with 

dichromatic sub-patterns on each face (Shah & Frith, 1993), and (3) the embedded 

figures tests considered earlier (Jolliffe & Baron-Cohen, 1997; Shah & Frith, 1983). 

Alternatively, WCC occurring at „high‟ levels of processing refers to studies of 

contextual processing that demonstrate individuals with ASDs mispronounce 

homographs in sentence context, for instance, pronouncing „tear‟ inaccurately when 
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provided different contexts “In her eye/dress there was a big tear” (Happé, 1997). 

Another example of WCC at high levels of processing is illustrated by individuals with 

ASDs who draw incorrect bridging inferences between two sentences, failing to use the 

context provided to make a global inference (Jolliffe & Baron-Cohen, 1999).  

Embedded figures tests have been given particular attention in the WCC 

literature. As described earlier, these tests require the observer to detect a simple shape 

embedded within a larger figure as quickly as possible. According to WCC, accelerated 

performance by individuals with an ASD is explained as a failure to perceptually 

construct the larger configuration, and as such, access to the details (in this case, the 

simple shape) is improved. (Note that this explanation still leaves open the question of 

how observers know which elements of the larger pattern form the simple shape.) 

Conversely, it is argued that typically developing individuals form a global percept 

initially, which may then impede searching for the local elements. Several studies 

employing different tasks have supported the theoretical proposal of intact or enhanced 

local processing and/or impaired global processing in individuals with an ASD relative 

to matched control samples (Grinter, Maybery, Pellicano, Badcock, & Badcock, 2010; 

Plaisted, Swettenham, & Rees, 1999; Rinehart, Bradshaw, Moss, Brereton, & Tonge, 

2000). However under other conditions, this pattern of results has not been observed 

(Mottron, Burack, Iarocci, Belleville, & Enns, 2003; Mottron, Burack, Stauder, & 

Robaey, 1999; Ozonoff, Strayer, McMahon, & Filloux, 1994; Plaisted, Swettenham, & 

Rees, 1999). For instance, enhanced local processing by individuals with ASDs has 

been demonstrated by some researchers using Navon-type stimuli (Behrmann et al., 

2006; Gross, 2005; Rinehart, Bradshaw, Moss, Brereton, & Tonge, 2000). In these 

tasks, observers are presented with a large „global‟ letter (e.g., S) that is made up of 

smaller „local‟ letters (e.g., C‟s) and then asked to name either the small or large letter. 

Differential performance is observed by typically developing individuals, reflecting a 
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tendency to name the large stimulus faster than the smaller stimuli, referred to as the 

“global superiority effect”. Further, it has been reported that individuals with ASDs tend 

to be more sensitive to the local stimulus than controls (Behrmann et al., 2006; Gross, 

2005; Rinehart et al., 2000). Mottron et al. (2003) found that high functioning ASD 

children outperformed matched typically developing controls on a disembedding task 

which involved identifying either an „H‟ or „S‟ when the letters were either presented in 

isolation or as a pattern in the form of a „digital 8‟ made of the same letter. However 

results on a traditional task of hierarchical processing where visual targets can appear 

unpredictably at the global (e.g., the overall „global‟ form of the letter is „A‟, even 

though it is constructed using many smaller „H‟ letters) or local (in this example, the 

„A‟ letters are the local elements used to construct the larger overall „H‟ form) level, did 

not suggest any reduced global functioning in the ASD sample (Mottron et al., 2003). In 

the hierarchical processing task, efficient target detection has been shown to depend on 

the overall visual angle of the compound letter, such that global target letters are 

detected most quickly and accurately when the visual angle is relatively small, and local 

target letters are best detected when the visual angle is large (Kinchla & Wolfe, 1979; 

Lamb & Robertson, 1990). Based on these findings, Mottron et al., (2003) tested the 

letters at three visual angles to determine whether any local or global processing 

differences were associated with autism. The ASD and control groups both 

demonstrated the common patterns of local bias when larger visual angles were 

employed and global bias with smaller visual angles (Mottron et al., 2003), a result that 

likely depends on the most salient spatial frequency information (Badcock, Whitworth, 

Badcock, & Lovegrove, 1991). This indicates that while the salience of perceptual 

features may be abnormally acute in individuals with ASDs, this enhancement does not 

result in reduced ability to integrate perceptual information to form a configural 

representation (O'Riordan & Plaisted, 2001; Plaisted, 2001; Plaisted et al., 1998a; 
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Plaisted, Saksida, Alcántara, & Weisblatt, 2003). Happé and Frith (2006) have since 

reformulated their WCC theory to advise that the previously suggested core deficit in 

global processing should be reconsidered as a secondary outcome resulting from a local 

or detail-focussed processing style, rendering individuals with ASDs less likely to 

integrate contextual elements. 

 

An Alternative Model: Enhanced Perceptual Functioning (EPF) 

 Mottron et al. (2006) suggested that superior EFT performance by individuals 

with ASDs may result from enhanced perceptual functioning (EPF). The EPF theory 

was originally coined in 2001 to provide a framework in which perceptual processes in 

autism could be understood, given the limitations of the prevailing WCC model to 

account for the patterns of performance that had been observed for individuals with 

ASDs (Mottron & Burack, 2001). That is, while WCC argues for a detail-focussed local 

processing style with a subsequent reduced capacity to integrate local elements or small 

details into an integrated representation, several research groups had in fact observed 

intact holistic processing in individuals with ASDs relative to typically developing 

matched controls (Mottron et al., 2003; Mottron, Burack et al., 1999; Mottron, Peretz, & 

Menard, 2000; Ozonoff et al., 1994; Plaisted et al., 1999). Under the original EPF 

theory, a heightened response to sensory stimulation in neural mechanisms is central to 

autism from early childhood (Mottron & Burack, 2001). This response is argued to lead 

to an attentional focus on low-level sensory phenomena, the consequence of which is a 

breakdown in social interaction, and thus an atypical wiring of the brain during 

development.  

Since the original EPF model was presented in 2001, it has been updated to 

incorporate further research findings (Mottron et al., 2006); however the essence of the 

theory remains that a local bias develops from superior low-level processes rather than 
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as a result of a deficit in global processing mechanisms. While Mottron and colleagues 

state that the „default setting‟ of individuals with an ASD is more locally oriented 

compared to typically developing individuals, they follow this by proposing that higher-

order control can be accessed when required, whereas in typically developing 

individuals, engaging such high-level processes is mandatory, even if it is detrimental to 

performance if the task does not require it. However, irrespective of the above 

discrepancies between the EPF and WCC models, neither of these explanations allows a 

clear understanding of what mechanisms give rise to superior performance, and more  

precisely, which specific aspects of the EFT enable improved performance by 

individuals with autism. 

 

Current Model Limitations and a New Approach to Understand EFT Performance 

The EFT has been used repeatedly, and as mentioned above, the balance of 

evidence reveals enhanced performance by those with ASDs relative to matched 

typically developing controls (Simmons et al., 2010). While this finding is fairly robust, 

it is still uncertain which specific enhanced abilities the EFT is assessing. The above 

models are able to describe superior EFT performance by individuals with ASDs, but 

they do not specify which aspects of the test are important to achieve the performance 

difference. Likewise, as the EFT was designed atheoretically, it is uncertain which 

components of the task are critical to enable superior performance and thus which 

model is better able to account for superior visual search. The central aim of this thesis 

was to examine which components of the EFT are critical in generating differences in 

search performance linked to autistic-like traits. As additional elements were added to 

the complex figures in the EFT unsystematically, a new visual search task was created 

to enable complexity to be added to a basic task in a methodical way, so as to assist in 

discovering which components used in the EFT are critical. In order to do this, a visual 
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search task was created employing radial frequency (RF) patterns (Bell, Badcock, 

Wilson, & Wilkinson, 2007a; Loffler, 2008; Loffler et al., 2003).  

RF patterns are closed contours formed by deforming circles, while having 

simple parametric control over the information available within the contour. They are 

constructed by sinusoidally modulating the radius of a circle as a function of polar 

angle, where the number of cycles of modulation in 360° defines the RF number (see 

Fig. 1; Bell & Badcock, 2009b; Loffler et al., 2003). For instance, by altering the 

number of periodic deviations from circularity on the closed-contour, RF patterns can 

be modified to represent a number of shapes, including triangles (RF3s), squares 

(RF4s), pentagons (RF5s), and so on, based on the periodicity of the manipulation 

applied. RF patterns were chosen as stimuli for the search task as they are 

mathematically well-defined shapes amenable to methodical variation – a property ideal 

for the purpose of examining which visual aspects are critical for superior search. 

Further, they are closed-contour simple geometric shapes, similar to the targets 

employed in the EFT. Finally, while there has been substantial discussion pertaining to 

inferior or intact global processing mechanisms with enhanced local processing in 

individuals with ASDs, a major concern lies in the differential use of these terms and 

subsequent methods employed to establish the nature of these different levels of 

processing in ASDs relative to typically developing individuals. Happé and Booth 

(2008) highlight the importance of employing tasks which can test integrative ability 

independent of local processing enhancements, as designing paradigms that conflate 

local and global processing often results in a direct trade-off and subsequent uncertainty 

as to whether results reflect reduced global processing, increased local processing, or 

both. The use of the terms local and global also varies depending on the field of 

literature being investigated, and often it varies even within a field. For instance, in 

WCC-related studies, researchers sometimes refer to local as a homograph within a 
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sentence (Happé, 1997), whereas at other times it refers to a „local‟ triangle embedded 

in a „global‟ grandfather clock or even a „local‟ triangle embedded within a meaningless 

complex structure (Witkin et al., 1971). These discrepancies subvert efforts to further 

understand the enhanced or deficient underlying visual and/or cognitive mechanisms in 

individuals with an ASD.  

 

Fig. 1. Examples of four RF patterns (RF0, RF3, RF4, and RF5, from top to bottom 

respectively). The left hand column shows the radius as a function of polar angle while 

the right hand column illustrates the resulting pattern. 
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The literature pertaining to RF patterns has well-defined definitions of local and 

global processing mechanisms. RF patterns are therefore useful stimuli to employ as 

while they examine local and global processing visual mechanisms which may vary 

from those previously discussed in the WCC literature, substantial evidence exists 

regarding their ability to demonstrate either local or global shape discrimination 

independently, irrespective of their size (Anderson, Habak, Wilkinson, & Wilson, 2007; 

Bell & Badcock, 2008; Grinter et al., 2010; Habak, Wilkinson, Zakher, & Wilson, 2004; 

Hess, Achtman, & Wang, 2001; Jeffrey, Wang, & Birch, 2002; Loffler, 2008; Loffler et 

al., 2003; Poirier & Wilson, 2006; Wang & Hess, 2005; Wilkinson, Wilson, & Habak, 

1998). For low RF patterns, that is, those patterns with a frequency less than 

approximately 10 cycles per 360°, sensitivity to modulation of the contour cannot be 

explained by the processing of local cues in isolation, but rather provides evidence of 

global integration of the local shape information around the whole contour. More 

specifically, adding cycles of modulation of a specified RF to the contour of a low RF 

pattern results in an improvement in threshold for detecting deviations from circularity 

which is more rapid than is predicted from summating the probability of detecting 

individual cycles, an outcome taken as evidence for global processing (Hess, Wang, & 

Dakin, 1999; Jeffrey et al., 2002; Loffler et al., 2003; Wang & Hess, 2005; Wilkinson et 

al., 1998). However for high RF patterns, the rate of threshold improvement across 

additional cycles matches the rate predicted by probability summation, suggestive of 

only local processing of pattern features (Jeffrey et al., 2002; Loffler et al., 2003). Based 

on these well-defined properties, RF patterns are useful stimuli to explore the 

integration of local information into global shape primitives. 
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Thesis Overview: Aims and Hypotheses 

The EFT is a search task which involves detecting a simple shape embedded 

within a complex structure. The aim of this thesis was to examine which specific 

aspects of the EFT are critical to enable superior visual search performance by those 

with high levels of autistic-like traits. As noted above, examining individuals who lie 

within the broader phenotype of autism can be a useful method to extend current 

knowledge of complex ASDs. The following four chapters of this thesis compare 

performance of groups of individuals with either high or low levels of autistic-like 

characteristics, as determined by the AQ, across various visual tasks. 

Chapter Two introduces the basic search task which involves detecting a target 

RF3 from an array of spatially discrete distracter RF4 patterns, in what is labelled the 

„singles‟ condition. The number of distracter RF patterns is varied to provide a measure 

of visual search performance, which was specified as the change in RT with increasing 

SS, commonly referred to as the gradient or slope of the linear function in the visual 

search literature (Wolfe et al., 2006). This first study introduced a further two 

conditions in which the search stimuli were manipulated to directly explore the 

influence of element overlap on performance. The EFT involves detecting a simple 

shape that is often camouflaged through the use of overlapping elements such as the 

outlines of other shapes. Overlap was systematically introduced by creating a „pairs‟ 

condition, where each RF pattern was linked with a distracter RF4, and a „quads‟ 

condition, where each RF pattern was linked with three distracter RF4 patterns, 

resulting in clusters of four overlapping elements. This first study examined how 

complexity resulting from increasing overlap affects search performance by individuals 

with high relative to those with low levels of mild autistic-like traits. 

Overlapping the RF patterns in the quads condition of the study reported in 

Chapter Two provided an implicit segmentation of the visual display into clusters, 
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whereby observers reported searching each cluster (of four RF patterns) in order to 

detect the target RF3. The aim of the study reported in Chapter Three was to examine 

more explicitly whether segmentation – rather than overlap – in EFT stimuli contributes 

to superior performance by individuals with high levels of autistic-like characteristics, 

relative to those with low levels. The complex figure which embeds the simple shape in 

the EFT always involves the addition of lines, which are believed to increase the 

complexity of the search (Witkin et al., 1971). These lines were not positioned 

systematically in the EFT stimuli and therefore, it remains unclear what type of 

segmentation, if any, contributed to the enhanced performance of individuals with high 

autistic-like traits relative to those with lower levels of such traits. Chapter Three 

reports work taking the basic RF search task (essentially the singles condition described 

above) and introducing two lines and a surrounding box (which the lines connect to), 

where one of the lines either intersected the target or distracter, ran alongside the 

contour of a target or distracter, or was near to but not touching a target or distracter. It 

was hypothesised that when the lines provide spurious segmentation cues that either 

fragment the target or display in an unhelpful manner, this could result in an increase in 

gradient, where observers are required to search each segment in turn. Alternatively, if 

the lines act as clutter, this may influence performance through either masking or 

crowding. Previous researchers who have examined the impact of clutter on search 

performance observed that clutter resulted in an increase in intercept for RT as a 

function of SS (Henderson, Chanceaux, & Smith, 2009; Wolfe, Oliva, Horowitz, 

Butcher, & Bompas, 2002). Thus if the lines were acting as clutter in this study, a 

similar increase in intercept would be predicted across all conditions that included the 

two additional lines in the display. This study furthers understanding of whether 

segmentation influences search superiority by individuals with high levels of autistic-

like traits. 
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Chapter Four was designed to determine whether having target shapes that 

elicited either local or global contour processing was critical for the enhanced 

performance observed on the EFT. As mentioned, several researchers have examined 

the role of local and global processing; however a major issue in the research literature 

is that the use of the terms „global‟ and „local‟ varies and is often poorly specified. This 

variation in use of terms can result in limited ability to generate and reconcile 

conclusions and therefore complicate the application of theories such as WCC and EPF. 

Chapter Four investigates a specific application of the terms local and global which 

pertains to processing of RF closed contours. The targets in the EFT are similar to RF 

patterns as they are also closed contours which vary in the number of included corners, 

such that some may evoke local and others global processing of the targets. Therefore, 

the aim of this chapter was to determine whether any local enhancement or global 

deficit is apparent in individuals with high relative to low levels of autistic-like traits at 

this level of processing. Again, search ability of two new groups of people with either 

high or low levels of autistic-like characteristics was examined across a series of four 

experiments which involved modifications of the stimuli employed in the RF search 

task used in the studies reported in Chapters Two and Three. The purpose of these 

alterations was to employ RF stimuli that are processed by known local or global 

mechanisms (Loffler et al., 2003).  

The first two experiments in Chapter Four examined search performance with a 

globally processed RF3 target among either one (RF4) or several types (RF4s, RF5s, 

and RF6s) of globally detected RF distracters. In the EFT, the distracters are not a 

uniform array of the same element and therefore we wished to examine the impact of 

variety in the distracters on search performance. Experiment 3 and 4 reported in Chapter 

Four employed locally processed stimuli that either maintained a complete closed 

contour (RF12s and RF16s; Bell et al., 2007a) or involved detecting a single lobe of the 



26 

 

low RF3 pattern amongst distracter single lobes of RF4s to determine whether closed 

contours are required or whether instead local aspects of the contours are sufficient to 

obtain the performance differences previously observed between high and low AQ 

groups. 

The final study of this thesis is presented in Chapter Five. In this chapter, we 

determine whether the specific visual mechanisms processing global shape in closed-

contours are active in groups with high or low levels of autistic-like characteristics, 

and if so, whether the groups are functioning to the same extent when integrating 

deformed closed-contour shapes, similar to the EFT targets. The RF integration task 

employed required discriminating between a perfect circle and an RF3 pattern, with 

the amplitude of distortion in the RF3 pattern systematically manipulated to examine 

the extent of improvement in detection thresholds as additional cycles of modulation 

(1, 2 or 3) were added to the otherwise circular contour. A decrease in threshold was 

expected with more cycles of modulation as a result of probability summation since 

the probability of detecting a single cycle increases with more cycles available 

(Graham, 1989). However RF3 patterns have been shown to induce global processes 

(Loffler et al., 2003), with the rate of improvement (as a function of additional cycles 

of modulation) greater than that predicted by probability summation. We wished to 

examine the rate of improvement (i.e., decrease) in threshold between the two groups, 

to determine whether global integration ability varied. Again, we tested two new 

groups of individuals with either high or low levels of autistic-like characteristics 

determined by the AQ on this integration task, the EFT and RF search task (singles 

conditions).   

The final chapter provides a general discussion of the research findings from 

the four experimental chapters of this thesis. Further, it highlights the contributions of 

this thesis, in terms of (1) constructing a visual search task with considerable scope, 
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through systematic manipulation of parameters, to explore the precise nature of 

advantages in superior EFT performance by individuals with high levels of autistic-

like traits, (2) demonstrating a consistent advantage in visual search performance by 

individuals with high levels of autistic-like traits, relative to those with lower levels of 

such traits, across the various search conditions of the RF search task, (3) creating an 

alternative visual search task to the EFT which is a repeatable, easily administered 

computer-based task, (4) presenting a new method which incorporates quantitatively 

identified global processes to demonstrate superior ability to integrate information 

around a closed-contour in individuals with high levels of autistic-like characteristics, 

and (5) providing implications of the results from this thesis for the existing WCC and 

EPF theories.  
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Abstract 

The Embedded Figure Test (EFT) requires locating a simple shape embedded within a 

background of overlapping target-irrelevant scene elements. Observers with autism, or 

those with high levels of autistic-like traits, typically outperform matched comparison 

groups on the EFT. This research investigated the critical visual properties which give 

rise to this improved performance. The EFT is a search task and so here a radial 

frequency (RF) search task was created to directly explore efficacy of visual search and 

also the influence of element overlap on performance. In all conditions, the task was to 

detect whether the target RF3 (a triangular shape chosen for its visual properties) was 

present amongst a number of distracter RF4 (a square shape) patterns. The conditions 

employed were: „singles‟, where all the patterns were spatially discrete, „pairs‟, where 

two overlapping elements formed each cluster, and „quads‟, comprising four 

overlapping elements per cluster. Compared to students scoring low on the Autism-

Spectrum Quotient (AQ; n=27), those scoring high on the AQ (n=23) were faster on the 

EFT and also significantly less influenced by increasing set size of the stimulus array in 

all RF search task conditions. However, the group difference in RF search performance 

was unaffected by the amount of stimulus overlap. Thus a simple search task is 

sufficient to detect a performance advantage associated with higher levels of autistic-

like traits and has the advantages of a solid footing in visual theory and being readily 

repeatable for the purpose of assessing performance variability and change with 

interventions. 
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Individuals with a diagnosis of autism, or with high levels of autistic-like traits, 

as measured with the Autism-Spectrum Quotient (AQ; Baron-Cohen et al., 2001), often 

demonstrate superior performance relative to controls on tasks which involve focussing 

on parts of a complex stimulus (Grinter, Maybery et al., 2009; Grinter, Van Beek et al., 

2009; Happé, 1999; Jolliffe & Baron-Cohen, 1997; Morgan et al., 2003; Pellicano et al., 

2005; Pellicano et al., 2006; Shah & Frith, 1983). Such tasks include Embedded Figures 

Tests (EFTs) which involve detection of a target shape hidden within a complex 

background (Witkin et al., 1971). To begin each EFT trial, an individual is presented 

with a complex background figure and asked to describe it. Following this, a target 

(e.g., the outline of a triangle) is presented and the task is to locate the target within the 

background figure, with reaction time (RT) the main index of performance. In the adult 

version of the EFT, both the target and the background vary, and the difficulty of the 

search process is likely to depend on the two.  

Relative to neurotypical comparison groups, individuals with autism are either 

comparable or faster, but no less accurate, in locating the hidden shapes in EFTs (Brian 

& Bryson, 1996; Edgin & Pennington, 2005; Frith, 2003; Frith & Happé, 1994; Jarrold 

et al., 2005; Jolliffe & Baron-Cohen, 1997; Kaland et al., 2007; Morgan et al., 2003; 

Ozonoff et al., 1991; Pellicano et al., 2005; Pellicano et al., 2006; Ropar & Mitchell, 

2001; Shah & Frith, 1983). However, the processes which enable those with autism to 

identify a constituent part of a complex stimulus at a greater speed than their matched 

counterparts are poorly understood. The features of the visual stimuli that affect the 

difficulty of the search process in the EFT were not developed with reference to a 

theoretical understanding of visual processing; instead, the EFT stimuli were chosen 

simply according to their graded difficulty (Gottschaldt, 1929; Witkin et al., 1971). In 

contrast, if knowledge about the properties and processes that make disembedding 
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figures easy or difficult was available, a series of figures could be designed based on 

those properties and performance could be expressed as a function of them.  

Weak central coherence (WCC) theory has been proposed as an explanation of 

the enhanced performance on the EFT by those with autism, where a core assumption of 

WCC is a bias towards perceiving the simple elements of a stimulus rather than 

integrating the individual components to perceive the complex “whole” (Frith, 2003). 

This reasoning suggests that individuals with autism demonstrate enhanced feature 

processing at the expense of their ability to form configurations of these features (Frith, 

1989; Happé, 1996). Others disagree, suggesting that such “local bias” is not matched 

by “global impairment” (Mottron & Belleville, 1993; Mottron et al., 2003; Plaisted, 

Saksida, Alcantara, & Weisblatt, 2003). However neither of these explanations allows 

for a clear understanding of precisely how performance on EFT tasks is improved in 

individuals with autism.  

