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Abstract

People with autism spectrum disorders (ASD) have atypical visual perception of global and local

information. Previous neuroimaging studies have examined the functional anatomy of locally-

directed attention during visual processing in ASD, but few have examined differences in both

globally-and locally-directed attention. We performed functional magnetic resonance imaging

(fMRI) in 17 adults with ASD and 16 typically developing (TD) subjects to examine the

neurobiology of both global- and local- level information processing in ASD using an abstract

hierarchical design task. TD subjects showed no regions of increased brain activation relative to

subjects with ASD using whole brain analysis. Subjects with ASD exhibited greater activation in

right superior frontal gyrus during locally directed attention. During globally directed attention,

the ASD group showed greater right lateral occipital activation. Additionally, subjects with ASD

showed less deactivation in medial prefrontal cortex (part of the default mode network) in the

globally directed attention condition. Our findings help elucidate networks of brain activation

related to atyipcal global and local feature processing in ASD.
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1. Introduction

Autism spectrum disorders (ASD) are characterized by impaired social interaction and

communication accompanied by repetitive behaviors and restricted interests (American

Psychiatric Association, 2000). Despite the characterization of the disorder as a constellation

of deficits, there may also be relative advantages. One such advantage is an enhanced ability
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to focus on details, exemplified by superior performance on visual search tasks such as the

Embedded Figures Task (EFT) (Shah and Frith, 1983; Jolliffe and Baron-Cohen, 1997;

Frith, 2003). The EFT involves searching for a particular shape within a larger, more

complex figure (Briskman et al., 2001; Happé and Frith, 2006). At least two major theories

attempt to explain how this constellation of symptoms and advantages might arise. One

theory, known as weak central coherence (WCC), proposes that people with ASD exhibit a

preference for local details compared with global perception whereas most people show a

strong bias for global, holistic perception (Happé and Frith, 2006). The WCC theory

emphasizes a relative primacy of local processing and a deficit in global processing

(although recent revisions have altered this to ambivalence regarding impairment in global

processing). A second theory known as enhanced perceptual functioning (EPF) posits that

the default setting of autistic perception is more locally oriented than that of typically

developing persons, without deficits in the processing of global aspects of information

(Mottron et al., 2006; Wang et al., 2007). A major difference between the theories is that the

revised WCC emphasizes enhanced local processing while remaining undecided regarding

inferior global processing; whereas, EPF emphasizes that persons with ASD can process

globally when required. Although several neuroimaging studies have attempted to provide a

functional neuroanatomic understanding of these concepts, continued exploration is needed

to provide a robust explanation of pathways underlying altered visual processing in ASD.

Individuals with ASD perform atypically on a range of tasks involving integration of parts

and wholes (Happe and Booth, 2008). In the visual domain, subjects with ASD have shown

preserved or superior performance of the Block Design subtest of the Wechsler Intelligence

Scales and the EFT (Briskman et al., 2001; Happé and Frith, 2006). Other studies have

shown performance on the EFT equivalent to that of typically developing (TD) subjects

(Brian and Bryson, 1996; Ring et al., 1999). It is noteworthy that in the EFT, attention to the

global form confers no advantage on target identification. Presumably, ASD participants

perform better than intelligence quotient (IQ)-matched controls because they show a reduced

global attention, enhanced local attention, or both. Other studies have also demonstrated the

relative advantage in locally directed attention in ASD (Plaisted et al., 1998; O’Riordan et

al., 2001). Conversely, people with ASD may have difficulty with tasks that load heavily on

global perception (Happé and Frith, 2006). This was previously exemplified by studies

showing people with ASD exhibit lower performance on tasks involving the recognition of

faces—representing reduced configural processing (Behrmann et al., 2006). However, recent

evidence has shown that the deficit in face recognition is related to face memory and eye

recognition specifically, and not face recognition as a whole (Weigelt et al., 2012). These

differences exemplify atypical global and local processing increasingly thought to contribute

to the ASD endophenotype.

At least three lines of research highlight the value of functional neuroanatomic exploration

of this aspect of the neurocognitive phenotype of autism. First, one recent study found that

individuals with macrocepahly (measured by greater head circumference—an index of brain

overgrowth that is a known neurodevelopmental correlate of autism) showed evidence of

atypical local processing (White et al., 2009). Second, some broad autism phenotype studies

have identified altered global processing among parents of individuals with ASD (Baron-

Cohen and Hammer, 1997; Briskman et al., 2001). Third, in a Navon-type task participants
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with ASD were demonstrated increased local-to-global interference in naming time and

accuracy (Navon, 1977; Wang et al., 2007). These findings demonstrate the need for

continued exploration of the neuroanatomic basis of altered global and local processing in

ASD.