Previous studies employing a visual search paradigm have demonstrated 

superior search ability in autism (O'Riordan, 2004; O'Riordan & Plaisted, 2001; 

O'Riordan et al., 2001; Plaisted et al., 1998b). Both Jarrold et al. (2005) and 

O‟Riordan and her colleagues concluded that this superior search capability is a 

consequence of enhanced ability to discriminate between display items in individuals 

with autism. While this interpretation is consistent with the results obtained, the 

stimuli chosen were not ideal for characterising the underlying visual processes. The 

differences between the stimuli used in these studies are not easily quantifiable (e.g.., 

in what fundamental ways is an X different from a C?), thus limiting ability to 

precisely manipulate target – distracter similarity. Further, stimuli such as alphabetical 

letters (O'Riordan, 2004; O'Riordan & Plaisted, 2001; O'Riordan et al., 2001; Plaisted 

et al., 1998a) and complex meaningful drawings (Plaisted et al., 1998a) vary 

considerably from those used in the EFT. Finally, none of the existing studies of 
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visual search in autism have systematically manipulated the overlap of target and 

distracter stimuli, and so have not investigated the capacity to disembed a simple 

stimulus from an overlapping background, arguably a central requirement of the EFT 

(Witkin et al., 1971). 

The current study aimed to examine how visual performance depends on the 

task elements incorporated in the EFT, that is, a visual search task in which a simple 

target shape is detected in a background and where the background sometimes may 

either share lines with the target figure or not. Consequently, this study examined 

search performance for a specific shape in a figure composed of a set of distracter 

shapes (or background using the terminology above) where the distracters were 

separate and independent of the target, and also in a background where the separate 

clusters of distracters directly interacted with both the target and each other. Since 

previous studies have suggested that individuals with autism may differ in their ability 

to group stimuli (Jarrold & Russell, 1997) we have chosen as targets patterns which 

are processed at intermediate levels of the form pathway where global grouping is 

thought to occur (Loffler, 2008; Tse et al., 2002). To do this we selected radial 

frequency (RF) patterns as stimuli (Bell et al., 2007a; Loffler, 2008; Loffler et al., 

2003). Importantly RF patterns have been proposed as form primitives and may be 

constructed so that they are themselves detected as an integrated global structure using 

a process that is thought to occur in cortical area V4 (Bell & Badcock, 2008; Loffler, 

2008; Loffler et al., 2003). In addition RF patterns may be used individually or 

combined to create more complex structures (Bell et al., 2007a; Wilkinson, 

Shahjahan, & Wilson, 2007; Wilkinson et al., 1998; Wilson, Wilkinson, Lin, & 

Castillo, 2000), thus providing a parallel with the EFT. 

RF patterns are closed-contour shapes created by deforming a circle. The 

deformation is specified as a sinusoidal variation in the radius of the pattern as a 
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function of polar angle (see Fig. 1) with the number of modulation cycles required to 

complete one revolution corresponding to the RF number (ω in Eq. 1 below). 

 

Fig. 1. In the top left corner, the radius is constant across 360°, which corresponds to a 

circle, displayed in polar coordinates in the top right corner. In the bottom left corner, 

the radius has been modulated using a sine function to create three cycles of 

deformation. This corresponds to the RF3 pattern plotted in polar coordinates in the 

bottom right corner. 

 

The pattern in Fig. 1 is an RF3, having three cycles of modulation around the closed 

contour, and, with the amplitude of modulation chosen, resembles a triangle. An RF4 

can resemble a square, an RF5 a pentagon and so on. These simple patterns have been 

used to measure the degree of deformation (amplitude of the sinusoid) required to 

differentiate between a perfect and a distorted circle (Bell & Badcock, 2009a; Loffler et 
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al., 2003) but in the current study, supra-threshold and readily distinguishable 

modulation values will be employed (Bell & Badcock, 2008).  

The EFT is a visual search task and therefore we employed a visual search 

paradigm, but one in which a target (RF) stimulus is detected among distracter 

stimuli. The task was to detect a target RF3 from a number of distracter RF4 stimuli. 

The set size (SS) of the display was manipulated, and the time taken to establish 

whether the target RF3 was present or not in the multi-element display was recorded. 

The rate of increase in RT with increase in SS was used as a measure of performance.  

The EFT also involves camouflage of the target through the addition of lines 

which sometimes intersect the target. The well-known Gestalt laws of visual grouping 

are based on the knowledge that the visual system has a preference for grouping parts 

of an image together based on particular visual properties (Spillmann & Ehrenstein, 

1996). Inappropriate groupings of lines/targets may prevent perception of objects 

which are in full view (Gottschaldt, 1929). As different features are added with 

overlap allowed, and the shape segmentation process is manipulated accordingly, 

these target shapes may become increasingly difficult to detect, which will be 

reflected in an increasingly serial search. The deliberate manipulation of the amount 

of overlap in search tasks therefore provides potential to further understand the 

necessary features required to detect a target shape in a background pattern. Pilot 

studies (with typically developing individuals) were therefore conducted to establish a 

range of search tasks varying in difficulty ranging from non-overlapping RF stimuli, 

RF patterns interlinked as pairs, and RF patterns interlinked as clusters containing 

four RF patterns (quads; see Fig. 2; Almeida, Dickinson, Maybery, Badcock, & 

Badcock, 2008).
1
 This range of stimuli (i.e., singles, pairs, quads) was employed in 

                                                 
1
 Target stimuli were always RF3s, however, as evidence exists for multiple RF channels 

(Bell & Badcock, 2009a), various distracter RF patterns (RF: 4, 5, 6, 9 or 12) were selected to 

determine whether shape similarity influences performance in a visual search task. The results 
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the current study to examine the impact of overlap and clutter (Henderson et al., 2009) 

on search performance. 

 

Fig. 2. Three examples of stimuli from the three conditions (singles (a), pairs (b), and 

quads (c)) where the target was always an RF3 and the distracters were RF4 patterns. In 

each of these examples, the SS is 8. 

 

The current experiment examined visual search performance of individuals 

who fall high and low on the AQ. The AQ has been shown to differentiate clinical 

samples from controls (Baron-Cohen et al., 2001; Woodbury-Smith et al., 2005) and 

to differentiate family members of children with an Autism Spectrum Disorder (ASD) 

from controls (Bishop et al., 2004). There is also evidence that high AQ scorers are 

more socially isolated than low AQ scorers, consistent with the scale tapping autistic-

like characteristics (Jobe & White, 2007). Significantly, superior EFT performance 

has been reported for high relative to low AQ scorers (Grinter, Maybery et al., 2009; 

Grinter, Van Beek et al., 2009), indicating that groups selected in this way can be used 

to investigate the nature of exceptional EFT performance associated with autism. In 

                                                                                                                                               
of the pilot study established that RT to an RF3 pattern is least affected by non-overlapping 

RF stimuli of other radial frequencies, as demonstrated by a shallow slope in RT as a function 

of SS in the singles condition. Overlapping the RF patterns to form pairs or quads (where only 

one of the elements was the target) resulted in a progressively more difficult search, i.e., 

greater change in RT per element. Finally the similarity of the target and distracter RF also 

affected performance, which became more difficult as the radial frequency difference 

decreased (Almeida et al., 2008). 
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the present study, each individual in the high and low AQ groups was administered 

the EFT and the three conditions of the RF search task. SS was manipulated within 

each of the RF search conditions to enable the derivation of the slopes of performance 

relating RT and SS, which were used as an index of the efficiency of the search 

processes. 

It was hypothesised that similar to previous studies, the high AQ group would 

outperform the low AQ group on the EFT, and this difference would be independent 

of IQ (Grinter, Maybery et al., 2009; Grinter, Van Beek et al., 2009). Although high 

AQ scorers have been reported to be faster on the EFT, it is not known whether this 

superiority reflects facility in identifying a simple shape within an embedding context 

or in discriminating a target shape from other shapes. Turning to the RF task, 

individuals with autism are thought to have enhanced ability to discriminate between 

display items (O'Riordan, 2004; Plaisted et al., 1998b). If, consistent with this view, 

high AQ scorers are more adept at differentiating the RF3 from the RF4s, a shallower 

slope should be observed for this group relative to the low AQ group in all search 

conditions (singles, pairs and quads). An additional source of enhanced search ability 

in individuals with autism could be the capacity to extract the features of a simple 

shape from overlapping features. If this capacity for disembedding further 

differentiates the high and low AQ groups, then the advantage in search efficiency for 

the high AQ group (reflected in a shallower slope) should be more pronounced in the 

pairs condition relative to the singles condition, and be especially prominent in the 

quads condition for which the overlap in features is greatest. Finally, the RF visual 

search task was created to reveal similar differences in performance normally 

observed on the EFT between high and low AQ scorers, while using a theoretically 

grounded task design. Consequently, an observed correlation between proficiency on 

the new task and on the EFT would provide convergent validity of this new approach. 
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1. Methods 

 

1.1. Psychometric measures 

 The AQ (Baron-Cohen et al., 2001) is a self-report instrument (total score 

range: 0 – 50) used to assess self-report of autistic-like traits; higher scores represent 

more autistic-like behaviour. Form A of the EFT (Witkin et al., 1971), which includes 

12 test trials, was administered according to the manual.  Each trial had a three minute 

maximum search time, and mean RT (in s) taken across the 12 trials was calculated as 

the central measure of performance, as has been used previously (Jolliffe & Baron-

Cohen, 1997; Witkin et al., 1971). Two subtests of the Wechsler Abbreviated Scale of 

Intelligence (WASI; Weschler, 1999), Vocabulary and Matrix Reasoning, were 

administered to provide an index of IQ. 

 

1.2. Participants 

 The AQ was administered to 742 undergraduate students from the University of 

Western Australia. Cut off scores of less than or equal to 11 and greater than or equal to 

23 were used (based on the upper and lower 15% of scorers) to create a high AQ (n=23) 

and a low AQ (n=27) group (see Table 1). The groups did not differ in terms of IQ, 

t(48) = .70, p = .49) or gender distribution (χ
2
(1, n = 50) = .31, p = .58). All observers 

had normal or corrected-to-normal vision. The research was approved by the Human 

Research Ethics Committee at the University of Western Australia and written informed 

consent was obtained from all participants. 
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Table 1 

Descriptive statistics of high and low AQ group characteristics. Male – female ratio 

and means (and SD) for AQ, IQ, EFT RT (s) and EFT errors 

 Low AQ (N = 27)  High AQ (N = 23) 

Male:female 9:18 6:17 

AQ 9.33 (1.49) 26.91 (2.79) 

IQ 117.67 (10.86) 115.74 (8.11) 

EFT RT (s) 28.34 (13.97) 16.55 (7.01) 

EFT errors 4.78 (4.21) 2.61 (2.06) 

 

 

1.3. Apparatus and materials 

The experimental protocol for the visual search task was written in Matlab 7.0 

(Mathworks, Natick, MA, USA) and implemented on a PC (Pentium 4 – 3 GHz). The 

stimuli were presented on a Sony Trinitron G520 monitor from the frame buffer of a 

Cambridge Research Systems (CRS) ViSaGe (CRS, Kent, UK) visual stimulus 

generator. The screen resolution was 1024×768 pixels. Background luminance was 45 

cd/m
2
. Luminance calibration was performed using an Optical OP 200-E photometer 

(head model number 265) and associated software (CRS; Metha, Vingrys, & Badcock, 

1994). The screen refresh rate was 100Hz. At the observation distance of 65.5 cm 

(maintained using a chinrest) the visual angle subtended by one pixel was 2‟, producing 

a display area of 34.13˚×25.60˚. Observers signalled their responses using the left and 

right buttons of a CRS, CB6 button box. 

 

1.4. Stimuli 

The stimuli in the visual search task were fields of RF patterns (see Fig. 2). 

The participants‟ task was always to detect the RF3 which served as the target 
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stimulus. The distracter stimuli were RF4 patterns. To create the RF patterns, the base 

circle was deformed by modulating its radius sinusoidally as a function of polar angle. 

This modulation can be described using the equation below (Wilkinson et al., 1998) 

such that the radius of the deformed pattern at polar angle   was: 

          

      (1)  

 

where rmean = mean radius, A = radial modulation amplitude,   = radial frequency, and 

  = angular phase of the pattern. The modulation amplitude, A, was 1/(1+ω
2
), where ω 

is the RF (number of cycles in 360˚ and ω = 3 or 4). This resulted in flat sides on the RF 

patterns so they resembled triangles and squares with curved vertices. The luminance 

profile was Gaussian and the patterns were observed to have identical total luminance. 

The base radius of the RF patterns was one degree of visual angle. The RF patterns were 

distributed on the points of intersection of an implicit 7×7 rectangular grid, giving 49 

potential positions for patterns. The centre to centre separation of the RF patterns was 

approximately three degrees. For each trial, the RF patterns were displaced a random 

amount vertically and horizontally from their grid positions within the range of ± 12 

arcmin so that the elements did not strongly group into rows and columns. Positions on 

the grid for the stimuli on each trial were chosen at random.  

The visual search task involved three conditions: singles, pairs, and quads which 

were tested in separate blocks. The order of the blocks was counterbalanced across 

observers. In the singles condition, the RF patterns were spatially discrete (see Fig. 2a). 

The pairs and quads conditions were introduced to increase complexity of the task by 

permitting overlap of target and distracter lines. In the pairs condition, the target RF3 

was linked with an RF4 distracter (see Fig. 2b). In the quads condition, the target RF3 

pattern was linked with three other distracter RF4 patterns (see Fig. 2c). The centres of 

      sin1meanrr
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the RF patterns in the pairs condition were separated by rmean. The centres of the RF 

patterns in the quads condition fell on the corners of a square with a side length of rmean. 

Orientation of each RF pattern was randomised. Where the RF contours overlapped, the 

contrast was summed and clipped at the maximum contrast of each individual pattern. 

On each search trial the SS of the stimulus display was set at one of five levels 

that were randomly interleaved from trial to trial. Possible SSs (which half the time 

included the target and distracter stimuli and half the time included only distracter 

stimuli) were 2, 4, 8, 16 and 32 RF patterns for the singles and pairs conditions, and 4, 

8, 16, 32, and 64 RF patterns for the quads condition. Larger SSs were used for the 

quads condition since each discrete cluster contained 4 RF patterns, and so the 

minimum SS was 4. The SSs extended up to 64 RF patterns in the quads condition so 

that 5 data points were available for fitting slopes, as in the singles and pairs conditions. 

For each condition, 100 trials contained the target and 100 trials did not, with 20 trials 

per SS in each case. 

 

1.5. Procedure 

The AQ was completed in an initial screening session. This was followed by 

administration of the WASI, EFT and RF search task to the selected high and low AQ 

scorers across two further sessions (total testing time – approximately 2 h). A single-

interval forced choice RT paradigm was used: the observers‟ task was to indicate 

whether or not an array of RF4 elements also contained the target RF3 pattern. 

Observers were instructed to press the left response button if the target was present and 

the right button if it was absent. RT was recorded to 100s resolution. Auditory 

feedback (one of two tones) indicating accuracy was given to ensure optimum 

performance. Fifty practice trials per condition were provided to familiarise observers 

with the task. 
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1.6. Data analysis 

Only correct responses for the target-present data
2
 were included in the 

calculation of RTs. Since data were skewed, as is commonly the case (Setti, Rakha, & 

El-Shawarby, 2006; Storms & Delbeke, 1992), the logarithm of the RTs was taken. 

Outliers (> 3 SDs from mean for each SS) in each condition were removed. The antilog 

of the mean of the RT distribution was then taken and is quoted as RT below. As mean 

RT increased linearly with SS, a linear regression function was fit to the data.  

In order to assess whether the groups differed in the slopes relating performance 

to SS, we adopted a technique based on the analysis of covariance which provides an F 

test evaluating the hypothesis that a common slope could account for both data sets 

(Zar, 1984, pp. 300-302; analysis performed using Graphpad Prism version 5.00 for 

Windows, GraphPad Software, San Diego, CA, USA, www.graphpad.com). To 

determine whether group differences varied across conditions (singles, pairs, or quads), 

a ratio of the gradients was calculated, which related performance of the high AQ group 

to that of the low AQ group for each condition. Finally, in order to establish whether 

performance on the visual search task was related to performance on the EFT, each 

observer‟s data for each condition was fit with a linear function using regression. A 

Pearson product-moment correlation was then calculated between the gradient of the 

linear function for each condition and the EFT score (mean RT). 

 

2. Results 

The high and low AQ groups‟ means and standard deviations for the EFT RTs 

and EFT errors are presented in Table 1. The high AQ group had significantly shorter 

EFT RTs than the low AQ group (t(48) = 3.67, p < .01, d = 1.07). Further, the high AQ 

group made fewer errors than the low AQ group (t(48) = 2.25, p < .05, d = .65).  

                                                 
2
 Target-absent data produced the same pattern of significant results as target-present data (see 

footnote 4 in Section 2). 

http://www.graphpad.com/
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To ensure search task accuracy was consistent across the high and low AQ 

groups, a 5×3×2 repeated measures ANOVA was conducted with SS and condition as 

within-subjects variables and AQ group as the between-subjects variable. There was no 

main effect of AQ group on accuracy (F(1,48) = .15, p = .70). Further, none of the 

interactions involving AQ group was significant for accuracy (largest F(4,192) = 1.65, p 

= .16).  

The lower limit of performance accuracy was set at 75%. In the pairs condition, 

SSs of 2, 4, 8, 16, and 32 RF patterns were used. Accuracy for SS 32 for three observers 

in the low AQ group was below 75% therefore this SS was removed for these three 

observers and the linear regression to determine slope and intercept was based on the 

remaining four SSs. In the quads condition, SS of 4, 8, 16, 32, and 64 RF patterns were 

used. Accuracy for SS 64 was below 75% for five high AQ scorers and four low AQ 

scorers (while accuracy on the remaining four SSs was above 75%). As such, SS 64 was 

not included in the linear regression analyses for these observers. Further, some 

observers were unable to complete the quads condition to the 75% level of accuracy 

across more than two SSs, and so those observers (two in the high AQ group and four in 

the low AQ group) were removed from the quads analyses.
3
  

Mean RT as a function of SS data for both high and low AQ groups in the 

singles, pairs and quads conditions were fit with a linear function using regression (see 

Fig. 3). The associated analysis of covariance (Zar, 1984) showed that the low AQ 

group had a significantly steeper gradient than the high AQ group in all search 

                                                 
3
 Although there was no response time limit, the difficult nature of the quads condition likely 

resulted in motivational and fatigue issues which affected the accuracy of those individuals 

removed from the analyses. 
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conditions (singles: F(1, 246) = 17.31, p < .01, d = 1.28; pairs: F(1, 243) = 16.60, p < 

.01, d = .87; and quads: F(1, 204) = 18.07, p < .01, d = .75)
4
.  

 

Fig. 3. RT as a function of set size (SS) for the high AQ and low AQ groups in the 

singles (a), pairs (b), and quads (c) conditions. Error bars plot the 95% confidence 

intervals.  

                                                 
4
 The low AQ group also had a significantly steeper gradient than the high AQ in the target-

absent data for all search task conditions (singles: F(1, 246) = 21.09, p < .001, d = .99; pairs: 

F(1, 243) = 12.32, p < .001, d = .62; and quads: F(1, 204) = 12.20, p < .001, d = .69). 
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The gradient of the RT versus SS data for the high and low AQ groups across the three 

conditions was used as a measure of performance. The ratio of the high AQ group‟s 

gradient to the low AQ group‟s gradient was then calculated to determine relative 

performance levels. Across all conditions, the high AQ group was significantly faster in 

search time per element than the low AQ group (see Fig. 4), that is, the 95% confidence 

intervals did not cross the value one, which would have indicated parity in search 

efficiency of the two groups. The error bars were calculated using standard error 

propagation techniques (Meyer, 1975); as variation of the gradients for the high and low 

AQ groups was uncorrelated, the variances were added prior to calculating the 

combined confidence interval for the ratio. 

 

Fig. 4. Ratio of the high AQ group gradient to the low AQ group gradient. The dotted 

line represents equivalent performance for the low and high AQ groups. Error bars plot 

the 95% confidence intervals around the ratio.  

 

A linear function was fit to each observer‟s data for each condition and the 

gradients were plotted against EFT RT (see Fig. 5). As group differences exist, the high 

AQ group cluster to the bottom left of the axes in Fig. 5 and the low AQ spread out to 

the top right. Correlations were calculated between performance on the EFT (mean RT) 

and in each condition of the visual search task (gradient). EFT RT was significantly 
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correlated with the gradients derived from the singles (r(50) = .40, p < .01); pairs (r(50) 

= .35, p < .05); and quads (r(44) = .35, p < .05) conditions
5
.  

 

Fig. 5. Scatterplots of the high AQ group (circles) and low AQ group (squares) 

performance on the EFT (mean RT) and visual search tasks (gradients for singles (a), 

pairs (b) and quads (c) conditions). 

                                                 
5
 These correlations are likely to be enhanced by the separation between the two groups in both 

EFT and RT slopes. Given the more restricted range of scores within each group, correlations 

restricted to a single group were expected to be lower. However, analyses of covariance (Zar, 

1984) established that a common slope is adequate to characterise  the two groups in each 

condition, since in each case a test of difference in slope for the two groups was not significant 

(singles: F(1, 46) = .004, p = .95; pairs: F(1, 46) = 1.50, p = .23; and quads: F(1, 40) = 1.80, p = 

.19). 
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3. Discussion  

The present study aimed to determine the properties of the EFT that enable 

superior performance by individuals with high levels of autistic-like traits. As predicted, 

the high AQ group outperformed (i.e., were faster and more accurate than) the low AQ 

group on the EFT, reconfirming the enhanced ability of individuals with high autistic-

like traits to find specific parts of a complex visual stimulus (Grinter, Maybery et al., 

2009). Importantly, in the RF search task, the high AQ group had a significantly 

shallower slope of performance (i.e., RT as a function of SS) in all conditions (singles, 

pairs, and quads) compared to the low AQ group. These findings support the notion that 

high AQ scorers are better able to differentiate RF3 from RF4 patterns in this search 

task. This superior performance of high AQ scorers at detection of a single feature is 

important for understanding EFT performance and is comparable to previous 

observations of children with autism (Jarrold et al., 2005; O'Riordan et al., 2001).  

It is important to note that the difference in performance between high and low 

AQ groups (expressed proportionately – see Fig. 4) was not more pronounced in the RF 

search task condition which entailed the greatest amount of overlap. Specifically, while 

both groups experienced increased task difficulty (slower RTs) in moving from the 

singles to the pairs and then to the quads condition, there was no additional 

differentiation between the groups‟ performance as the conditions became more 

complex. This finding is important because it demonstrates that the superior nature of 

the detection process in those with higher levels of autistic-like traits exists regardless of 

the amount of camouflage created by the overlap of the RF patterns in the pairs and 

quads conditions. The EFT also includes overlap of target and background elements. 

The current results suggest that overlap is not critical to finding the performance 

difference between AQ groups even though it does slow performance in each group. 
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The WCC theory proposes that superior performance by individuals with autism 

is related to a bias towards perceiving the simple elements at the expense of combining 

them to perceive the integrated “whole” (Frith, 2003). Mottron et al. (2003) 

administered a series of tasks which included a classic hierarchical letter detection task 

(Navon, 1977), configural grouping tasks, and a disembedding task. They found that, 

compared to typically developing counterparts, those with autism differed only on the 

disembedding task, where their performance was enhanced, suggesting that individuals 

with autism were better able to ignore features of the visual array which were task-

irrelevant. Our findings are consistent with this ability to disregard, as individuals high 

on the AQ demonstrated superior visual search relative to those low on the AQ even 

when the target was spatially discrete from the background. That is, in the singles 

condition, the elements were non-overlapping, yet superior performance was still 

observed for the high AQ group and this improved performance was comparable, 

proportionately, to the improvement observed in conditions where further segmentation, 

to overcome target – distracter overlap, was required. As such, the mechanism 

underlying superior visual ability relates to independence of the target element from the 

context, that is, differentiating a shape (letter or RF pattern) from other elements in an 

array. This is similar to the suggestion of O‟Riordan and Plaisted (2001) that children 

with autism are better able to discriminate between display items. One advantage of the 

current stimuli over those used in other studies of search capabilities associated with 

autism is that the underlying perceptual processes are better understood for the RF 

stimuli and this provides a potential explanation for the superiority found in the current 

task; namely, a difference in the bandwidth of RF-channels (Bell & Badcock, 2009).  

Previous studies suggest that there are RF-tuned processes or channels with 

neighbouring RFs, in the range employed here, being processed quite independently 

of each other when the threshold for detecting deviations in shape from circularity is 
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measured (Anderson et al., 2007; Bell & Badcock, 2009; Habak et al., 2004). 

However, there is evidence that at higher deformation levels, where the shapes are 

more like those we normally imagine when the terms triangle (RF3), square (RF4), 

etc., are employed, there may be inhibitory interactions between neighbouring 

channels (Bell, 2008). In the development of the RF search task (see footnote 1) we 

investigated the role of RF difference between target and distracters and found more 

independent processing of the target and distracters as the RF difference increased 

(Almeida et al., 2008). One explanation for this could be that RF search performance 

depends on the extent to which the target and distracters are processed by channels 

with inhibitory interactions (Bell, Badcock, Wilson, & Wilkinson, 2007b). In that 

context the superior performance of the high AQ group could result from weaker 

inhibitory interactions, allowing the target RF to be processed more independently of 

the distracter RFs.   

RF patterns were chosen as stimuli in the current study because there is 

evidence regarding how these patterns are processed by the visual system (Bell et al., 

2007a; Loffler, 2008; Loffler et al., 2003; Wang & Hess, 2005) which has shown that 

with radial frequencies lower than eight the elements are processed as integrated 

shapes. Higher radial frequencies evoke local detection processes and in future studies 

such patterns will also be employed to investigate processing for groups differing on 

the autism spectrum to determine whether the integration of the target shape (as with 

low RF stimuli) is a critical component for the superior performance, although this is 

a within-RF-channel rather than a between-RF-channel issue. 

The present study was successful in showing the utility of our RF search task 

for differentiating between high and low AQ groups. The RF search task has a number 

of beneficial properties; in particular, it has a stronger basis in visual theory than the 

EFT, and also than other search tasks in which the target stimuli were constructed 
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without direct recourse to considerations of the nature of visual perceptual processing 

(e.g., Jarrold et al., 2005; O'Riordan & Plaisted, 2001; O'Riordan et al., 2001; Plaisted 

et al., 1998b). Consequently, when a difference in performance exists between groups 

as in the current study, it is possible to relate this back to specific underlying visual 

mechanisms.  

It is also noteworthy that performance across the three visual search task 

conditions correlated positively with performance on the EFT, demonstrating that the 

RF search task may be tapping into the same (or at least similar) visual processes to 

those critical in enabling performance on the EFT. These significant positive 

correlations therefore provide some support for the convergent validity of our search 

task. 

Finally, a very important feature of the RF search task is that it can be run 

repeatedly in order to obtain an accurate measure of performance and estimation of 

the associated error. In contrast, once an individual has located the target within an 

EFT stimulus, it is likely to be remembered, thereby invalidating repeat testing. As 

such, the RF search task provides a more solid psychometric basis to further 

understand the underlying visual mechanisms of individuals high on the autism 

spectrum and how these may change with time.  In the current study the method has 

clearly shown that those reporting high levels of autistic-like traits are much faster in 

the search task overall than those reporting low levels of such traits even under very 

simple conditions, and that search efficiency is correlated with EFT performance. 

There may be additional factors determining differences in visual processing between 

ASD and typically developing groups but this study clearly shows the complexity of 

the EFT is not needed to reveal those differences. Ongoing investigations in our 

laboratory are now examining whether the RF search task also distinguishes 

performance of individuals with autism and healthy controls.  
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Abstract 

The Embedded Figures Test (EFT) requires detecting a shape within a complex 

background and individuals with autism or high Autism-Spectrum Quotient (AQ) 

scores are faster and more accurate on this task than controls. This research aimed to 

uncover the visual processes producing this difference. Previously we developed a 

search task using radial frequency (RF) patterns with controllable amounts of 

target/distracter overlap on which high AQ participants showed more efficient search 

than low AQ observers. The current study extended the design of this search task by 

adding two lines which traverse the display on random paths sometimes intersecting 

target/distracters, other times passing between them. As with the EFT, these lines 

segment and group the display in ways that are task irrelevant. We tested two new 

groups of observers and found that while RF search was slowed by the addition of 

segmenting lines for both groups, the high AQ group retained a consistent search 

advantage (reflected in a shallower gradient for reaction time as a function of set size) 

over the low AQ group. Further, the high AQ group were significantly faster and more 

accurate on the EFT compared to the low AQ group. That is, the results from the 

present RF search task demonstrate that segmentation and grouping created by 

intersecting lines does not further differentiate the groups and is therefore unlikely to 

be a critical factor underlying the EFT performance difference. However, once again, 

we found that superior EFT performance was associated with shallower gradients on 

the RF search task. 
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Autism is a developmental disorder characterised by difficulties in social 

relations, poor language development and restricted patterns of behaviour (American 

Psychiatric Association, 2000). However, individuals with autism also demonstrate 

enhanced performance in comparison to matched controls on simple visual search tasks 

that require detecting a target set among distracters (Jarrold et al., 2005; O'Riordan, 

2004; O'Riordan & Plaisted, 2001; O'Riordan et al., 2001; Plaisted et al., 1998b; 

Simmons et al., 2009). A similar advantage has been reported for the more complex 

Embedded Figures Test (EFT; Witkin et al., 1971) which requires detecting a simple 

target shape which is hidden or „embedded‟ within a more complex stimulus. 

Individuals with autism, as well as those with high levels of autistic-like traits – as 

measured by the Autism-Spectrum Quotient (AQ; Baron-Cohen et al., 2001) – are faster 

and more accurate on the EFT than controls (Almeida et al., 2010; de Jonge et al., 2006; 

Grinter, Van Beek et al., 2009; Jarrold et al., 2005; Jolliffe & Baron-Cohen, 1997; 

Morgan et al., 2003; Pellicano et al., 2005; Pellicano et al., 2006; Ropar & Mitchell, 

2001; Shah & Frith, 1983).  

 We have recently started to examine visual properties in the EFT that underpin 

superior performance by those with a high AQ (Almeida et al., 2010). We created a 

search task employing radial frequency (RF) patterns, which are circular, closed-contour 

patterns systematically deformed by varying the radius as a function of polar angle 

using a sine function to create a specified number of cycles of modulation (see Fig. 1; 

Bell & Badcock, 2009; Loffler et al., 2003). These patterns were chosen as stimuli for 

their ability to represent simple shapes, their mathematical properties (which enable 

systematic manipulation), and the availability of evidence as to how they are processed 

by the visual system (Bell & Badcock, 2008; Loffler, 2008; Loffler et al., 2003; Poirier 

& Wilson, 2006). Using these patterns, the RF search task involves detecting a target 

RF3 (triangular shape) amongst a background of distracter RF4 (square-shaped) 
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patterns, which is similar to the process of finding target patterns amongst distracters in 

the EFT.  

 

Fig. 1. Examples of three RF patterns (RF0, RF3, and RF4, from top to bottom 

respectively). The left hand column shows the radius as a function of polar angle while 

the right hand column shows the resulting RF pattern. 

 

Given that other shapes often overlap the simple shape in the EFT, overlap was also 

introduced into the RF search task, such that the target was either spatially discrete 

(singles condition), or linked with one other (pairs condition), or three other (quads 

condition) distracter RF patterns. The high AQ group showed superior performance on 

this new RF search task compared to the low AQ group, producing a significantly 

shallower slope for reaction time (RT) as a function of element set size (SS) in all three 

conditions. Interestingly, the difference in performance between the groups (the ratio of 
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the gradients) was not more pronounced in the quads condition which contained the 

most overlap, suggesting that such overlap in the EFT does not contribute to the 

differences in performance between AQ groups (Almeida et al., 2010). 

While the previous work demonstrates that overlap of pattern elements is not 

critical in differentiating high and low AQ groups, differences between these groups in 

performance on the EFT have been repeatedly observed (Almeida et al., 2010; Grinter, 

Maybery et al., 2009; Grinter, Van Beek et al., 2009; Russell-Smith et al., 2010). 

Because the composition of the stimuli in the EFT has not been examined 

systematically, it is too soon to attribute all of this difference to a simple advantage in 

speed of search in high AQ individuals. The aim of the current study was, therefore, to 

examine whether segmentation – rather than overlap – in EFT stimuli contributes to 

improved performance in high AQ participants. In the previous study (Almeida et al., 

2010) observers reported that in the most complex quads condition, they resorted to 

segmenting the stimulus display into clusters, then searching each cluster (of four RF 

patterns) until locating the one which contained the target. Thus the rationale in 

designing the present study was to segment the stimulus display more explicitly, while 

systematically manipulating the presence and nature of any overlap of stimulus 

elements. The background which embeds the simple target shape in the EFT always 

involves the addition of lines which are thought to increase the complexity of the 

search. The lines either intersect the target, run alongside the contour of the target, or 

are near the target, but not directly touching it. However in the EFT there is no 

systematic manipulation of these alternatives. Consequently, we wished to introduce 

lines in the background display of the RF search task in a controlled manner, to 

determine whether this additional segmentation cue would provide further 

discrimination between the two groups. 
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The addition of lines could impact performance in at least two ways. The first is 

by providing spurious segmentation cues that may fragment the target or the display in 

an unhelpful manner as described above (Spillmann & Ehrenstein, 2004). Such 

segmentation would be evidenced by an increase in slope, as observed in the previous 

study (Almeida et al., 2010), where observers would be required to examine each 

segment in turn. The second is by introducing clutter into the display which may affect 

performance (evidenced by an increase in intercept) through either masking or 

crowding. A recent study investigated the influence of clutter on search performance in 

real-world scenes (Henderson et al., 2009). Henderson et al. (2009) examined search 

behaviour as a function of three computed measures of clutter: feature congestion, edge 

density, and sub-band entropy. They demonstrated that clutter correlated with reduced 

search efficiency, reflected by longer search times and increased search failure, and with 

increased eye movement behaviour during search. They also observed that edge density 

was the only clutter measure to significantly correlate with all dependent measures 

derived from search behaviour. Interestingly, in this measure of clutter, the edges of the 

scene are highlighted, producing an image of the edges that appear as a configuration of 

lines which represent edge density (see Fig. 2). They concluded that clutter may serve as 

an image-based proxy for search SS in real-world scenes (Henderson et al., 2009) with 

greater clutter requiring longer searches. Wolfe and colleagues created a task in which a 

known target was presented amongst distracters that closely resembled the target and 

these stimuli were superimposed on a cluttered scene (Wolfe et al., 2002). The task 

involved searching for a yellow “T” amongst distracter yellow “L”s, which was all 

superimposed on backgrounds which involved clutter of varied complexity (i.e., an 

empty, neat, or messy desk). They found that the clutter caused an increase in the 

intercept, but not in the slope of the search function, consistent with the finding of 

Henderson et al. (2009) that clutter acts as an addition to SS, producing an overall 



75 

 

increase in intercept. If the lines are acting as clutter in the present study, we would 

predict an increase in the intercept for all conditions containing lines as each had the 

same approximate addition of clutter (i.e., same average line length). 

 

Fig. 2. This figure is modified from Henderson et al. (2009; copyright: The Association 

for Research in Vision and Ophthalmology). Panels A and B represent two scenes used 

in their experiment, and Panels C and D depict edge density of the two scenes, created 

by highlighting the edges producing a line drawing. They observed that edge density 

(indicating clutter) significantly correlated with global search efficiency and concluded 

that clutter may serve as an image-based proxy for search SS in real-world scenes 

(Henderson et al., 2009). 

 

The present study involved detection of a known target (RF3) from amongst a 

background of distracter patterns (RF4s) with the addition of lines to the background to 

introduce clutter and alter segmentation cues. The aim of the study was to ascertain 

whether the additional lines further differentiate the two groups, and if so, whether the 
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type of segmentation matters. The lines touch a surrounding box at each end and pass 

through the image on a pseudorandom path with some specific constraints. Thus the 

lines divide the total stimulus into segments. We wished to know whether the high AQ 

individuals would be better at de-cluttering (evidenced by a relatively higher increase in 

intercept for the low AQ group as compared with the high AQ group) in addition to 

being efficient searchers as previously observed (Almeida et al., 2010; Jarrold et al., 

2005; O'Riordan, 2004; O'Riordan et al., 2001). We aimed to determine the influence of 

segmentation by introducing clutter at a specific level (two additional lines) and varying 

the impact of segmentation on the whole stimulus, distracters, or targets respectively. 

Again, we wished to determine whether segmentation would affect the groups 

differentially. Finally, as the purpose of the addition of lines to the RF search task was 

to increase similarity to the task at hand in the EFT, it was expected that performance on 

the EFT would be positively correlated with performance for all conditions of the RF 

search task with lines. 

 

1. Methods 

 

1.1. Participants 

 The AQ was administered to 895 undergraduate students from the University of 

Western Australia. Cut off scores of less than or equal to 11 and greater than or equal to 

22 were used (based on the upper and lower 15% of scorers) to create high AQ (n=25) 

and low AQ (n=20) groups (see Table 1). The groups did not differ in terms of IQ (t(43) 

= .984, p = .331) or gender distribution (χ
2
(1, N = 45) = .450, p = .502). All observers 

had normal or corrected-to-normal visual acuity (assessed using a Snellen chart). The 

research was approved by the Human Research Ethics Committee at the University of 

Western Australia and written informed consent was obtained from all participants. 
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Table 1 

Descriptive statistics of high and low AQ group characteristics. Male-female ratio and 

means (and SD) for AQ, IQ, EFT RT (s) and EFT errors 

 Low AQ (N = 20)  High AQ (N = 25) 

Male:female 1:1 1:1.5 

AQ 9.15 (1.53) 25.60 (2.45) 

IQ 120.60 (9.06) 117.60 (10.74) 

EFT RT (s) 25.03 (9.88) 14.14 (7.71) 

EFT errors 4.20 (2.69) 2.32 (2.16) 

 

1.2. Psychometric measures 

 The AQ (Baron-Cohen et al., 2001) is a 50-item self-report questionnaire used 

to assess autistic-like characteristics. Scores can range from 0 to 50, where higher scores 

reflect more self-reported autistic-like traits. Form A, a 12-trial version of the EFT 

(Witkin et al., 1971), was administered in accordance with the manual protocol. Each 

observer‟s performance was indexed by the mean search RT (in s) across all trials, and 

EFT errors were defined as the number of incorrect selections of the simple shape or 

where search time exceeded 180s, as previously used (Almeida et al., 2010; Grinter, 

Maybery et al., 2009; Jolliffe & Baron-Cohen, 1997; Witkin et al., 1971). To monitor 

for a possible difference in IQ between the high and low AQ groups, two subtests of the 

Wechsler Abbreviated Scale of Intelligence (WASI; Weschler, 1999), Vocabulary and 

Matrix Reasoning, were administered. 

 

1.3. Apparatus and materials 

The RF search task with lines (described below) was written in Matlab 7.0 

(Mathworks, Natick, MA, USA) and implemented on a PC (Pentium 4-3 GHz). The 
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stimuli were presented on a Sony Trinitron G520 monitor from the frame buffer of a 

Cambridge Research Systems (CRS) ViSaGe (CRS, Kent, UK) visual stimulus 

generator. The screen had a resolution of 1024×768 (w×h) pixels, a refresh rate of 

100Hz, and a background luminance of 45 cd/m
2
. Luminance calibration was performed 

using an Optical OP 200-E photometer (head model number 265) and associated 

software (CRS; Metha et al., 1994). A chinrest was used to maintain a viewing distance 

of 65.5cm, at which the visual angle subtended by one pixel was 2‟, producing a display 

area of 34.13°×25.60° (w×h). Observers responded by pressing left or right buttons on a 

CRS, CB6 button box. 

 

1.4. Stimuli 

The stimuli in the RF lines search task were fields of RF patterns presented 

within a square box (21°×21°) with two lines running through the box (with the 

exception of the no lines condition when the traversing “lines” were omitted; see Fig. 

3). The participants‟ task was to detect the target RF3. The distracter RF stimuli were 

RF4 patterns (as used by Almeida et al., 2010). The RF patterns were created by 

modulating the radius of a circle sinusoidally as a function of polar angle, as follows: 

          

      (1) 

        

where rmean is the mean radius, A is the radial modulation amplitude,   is the radial 

frequency (3 or 4), and   is the angular phase of the pattern (Wilkinson et al., 1998). 

The modulation amplitude was set at 1/(1+ω
2
), where ω is the RF (number of cycles in 

360°), and consequently, the RF patterns had flat sides and resembled triangles (RF3) 

and squares (RF4; see Fig. 1). 

      sin1meanrr
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Fig. 3. Examples of each condition (LAD (a), LAT (b), LID (c), LIT (d), LND (e), LNT 

(f), NL (g, h)) which illustrates the implementation of the lines across the various 

conditions. The target was always an RF3 and the distracters were RF4 patterns. SSs of 

4 (h), 8 (a, e, f, g) and 16 (b, c, d) are displayed. 
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 The RF patterns had a base radius of 1° and the orientation of each RF pattern was 

randomised prior to the addition of the lines in order to remove cues to target presence 

arising from unique orientations of elements in the display. The luminance profile of the 

RF patterns, lines and square box were all Gaussian (the standard deviation of the 

Gaussian was 4 arcmin so the full width of the Gaussian at half maximum contrast was 

9.4 arcmin) and the RF3 and RF4 patterns had equivalent total luminous energy. The 

RF patterns were distributed on the points of intersection of an implicit 7×7 grid, giving 

49 potential positions for patterns. The positions used on each trial were randomly 

chosen. The centre to centre separation of the RF patterns was approximately 3°. To 

ensure that the RF patterns did not strongly group into rows and columns, each was 

displaced a random amount vertically and horizontally from its grid position within the 

range of +/- 12 arcmin. 

 The additional lines were designed to segment the display and to facilitate this 

they were connected at each end to the surrounding box. To create the first line, the 

program selected either a target RF3 or a distracter RF4 pattern. A point was then 

selected along a radius of the selected RF pattern at a minimum of the modulation. 

Depending on the condition, the point was chosen at either: 20‟ inside the RF pattern 

(intersecting conditions; see Fig. 3c and 3d); 20‟ outside the RF pattern (not touching 

conditions; see Fig. 3e and 3f); or coincident with the RF contour (alongside conditions; 

see Fig. 3a and 3b). From that point, a line was then projected perpendicular to the 

radius of the RF pattern for 1.5° in both directions and then projected onward obeying 

the following rules. If the line encountered an RF pattern within 15‟ in a 24° sector (in 

the direction of projection of the line), then it turned away from the RF pattern in a 

circular path with a radius of 15‟. It continued turning until there was no RF pattern in 

the 24° sector. The line continued projecting in this manner until it reached the outer 

square box. The second line was created by starting at one of nine points towards the 
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centre of the square box, and projected in opposite directions at a random orientation 

following the same rules. For the purpose of growing the lines, in conditions where the 

SS was less than 16, imaginary RF patterns were used such that the lines were always 

drawn as if 16 RF patterns were present on the display. This ensured the lines were 

generated in the same manner and that the average line length was the same across the 

set of trials in conditions in which they were present. 

The RF lines search task contained seven conditions: line alongside a distracter 

(LAD); line alongside the target (LAT); line intersecting a distracter (LID); line 

intersecting the target (LIT); line not touching (but near) a distracter (LND); line not 

touching (but near) the target (LNT); and no-line (NL). The seven conditions were 

randomly interleaved within each block. Each block contained 320 trials, and was run 

four times (with all randomisation conducted afresh in each block) to give a total of 80 

trials for the NL condition, and 40 for each of the other six conditions. Each condition 

contained four SSs (2, 4, 8 or 16 RF patterns per display). Half the displays at each SS 

contained a target RF3 and the other half contained only RF4 distracter patterns
1
 with 

these displays being randomly interleaved across trials. There were 20 trials for each 

cell in the design (condition x SS x target present/absent) except for the NL condition 

for which there were double the number of trials.  

 

1.5. Procedure 

The AQ was completed by the large pool of undergraduate students in an initial 

session and then the selected high and low AQ groups returned several weeks later for 

two sessions of individual testing (total testing time was approximately 75 minutes). 

                                                 
1
 In the target-absent trials the target was replaced by a distracter. Effectively, this meant that in 

the target-absent trials, the LAD condition was identical to the LAT condition, the LID 

condition was identical to the LIT condition and so on. Instead of reducing the number of trials 

in the target-absent data, we decided to keep it the same as that in the target-present trials for 

consistency. 
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Each participant in these two sessions was administered the WASI, EFT, and RF lines 

search task. For the RF search task, a single-interval forced choice RT procedure was 

used where the observer had to indicate whether the target RF3 was present (left button) 

or not (right button) amongst a display which contained distracter RF4 patterns. RT was 

recorded to 100s resolution with timing starting at pattern onset. To ensure optimum 

performance, auditory feedback (one of two tones) was provided indicating accuracy. 

One block (320 trials), including all conditions, was completed as practice by each 

observer. 

 

1.6. Data Analysis 

For the RF search task, only correct responses were included in the calculation 

of RTs and the lower limit of performance accuracy was set at 75%. The logarithm of 

the RTs was taken because the data were skewed, as is commonly the case (Setti et al., 

2006; Storms & Delbeke, 1992). Outliers, defined as any log RT > 3 SDs from the mean 

for each cell in the design were removed. Log values were used for analysis and the 

antilog of the mean of the log RT distribution was then taken and is quoted as RT 

below.  