Neuroanatomical studies have examined global and local visual processing differences in

healthy subjects using functional magnetic resonance imaging (fMRI). Studies have shown

preferential processing of global information in the right hemisphere (RH) and local

information in the left hemisphere (LH), specifically in the right and left occipital cortex,

respectively, and in anterior cingulate and parietal areas during local recognition (Fink et al.,

1996; Martinez et al., 1997; Lux et al., 2004;). A more recent study found at least two

components produce hemispheric asymmetries of global and local visual processing

(Weissman and Woldorff, 2005). Structures that appear in task-relevant contrasts for healthy

individuals include areas such as the cuneus, middle frontal gyrus, inferior frontal gyrus,

middle occipital gyrus, superior occipital gyrus, inferior and posterior parietal regions and

superior temporal gyrus (Ring et al., 1999; Weissman and Woldorff, 2005; Lee et al., 2007;

Manjaly et al., 2007).

In ASD, functional imaging studies have focused mostly on tasks that demand attention to

local detail, and in which the global percept confers no advantage, such as the EFT. One

recent study was the first, in our knowledge, to examine global-level interference during

local processing in ASD, using a functional connectivity analysis (Liu et al., 2011). In this

study subjects had to count colored lines associated with a three-dimensional (3D) object.

The study found subjects with ASD to have a lower level of activation of executive brain

regions and synchronization between executive and posterior visuospatial regions, and

concluced that subject with ASD were less or not at all affected by the presence of a 3D

figure, whereas control subjects needed to suppress automatic processing of global

information. In fMRI studies emphasizing attention to detail, such as those using the EFT or

Hidden Figures Task (HFT), subjects with ASD have generally exhibited increased task-

related activations in posterior regions including the right cuneus, right occipital gyri and

right inferior parietal areas in adults (Ring et al., 1999), adolescents (Manjaly et al., 2007),

and children (Lee et al., 2007; Malisza et al., 2010) with ASD. Additionally, in a visual

matrix reasoning task including Raven’s Standard Progressive Matrices, subjects with ASD

demonstrated greater occipital activation combined with lesser prefrontal activation

compared with typically developing subjects (Soulieres et al., 2009). A meta-analysis using

Activation Likelihood Estimation (ALE) of fMRI studies of visual processing in ASD

demonstrated atypical allocation of activity in visual regions in ASD for object processing

(Samson et al., 2012). Objects included in that meta-analysis included nameable objects. We

are not aware, however, of studies to date examining whole brain differences in global and

local processing in ASD using an abstract hierarchical figure (as opposed to namable letters

such as in traditional Navon-type tasks). Using a hierarchical abstract figure reduces

confounding cognitive processes from mental identification of letters, numbers, or other

nameable objects, thus focusing on visual perception alone. Therefore, neural processes

known to be involved with reading are avoided and the emphasis is placed on processes

related to early visual perception and attention.
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The goal of the present study was to examine whole brain differences in both local- and

global-level attention in ASD using a hierarchical, abstract shape recognition task (Martinez

et al., 1997). We hypothesized greater activation of primary visual cortex and other visual

areas in subjects with ASD in both global- and local- conditions. Additionally, we predicted

that the ASD group would exhibit decreased activity in the right hemisphere during the

global condition, and increased left hemispheric activity in the local condition.

2. Methods

2. 1. Participants

The study included 33 adult participants −17 individuals with ASD (high functioning

autistic disorder or Asperger syndrome) (mean age 32, range 18–55, of which 3 were

female), and 16 typically developing (TD) subjects (mean age 33, range 18–55, of which 3

were female). Subjects were matched for age, gender, intelligence quotient (IQ; using the

Wechsler Abreviated Scale of Intelligence or WASI), and socioeconomic status. See Table 1

for demographic information. Diagnoses were confirmed with the Autism Diagnostic

Observation Schedule -Generic (ADOS-G) and DSM-IV checklist completed by an

experienced clinician (SH). Nine subjects in the ASD group met clinical criteria criteria (via

the DSM-IV checklist) for Autistic Disorder and 8 for Asperger syndrome. All met criteria

for Autistic Disorder on the ADOS-G. Full scale IQ for all subjects was greater than 70.