To enable comparisons between performance of the high and low AQ groups, a 

repeated measures 4×2 ANOVA was conducted for each target present and target absent 

condition with SS as the within-subjects variable and AQ group as the between-subjects 

variable. This provided evidence of whether the high AQ group were significantly faster 

than the low AQ group (main effect of AQ group) and whether the gradients (change in 

RT per element) were significantly different for the two groups (interaction effect 

between AQ group and SS). In order to compare performance between the two groups 

across the seven conditions, the RT for each SS was calculated. A linear regression was 

fit to the mean RT data for each group, and the gradient of the linear function (the 



83 

 

change in RT per element) was used as a measure of the effect of increasing SS. A ratio 

of the gradients was then calculated. Error bars around the ratios were calculated using 

standard error propagation techniques (Almeida et al., 2010; Meyer, 1975); the errors 

were added in quadrature given that the errors in the ratio of the gradients for the high 

and low AQ groups were uncorrelated. Finally, in order to establish whether 

performance on the RF search task with lines was related to performance on the EFT, 

and whether this relationship was present in the various RF search task lines conditions, 

a Pearson product-moment correlation was calculated between the gradient of the linear 

function for each condition and the EFT score (mean RT). Given that it has previously 

been demonstrated that high and low AQ groups differ in EFT performance (Almeida et 

al., 2010; Grinter, Maybery et al., 2009; Russell-Smith et al., 2010), it was expected that 

the correlations in this study would be enhanced given the nature of the two groups used 

– high and low AQ scorers. As such, analyses of covariance (Zar, 1984) were performed 

to determine whether a single slope would be sufficient to characterise both groups in 

each condition. 

 

2. Results 

The high and low AQ groups‟ means and standard deviations for the EFT RTs 

and EFT errors are presented in Table 1. The high AQ group had significantly shorter 

EFT RTs than the low AQ group (t(43) = 4.155, p < .001, d = 1.229), and also made 

fewer errors than the low AQ group (t(43) = 2.606, p < .05, d = .772) and thus were not 

trading off accuracy to gain speed.  

To ensure search-task accuracy was consistent across the high and low AQ 

groups, a 4×7×2 repeated measures ANOVA was conducted for the target present data 

and also for the target absent data, with SS and condition as within-subjects variables 

and AQ group as the between-subjects variable. In the target present data, there was no 
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main effect of AQ group on accuracy (F(1,43) = 2.657, p = .110, η
2
 = .058), and none of 

the interactions involving AQ group were significant (largest F(6,258) = 1.511, p = 

.175, η
2
 = .034, for the AQ group by condition interaction). Similarly, in the target 

absent data, there was also no main effect of AQ group on accuracy (F(1,43) = .386, p = 

.537, η
2
 = .009) and none of the interactions involving AQ group were significant 

(largest F(3,129) = 1.748, p = .160, for the AQ group by SS interaction). Because no 

observer‟s performance fell below the lower limit of performance accuracy, all data 

were included.  

To determine whether the two groups differed in speed of performance on the 

RF search task, a repeated measures ANOVA was performed for the target present and 

target absent data for each condition, with RT as the dependent variable. There was a 

significant main effect of AQ group in all conditions, regardless of whether the target 

was present or not, with the high AQ group being faster (smallest F(1,43) = 14.576, p < 

.001, η
2
 = .253; see Tables 2 and 3). 

 

Table 2 

ANOVA outcomes for target-present RTs 

 

 AQ group main effect
1
 SS main effect

2
 AQ group x SS interaction

2
 

Condition F p η
2
 F p η

2
 F p η

2
 

LAD 16.977 <.001 .283 161.155 <.001 .789 8.537 <.001 .166 

LAT 14.751 <.001 .255 178.652 <.001 .806 8.600 <.001 .167 

LID 14.576 <.001 .253 135.267 <.001 .759 7.777 <.001 .153 

LIT 16.288 <.001 .275 105.415 <.001 .710 2.628 .053 .058 

LND 16.140 <.001 .273 183.721 <.001 .810 7.655 <.001 .151 

LNT 14.896 <.001 .257 107.715 <.001 .715 1.733 .163 .039 

NL 17.086 <.001 .284 349.285 <.001 .890 14.011 <.001 .246 

1. df = 1,43    2. df = 3,129     
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Table 3 

ANOVA outcomes for target-absent RTs 

 

 AQ group main effect
1
 SS main effect

2
 AQ group x SS interaction

2
 

Condition F p η
2
 F p η

2
 F p η

2
 

LAD 18.690 <.001 .303 282.080 <.001 .868 16.753 <.001 .280 

LAT 16.668 <.001 .279 170.683 <.001 .799 11.688 <.001 .214 

LID 17.936 <.001 .294 195.648 <.001 .820 12.552 <.001 .226 

LIT 19.804 <.001 .315 209.142 <.001 .829 20.174 <.001 .319 

LND 16.949 <.001 .283 218.410 <.001 .836 13.619 <.001 .241 

LNT 17.396 <.001 .288 218.470 <.001 .836 18.018 <.001 .295 

NL 15.905 <.001 .270 210.998 <.001 .831 18.043 <.001 .296 

1. df = 1,43    2. df = 3,129     

 

In the target present data, significant AQ group × SS interaction effects were observed 

in all conditions with the exception of the LNT condition (F(3,129) = 1.733, p = .163, 

η
2
 = .039) and the LIT condition (F(3,129) = 2.628, p = .053, η

2
 = .058), however this 

effect was approaching significance (see Table 2).  In the target absent data, there was a 

significant interaction between SS and AQ group in all conditions (smallest F(3,129) = 

11.688, p < .001, η
2
 = .214; see Table 3). 

For each AQ group and each condition, mean RTs as a function of SS were fit 

with a linear function, and the gradient (change in RT with SS) was used as a measure 

of search efficiency. To compare relative performance between the high and low AQ 

groups across the conditions, a ratio of the gradients was calculated. In the target present 

data, the high AQ group was significantly faster in search time per element than the low 

AQ group in five of the seven conditions (see top panel of Fig. 4). In all conditions 

where the target was absent, the high AQ group was significantly faster in search time 

per element than the low AQ group (see bottom panel of Fig. 4). 
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Fig. 4. The top and bottom panels display the target present data and target absent data 

respectively. On the right axis, which relates to the line graphs, the gradient (∆RT as a 

function of SS) is plotted for the low AQ group (grey line) and high AQ group (black 

line). The left axis relates to the bar chart element and presents the ratio of the high AQ 

group gradient to the low AQ group gradient, to illustrate the relative difference in 

performance between groups across the seven conditions. The dotted line depicts 

equivalent performance between the two groups. Error bars plot the 95% confidence 

intervals around the ratio.  

 

 Correlations were calculated between performance on the EFT (mean RT) and in 

each condition of the visual search task where the target was present (gradient). EFT RT 

was significantly correlated with the gradients derived from all conditions (smallest 

r(45) = .321, p < .05; see Fig. 5).  
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Fig. 5. Scatterplots of the high AQ group (black circles) and low AQ group (grey 

squares) performance on the EFT (mean RT) and the RF search task conditions 

(gradient). 
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Analyses of covariance established that a single slope was adequate to characterise the 

high and low AQ groups in six of the seven conditions, with the exception of the LNT 

condition. That is, there was no significant difference in slopes for the high and low AQ 

groups for the six conditions (LAD: F(1, 41) = .353, p = .556; LAT: F(1, 41) = .222, p = 

.640; LID: F(1, 41) = 1.454, p = .235; LIT: F(1, 41) = .687, p = .409; LND: F(1, 41) = 

2.150, p = .150; LNT: F(1, 41) = 5.977, p = .019; NL: F(1, 41) = .003, p = .958). 

 

3. Discussion  

Individuals with a high AQ were faster and more accurate on the EFT than 

those with a low AQ, supporting previous findings that individuals with high autistic-

like characteristics are superior at detecting targets hidden within a more complex 

structure (Almeida et al., 2010; Grinter, Maybery et al., 2009; Grinter, Van Beek et 

al., 2009; Jarrold et al., 2005; Jolliffe & Baron-Cohen, 1997; O'Riordan, 2004; 

O'Riordan & Plaisted, 2001; Russell-Smith et al., 2010). In the RF search task with 

lines, the high AQ group was again significantly faster across all conditions 

(regardless of whether the target was present or not). To ensure that no ceiling effect 

was present in the performance of the high AQ group that might preclude seeing 

variations in slope of the fitted lines, a comparison of the coefficients of variation in 

the gradients of the two groups was made. No significant between-group difference 

was observed for the coefficients of variation for the seven conditions (t(12) = .005, p 

= .996).  

Fig. 6 presents the intercepts and gradients for the high and low AQ groups in 

the target present conditions, illustrating how each group was impacted by the 

presence of the lines. In the target absent data, the high AQ group had a significantly 

shallower gradient (i.e., change in RT with SS) than the low AQ group in all seven 

conditions (see Fig. 4). This was also true for five of the seven conditions in the target 
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present data, demonstrating that the high AQ group were significantly less affected by 

increasing SS.  

 

Fig. 6. Intercepts and gradients in the target present conditions of the RF search task 

with lines. The left and right panels contain data for trials where the positions of the 

lines were defined relative to distracter and target patterns respectively. The conditions 

completed by the high AQ group (circles) and low AQ group (squares) either contained 

lines (colours) or no lines (black). 

 

As observed in Fig. 4, the two target present conditions in which there was no 

significant difference in gradient between the high and low AQ groups (LIT and LNT) 

demonstrates that performance of the low AQ group had been facilitated by the 

presence and configuration of the lines (this is further illustrated in the right panel of 

Fig. 6 where the purple and orange squares have shifted to the left demonstrating a 

decrease in gradient). Introduction of the lines produced more variability across 

conditions in the low AQ group‟s gradient in comparison with the high AQ group (see 

black and grey line in Fig. 4 and the orange, purple, and grey circles and squares in 

Fig. 6). The low AQ group‟s gradients were shallower in the LIT and LNT conditions, 

suggesting that if their attention is drawn to the line, then when this line intersects the 

target or is near it, this improves their performance. The third condition where a line 
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interferes with a target is the LAT condition. Based on gestalt principles of good 

continuation, the line here interrupts perception of the RF3 pattern, and as such results 

in a more difficult search for the target (Spillmann & Ehrenstein, 2004). Importantly, 

while both the high and low AQ groups‟ performance was slowed by the presence of 

the lines, the lines as segmentation cues appear to have minimal impact in 

differentiating the groups. In the two target present conditions (LIT and LNT) where 

the ratio of the gradients is not significantly different from one (i.e. the gradients do 

not differ significantly for the two AQ groups), the lines appear to impact 

performance of the low AQ group, whereas the high AQ group‟s performance remains 

less affected regardless of whether the lines are present or what configuration they are 

in. 

The results suggest that the lines in the RF search task did not provide any 

additional differentiation between the groups than where there were no lines. That is, 

segmentation provided little influence on performance of the two groups. Rather, as 

observed by Henderson et al. (2009), the lines appear to act as an image-based proxy 

for search SS whereby an increase in intercept was observed across all conditions 

containing lines in comparison to the no line conditions (see Fig. 6 where there is a 

similar increase in intercept from the no line conditions (black symbols) relative to the 

conditions which contain lines (coloured symbols) for both the high and low AQ 

groups). This demonstrates that the addition of the lines provides a level of clutter to 

the display, however both high and low AQ groups are affected, with similar increases 

in intercept, and as such, the clutter introduced by the lines provides no further 

differentiation between the groups.  

Consistent with our previous study (Almeida et al., 2010), performance on the 

EFT (mean RT) was significantly positively correlated with performance on the seven 

conditions of the visual search task with lines. This continues to provide evidence of 
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the convergent validity of our task and supports the notion that the visual processes 

required to detect the targets in the EFT are similar to those which are necessary to 

complete the RF search task with lines. 

In order to further understand the basis of superior search by individuals with 

autism, researchers have analysed eye movements during search tasks to determine 

whether any differences exist. Kemner, van Ewijk, van Engeland and Hooge (2008) 

found that adult men with a Pervasive Developmental Disorder (PDD) were 

significantly faster than matched controls on a feature search task. On analysis of eye 

movements, they reported that those with PDD made fewer fixations (although there 

was no difference observed in fixation duration) relative to matched controls, 

suggesting that these individuals were able to localise the target in a single glance, 

thus supporting their hypothesis of enhanced discriminatory abilities. A more recent 

study (Joseph et al., 2009) also employing eye movement analyses observed contrary 

results when observing visual search in children with autism. When comparing 

children with autism to matched typically developing children, they found no 

significant differences in the number and spatial distribution of fixations across the 

search display. Yet they observed differences in fixation duration, such that children 

with autism had significantly shorter fixation times than controls, and concluded that 

individuals with autism demonstrated superior search performance as a result of 

enhanced perception of stimulus features. Interestingly, Joseph et al. (2009) observed 

lower intercepts in the children with autism group compared to matched controls, 

however reported no group differences in slopes. We reported both slope and intercept 

increases in our low AQ group as compared to the high AQ group within each 

condition. One potential reason for these different findings is that our study employed 

a much wider SS range (2:16, a ratio of 1:8, as opposed to Joseph et al., (2009) whose 

SS range was 15:25, a ratio of 1:1.67). The very small SS range employed by Joseph 
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et al. (2009) will result in less adequate estimates of the underlying function and 

therefore lower sensitivity to differences in gradients across the two groups than in the 

current study. Joseph et al. (2009) propose another potential reason for finding no 

significant difference in slope between their two groups. They highlight that no basic 

feature information differentiated their targets, Ts, from distracters, Ls. This is in 

contrast to other studies such as Kemner et al. (2008) in which the tasks involve 

preattentive processing of basic features (e.g., colour or orientation) that could guide 

the deployment of attention. In our RF search task, we observe significant differences 

in slope between groups which may also be understood using the explanation by 

Joseph et al. (2009) as different frequency RF patterns are processed by discrete 

mechanisms labelled for frequency (Bell & Badcock, 2009) and as such, basic feature 

information could be used to differentiate target and distracters. The discrepancies 

between the Kemner et al. (2008) and Joseph et al. (2009) studies are substantial, 

although they may arise from the numerous methodological differences. However 

both studies can be seen as consistent with enhanced discrimination abilities in 

individuals with autism. 

The EFT involves search of various simple target shapes embedded within 12 

different complex structures, with performance typically measured as mean RT across 

the 12 trials to detect the target. While some trials may take longer than others, 

implying a varied scale of difficulty across trials, it is unclear what specific visual 

properties of the EFT enable differentiation between high and low AQ groups. This 

study introduced segmentation cues similar to those employed in the EFT which could 

impact performance in a number of ways depending on their positioning. The level of 

clutter in the display was also directly manipulated. Our findings demonstrate that 

while clutter impacts performance (expressed by an increase in intercept), neither this 

nor segmentation cues provide further ability to discriminate between the search 
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performance of those high and low on the AQ. Instead, consistent with research 

investigating superior search performance of individuals with autism (Jarrold et al., 

2005; O'Riordan, 2004; O'Riordan & Plaisted, 2001; O'Riordan et al., 2001) and 

previous findings investigating high and low AQ groups (Almeida et al., 2010; 

Grinter, Maybery et al., 2009; Grinter, Van Beek et al., 2009), it remains that those 

with higher levels of autistic-like traits are more efficient searchers, displaying 

superior detection of a single feature within a larger scene. 
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Summary 

Individuals with autism and those with high levels of autistic-like traits, as determined 

by the Autism-Spectrum Quotient (AQ), demonstrate superior visual search capabilities 

on tasks such as the Embedded Figures Test (EFT) which requires detecting a simple 

shape embedded within a complex structure. Superior EFT performance has been 

explained as the consequence of a weakened ability to integrate information into a 

global percept, allowing less interference when detecting the target, with some 

suggesting local processing is enhanced. Several researchers have examined these 

propositions; however use of the terms „global‟ and „local‟ varies and is often poorly 

specified. Here we investigate a specific application of these terms that refers to 

processing of closed-contour radial frequency (RF) patterns, similar to the EFT simple 

target shapes. High RF stimuli are processed based on local pattern features (curvature 

maxima) whereas low RF patterns are globally integrated around the whole contour. 

The EFT employs simple closed-contour targets that have corner frequencies in both the 

local and global ranges. Therefore the aim was to examine whether employing targets 

that require either global or local closed-contour detection processes influences search 

performance differences between high and low AQ groups. The first two experiments 

examined search performance with a globally processed RF target among either one or 

several types of globally detected RF distracters, as the context in the EFT is not an 

array of identical elements. Experiments 3 and 4 employed locally processed stimuli 

that either maintained a complete closed-contour (high RF patterns) or involved 

detecting single lobes of the low RF patterns from Experiment 1, to determine whether 

closed-contours are required or whether instead local aspects of the contours are 

sufficient to obtain the performance differences. Interestingly, across all four 

experiments, the high AQ group maintained a consistent proportional advantage in 

search gradient (change in reaction time with increasing set size) over the low AQ 
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group. This may be due to enhanced local processing of curvature in early stages of the 

form vision pathway and superior global detection of shape primitives. However, more 

probable is the presence of a superior search process that enables a consistent search 

advantage at both levels of processing. Finally, as correlational analyses indicated a 

stronger relationship between the AQ and the slope of the RF search task than between 

the AQ and EFT response time, we recommend use of the RF search task for research 

purposes, which is easily-administered and repeatable. 
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Superior search ability in individuals with autism or high levels of autistic-like 

traits has been extensively researched (Almeida et al., 2010a; Jarrold et al., 2005; 

Jolliffe and Baron-Cohen, 1997; O'Riordan, 2004; O'Riordan et al., 2001; Plaisted et al., 

1998b; Shah and Frith, 1983; Simmons et al., 2010). One visual search task that has 

been particularly effective in demonstrating this enhanced performance is the Embedded 

Figures Test (EFT; Witkin et al., 1971), which requires searching for and detecting a 

simple shape „embedded‟ within a more complex structure. The EFT was constructed 

atheoretically by camouflaging a simple shape through the introduction of various 

factors, such as overlap, segmentation and colour. Therefore our previous studies 

(Almeida et al., 2010a; Almeida et al., 2010b) sought to determine the properties of the 

EFT that are critical in enabling superior performance by those with high levels of 

autistic-like characteristics. Our aim has been to systematically deconstruct the test to 

see which properties are critical to produce such enhanced performance. 

We created a new visual search task (Almeida et al., 2010a) employing radial 

frequency (RF) patterns, which are deformed circular patterns characterised by 

sinusoidal modulation of the radius of a contour as a function of polar angle (Wilkinson 

et al., 1998). The radial frequency of a pattern refers to the number of cycles of 

deformation (see Figs. 1A, 1B, and 1C for example patterns). These patterns are 

mathematically well-defined shapes and can be manipulated in a controlled manner 

(Loffler et al., 2003). Further, they can be linked to specific neural mechanisms, with 

local curvature being first extracted in early cortical areas V1 and V2 (Poirier and 

Wilson, 2006) and the global shape then determined in area V4 (Gallant et al., 1996; 

Pasupathy and Connor, 2002; Wilkinson et al., 2000) using a process that detects the 

polar angle between points of maximum curvature (Bell et al., 2008).  
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Figure 1 Examples of the stimuli used for each of the four experiments. Panel (A) 

presents a set size (SS) 32 example of the stimuli used in Experiment 1 where the target 

was an RF3 and the distracters were RF4s. Panel (B) displays a SS 16 example from 

Experiment 2 where the target was an RF3 and the distracters were a combination of 

RF4s, RF5s, and RF6s. An example from Experiment 3 with a SS of 8 is presented in 

panel (C) where the target was an RF12 and the distracters were RF16s. Panel (D) 

illustrates an example of the stimulus display from Experiment 4, where the target was a 

segment of an RF3 and the distracters were segments of RF4s. A SS of 16 is presented 

here. 
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Our first study (Almeida et al., 2010a) sought to identify whether enhanced 

ability to de-clutter (or ignore overlap) was the basis for superior search ability in 

individuals with high levels of autistic traits, as measured with the widely utilised 

Autism-Spectrum Quotient (AQ; Baron-Cohen et al., 2001). We measured the reaction 

time (RT) for detecting a target (RF3) as the number of distracter (RF4) elements 

increased. Clutter was introduced systematically by overlapping the RF stimuli. The 

high AQ group had a significantly shallower slope of performance (RT as a function of 

SS) than the low AQ group in all conditions. That is, while task complexity was 

increased through the introduction of clutter, both groups showed equivalent 

deterioration in performance, such that the relative difference between groups across the 

three conditions remained the same (even when no overlap of elements existed, e.g., see 

Fig. 1A). We concluded, therefore, that overlap was not critical in observing the 

performance difference between groups, and thus cannot account for the superior search 

observed by individuals with high AQs. Further, we proposed that the high AQ group 

may have weaker inhibitory interactions between RF channels, allowing the target RF to 

be processed more independently of the distracters (Almeida et al., 2010a). 

In the EFT, spurious segmentation cues are introduced through the use of 

additional lines. To mimic this feature of the test, in our next study (Almeida et al., 

2010b) we introduced two random lines traversing a surrounding box in order to 

segment the display in the RF search task, which again involved detecting an RF3 from 

a background of spatially discrete RF4 patterns. In each condition, a line traversing the 

display either (a) intersected the target or a distracter, (b) ran alongside the target or a 

distracter, or (c) was presented near to but did not touch the target or a distracter. A no-

line control condition was also used to replicate the no-overlap condition reported by 

Almeida et al. (2010a) and to provide a known baseline. The study replicated the 

previous performance advantage for the high AQ group and demonstrated that the 
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addition of lines resulted in increased intercepts for both groups. However it did not 

provide any additional differentiation between the two groups, suggesting that lines as 

segmentation cues in the EFT are unlikely to be critical in producing the search 

performance differences between high and low AQ groups (Almeida et al., 2010b).  

Previous explanations of superior EFT performance have argued for weak 

central coherence (WCC), which describes a weakened ability of individuals with 

autism to perceive the global configuration of a visual display, who instead attend to the 

local elements which make up the whole (Frith, 1989; Frith and Happé, 1994; Happé, 

1999; Shah and Frith, 1983; Shah and Frith, 1993). In examining this proposition, the 

terms „local‟ and „global‟ have acquired a broad range of meanings in the literature. In 

WCC, the terms usually refer broadly to a simple „target‟ within a wider meaningful 

„context‟, for instance, a homograph within a contextual sentence (e.g., tear in “In her 

eye/dress there was a big tear”; Happé, 1997) or a simple shape (e.g., triangle) 

embedded within a complex structure (e.g., a grandfather clock, a trial in the Children's 

Embedded Figures Test; Witkin et al., 1971). However at other times, such meaning is 

not evident in the complex structure (e.g., as with the complex shapes used in the adult 

EFT). Further, recent research investigating visual processing in autism spectrum 

disorders (ASDs) has employed RF patterns to support intact local ventral-stream 

processing yet deficient global visual processing, consistent with WCC (Grinter et al., 

2010). Yet this was examined in a detection threshold paradigm, rather than a visual 

search context. Given this varied, and at times poorly specified, use of the terms 

„global‟ and „local‟, the implications of research findings in terms of specific underlying 

visual and cognitive mechanisms have been limited. 

In the vision literature, RF patterns have been used to provide evidence of both 

global and local contributions to shape discrimination, irrespective of stimulus size 

(Bell and Badcock, 2008; Bell et al., 2007; Grinter et al., 2010; Loffler, 2008; Loffler et 
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al., 2003). That is, rather than referring to a „local‟ target shape in a „global‟ structure, 

as often used in the WCC literature, the terms are used in the research on RF patterns to 

refer to processing based on local pattern features (curvature maxima) or on the whole 

of a connected contour. Researchers have employed RF patterns to study intermediate 

levels of form vision, associated with cortical area V4, by measuring the degree of 

deformation required to differentiate between a circle and the RF pattern (Bell et al., 

2007; Grinter et al., 2010; Loffler et al., 2003; Wilkinson et al., 1998). Loffler et al. 

(2003) established that the modulation in RF patterns is detected by global processes 

when the modulation frequency is low (less than approximately 10 cycles per 360°), as 

reflected by a rapid decrease in the modulation threshold as more complete cycles of a 

specified frequency are added to the contour (Bell and Badcock, 2008; Poirier and 

Wilson, 2006; Wilkinson et al., 1998). In contrast, a slower performance improvement 

(shallower decrease in modulation threshold) was observed for stimuli of higher radial 

frequency, with rate of improvement predicted by probabilistic summation of local 

detection processes, suggesting each deformation was detected locally and 

independently (Loffler et al., 2003). The EFT employs simple closed-contours as targets 

that have corner frequencies in both the local and global ranges (i.e., some simple 

shapes have only four corners, whereas others have up to 12). However it is uncertain 

whether this aspect of the simple shapes is critical to ASD EFT superiority. It is 

important to note that in this study we are not referring to a „local‟ target within a 

„global‟ context. Rather, all tasks employ an array of elements with the target being an 

element within it, and the nature of the contour-processing evoked by the elements was 

varied. 

The aim of the current study was to manipulate the elements of the search task 

(i.e., the RF patterns) to examine whether employing targets that require either global or 

local closed-contour detection processes influences the performance difference between 
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high and low AQ groups on the RF search task. First, high and low AQ groups were 

selected, and their performance on the EFT was examined to determine whether high 

levels of autistic-like traits correlated with increased EFT search ability, as previously 

observed (Almeida et al., 2010a; Almeida et al., 2010b; Grinter et al., 2009b; Russell-

Smith et al., 2010). In addition, each group completed a series of four experiments, 

which involved various manipulations of the RF search task (Almeida et al., 2010a). At 

deformation threshold, patterns with low RFs have been shown to be processed globally 

while high RF patterns depend on local detection processes (Bell and Badcock, 2008; 

Bell et al., 2007; Loffler et al., 2003). These thresholds represent minor deviations from 

circularity and would render a search task very onerous, so for the search tasks here, 

suprathreshold versions of the stimuli were chosen as has been the case in the past 

(Almeida et al., 2010a). Recent research supports the view that these suprathreshold low 

RF patterns evoke global closed-contour processing (Bell et al., 2009; Bell et al., 2010; 

Bell and Kingdom, 2009). One consequence of employing suprathreshold patterns is 

that they take on the appearance of different shapes (triangles, squares, etc.), similar to 

EFT targets, rather than approximations to circles. The experimental manipulations, 

described in detail below, first examine search performance with a globally processed 

RF target among one set of distracters. Secondly, the target was presented among 

several types of globally detected RF distracters, as the distracting elements in the EFT 

are not a uniform array of the same element. Next, locally detected RF targets and 

distracters were used, to see if the global or local property is central to the search 

advantage previously identified for high AQ scorers. Finally, single lobes of the RF 

patterns were used as the search task elements to determine whether closed contours are 

required or whether instead local aspects of the contours are sufficient to obtain the 

performance differences.  

 



108 

 

1. General Method 

  

1.1. Participants 

 The AQ was administered to 812 undergraduates from the University of Western 

Australia. Volunteers from the upper and lower 15% of scorers formed the high AQ 

(n=19) and low AQ (n=25) groups that completed all experiments in this study (see 

Table 1 for descriptive statistics). There were no significant differences between groups 

in IQ (t(42) = 1.828, p = .077) or gender distribution (χ
2
(1, N = 44) = .053, p = .817). 

All had normal or corrected-to-normal visual acuity (assessed using a Snellen chart). 

The research was approved by the Human Research Ethics Committee at the University 

of Western Australia. 

 

Table 1 Descriptive statistics of high and low AQ group characteristics. Male-

female ratio and mean (and SD) for AQ, IQ, EFT RT (s) and EFT errors 

 Low AQ (N = 25)  High AQ (N = 19) 

Male:female 6:19 4:15 

AQ 

Cut-off 

9.28 (1.84) 

≤ 11 

26.79 (4.57) 

≥ 23 

IQ 112.10 (8.21) 117.20 (10.08) 

EFT RT (s) 31.60 (13.36) 20.46 (10.74) 

EFT errors 5.24 (3.88) 3.63 (2.61) 

 

 

1.2. Psychometric measures 

 The AQ (Baron-Cohen et al., 2001) was administered to determine the level of 

autistic-like characteristics reported by an individual. Possible scores could range from 

0 to 50, higher scores indicating more self-reported autistic-like traits. Form A of the 
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EFT (Witkin et al., 1971) was administered and scored in accordance with the manual. 

Performance on the EFT was indexed by the mean search RT (in s) across the 12 trials 

of the test (Almeida et al., 2010a; Grinter et al., 2009a; Jolliffe and Baron-Cohen, 1997; 

Witkin et al., 1971) and by the number of errors. The two subtest form of the Wechsler 

Abbreviated Scale of Intelligence (WASI; Weschler, 1999) was administered to ensure 

the groups did not significantly differ in general ability. 

 

1.3. Apparatus and materials 

The experimental protocol for all four RF search tasks was written in Matlab 7.0 

(Mathworks, Natick, MA, USA) and implemented on a PC (Pentium 4-3 GHz). The 

stimuli were presented on a Sony Trinitron G520 monitor from the frame buffer of a 

ViSaGe (Cambridge Research Systems (CRS), Kent, UK) visual stimulus generator. 

The screen resolution was 1024×768 (w×h) pixels, with a refresh rate of 100Hz, and a 

background luminance of 45 cd/m
2
. Luminance calibration was executed using an 

Optical OP 200-E photometer (head model number 265) and associated software (CRS; 

Metha et al., 1994). A chinrest maintained the constant viewing distance of 65.5cm 

where one pixel subtended 2‟, generating a display area of 34.13°×25.60° (w×h). 

Observers indicated their decisions using a CB6 button box (CRS). 

 

1.4. Stimuli 

All stimuli were derived from RF patterns. Participants were required to detect 

a target RF pattern within a background of distracter RF stimuli. Individual RF 

patterns were created by a radial sinusoidal modulation to a base circle, such that the 

radius at polar angle ( ) is: 

          

      (1)       sin1meanrr
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where rmean is the mean radius (1° unless otherwise specified), A is the radial 

modulation amplitude, and   is the radial frequency. The orientation of the pattern is 

determined by its angular phase ( ). On each trial the RF stimuli were randomly 

presented on the points of intersection of an implicit 7×7 grid providing 49 potential 

positions. The centre-to-centre separation of the RF patterns was approximately three 

degrees, and the orientation of the RF stimuli was randomised by varying . To ensure 

the RF stimuli did not strongly group into rows and columns, they were displaced a 

random amount (+/- 12 arcmin) vertically and horizontally from their grid positions for 

each trial. The luminance profile of the RF stimuli was Gaussian along the radius (the 

standard deviation of the Gaussian was 4 arcmin so the full width of the Gaussian at 

half maximum contrast was 9.4 arcmin). 

 In each trial, the SS (i.e., number of RF patterns) in the stimulus display was one 

of five levels (four levels for Experiments 2 and 4) which were randomly interleaved 

across trials. The target RF was included in the display on 50% of trials.  

 

1.5. Procedure 

Each observer in the high and low AQ groups was administered the WASI, EFT 

and all four RF search tasks during two sessions (total testing time - approximately 2.5 

hours). For all RF search tasks, a single-interval forced choice RT procedure was used, 

in which participants had to indicate whether the specified target was present or not 

amongst an array of distracter RF stimuli. A response was made by pressing the left or 

right button of the button box if the target was present or absent respectively. RT was 

calculated as time taken to respond following the pattern onset and RT was recorded 

with 100s resolution. To maintain optimum performance, auditory feedback (a high or 

low tone) indicating accuracy was provided after each response. One practice block 

(containing 100 trials; 80 trials for Experiment 4) was completed by each observer. 
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1.6. Data Analysis 

Only correct responses were included in the calculation of RTs and the lower 

limit of performance accuracy was set at 75%. As the data were skewed, which is 

typical of search tasks (Setti et al., 2006; Storms and Delbeke, 1992), the logarithm of 

the RTs was taken. Any log RT > 3 SDs from the mean for each cell in the design was 

considered an outlier and subsequently removed. The antilog of the mean of the log RT 

distribution was then taken and is quoted as RT below.  

To ensure that no significant differences in search task accuracy existed between 

groups, 5×2 repeated measures ANOVAs, with SS as the within-subjects variable and 

AQ group as the between-subjects variable, were conducted for the target present and 

target absent data (4×2 ANOVAs were performed for Experiments 2 and 4 as only four 

SSs were used). 

For the critical comparisons of the high and low AQ groups as to search speed, 

ANOVAs of the same design (SS x AQ group) were conducted for the target present 

and target absent RT data. A significant main effect of AQ group would provide 

evidence that the high AQ group were faster overall than the low AQ group and a 

significant interaction would demonstrate that the two groups‟ gradients (change in RT 

per element) were significantly different. 

 In order to compare performance between the two groups within each of the 

four RF search task experiments, the RT for each SS was calculated for each observer. 

The mean RT data for each group were fit using linear regression and the gradient of the 

linear function was used as a measure of the effect of increasing SS. To examine the 

relative performance of the groups across the four experiments, a ratio between the two 

groups‟ gradients for each experiment was then calculated, with error bars around the 

ratios generated using standard error propagation techniques (Almeida et al., 2010a; 
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Meyer, 1975). As the errors in the ratio of the gradients for the high and low AQ groups 

were uncorrelated, the errors were added in quadrature (Almeida et al., 2010b).  

Finally, a Pearson product-moment correlation was calculated between 

participants‟ gradients for each RF search task (for the target present data) and their 

EFT scores (mean RT) to determine whether performances on the tasks were related. It 

was expected that correlations would be enhanced given that high and low AQ groups 

differ in both EFT performance (Almeida et al., 2010a; Grinter et al., 2009a; Russell-

Smith et al., 2010) and search gradients (Almeida et al., 2010a; Almeida et al., 2010b). 

Therefore, analyses of covariance (Zar, 1984) were performed to establish whether a 

common linear relationship between EFT RTs and search task gradients adequately 

characterised the two groups within each experiment. 

 

2. Experiment 1: Target RF3, Distracter RF4 

 

2.1. Stimuli 

The target was an RF3 and distracters were RF4 patterns (Fig. 1A). The 

modulation amplitude, A, was defined as 1/(1+ω
2
) (ω = 3 or 4) so that the RF target and 

distracters would have flat sides and resemble triangles and squares (for RF3 and RF4, 

respectively) with curved vertices. Additionally, the maximum local curvature of any 

RF pattern with this amplitude is identical and therefore, discriminating target and 

distracter RF patterns is not possible using a local curvature detection mechanism. 

Previous literature suggests that the target is discriminated from distracter RFs through 

employing a global mechanism of analysis, which determines the angular separation 

between points of maximum curvature at the centre of the figure (Bell et al., 2008; 

Poirier and Wilson, 2006). SSs used were 2, 4, 8, 16, and 32 RF patterns. Each observer 
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was presented with 200 trials that contained the target, and 200 trials that did not, with 

40 trials per SS in each case. 

 

2.2. Results 

 The EFT RT and EFT error means and standard deviations for the high and low 

AQ groups are presented in Table 1. The high AQ group had significantly shorter EFT 

RTs than the low AQ group (t(42) = 2.974, p < .01, d = .92), and no significant difference 

in EFT errors was observed between the groups (t(42) = 1.558, p = .127). 

 As no observer‟s performance fell below the lower limit set for accuracy in the 

RF search task, all observers‟ data were included.1 The accuracy of the groups did not 

differ in the target present data (F(1,42) = 2.203, p = .145, η
2
 = .050), nor was the SS × 

AQ group interaction significant (F(4,168) = .135, p = .969, η
2
 = .003). Similar results 

were observed in the target absent accuracy data, with no main effect of AQ group 

(F(1,42) = 2.479, p = .123, η
2
 = .056) and no significant SS × AQ group interaction 

(F(4,168) = .535, p = .710, η
2
 = .013) detected.  In contrast, when comparing speed of 

performance on the RF search task, there was a main effect of AQ group in the target 

present (F(1,42) = 10.986, p < .01, η
2
 = .207) and target absent data (F(1,42) = 17.451, 

p < .001, η
2
 = .294). Further, there was a significant AQ group × SS interaction effect in 

both the target present (F(4,168) = 19.315, p < .001, η
2
 = .315) and target absent 

(F(4,168) = 14.276, p < .001, η
2
 = .254) data. That is, the high AQ group were faster 

overall and had shallower slopes for RT as a function of SS than the low AQ group. 

The RF search task gradient (change in RT with SS) for each group was 

calculated as a measure of search efficiency (see Fig. 2A). The ratio of the gradients 

demonstrated that the high AQ group was significantly faster in search time per element 

than the low AQ group (see Fig. 3, Experiment 1). 

                                                 
1
 This was true for all four RF search task experiments. 
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Figure 2 Mean RT target-present data for each group across SSs for each of the four 

Experiments (1-4; A-D respectively). Note the change in the scale of the y-axis in D 

compared to A-C. Panels E and F present each group‟s data across all four experiments. 

The data was fit with a linear regression, with the gradient of the linear function used as 

a measure of performance. Error bars plot the 95% confidence intervals. 
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Figure 3 Panel (A) presents the gradients for the high AQ (black bar) and low AQ (grey 

bar) groups for the target present data for Experiment 1 (target RF3, distracter RF4s); 

Experiment 2 (target RF3, distracter RF4s, RF5s, and RF6s); Experiment 3 (target 

RF12, distracter RF16s); and Experiment 4 (target RF3 piece, distracter RF4 pieces). 

Error bars plot the 95% confidence intervals around the gradient. Panel (B) displays the 

ratio of high AQ group gradient to low AQ group gradient (presented in Panel (A) 

above) for each of the four experiments. Error bars plot the 95% confidence intervals 

around the ratio. The dotted line represents equivalent performance between the two 

groups. 

 

EFT RT was significantly correlated with the RF search task gradient (Fig. 4A), 

demonstrating that shorter EFT RTs were associated with smaller RF search task 

gradients. Analysis of covariance established that a common linear relationship between 
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these two variables was adequate to characterise the high and low AQ groups (F(1, 40) 

= 1.235, p = .273). 

 

Figure 4 Scatterplots of the high (black circles) and low (grey squares) AQ groups‟ 

performance on the EFT (mean RT) and the four RF search task experiments (gradient). 

Correlations between each RF search task in Experiment 1 through to 4 (A-D) and the 

EFT are presented. 

 

2.3 Discussion 

As previously observed (Almeida et al., 2010a; Almeida et al., 2010b; Grinter et 

al., 2009b; Russell-Smith et al., 2010), the high AQ group were significantly faster than 

the low AQ group on the EFT. Further, this enhanced performance was not the result of 

a speed-accuracy trade-off, as no significant group differences in error rates were 
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observed. Performance on the RF search task also demonstrated no significant 

differences in accuracy between the two groups. The high AQ group were overall 

significantly faster, as well as less affected by the increasing SS, in target present and 

target absent conditions of the RF search task, relative to the low AQ group. These 

search task results confirm that individuals with higher levels of autistic-like traits are 

faster in locating a „global‟ RF target among distracters of a different but fixed RF. 

 

3. Experiment 2: Target RF3, Distracter RF4s, RF5s, and RF6s 

In the EFT, the target is presented in a complex figure, which can often be 

segmented into a variety of shapes that the participant has to search through. The 

context is therefore not an array of identical elements. We previously demonstrated that 

segmentation alone is not a critical factor explaining the EFT performance differences 

(Almeida et al., 2010a; Almeida et al., 2010b). Therefore, this experiment was designed 

to examine the role of distracter heterogeneity, and to determine whether performance 

differences observed in Experiment 1 would be enhanced with a variety of distracter RF 

patterns presented in the display as opposed to a single type of distracter. Duncan and 

Humphreys (1989) reported that search efficiency decreases with decreasing similarly 

of the distracters (i.e., increasing variety in the distracter set). The task was modified so 

that the target was still an RF3 however distracters were a variety of other globally-

processed (Bell and Badcock, 2009) RF patterns (RF4, RF5, and RF6). The aim was to 

determine whether the group search difference observed in Experiment 1 would be 

maintained in this more complex search task.  

 

3.1. Stimuli 

The target was an RF3 and distracters were RF4s, RF5s, and RF6s (Fig. 1B). 

The modulation amplitude and trials per SS were as specified for Experiment 1. SSs 
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consisted of 4, 8, 16 or 32 RF patterns, giving a total of 160 trials containing the target 

and 160 target-absent trials. In each trial, the numbers of the three types of distracter RF 

patterns (RF4s, RF5s and RF6s) were matched as evenly as possible (i.e., did not differ 

by more than one).  

 

3.2. Results 

There was no main effect of AQ group on accuracy in the target present data 

(F(1,42) = 2.520, p = .120, η
2
 = .057), and the SS × AQ group interaction was not 

significant (F(3,126) = 2.074, p = .107, η
2
 = .047). Additionally, no main effect of AQ 

group on accuracy (F(1,42) = 3.093, p = .086, η
2
 = .069) and no significant SS by AQ 

group interaction (F(3,126) = 2.000, p = .117, η
2
 = .045) was observed in the target 

absent data. 

Comparing speed of performance of the two groups on the RF search task 

revealed a main effect of AQ group in the target present (F(1,42) = 11.793, p < .01, η
2
 = 

.219) and target absent data (F(1,42) = 20.709, p < .001, η
2
 = .330), reflecting that the 

high AQ group were overall faster compared to the low AQ group. There was also a 

significant AQ group × SS interaction in the target present (F(3,126) = 10.779, p < .001, 

η
2
 = .204) and target absent (F(3,126) = 17.080, p < .001, η

2
 = .289) data, illustrating 

shallower RT as a function of SS slopes for the high AQ group compared to the low AQ 

group  (see Fig. 2B). 

Performance on the EFT (mean RT) and the RF search task (gradient) was 

significantly positively correlated (Fig. 4B), and for this relationship there was no 

significant difference in slopes for the high and low AQ groups (F(1, 40) = .030, p = 

.864). 
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3.3 Discussion 

The high AQ group were significantly faster overall than the low AQ group, and 

were also less impacted by the increasing SS (Fig. 2B). Consistent with previous 

research (Duncan and Humphreys, 1989), the search efficiency of both groups was 

impacted by the decreased distracter homogeneity (see Figs. 2E and 2F where an 

increase in gradients from Experiment 1 to Experiment 2 can be seen for both groups). 

However, the relative difference between groups was unaffected by the increased 

diversity of distracters (Fig. 3B). That is, while performance of both groups was slower, 

this occurred in a systematic way, showing that distracter heterogeneity has no impact 

on the performance differences between high and low AQ groups. 

 

4. Experiment 3: Target RF12, Distracter RF16 

Experiments 1 and 2 demonstrated that high AQ individuals are faster than those 

with fewer autistic-like characteristics on visual search tasks that require detecting a 

target from amongst distracters irrespective of whether the distracters are fixed or vary 

in type, where all stimuli are known to be globally detected (Bell and Badcock, 2008; 

Bell et al., 2010; Loffler et al., 2003). Experiment 3 aimed to determine whether this 

performance difference would occur with RF stimuli that involve local closed-contour 

processing. In the EFT, the simple target shapes sometimes have few corners (e.g., 

four), whereas at other times they have up to 12 corners. As noted previously, low RF 

patterns (RF<10) engage global closed-contour processes whereas high RF patterns 

(RF>10) only involve local detection processes (Loffler et al., 2003). EFT simple target 

shapes occur in either range, so we wished to determine whether having a target in the 

local closed-contour processing range alters RF search performance between high and 

low AQ groups.  
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4.1. Stimuli 

The target was an RF12 and the distracters were RF16s (see Fig. 1C). Given the 

high RF number of the patterns, the modulation amplitude, A, was set at 0.1, which was 

equivalent to the amplitude of the target RF3 in Experiments 1 and 2 (employing A = 

1/(1+ω
2
) would result in the RF12 and RF16 patterns having flat sides and thus closely 

resembling circles). As A was fixed, the target could be distinguished from distracters 

by local curvature differences or by a texture density cue (Poirier and Wilson, 2006). 

SSs used and number of trials per SS in each case were consistent with Experiment 1.  

 

4.2. Results 

There was no main effect of AQ group on accuracy in the target present (F(1,42) 

= .711, p = .404, η
2
 = .017) or target absent (F(1,42) = .295, p = .590, η

2
 = .007) data. 

Further, the SS × AQ group interaction was not significant in the target present 

(F(4,168) = 1.941, p = .106, η
2
 = .044) or target absent (F(4,168) = 1.837, p = .124, η

2
 = 

.042) data. 

Comparisons between the two groups‟ speed of performance on the RF search 

task (see Fig. 2C) revealed a main effect of AQ group in the target present (F(1,42) = 

11.850, p < .01, η
2
 = .220) and target absent (F(1,42) = 8.238, p < .01, η

2
 = .164) data. 

There was also a significant AQ group × SS interaction effect in the target present 

(F(4,168) = 5.063, p < .01, η
2
 = .108) and target absent (F(4,168) = 4.365, p < .01, η

2
 = 

.094) data. These results demonstrate that the high AQ group were faster overall and 

had shallower RT as a function of SS gradients than the low AQ group. 

The correlation between EFT RT and RF search task gradient was significant 

(Fig. 4C), such that higher EFT RTs were associated with steeper RF search task 

gradients. For this relationship, there was no significant difference in slopes for the high 

and low AQ groups (F(1, 40) = 1.691, p = .201). 
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4.3 Discussion 

This RF search task demonstrated that the high AQ group were faster overall 

than the low AQ group and were less affected by increasing SS (see Fig. 2C and 

Experiment 3 in Fig. 3A), and these differences were not the result of differential speed-

accuracy trade-offs in the two groups. The ratio of the gradients of the two groups in 

this experiment compared to the ratios from the previous two experiments revealed a 

similar performance difference between groups (Fig. 3B). This demonstrates that the 

local nature of the deformation detection processes for the RF patterns in Experiment 3 

provides no additional differentiation between the groups. It also shows that globally-

processed targets are not essential to obtain the effect. 

 

5. Experiment 4: Target RF3 pieces, Distracter RF4 pieces 

Given that the same relative difference in performance was observed between 

groups in Experiment 3 as in the earlier experiments, Experiment 4 was designed to 

determine whether the closed contour aspect of the RF pattern was critical to improved 

search ability by high AQ individuals compared to their low AQ counterparts. We 

previously suggested that high AQ RF search task superiority may result from them 

having narrower RF channel bandwidths (Almeida et al., 2010a). This proposition 

applies to complete contours, therefore using partial-contour targets removes this factor 

and should result in a change to the performance difference observed between the high 

and low AQ groups if channel bandwidth is the sole critical factor. The importance of 

the connected RF contour was also of interest given that all simple target shapes in the 

EFT are closed contours but it is not clear if this property is critical (Witkin et al., 

1971). The stimuli in Experiment 1 were modified so that only one cycle of modulation 

was presented in the search display and the task required detecting an RF3 piece 

amongst distracter RF4 pieces (see Fig. 1D). This essentially altered the task to a search 
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for suprathreshold differences in local curvature, where the „pieces‟ had identical path 

lengths and the only discriminating factor was the level of curvature. Experiment 3 used 

patterns with high RFs and Poirier and Wilson (2006) argued that discrimination of 

these shapes is not achieved using templates encoding curvature as a function of polar 

angle, but by texture available locally along the path. Therefore, Experiment 4 utilised a 

fragment of a low RF pattern. The aim of the task was to determine whether a similar 

relative difference in performance between groups still exists when only a local 

Cartesian curvature cue remains. 

 

5.1. Stimuli 

The stimuli in this experiment were created by adapting the RF stimuli in 

Experiment 1 such that only a single cycle, symmetrical about the point of convex 

maximum curvature (from minimum to minimum of the sinusoid) was used, generating 

pieces of the RF pattern (Fig. 1D). The radius of the RF3 piece was scaled (by 75%: 

rmean = .75°) so that the path length of the RF3 and RF4 pieces were equated. We 

thought that rather than equating sizes used in Experiment 1 it was more critical to 

ensure that the path lengths were equivalent so that any length and brightness cue would 

be eliminated. Also by scaling the path length, we introduced curvature differences 

between the target and distracters, allowing discrimination on the basis of local 

curvature (which was not possible in Experiment 1). SSs employed were 2, 4, 8, or 16 

segments. In each case, 20 trials per SS were collected. This provided a total of 80 trials 

containing the target and 80 trials that did not.  

 

5.2. Results 

There was no main effect of AQ group on accuracy in the target present (F(1,42) 

= 1.819, p = .185, η
2
 = .042) or target absent (F(1,42) = .268, p = .607, η

2
 = .006) data. 
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The SS × AQ group interaction was also not significant in both the target present 

(F(3,126) = 1.251, p = .294, η
2
 = .029) and target absent (F(3,126) = 1.565, p = .201, η

2
 

= .036) data. 

The high AQ group was faster overall compared to the low AQ group on the RF 

search task, demonstrated by a main effect of AQ group in the target present (F(1,42) = 

11.933, p < .01, η
2
 = .221) and target absent (F(1,42) = 5.436, p < .05, η

2
 = .115) data. 

There was also a significant AQ group × SS interaction effect in the target present 

(F(3,126) = 5.357, p < .01, η
2
 = .113) and target absent (F(3,126) = 2.799, p < .05, η

2
 = 

.062) data, reflecting that the high AQ group were less affected by increasing SS than 

the low AQ group. 

A significant positive correlation between EFT RT and the RF search task 

gradient (target present data) was observed (Fig. 4D), and again, a single slope was 

sufficient to characterise this relationship for both groups (F(1, 40) = .008, p = .931). 

 

5.3 Discussion 

The final experiment demonstrated once again that high AQ individuals were 

overall faster and less affected by increased SS in the visual display, compared to the 

low AQ group, while their accuracy was not compromised. This consistent superiority 

remained evident, even though the task difficulty increased significantly for both groups 

(see Fig. 2D which highlights increased RTs and Figs. 2E, 2F, and 3A which 

demonstrate increased gradients in Experiment 4 compared to the previous three 

experiments). While the previous three experiments might be considered to involve 

processing of the boundaries of objects, this task involved lower level discrimination of 

properties of a path, in this case curvature. However, the relative difference in 

performance between the two groups remained when comparing Experiment 4 to the 

prior experiments (Fig. 3B), providing evidence that contour closure does not provide 
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additional discriminatory power between groups. This result also indicates that RF 

search task superiority may not be accounted for by narrower RF channel bandwidths.   

  

6. General Discussion 

This study was designed to further understanding of the critical aspects of visual 

information in the EFT which enable superior search by individuals with high levels of 

autistic-like characteristics. More specifically, we wished to determine whether their 

enhanced search performance would be observed when the task required detecting 

shapes which are known to be processed by mechanisms selective for either local or 

global closed-contour stimulus properties. Experiments 1 and 2 compared visual search 

performance between those high and low on the AQ when the task presented stimuli 

that involve global closed-contour processing. We demonstrated that while making 

distracters more heterogeneous affected search times for both groups (see also Duncan 

& Humphreys, 2008), the relative difference in performance between groups remained 

the same, indicating that uniformity of distracters is not critical for obtaining the group 

performance differences. Previous research demonstrates the existence of narrow-band 

RF channels (Bell and Badcock, 2009) selective for the polar angle between points of 

maximum curvature (Bell et al., 2008) and our previous study (Almeida et al., 2010a) 

suggested that high AQ individuals may have narrower channel bandwidths, allowing 

better discrimination by the detectors labelled for radial frequency. This would be 

consistent with networks, of the sort reported by Pasupathy and Connor (2002), in V4, 

but ones that are more tightly-tuned to the polar angle between points of maximum 

curvature. Experiment 2 demonstrates that the same relative improvement in 

performance by the high AQ group holds even when multiple labelled RF detectors are 

active.  
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Experiments 3 and 4 employed stimuli that involve local visual processing 

mechanisms, either retaining a closed contour (as in the RF12 and RF16 stimuli), or 

requiring a more elementary level of local curvature detection using only a piece of the 

contour. Despite systematically slower searching across the two groups in Experiment 

4, a very similar relative difference in performance was again observed that was 

comparable to that obtained across the series of experiments. This similarity in group 

differences is either highly coincidental or it suggests that no single enhanced nor 

defective global or local closed-contour processing mechanisms used to detect RF 

stimuli can be sufficient to explain superior search performance by individuals with 

high levels of autistic traits. Further, the results of the combined set of experiments 

indicates that the number of corners in the EFT simple shape is unlikely to influence the 

enhanced high AQ EFT search performance relative to a low AQ group.  

This investigation was motivated by curiosity regarding why individuals with 

autism or those scoring high on the AQ display improved performance on visual search 

tasks, such as the EFT, compared to matched controls (Almeida et al., 2010a; Edgin and 

Pennington, 2005; Grinter et al., 2009b; Jarrold et al., 2005; Jolliffe and Baron-Cohen, 

1997; Russell-Smith et al., 2010; Shah and Frith, 1983). The WCC theory has provided 

a description of this phenomenon, arguing that those with autism possess increased 

ability to perceive and retain detail, although this occurs at the expense of developing an 

integrated percept (Frith, 1989; Happé, 1999). Thus while improved performance on 

tasks which require attention to detail may be observed, this corresponds with a lack of 

overall global, conceptual understanding. Researchers have debated whether such local 

enhancement occurs with a consequent deterioration of global processing, employing 

various strategies to elucidate this matter (Koldewyn et al., 2010; Mottron et al., 1999; 

Mottron et al., 2006; Plaisted et al., 1999; Pring et al., 2010; Spencer et al., 2000). 

However, the application of the terms local and global has varied. We take a specific 
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meaning here that can be applied to closed-contour shapes such as those used as targets 

in the EFT. The results from the four experiments in this study demonstrate the same 

relative difference in performance between the high and low AQ groups (Fig. 3B) 

across stimuli differentiated by using global or local information. These findings 

demonstrate that group differences are unlikely to be explained by a processing 

efficiency difference restricted to a single stage in the processing of shape primitives: 

V1 for oriented edge detection (Poirier and Wilson, 2006), V1 and V2 for curvature 

detection (Dobbins et al., 1987; Dobbins et al., 1989; Koenderink and Richards, 1988; 

Wilson, 1985; Wilson and Richards, 1989), and V4 for global contour shape (Gallant et 

al., 2000; Wilkinson et al., 2000). That is, improved high AQ search performance in the 

RF search task cannot be attributed to an enhancement of local processing at the 

expense of performance at the global level (using these terms as in the shape perception 

literature). WCC is not amenable to explaining the differences in performance at these 

levels of processing but may more adequately address target detection within a broader 

context. In the current task, increasing the number of distracter items in a display has 

less impact on performance for high AQ compared to low AQ observers. The ability to 

detect this consistent improved performance was made possible through designing a 

theoretically motivated search task where the stimuli could be systematically 

manipulated based on known local and global processes.  

While the ratio of the gradients for the high and low AQ groups remained the 

same, the gradients varied across the four experiments. In Experiment 1, observers were 

prevented from doing the search task by relying on local curvature information, as the 

target and distracter stimuli had the same local curvature due to the modulation 

amplitude employed. Further, while these low RF patterns could be discriminated by the 

polar angle between curvature peaks, in order to find its centre, the pattern must be 

treated globally. The results from Experiments 1 and 4 support this, as the gradients in 
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Experiment 1 are significantly smaller than those in Experiment 4 for both groups. 

There are more points of maximum curvature per element in Experiment 1 where a 

complete RF3 has three times the number of points compared to the target presented in 

Experiment 4. However, the distracter elements in Experiment 1, which may be 

considered noise, have four times the number of points of maximum curvature 

compared to the distracters used in Experiment 4. Thus if the number of local points of 

maximum curvature were the critical feature then slopes may be expected to be steeper 

in Experiment 1 where the signal to noise ratio is lower. Since the slopes were actually 

shallower in Experiment 1 compared to Experiment 4, this suggests instead that the 

availability of global closed-contour integration enhances performance for both groups 

in Experiment 1 compared to that observed in Experiment 4. One component of the 

improvement may be due to the presence of closed-contours as the performance in 

Experiment 3, which required the detection of locally-processed closed-contours, is also 

superior to that in Experiment 4. Another point to note is that while the stimuli in 

Experiment 3 had closed-contours, the performance for both groups was overall slower 

compared to Experiment 1 (compare Fig. 2A to 2C) even though the ratio of RFs for the 

target and distracter stimuli was the same for the two experiments (i.e., 12:16 = 3:4), 

suggesting a role for global closed-contour processing mechanisms in overall task 

performance speed. However as the ratios of group performance remain the same, the 

pattern features that vary across experiments are not essential for the high AQ group‟s 

superior performance. 

Grinter et al. (2010) examined form processing in typically developing children 

and those with an ASD using an RF detection threshold task which employed an RF 

pattern that is globally processed (RF3) and one that is locally processed (RF24). They 

demonstrated poorer RF3 detection thresholds (i.e., greater deformation was required to 

differentiate between a perfect and distorted circle) for the ASD children compared to 
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controls, whereas no group difference was found in detection thresholds of RF24 

patterns. As a result of their observations, they concluded that individuals with an ASD 

demonstrate a deficit in global visual processing, consistent with WCC (Grinter et al., 

2010). The RF search task data in the present study demonstrate a consistent difference 

in search performance between high and low AQ groups when the task requires 

detecting a target from among distracters which are processed using local or global 

closed-contour mechanisms. The nature of a threshold task involves deliberately 

seeking to identify the smallest amount of signal required to make a deformation 

discrimination. Such a task is inherently different in nature to the RF search task, which 

involved detecting an RF3 complete contour or piece of it with high signal level (i.e., 

modulation amplitude well above threshold). It may be the case that individuals with 

high levels of self-reported autistic-like characteristics have larger thresholds for 

sensitivity to RF patterns, yet their RF channel bandwidths are narrower which enables 

improved search performance. The previous study (Grinter et al., 2010) also examined 

children with autism, the results of which may vary from adult performance due to the 

developmental trajectory. As previously mentioned, making direct links to WCC or 

other theories which propose variations in „local‟ and „global‟ processing in ASDs is 

problematic, as these terms have carried a range of meanings in the research literature, 

across disciplines (e.g., clinical psychology to vision research) and also within 

disciplines (e.g., referring to a homograph in a sentence [Happé, 1997], or referring to 

local and global closed-contour RF processing [Grinter et al., 2010]). As such, we 

recommend referring to underlying basic visual and cognitive processes which the tasks 

employed are tapping.  

While previous studies (Almeida et al., 2010a; Almeida et al., 2010b; O'Riordan 

et al., 2001; Plaisted et al., 1998a) have investigated individuals with autism or those 

with high levels of autistic characteristics, additional research performed by Snyder 
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(2009) has examined savant skills. Savants are individuals with autism or other mental 

disabilities who, in the midst of their deficits in everyday functioning, demonstrate 

extraordinary skills which often require outstanding ability to recall detail (Sacks, 2007; 

Snyder, 2009). Snyder (2009) argues that this is made possible due to superior access to 

lower level, less-processed sensory information. The present study is consistent with 

this theoretical claim, and in addition we propose that enhanced search abilities by those 

with high autistic-like traits exist when the task requires searching for RF stimuli (Bell 

and Badcock, 2008; Bell et al., 2007; Bell et al., 2010; Loffler, 2008; Loffler et al., 

2003; Poirier and Wilson, 2006) that are processed by local or global closed-contour 

mechanisms. We observed the same relative search advantage for the high AQ group 

when the target was a whole contour as when the target was only one piece, or local 

element, of the contour. As such, it appears irrelevant whether the search requires 

detection of a locally or globally processed stimulus; what is important is that high AQ 

individuals are superior at disregarding irrelevant information and extracting the target 

from the broader background (distracter elements in this case). In other contexts this has 

also been referred to as local (target) and global (broader background) information, 

highlighting the need to address underlying processes very specifically when using 

these terms. 

None of our work suggests the EFT offers any additional explanatory advantage 

than our basic RF search task. Further, when examining the relationship between the 

performance of each search task and AQ score, correlational analyses indicated a 

stronger relationship between the AQ and the slope of the original RF search task 

employed in Experiment 1 (r(44) = -.620, p < .0001), than between the AQ and EFT RT 

(r(44) = -.441, p < .01)
2
. As such, we recommend use of the RF search task instead of 

                                                 
2
 Correlations were also significant between the AQ and the search slopes derived from the 

other RF search tasks: (a) Experiment 2 (r(44) = -.550, p <.001); (b) Experiment 3 (r(44) = -

.432, p < .01); and (c) Experiment 4 (r(44) = -.445, p < .01). 
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the EFT as it is a simple, theoretically driven, computer-based search task which, 

critically, is also suitable for repeated application. Using the gradient as a measure of 

performance allows for comparison across experiments, which permits systematic 

manipulation of the RF search task to isolate different factors that may or may not 

underlie the enhanced ability to search for a target in the EFT exhibited by those high 

on the autism spectrum. The manipulations of the present study demonstrate that 

individuals with a high AQ have improved search performance regardless of whether 

the task requires local or global visual processing of closed-contours to detect the RF 

target. Further, we rule out the importance of variability of elements in the distracter set, 

or the need for a closed-contour to elicit high AQ search performance enhancement. 

High AQ search superiority may be explained by enhanced local processing of 

curvature in the early stages of the form vision pathway and superior global detection of 

shape primitives. However this is unlikely given that ratios of the gradients were the 

same across the four experiments; more probable is the presence of a superior search 

process that enables a consistent search advantage at both levels of processing. 
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Abstract 

Individuals with autism and those with high levels of autistic-like traits are superior on 

tasks such as the Embedded Figures Test (EFT) that require detecting a shape hidden 

within a complex structure. Some researchers have attributed this to a differential ability 

to perceive either the global or local aspects of a display. The terms „local‟ and „global‟ 

have varied in their meaning in the literature. Here we examine whether specific global 

mechanisms are active in integrating closed-contours, similar to EFT targets. We tested 

groups with either high or low levels of autistic-like characteristics and observed 

enhanced visual search performance by the former group. Contrary to previous 

interpretations of weaker global pooling, this group displayed stronger pooling, which 

was positively correlated with search ability and EFT performance. This study presents 

a new method capturing superior performance by individuals with autistic-like traits, 

where a precise form of global processing with known neural underpinnings is indexed. 
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Individuals with autism demonstrate superior performance relative to matched 

controls on visual search tasks such as the Embedded Figures Test (EFT; Witkin et al., 

1971) which requires detecting a closed-contour shape hidden within a more complex 

structure (Edgin & Pennington, 2005; Frith & Happé, 1994; Jolliffe & Baron-Cohen, 

1997; Pellicano et al., 2005). Similar findings have been observed in typically 

developing individuals with high levels of autistic-like traits (Almeida et al., 2010a, 

2010b; Grinter, Maybery et al., 2009; Grinter, Van Beek et al., 2009; Russell-Smith et 

al., 2010), as measured by the Autism-Spectrum Quotient (AQ; Baron-Cohen et al., 

2001). These findings are suggestive of similar mechanisms in the two groups; however 

the nature of these mechanisms is still unclear.  

Several alternative explanations have been provided to account for superior 

visual search in these groups. One proposed explanation is that they have weak central 

coherence (WCC), which describes a relatively weaker ability to perceive the global 

structure compared to the local elements of a visual display, allowing easier access to 

the target elements in the search array (Frith, 1989; Frith & Happé, 1994; Happé, 1996, 

1999; Shah & Frith, 1983, 1993). In contrast, the enhanced perceptual functioning 

(EPF) framework (Mottron & Burack, 2001; Mottron et al., 2006) describes superior 

low-level and local processing with no accompanying global or „integrative‟ deficit 

(Manjaly et al., 2007; Mottron et al., 2003; Mottron, Burack et al., 1999; Ozonoff et al., 

1994; Plaisted et al., 1999). The above two explanations propose better performance on 

conditions targeting local cues by individuals with autism or those with high levels of 

autistic-like traits, however, they vary substantially in their accounts of global 

processing ability. While each of these explanations refers to local and global processes, 

the terms „local‟ and „global‟ have acquired a broad range of meanings that at times are 

poorly specified and at other times seem to refer to quite different aspects of visual 

processing. This creates a challenge when trying to reconcile findings from different 
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studies and conceptualise the co-occurring deficits and strengths present in these 

groups. 

We recently constructed a new visual search task (Almeida et al., 2010a) using 

radial frequency (RF) patterns (see Method). These patterns were chosen because, like 

the target simple shape in the EFT, they are also closed-contours, but they can be 

manipulated to evoke a well-defined global or local closed-contour processing 

mechanism simply by creating periodic deformation with increasing numbers of corners 

(Bell & Badcock, 2009b; Loffler et al., 2003). The terms „local‟ and „global‟ used here 

do not refer to a small figure within a larger pattern or array (as inferred by WCC), but 

rather refer to processing of local features of the RF pattern (e.g., curvature maxima) 

and global processing of the whole closed-contour. Following several manipulations of 

the RF search task, we reported evidence of superior search by individuals with high 

relative to those with low levels of autistic-like characteristics on tasks that employed 

both globally and locally processed stimuli (Almeida, Dickinson, Maybery, Badcock, & 

Badcock, submitted).  

In the present study, we extend our use of the RF search task to examine the 

efficacy of global and local processing mechanisms in groups reporting high or low 

levels of autistic-like traits. As mentioned above, we use the terms „local‟ and „global‟ 

here in a very specific sense, referring to clearly identified mechanisms with a known 

neural basis in neurotypical samples (Gallant et al., 2000; Wilkinson et al., 2000). RF 

patterns can provide evidence of either global or local closed-contour processing 

(Loffler et al., 2003). This is demonstrated by asking participants to discriminate 

between a perfect and a distorted circle (i.e., an RF pattern, described below), with the 

amplitude of distortion in the RF pattern varied to determine threshold. Detection 

thresholds for a particular radial frequency are determined as more cycles of modulation 

are added to the RF contour (see RF stimuli presented in Fig. 2a). An improvement in 
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performance with more cycles at a particular radial frequency is expected even in the 

absence of global integration, due to probability summation, which refers to the 

increasing probability of detection of a single cycle of deformation as the number of 

cycles present increases (Graham, 1989). However for low RF patterns (RF < 10), 

sensitivity to deformations of the contour improves too rapidly to be explained by the 

processing of local cues (single cycles) in isolation, but rather requires global 

integration of the local shape information around the whole contour to explain the 

improved performance (Bell & Badcock, 2008; Loffler et al., 2003). In contrast, for 

high RF patterns the rate of threshold improvement when adding cycles matches the rate 

predicted by probability summation, suggestive of only local processing of pattern 

features (Loffler et al., 2003). Following our repeated finding of superior RF search task 

performance by individuals with high autistic-like traits, we proposed that the high AQ 

group may have narrower RF channel bandwidths (Almeida et al., 2010a; Almeida et 

al., submitted). If this were true, then it would follow that the high AQ group should 

also demonstrate more precise global pooling, relative to the low AQ group.  

Grinter et al. (2010) compared children with a diagnosed Autism Spectrum 

Disorder (ASD) and typically developing children on their ability to differentiate 

between a circle and an RF pattern. They found that the ASD group required greater 

deformation of an RF3 to reach threshold than controls, however no group difference in 

threshold was observed for an RF24 pattern. Based on these findings, it was suggested 

that children with autism have difficulty with global processing, yet have intact local 

ventral-stream processing, consistent with WCC (Grinter et al., 2010). However as 

detection threshold differences were only inspected when all three cycles were present 

on the RF3 pattern, no measure of global integration was calculated or compared 

between groups. Detection threshold differences may be present when three cycles of 

deformation are presented on the RF3 pattern, however, this could reflect varying 
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sensitivity to coarser-scale curvature, integration of signal around the contour, or both, 

and thus does not provide a direct measure of the efficiency of integration. Therefore, 

the present study employed an RF integration task to extend the work of Grinter et al. 

(2010) and to examine the ability of individuals with either high or low levels of 

autistic-like characteristics to use global processing when detecting RF3 closed-

contours. 

The aim of this study was to investigate whether those with high levels of 

autistic-like traits would show evidence of differences in the ability to integrate the 

components of a closed form relative to a group with low levels of such traits. 

Membership of the two groups was determined by using the Autism-Spectrum Quotient 

(AQ; Baron-Cohen et al., 2001) and performance was measured on the EFT, the RF 

search task, and the RF integration task. If the proposition made by Grinter et al. (2010) 

of weaker global pooling of low RF patterns in children with an ASD relative to 

typically developing controls is supported in research on typically developing adults 

selected to vary in levels of autistic-like traits, then the high AQ group may also have 

higher RF3 detection thresholds when three cycles of modulation are present on the 

contour relative to the low AQ group. More critically, we may expect the high AQ 

group to show evidence of weaker global integration relative to the low AQ group, as 

reflected in a shallower improvement in thresholds as more cycles of deformation are 

added to the RF3. However, if our previous results (Almeida et al., 2010a, 2010b) are 

replicated, and the proposition of high AQ narrower RF channel bandwidths is 

supported, we would predict that the high AQ group would show evidence of greater 

global pooling on the integration task and faster RF search times relative to the low AQ 

group, along with a correlation between performance on these two RF tasks. 

  



143 

 

Method 

Participants 

Six hundred and forty-one undergraduate psychology students at the University 

of Western Australia completed the AQ. Cut-off scores of ≤ 11 and ≥ 22 were used 

(based on the lowest and highest quintiles) to create low and high AQ groups, 

respectively (see Table 1). The two groups did not differ significantly in IQ (t(29) = 

1.064 , p = .296) or gender distribution (χ
2
(1, N = 31) = .008, p = .930). Each observer 

had normal or corrected-to-normal visual acuity (assessed using a Snellen chart). The 

study was approved by the University of Western Australia‟s Human Research Ethics 

Committee.  

 

Table 1  

Descriptive statistics of high and low AQ group characteristics. Male-female ratio and 

means (and SD) for AQ, IQ, EFT RT (s) and EFT errors 

 Low AQ (N = 16)  High AQ (N = 15) 

Male:female 1:4.3 1:4 

AQ 

Cut-off 

8.25 (2.79) 

≤ 11 

27.27 (2.49) 

≥ 22 

IQ 109.50 (10.26) 113.80 (12.22) 

EFT RT (s) 33.45 (9.06) 15.07 (9.38) 

EFT errors 6.19 (4.64) 2.87 (2.42) 

 

 

Stimuli and Tasks 

All observers completed the AQ, the two subtest (Matrix Reasoning and 

Vocabulary) form of the Wechsler Abbreviated Scale of Intelligence (WASI), Form A 
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of the adult EFT (Witkin et al., 1971), a simple version of the RF search task (Almeida 

et al., 2010a) and the RF integration task (Loffler et al., 2003).  

 

RF search task 

The experimental protocol, display equipment, and luminance associated with 

the display were identical to those of previous studies (see Almeida et al., 2010a for 

details; 2010b). The RF search task was created to systematically investigate the 

underlying substrates of superior visual search by individuals with high levels of autistic 

characteristics (Almeida et al., 2010a, 2010b). An RF pattern is a closed-contour shape 

created by deforming a circle by varying the radius with a specified number of cycles of 

modulation around the circumference, according to: 

 

      (1) 

 

where rmean is the mean radius, A is the radial modulation amplitude,   is the radial 

frequency (3 for the target or 4 for distracters),   is the angular phase of the pattern and 

θ is the polar angle (Wilkinson et al., 1998). The RF search task used a single-interval 

forced-choice (SIFC) RT paradigm where the observer was required to indicate whether 

an array of distracter RF4 patterns (square-like shapes) contained a target RF3 

(triangular shape present 50% of the time) by pressing one of two buttons as rapidly as 

possible. Set size (SS) of the stimulus display was set at one of five levels (2, 4, 8, 16, 

or 32 RF patterns) that were randomly interleaved across trials, with the gradient of 

reaction time (RT) as a function of SS used as an index of search efficiency. Each 

observer completed 40 trials per SS, providing a total of 200 trials which contained the 

target and 200 target-absent trials.  

 

      sin1meanrr
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RF integration task 

The RF integration task is a psychophysical measure of the degree to which 

observers integrate shape information around a closed contour (Loffler et al., 2003). It 

requires discriminating between a perfect circle and an RF3 pattern, with the amplitude 

of distortion in the RF3 pattern systematically manipulated (A in Eq 1, see also Fig. 2) 

to examine the extent of improvement in detection thresholds as additional cycles of 

modulation (1, 2 or 3) are added to the otherwise circular contour. The radial luminance 

profile of the test (RF pattern) and reference (unmodulated circle) contour was Gaussian 

(the standard deviation of the Gaussian was 4 arcmin so the full width of the Gaussian 

at half maximum contrast was 9.4 arcmin). The degree to which information is 

integrated around the contour is reflected in the index of the power function that 

describes the decrease in threshold with number of cycles of modulation. A decrease in 

threshold is expected with more cycles of modulation as a result of probability 

summation since the probability of detecting a single cycle increases with more cycles 

available (Graham, 1989). However, if threshold improves (i.e., decreases) at a greater 

rate than would be expected with probability summation, then global integration is 

demonstrated (Loffler et al., 2003).  

A two-interval forced-choice (2IFC) procedure was used where test and 

reference patterns were displayed in sequence, each presented for 160ms, and with a 

500ms inter-stimulus interval. The two patterns were presented in randomised order and 

the observer was required to indicate which interval contained the modulated test 

pattern. On each trial, the orientation of the test pattern was randomised to prevent 

observers from fixating on a point where they know a deformation will occur (Bell et 

al., 2007a). The method of constant stimuli (MOCS) was employed with nine 

amplitudes of modulation for 1, 2, and 3 cycles. Trials were repeated 60 times for each 
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of the nine amplitudes of modulation and the probability of correct response was 

calculated for each. 

 

Integration Task Analysis 

The psychometric data were fitted with the Quick function (Loffler et al., 2003; 

Quick, 1974; Wilson, 1980): 
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yielding Th, a threshold for discrimination of the test pattern from the circular reference 

at a performance level of 75% correct and Q, a measure of the slope of the psychometric 

function relating probability of discrimination to the level of amplitude modulation (A). 

The threshold was measured for patterns containing 1, 2 and 3 cycles of modulation. 

Threshold decreases with number of cycles of modulation with the rate of decrease 

conforming to a power function: 

 

  nConstnTh           (3) 

 

where n is the number of cycles of modulation. Perfect integration of information 

around the pattern would result in a value of -1 for γ, the index of the power function. 

The decrease in threshold due to probability summation also conforms to a power 

function but with an index given by the negative reciprocal of the variable Q in the 

Quick function (Wilson, 1980). If the fitted index indicates a steeper rate of increase in 

sensitivity than predicted by probability summation, global processing is demonstrated. 
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Results 

 Superior EFT performance was observed for the high AQ group relative to the 

low AQ group in terms of both speed (t(29) = 5.547, p < .001, d = 1.993) and accuracy 

(t(29) = 2.475, p < .05, d = .898; see Table 1). 

 

Fig. 1. Mean RT data for each group across the five SSs of the RF search task. Error 

bars plot 95% confidence intervals. The data were fit with a linear regression (black and 

grey straight lines). These results demonstrate overall faster performance and increased 

search efficiency (reduced RT × SS slopes) of the high AQ group relative to the low AQ 

group. 

 

 For the RF search task, four 5×2 repeated measures ANOVA, with SS as the 

within-subjects variable and AQ group as the between subjects variable were conducted. 

The four ANOVAs were for performance accuracy and speed of performance in the 

target present and target absent conditions, considered separately. No main effect of AQ 

group on accuracy was observed in either the target present (F(1,29) = .851, p = .364, η
2
 

= .028) or target absent (F(1,29) = 3.540, p = .070, η
2
 = .109) data. There was a main 

effect of SS on accuracy in both the target present (F(4,116) = 14.990, p < .001, η
2
 = 

.341) and target absent (F(4,116) = 6.652, p < .001, η
2
 = .187) data. However, no 

SS×AQ group interaction was significant (target present: F(4,116) = .385, p = .819, η
2
 = 

.013; target absent: F(4,116) = 1.611, p = .176, η
2
 = .053). For speed of performance, 
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the high AQ group was both faster overall and showed a slower rate of increase in RT 

as a function of SS relative to the low AQ group, for both the target present and target 

absent data sets (see Fig. 1). There was a main effect of SS in the target present 

(F(4,116) = 244.875, p < .001, η
2
 = .894) and target absent (F(4,116) = 146.218, p < 

.001, η
2
 = .834) data. There was also a main effect of AQ group in the target present 

(F(1,29) = 4.571, p < .05, η
2
 = .136) and target absent (F(1,29) = 21.116, p < .001, η

2
 = 

.421) data. Further, a significant AQ group × SS interaction was observed in the target 

present (F(4,116 = 12.959, p < .001, η
2
 = .309) and target absent (F(4,116 = 17.447, p < 

.001, η
2
 = .376) data. 

On the RF integration task, no significant differences between the high and low 

AQ groups were observed in deformation thresholds where one (t(29) = 1.666, p = 

.107), two (t(29) = .742, p = .464), or three (t(29) = .059, p = .953) lobes were present 

on the RF3 pattern (see Fig. 2a).  

 

Fig. 2. (a) Dependence of modulation detection thresholds on the number of cycles of 

deformation for an RF3 pattern for each high AQ (circles) and low AQ (squares) 

individual. Both groups demonstrated evidence of global pooling for the RF3, where 

sensitivity (solid lines) outperformed the probability summation prediction (dotted 

lines). (b) The integration index for each member of the high (circles) and low (squares) 

AQ groups.  
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The index of the power function (fitted to the averaged group data), which reflects the 

decrease in threshold with increasing number of cycles, was steeper than the estimate 

based on probability summation (γ = -1/Q = -.49) for both the high AQ group (γ = -.923; 

F(1,43) = 23.350, p < .0001) and the low AQ group (γ = -.820; F(1,46) = 37.870, p < 

.0001), demonstrating global pooling of the RF3 by both groups (see Fig. 2a). A 3×2 

repeated measures ANOVA, with number of cycles as the within-subjects variable, AQ 

group as the between-subjects variable, and detection threshold as the dependent 

variable revealed no significant main effect of AQ group (F(1,29) = 1.234, p = .276, η
2
 

= .041). A significant main effect of number of cycles was observed (F(2,58) = 445.951, 

p < .001, η
2
 = .939), reflecting an improvement (i.e., decrease) in thresholds for both 

groups as the number of cycles increased (see Fig. 2a). However a significant AQ group 

× number of cycles interaction was also observed (F(2,58) = 4.555, p < .05, η
2
 = .136; 

see Fig. 2a), reflecting a steeper rate of improvement in threshold with increasing 

number of cycles for the high AQ group (t(29) = 4.430, p < .001; see Fig. 2b). 

EFT RT and the RF integration index were positively correlated (see Fig. 3e) 

and each of these variables correlated positively with slopes derived from the target 

present (see Fig 3a and 3c) and target absent (see Fig 3b and 3d) conditions of the RF 

search task. 

 

Discussion 

Consistent with previous studies (Almeida et al., 2010a, 2010b; Grinter, Van 

Beek et al., 2009; Kemner et al., 2008; O'Riordan & Plaisted, 2001; O'Riordan et al., 

2001; Russell-Smith et al., 2010), we observed enhanced performance by those with 

high relative to low autistic-like characteristics on the EFT. On the RF search task, the 

high AQ group were significantly faster overall and less affected by increasing SS than 

the low AQ group in both the target present and target absent conditions. These visual 
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search task findings replicate previous results (Almeida et al., 2010a, 2010b) indicating 

consistently enhanced search performance by those with high levels of autistic-like 

traits. 

 

Fig. 3. Correlations and scatterplots of the high (circles) and low (squares) AQ groups‟ 

performance on the: integration task and RF search task (target present (a); target absent 

(b)); EFT and RF search task (target present (c); target absent (d)); EFT and integration 

task (e). 

 

On the RF integration task, both groups demonstrated significant global pooling 

of the RF3 contour; however the integration slope, reflecting the change in the 
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modulation detection thresholds across the number of cycles of deformation for the RF3 

pattern, when calculated for each individual participant and then compared, was 

significantly steeper for the high AQ group than for the low AQ group. That is, the 

ability to globally integrate deformation information around the RF contour was better 

for the high AQ group. 

These results are surprising if one takes a broad interpretation of the term „global 

processing‟ since previous studies have often reported poorer detection thresholds for 

globally processed pattern information in individuals with autism or high levels of 

autistic-like traits (Grinter et al., 2010; Grinter, Maybery et al., 2009; Koldewyn et al., 

2010; Pellicano et al., 2005). This discrepancy may be explained as a result of the nature 

of the tasks previously used to determine global integration ability. The integration of 

information along the RF pattern contour presented here is different to the integration of 

coherently oriented dipoles in Glass pattern (Glass, 1969) or local motion vectors in 

Global Dot Motion (GDM) studies. GDM and Glass pattern tasks involve altering the 

ratio of signal to noise elements (vectors or dipoles respectively) in order to determine 

an individual‟s sensitivity. This process of obtaining a measure of the detectable signal 

to noise ratio contrasts with the method employed in the RF integration task, which is 

concerned with the ability to integrate the signal around a connected contour (Loffler et 

al., 2003). The RF patterns used in the integration task involve no explicit noise, which 

contrasts to the noise elements (incoherently oriented dipoles and local motion vectors) 

in the Glass and GDM tasks. Given these differences, if individuals with high levels of 

autistic-like characteristics are more sensitive to detail they may be more sensitive to 

signal in a GDM or Glass pattern detection threshold task. However they may also have 

improved sensitivity to the noise presented in such a task, potentially resulting in poorer 

detection thresholds. Further, the integration of unconnected elements (e.g., dipoles in 

Glass patterns) is likely to draw on a different mechanism to that used to integrate along 
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the connected contour of an RF pattern (Badcock, Almeida, & Dickinson, 2006; Bell & 

Badcock, 2008). In the current study the high AQ group‟s detection thresholds were not 

significantly different from the low AQ group at any number of cycles, yet the former 

group showed improved within-observer ability to integrate the information presented. 

If high AQ performance was the result of altered sensitivity to local curvature 

information then systematic threshold offsets at all numbers of cycles would be 

expected, yet this was not observed. This finding is consistent with our previous 

observation that improved search performance by the high AQ group is not simply due 

to enhanced detection of local curvature information as it is also found when local 

curvature in targets and distracters are equated (Almeida et al., submitted). 

As noted earlier, previous research has reported higher detection thresholds for 

complete RF3s for children with an ASD compared to typically developing children 

(Grinter et al., 2010). This outcome contrasts with the present finding of no significant 

difference as a function of level of autistic-like traits in detection threshold when three 

cycles of modulation were presented. Several differences between the two studies may 

contribute to the contrasting results. Firstly, the earlier study investigated RF3 detection 

thresholds in children with an ASD whereas we examined adults with high (yet non-

clinical) levels of autistic-like characteristics in comparison to those with low levels. As 

such, differences in results may reflect either the developmental trajectory or the 

position of individuals along the continuum from autism to typically developing. 

Secondly, there are also some minor methodological differences (e.g., two spatial 

alternative FC with auditory feedback rather than 2IFC with no feedback). However, 

these differences are unlikely to be critical because, in the search experiments reported 

in this thesis, relative to the low AQ observers the high AQ observers performed better 

when searching for targets in an array rather than worse, which would be expected if the 

presence of multiple figures were to produce inferior performance with a two spatial 
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alternative FC experimental paradigm. Furthermore, Larson et al. (2010) have recently 

suggested that there is little or no difference in sensitivity to external feedback between 

ASD and typically developing controls. Important to note is that while the previous 

study (Grinter et al., 2010) found that children with an ASD had higher detection 

thresholds when three cycles were present on an RF3 pattern, the number of cycles of 

modulation present on the RF3 pattern was not manipulated and so it was not possible 

to compare an integration index for this group and the typically developing controls. It 

is possible that a higher RF3 detection threshold could co-occur with either a steeper, 

shallower, or equivalent integration slope (relative to the control group). 

The WCC model cannot be generalised to all global pooling processes and, 

specifically, not to the integration of visual information around a closed-contour. This 

model describes a weakened ability of individuals with autism to perceive the global 

configuration of a visual display, who instead attend to the local elements which make 

up the whole (Frith, 1989; Frith & Happé, 1994; Happé, 1999; Shah & Frith, 1983, 

1993). While this was a plausible interpretation following the work of Grinter et al., 

(2010), the current results are contrary to a broad interpretation of WCC theory. Both 

groups demonstrated significant global pooling on the RF integration task, and 

moreover, the high AQ group demonstrated significantly greater integration of the 

information available. Further, since the outcomes of this study show differences in 

global closed-contour processing, they contrast with models, such as EPF, which predict 

general changes to local processing without changes to global pattern processing but, 

again this is possibly extending EPF theory beyond the contexts envisaged by its 

proponents. In all cases it would be beneficial to refer to the specific underlying 

processes rather than using the generic labels „local‟ and „global‟. 

The RF integration and visual search tasks employed the same stimuli (i.e., RF 

patterns), yet the tasks are inherently different in nature. Performance on the RF search 
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and integration tasks established superiority by individuals with high levels of autistic-

like traits in comparison to individuals with low levels of such traits. Additionally, 

improved global pooling of contour information was positively correlated with greater 

search ability (see Fig. 3). Given that the stimuli in the RF search task were the same as 

those used in the integration task, it may be that greater ability to integrate information 

around the RF contour and thus define and differentiate these global shapes allows for 

improved ability to segment the target RF pattern from distracter items in the RF search 

task (Almeida et al., 2010a). This could be beneficial in the EFT where the target shapes 

are quite simple closed-contour figures. However, this explanation does not account for 

the superior search ability in high autistic trait individuals previously observed when 

targets and distracters were only segments of the RF patterns and thus no longer closed 

contours (Almeida et al., submitted). Perhaps an enhanced capacity for attention to 

capture a broader visual spatial field could contribute to superior performance on the 

different variants of the RF search task, as greater ability to process a wider area of the 

visual display could reduce the impact of increasing SS and thus lower gradients for the 

search task by decreasing the need for additional eye-movements. This argument is 

supported by previous search task studies which employed eye-movement analyses and 

report that individuals with ASDs made fewer fixations (Kemner et al., 2008), appeared 

able to localise targets without moving their eyes (Kemner et al., 2008), and made fewer 

fixations to the outer eccentricities of the search display (Joseph et al., 2009) relative to 

age- and IQ-matched typically developing individuals. 

Additional work will be required to test these suggestions, for example, that the 

effective visual field may be larger in individuals scoring higher on the AQ. This study 

presents a novel application of a task, showing enhanced visual performance by those 

with high levels of autistic-like characteristics, in which global processes can be 

quantitatively identified. The study also illustrates the more general point that progress 
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is likely to be facilitated if researchers move away from the broad application of the 

labels „local‟ and „global‟ and instead focus on the specific underlying visual and 

cognitive processes required to perform the tasks. 
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Central Aim of this Thesis 

The central aim of this thesis was to further understanding of which aspects of 

the Embedded Figures Test (EFT; Witkin et al., 1971) are critical to enable superior 

performance by those with high levels of autistic-like characteristics. Improved 

embedded figures search capabilities have repeatedly been observed for individuals with 

an Autism Spectrum Disorder (ASD) relative to typically developing controls (de Jonge 

et al., 2006; Edgin & Pennington, 2005; Jarrold et al., 2005; Jolliffe & Baron-Cohen, 

1997; Pellicano et al., 2005; Pellicano et al., 2006; Ropar & Mitchell, 2001; Shah & 

Frith, 1983). Similarly, those with high levels of autistic-like characteristics, measured 

by high scores on the Autism-Spectrum Quotient (AQ; Baron-Cohen et al., 2001) have 

also demonstrated superior EFT performance relative to individuals with low AQs 

(Grinter, Maybery et al., 2009; Grinter, Van Beek et al., 2009; Russell-Smith et al., 

2010). However while this EFT search advantage has been observed with some 

consistency, the test has several limitations; for instance, there are a few different 

versions, some of which have a meaningful complex structure (Children‟s Embedded 

Figures Test; CEFT) whereas others do not (EFT; Witkin et al., 1971). Further, no 

version is repeatable since answers are readily remembered, and the critical factors 

which enable improved performance by those with high levels of autistic-like traits 

remain uncertain. Some have argued for a key role of weak central coherence (WCC; 

Frith, 1989; Frith & Happé, 1994), which describes a weakened ability to incorporate 

the local elements of a visual display into a global percept, however others purport that 

enhanced local processing is observed without the occurrence of any integrative or 

global deficit, coined enhanced perceptual functioning (EPF; Mottron et al., 2006). In 

this context the target shape is referred to as the local element and the overall figure the 

global aspect of the stimulus. The EFT may potentially be a useful diagnostic tool; 

however the critical differences in visual processing that it is capturing between ASD 
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groups and controls must first be identified and understood. Given that the EFT was 

designed atheoretically, it was not amenable to systematic manipulation to test which 

factors may better explain superior performance by those with high levels of autistic-

like characteristics. As such, the purpose of this thesis was to create a new visual search 

task, containing the design elements of the EFT, which allows methodical adaptation in 

order to examine what aspects of the EFT are critical to enable superior visual search 

performance.  

 

Overlap: Does it Accentuate the Relative Performance Difference Between High 

and Low AQ Groups? 

The first experimental chapter of this thesis, Chapter Two, introduced the basic 

radial frequency (RF) search task which involved detecting a target RF3 (presented 50% 

of the time) from an array of spatially discrete distracter RF4 patterns, coined the 

„singles‟ condition. The set size (SS) of the distracters varied, and a critical aspect of 

performance was measured by the change in reaction time (RT) with increasing SS. The 

aim of creating this basic search task was to allow for a template in which systematic 

manipulation could be applied in order to identify which aspects of the EFT are critical 

for enabling enhanced search performance by individuals with high autistic-like 

characteristics. RF patterns were chosen as elements as they are closed-contour simple 

shapes (e.g., RF3 patterns resemble triangles) similar to some of the simple EFT target 

shapes that contain few edges and corners. Further, these patterns can be systematically 

manipulated to alter, for instance, the overall shape of the pattern (e.g., modifying an 

RF3 into an RF4), while controlling other parameters such as the overall luminance, 

contrast, curvature variation and boundary path length of the patterns.  

Based on the task‟s name – the Embedded Figures Test, the „embeddedness‟ of 

the simple shape in the EFT was considered to be one potential aspect central to the 
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high versus low AQ group difference in performance. As the EFT involves detecting a 

simple shape that is often camouflaged through the use of overlapping elements such as 

other outlines of shapes, complexity, in terms of the amount of overlap, was 

systematically introduced to the basic RF search task. This was done for the study 

reported in Chapter Two by using the singles condition and two further conditions. For 

one of these conditions, each RF pattern was linked with an additional distracter RF4 

into pairs of RFs, and for the final condition, each pattern was linked with three 

additional RF4 patterns to form clusters of four RF patterns. The remaining distracter 

elements in the arrays were either pairs or quads of overlapping RF4s. While increasing 

the overlap of elements resulted in a more difficult search for all observers, evidenced 

by increased intercepts and steeper gradients (Chapter Two), the proportional group 

difference in RF search performance was unaffected by the amount of stimulus overlap. 

Thus, the singles condition, in which the target and distracter stimuli were non-

overlapping, was sufficient to detect a performance advantage associated with higher 

levels of autistic-like traits that was comparable to the advantage observed for the pairs 

and quads conditions. 

The study in Chapter Two replicated the previous research observations that 

EFT performance differences between individuals with ASDs and typically developing 

controls can also be obtained in comparisons of groups of individuals with high (yet 

non-clinical) versus low levels of autistic-like characteristics (Grinter, Maybery et al., 

2009; Grinter, Van Beek et al., 2009; Russell-Smith et al., 2010). This finding provides 

further support for using these more accessible groups of individuals, who are arguably 

subject to fewer confounds, to complement previous research and provide further 

insight into complex ASDs. Examining whether the performance differences between 

high and low AQ groups found on the RF search task replicate in individuals with 
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autism relative to typically developing controls would be a useful extension to the 

programme of research described here. 

 Performance across all three conditions of the RF search task correlated 

positively with performance on the EFT, providing convergent validity that the RF 

search task is tapping into the same, or similar, search processes to that enabling 

superior search performance on the EFT. Yet repeating the EFT is not possible, as the 

locations of the simple shapes are likely to be remembered following their initial 

detection. Therefore, use of the RF search task to examine visual search performance is 

encouraged as this task is easily administered and can be run repeatedly to obtain an 

accurate measure of performance and estimation of the associated error.  

 

Is Segmentation a Critical Task Component for the Differentiation of Search 

Performance for High and Low AQ Groups? 

The simple shape in the EFT is often camouflaged by other overlapping 

elements, although results from the first study in Chapter Two demonstrated that 

overlap of elements was not critical to the high versus low AQ group performance 

difference. The level of difficulty in the quads condition of the RF search task was high, 

and observers reported resorting to inspecting each quad cluster of four RF patterns in 

order to find the target RF3, potentially resulting in an implicit segmentation of the 

search display (Chapter Two). Therefore, the next study, reported in Chapter Three, 

involved examining the effect of segmentation more explicitly. A surrounding box and 

two randomly traversing lines, that connected to the box (to facilitate segmentation of 

the display), were introduced to the RF search array, as lines are a prominent feature of 

the EFT used to embed the simple shape. As stated in the EFT manual, “the sought-after 

simple figure was incorporated into the complex one but obscured perceptually by 

means of line patterns” (Witkin et al., 1971, p. 15). Inspection of EFT items highlighted 
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that the target simple shape was embedded by lines that either intersected it, ran 

alongside a contour of it thus sharing a boundary, or being near it but not directly 

touching it. However in the EFT, the addition of lines was introduced arbitrarily through 

experimentation to produce trials covering a range of difficulties, rather than in a 

systematic way grounded in theory. As such, it was uncertain which particular 

configurations of lines, if any, were critical to enabling a performance difference 

between those with high versus those with low levels of autistic-like characteristics. The 

search task reported in Chapter Three still required detecting a target RF3 amongst a 

varying number of distracter RF4 patterns; however two lines were systematically 

added to a base no-lines (NL) condition, similar to the singles condition reported in 

Chapter Two. One of the two lines either ran alongside a target (LAT) or distracter 

(LAD), intersected a target (LIT) or distracter (LID), or was near to but did not touch a 

target (LNT) or distracter (LND).   

Results of Chapter Three demonstrated that the high AQ group retained a 

consistent proportional search advantage over the low AQ group across all conditions – 

with or without lines – illustrated in relatively lower RT versus SS gradients. The 

addition of segmenting lines slowed performance of both the high and low AQ groups, 

but this was by a similar amount. This slowing of performance was consistent with 

demonstration by previous researchers who have examined the impact of clutter on 

search performance and reported that clutter acts in a manner equivalent to an addition 

to SS, resulting in an overall increase in intercept (Henderson et al., 2009; Wolfe et al., 

2002). Thus, segmentation and grouping created by intersecting lines did not further 

differentiate the groups and is therefore also unlikely to be a critical factor underlying 

enhanced EFT performance by individuals with high levels of autistic-like 

characteristics.  
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Notably, again, slope indices of performance for all conditions of the RF search 

task in Chapter Three were significantly correlated with performance on the EFT, 

providing further convergent validity of the RF search task and suggestive of some 

similar underlying processes being utilised to complete both tasks. In addition, this 

study replicates the previous experimental findings of superior performance on the RF 

search task by high relative to low AQ groups reported in Chapter Two in new groups 

of individuals.  

 

Does Variety in the Distracter Elements Enhance Performance Differences 

Between High and Low AQ Groups? 

Given that neither overlapping elements nor segmentation through additional 

lines enhanced the performance difference between high and low AQ groups, a different 

approach was taken in Chapter Four to examine the potential basis of enhanced high 

AQ performance. While Chapters Two and Three involved manipulation of the spatial 

context of the RF patterns or field that the RF3 and RF4 elements were presented in, 

respectively, the four experiments reported in Chapter Four involved various 

manipulations of the elements within the field while the search context that the target 

and distracter stimuli were presented in remained the same. As described at various 

points in this thesis, RF patterns are able to provide evidence of either local or global 

contributions to shape discrimination, irrespective of their size (Loffler et al., 2003). 

This well-defined aspect of RF patterns allows for direct comparison between searching 

for a locally- or globally-processed shape. Examination of local and global processing 

has been central in the ASD research literature, as researchers have proposed that 

enhanced local processing, with either intact or weaker global processing may underpin 

many of the functional peculiarities in ASDs (see Simmons et al., 2010, for a review). 

However, the terms „local‟ and „global‟ have been ascribed a variety of meanings, for 
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instance, at times they refer to underlying neural mechanisms, while in other instances 

they pertain to more surface level visual information. For example, when discussing the 

EFT the target shape has been described as the local feature even though it may be a 

shape processed by global contour integration mechanisms. As a result of these varied 

and, at times, poorly described use of the terms „local‟ and „global‟, difficulty arises in 

reconciling findings and drawing conclusions. One property of RF patterns is that they 

provide evidence of either local or global closed-contour processing mechanisms 

(Loffler et al., 2003). While we use the terms „local‟ and „global‟ in a very specific 

sense which refers to processing of simple forms rather than the broader processing of 

„context‟, the benefit is that the terms are specific and well-defined in the visual 

processing literature. For instance high RF patterns (RF>10) provide evidence of local 

processing, whereby ability to discriminate the RF contour from a perfect circle 

increases with additional number of cycles of deformation presented on the RF contour, 

with the rate of improvement comparable to that predicted by probability summation 

(Graham, 1989). However, for patterns  with an RF less than approximately 10, the rate 

of improvement in detection thresholds is greater than that predicted by probability 

summation, demonstrating global integration of information around the whole contour 

(Loffler et al., 2003). While established theories that account for differences in local and 

global processing by individuals with an ASD relative to typically developing controls 

have not made direct predictions regarding the detection or integration of RF contours, 

we chose to use these stimuli based on previous research that illustrates the capacity of 

RF patterns to demonstrate either local or global mechanisms at this specified level of 

processing (Bell & Badcock, 2008; Loffler et al., 2003; Poirier & Wilson, 2006). The 

target patterns in the EFT vary in the number of included corners and some fall in the 

global RF range while others fall in the local range. This factor was directly controlled 

in Chapter Four. 
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The first two experiments in Chapter Four examined whether the high AQ-low 

AQ performance difference is affected when searching for a target RF3 amongst a 

variety of globally-processed distracter RF patterns (RF4s, RF5s, and RF6s; Experiment 

2), rather than amongst instances of one type of distracter (RF4; Experiment 1). This 

manipulation was of additional interest because, in the EFT, the distracting elements are 

not a uniform array of the same element and so we wished to introduce variety to the 

distracters to determine whether this feature affects performance differences. Consistent 

with previous research (Duncan & Humphreys, 1989), the search efficiency of both 

groups was decreased by increasing distracter heterogeneity in Experiment 2. However 

the relative difference between groups was comparable regardless of the amount of 

distracter heterogeneity, demonstrating that the visual search performance differences 

between groups with high and low AQs is unaffected by the increased diversity of 

distracters.  

Performance on the EFT by both groups again revealed a high AQ group 

advantage. Correlational analyses demonstrated that AQ scores were more strongly 

correlated with slopes from the RF search task than it was with EFT RTs. Additionally, 

we demonstrated again in two new groups of observers an RF search advantage in high 

relative to low AQ groups, supporting further use of this easily-administered and 

repeatable task. 

 

Local vs. global closed-contour processing: What can we learn from the RF search 

task? 

Experiments 3 and 4 in Chapter Four sought to manipulate the elements of the 

search task to examine the influence of local (as opposed to global) contour detection 

processes in the superior visual search demonstrated by high AQ scorers. Experiments 1 

and 2 employed suprathreshold-modulation low RF patterns which are processed using 
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global mechanisms (Bell et al., 2009; Bell et al., 2010; Bell & Kingdom, 2009) and 

observed consistent superiority in search performance for the high relative to the low 

AQ group. The last two experiments reported in Chapter 4 sought to determine whether 

the high AQ group performance advantage would remain when locally-processed RF 

stimuli (Poirier & Wilson, 2006) were employed as the pattern elements. Experiment 3 

employed high RF patterns (target RF12 amongst distracter RF16s) and Experiment 4 

used segments (one corner) of RF3 and RF4 patterns to disable the global mechanisms 

and transform the task to one of curvature discrimination. Results of these two 

experiments demonstrated that the same relative search performance advantage for the 

high AQ group obtained when globally-processed RF patterns were utilised (in 

Experiments 1 and 2) was also achieved with locally-processed closed contour RF 

patterns (Experiment 3). In addition, pieces of the contours were also sufficient to 

obtain the high versus low AQ group difference in search efficiency (Experiment 4), so 

the closing of the contour was not essential for that result, although there was a 

substantial performance cost for both groups when the contours were not closed.  

Several researchers argue for enhanced local processing by individuals with high 

levels of autistic-like traits (Happé & Frith, 2006; Mottron & Burack, 2001; Mottron et 

al., 2006). While researchers often use the term „local‟ to describe various levels of 

processing, more recent work by Grinter et al. (2010) described children with ASDs as 

having weaker global processing with intact local processing following administration 

of an RF modulation-detection threshold task. Results of the four RF search tasks 

employed in Chapter Four suggest that at this level of processing in RF patterns, high 

AQ performance is not further enhanced when the task involves either detecting locally-

processed closed-contour-stimuli equated for local curvature or the elementary 

curvature discriminations that feed the RF detection process. Interestingly, while the 

four RF search tasks utilised in Chapter Four employed a variety of scalable levels of 
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difficulty, the high AQ group maintained a consistent advantage in visual search 

performance over the low AQ group, illustrated by comparable ratios between the high 

and low AQ groups‟ gradients for RT as a function of SS. Despite the wide range of 

absolute gradients, it might be argued that the superior high AQ group performance is 

due to enhanced local processing in all four experiments. Therefore, an explicit test of 

global integration was conducted as part of the research reported in Chapter Five. 

Alternatively, superior search performance by the high AQ group across all four 

experiments in Chapter Four could be due to enhanced local processing of curvature in 

early stages of the form vision pathway and superior global closed-contour detection of 

shape primitives. However, it is more probable that a superior search process enables a 

consistent search advantage at both levels of closed-contour processing and that the 

„local‟ or „global‟ character of the stimuli is not central to the outcome. 

 

An Explicit Test of Global Closed-Contour Processing: The RF Integration Task 

While the studies reported in Chapters Two, Three, and Four manipulated the 

spatial context of RF elements, the visual search field the elements were presented in, 

and the elements within the search field, respectively, the study reported in Chapter Five 

instead manipulated the individual RF element by varying the number of lobes present 

on an RF3 pattern using an established method to examine global closed-contour 

integration ability (Loffler et al., 2003). The aim of this manipulation was to determine 

whether these specific global shape processing mechanisms differed in sensitivity in 

groups with high versus low levels of autistic-like characteristics. This was of particular 

interest as some researchers have previously suggested that individuals with autism are 

better able to discriminate between stimulus features than are neurotypical controls 

(O'Riordan & Plaisted, 2001; O'Riordan et al., 2001). Others have maintained that 

individuals with high levels of autistic-like traits may have weaker global pooling 
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(Frith, 1989; Frith & Happé, 1994; Grinter et al., 2010; Happé, 1996, 1999; Happé & 

Booth, 2008; Shah & Frith, 1983, 1993), but these studies vary in the visual mechanism 

that would be required for the global operations. Grinter et al. (2010) found that 

children with an ASD had poorer RF3 detection thresholds when three lobes were 

present on the RF3 pattern, relative to typically developing controls, highlighting the 

consistency of their findings with the notion of WCC. We were interested in 

determining whether the proposition of weaker global pooling associated with autistic 

traits would be supported for the global integration of visual information around a 

closed RF3 contour, which is similar to the targets employed in the EFT. Again, 

performance of two new groups of individuals with either high or low AQs 

demonstrated superior visual search on the EFT and a simple RF search task. There was 

no significant difference in detection thresholds between the two groups at each number 

of cycles on the RF integration task. Note that this finding is inconsistent with Grinter et 

al., (2010) and thus future work needs to ascertain the developmental sequence of 

performance on this task to determine whether group differences change with age or 

clinical versus non-clinical status. Both high and low AQ groups demonstrated global 

integration of visual information around the closed RF contour and, moreover, the high 

AQ group displayed greater integration of the visual information available. That is, 

while individual variation resulted in a  nonsignificant difference in detection threshold 

between groups in each condition (1, 2, or 3 number of cycles presented on the RF3 

pattern), the integration slopes for the high AQ group members were significantly 

steeper relative to those of the low AQ group. 

Previous models of differential performance by individuals with high levels of 

autistic characteristics relative to typically developing controls have suggested the 

former group are characterised by the same or superior low-level processing combined 

with poorer global processing (WCC; Frith, 1989; Frith & Happé, 1994; Happé, 1996, 
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1999; Shah & Frith, 1983, 1993) or superior local processing combined with intact 

global processing (EPF; Manjaly et al., 2007; Mottron, Burack et al., 1999; Mottron et 

al., 2006; Ozonoff et al., 1994; Plaisted et al., 1999). However no current model makes 

direct predictions regarding performance on the RF integration task. In Chapter Five we 

suggest that greater ability of the high AQ group to integrate information around the RF 

contour and thus define and differentiate these global shapes may allow for improved 

ability to segment the target RF pattern from distracter items in the RF search task. 

However we note that this explanation does not account for the superior search ability 

in high autistic-like trait individuals observed in Chapter Four when targets and 

distracters were only segments of the RF patterns and thus no longer closed-contours. 

Another possible suggestion is that the high AQ group may have a wider field of 

effective vision which enables their superior performance on the RF search task. 

Previous studies analysing eye movements during search tasks reported that individuals 

with ASDs made fewer fixations (Kemner et al., 2008), appeared to localise the targets 

without moving their eyes (Kemner et al., 2008), and made fewer fixations to the outer 

eccentricities of the visual search display (Joseph et al., 2009) relative to age- and IQ-

matched typically developing controls. That is, greater ability of individuals with high 

autistic-like traits to process a wider area of the visual display and thus process a single 

display faster would reduce the impact of the increasing SS in the search tasks and thus 

generate shallower gradients. These findings are consistent with our suggestion that 

individuals with high levels of autistic-like traits may have enhanced capacity for 

attention to capture a broader visual spatial field, allowing them to process a single 

display faster by reducing the number of required eye-movements and fixations. This 

combined with normal inspection times would allow them to perform better on the RF 

search tasks. There is already evidence that children with autism require the same 

inspection times to make a visual perception judgement (e.g., which of two lines is 
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longer) as age-matched typically developing controls, despite their significantly lower 

IQ levels relative to this control group and their inspection times are shorter than those 

of an IQ-matched group  (Scheuffgen, Happé, Anderson, & Frith, 2000). In the studies 

reported in this thesis, groups were matched for IQ and thus our high AQ participants 

may have had shorter inspection times. However, a broader visual spatial field and 

faster processing of a single view does not explain the enhanced integration of a closed-

contour seen in the high AQ group relative to the low AQ group. Thus further 

exploration is required to determine the nature of this superiority. Importantly, this final 

study demonstrates enhanced visual performance by those with high autistic-like traits 

on a novel integration task in which particular global closed-contour processes can be 

quantitatively identified. 

 

The RF Search Task: An Improved Measure of Visual Search Performance 

As described in various chapters of this thesis, the demonstration of distinct 

global and local mechanisms for processing low and high RF patterns respectively (Bell 

& Badcock, 2008; Loffler, 2008; Loffler et al., 2003; Poirier & Wilson, 2006) provides 

a rationale for utilising RF patterns as stimuli in a visual search task, as they allow for 

systematic variation in order to explore various potential components enabling superior 

visual search. In addition, RF patterns are closed-contour stimuli which can be 

manipulated to resemble simple shapes, such as those employed as targets in the EFT. 

The simple target shapes in the EFT vary in the number of corners they contain, such 

that some are similar to locally processed RF patterns and others to globally processed 

RF patterns. We show conclusively that the global or local processing of the closed-

contour is not critical to the group difference. In addition, across all studies of this thesis 

that examined various manipulations of the RF search task and EFT ability, 

performance on both search tasks was always significantly positively correlated, 
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providing convergent validity for our task and suggesting that critical visual processes 

are invoked for both the RF search task and the EFT (Almeida et al., 2010a, 2010b).  

Another benefit of the RF search task is that it uses the gradient of RT as a 

function of increasing SS as an index of performance; this differs from the measure of 

EFT performance, which takes the average RT across all trials. The EFT measure of 

performance is limited in its ability to further understanding of the underlying factors 

contributing to the performance difference between groups, as the EFT involves 12 

different trials, across which the simple and complex shapes presented vary 

significantly in terms of composition and level of difficulty. As performance is recorded 

as the average time taken to detect the simple shape across the 12 diverse trials, an 

individual‟s performance provides little information regarding which aspects of the EFT 

contributed to generating the averaged score. The RF search task created in this thesis 

allows for the gradient of the RT vs. SS function to be calculated, through varying the 

number of distracter elements present in each display. Performance could then be 

compared between the high and low AQ groups by examining the ratio of the high AQ 

group gradient to the low AQ group gradient. The advantage of this method of 

describing performance is that as potential aspects that may impact visual search are 

examined in different conditions, the ratio of the high and low AQ groups‟ gradients can 

be compared across conditions, to ascertain whether any manipulation has been 

effective in enhancing or diminishing the performance differential between groups. 

A final and perhaps most valuable property of the RF search task is that it can be 

repeated numerous times in order to provide a reliable measure of performance. This is 

not possible with the EFT, as once the simple shape had been identified successfully in 

the complex figure, memory of its location would confound any assessment of an 

individual‟s search performance using the same version of the test at some point in the 

future. Thus performance on repetitions of the EFT would be confounded; similar 
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administration restrictions do not apply to the RF search task as the position of the 

target is randomised across trials, thus memory of the target location does not aid future 

performance. As performance on the EFT was significantly correlated with performance 

on the RF search task, we recommend future use of the RF search task to examine 

visual search performance in the autism spectrum. 

 

Final Thoughts 

In summary, this thesis has presented a visual search task, and then manipulated 

the task in various ways to explore potential aspects which may result in performance 

superiority for individuals with high levels of autistic-like traits relative to individuals 

with low levels of such traits. Chapters Two to Five respectively examined the impact 

of (a) increasing complexity through introducing overlap; (b) segmentation through the 

introduction of lines; (c) the effect of increasing distracter heterogeneity; (d) search 

ability when target shape detection required either global or local processing 

mechanisms; and, (e) the ability to globally integrate information around a closed 

contour. Results of the studies in Chapters Two, Three, and Four demonstrated that the 

critical part of the EFT is likely to be the search component, as other factors were 

shown to be unimportant.  

Researchers have demonstrated that inspection time, that is, the stimulus 

presentation time required to make a visual perception judgement is correlated with 

visual search task performance (Garaas & Pomplun, 2008). Further, it was demonstrated 

that children with autism whose IQ was one SD below the normative mean had the 

same inspection times as age-matched typically developing children, even though this 

latter group‟s IQ was one SD above the normative mean (Scheuffgen et al., 2000). Our 

research using the RF integration task in Chapter Five demonstrated enhanced ability by 

the high AQ group to globally integrate information around a closed-contour pattern, 
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and performance on this task was significantly correlated with performance on the RF 

search task. We suggest that a potential explanation may involve high AQ individuals 

having an enhanced capacity for attention to capture a broader visual spatial field and 

shorter inspection times, which would enable processing a single view more efficiently. 

This explanation requires further direct exploration which could be accomplished 

through analysing eye movements of ASD samples on the RF search task or by 

examining the relationship between inspection time and RF search task performance. 

Although WCC and EPF theories do not make direct predictions regarding 

performance on the RF search and integration tasks, neither of these theories adequately 

explains the results of this thesis. WCC proposes a deficit in the ability to integrate 

contextual information and as such, performance superiority on the EFT was argued to 

result from limited processing of the gestalt of the complex figure and thus greater 

access to the local elements of which it is comprised (Frith, 1989; Frith & Happé, 1994; 

Happé, 1996, 1999; Shah & Frith, 1983, 1993). If this reasoning was applicable here, 

then varying the degree of complexity in the stimulus display, to mimic complexity 

found in the EFT, should result in larger differences between high and low AQ groups. 

However this was not the case and the same relative difference in performance between 

high and low AQ groups was observed regardless of the manipulations performed. Our 

results are also unable to be explained by any broad interpretation of accounts that 

propose individuals with ASDs have superior ability for low-level processing with 

intact global processing (Mottron & Burack, 2001; Mottron et al., 2006), as we 

observed superior low-level processing, and when the task required it, superior – rather 

than intact – global closed-contour processing. This highlights the need for researchers 

to move away from the terms „local‟ and „global‟, which are evidently not all-

encompassing, and rather focus on the specific underlying visual and cognitive 

processes required to perform the tasks. 
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The aim of this thesis was to further understand which aspects of the EFT enable 

superior performance by those with high relative to low autistic-like traits. We 

examined a variety of potential factors that may play a central role in the observed 

performance difference, yet repeatedly demonstrated comparable relative superiority by 

high AQ groups relative to low AQ groups across the multiple variations of the RF 

search task (Almeida et al., 2010a, 2010b). Significant correlations between RF search 

task slopes and EFT RTs were observed consistently throughout the various studies, 

signifying that they may be tapping similar visual search processes, however we 

recommend use of the RF search task, which is easily administered and repeatable, 

providing a more accurate measure of performance and estimation of the associated 

error. This thesis also presents a new method for investigating visual-processing 

differences between groups with high and low levels of autistic-like traits using the RF 

integration task, where particular global processes can be quantitatively identified. In 

summary, while the EFT has regularly demonstrated superior performance by those 

with high levels of autistic-like characteristics relative to control samples (Jolliffe & 

Baron-Cohen, 1997; Shah & Frith, 1983; Simmons et al., 2010), it was previously 

uncertain what precise enhanced abilities were being demonstrated. This thesis has 

revealed that the performance difference on the EFT is in fact not likely to be about the 

level of „embeddedness‟ of the target components. Rather, comparable superior search 

ability in high AQ scorers was observed regardless of the level of complexity of the 

stimulus displays, rendering such difficulty unnecessary. 
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