Exclusion criteria were any known seizure disorder or single-gene genetic association with

autism such as fragile X, tuberous sclerosis, etc. In addition, typically developing subjects

were screened for any personal or family history of a developmental disorder, Axis I illness

or neurological disorder. All subjects gave written consent to participate in the research

consistent with the Declaration of Helsinki and the local guidelines of the Colorado Multiple

Institution Review Board.

2. 2. fMRI Task Design and Stimuli

During fMRI sessions, subjects were engaged in a hierarchical shape recognition task

conducted in a blocked fashion (Martinez et al., 1997). There were 3 task conditions: 1)

attend to the global pattern level, 2) attend to the local pattern, or 3) watch a control stimulus

(see Figure I). The stimuli were abstract shapes comprised of smaller abstract shapes. The

control condition consisted of passive viewing of grey squares and was alternated between

blocks of attending to local or global patterns. Prior to entering the magnet, subjects were

presented with a practice module using E-Prime to verify understanding of the task. Subjects

were asked the following: “Silently count the number of figures that match the global (or

local) target figure; you will be asked to state how many matching figures you counted”.

The target figure appeared in each block 11 to 13 percent (only at the attended level). Each

global- and local- block lasted for 20 seconds and was repeated 12 times per condition.

Control blocks also lasted 20 seconds and were repeated 24 times. Block order was

counterbalanced by subject, with every other subject starting with the global block, the

remaining with the local block. The total experiment comprised of 24 blocks of attention to

shape (12 at each level) and 24 interspersed control blocks, for a total task duration of 16

min (20 seconds per block * 48 blocks = 960 sec or 16 min). Stimuli were presented to
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subjects in the magnet using MR-compatible goggles (Resonance Technology, Inc.) using E-

Prime.

2.3. Image Acquisition

T2* images were acquired on a 3T GE Signa using an 8-channel coil. A high-resolution T1-

weighted anatomical scan was acquired for each subject for coregistration to functional data

(inversion recovery spoiled gradient-recall acquisition [IR-SPGR], repetition time=9 msec,

echo time=1.9 msec, inversion time=500 msec, flip angle=10 degrees, matrix=256×256,

field of view=220 mm2, 124 coronal slices 1.7 mm thick). Functional images were acquired

with a gradient-echo T2* blood-oxygen-level-dependent (BOLD) contrast technique

(repetition time=2000 msec, echo time=30 msec, field of view=220 mm2, 64×64 matrix, 31

slices 4 mm thick, no gap, angled parallel to the planum sphenoidale). A total of 480 EPI

volumes were acquired, plus 4 additional “dummy” scans to achieve a T1 relaxation steady-

state. Additionally, one inversion recovery-echo planar imaging (IR-EPI) volume (inversion

time=505 msec) was acquired to improve co-registration between the functional and

anatomical scans. Head motion was minimized with a VacFix head-conforming vacuum

cushion (Par Scientific A/S, Odense, Denmark).

2.4. fMRI Data Analysis

Data were analyzed using SPM8 (Wellcome Department of Imaging Neuroscience,

London). After discarding the first four scans from each run for saturation effects, data from

each participant were realigned to the first volume, and normalized to the Montreal

Neurological Institute (MNI) template using a gray-matter-segmented IR-EPI as an

intermediate and smoothed with a 6-mm full width at half maximum Gaussian kernel. Data

were evaluated using the GLM in a random effects analysis. Contrasts of interest were

generated for each subject at the first level to account for the variability of the data on a

voxel by voxel basis, using an HRF-convolved boxcar function. A 128 s high pass filter was

applied to remove low frequency fluctuation in the BOLD signal and a first-order

autocorrelation model, AR(1), was used to address temporal autocorrelations. Six motion

parameters (x, y and z translation and rotation) were included at the first level to model and

remove the effects of subject motion. Subjects with head motion exceeding one voxel (two

subjects from the control group and one subject with ASD) were excluded from analysis.

The total number of subjects (N=33) reported in our analysis does not include these three

subjects.

At the first-level (within-subject), contrasts were created for global- and local-conditions

versus control condition for each group (ASD and TD). Additional contrasts were formed

for the global condition compared to the local condition for group-wise analyses at the

second level.

Second level, group-wise analysis was performed to incorporate both within subject and

between subject variance, using one-sample t-tests to compare the first level contrasts

(global > control and local > control) within each group and two-sample t tests to compare

contrasts (global > control, local > control, global < local and global > local) between

groups. Additionally, to improve statistical sensitivity, results were masked with a gray-
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matter mask consisting of the average gray matter from their unified segmentation from their

T1 scans. To control for multiple comparisons, the AlphaSim program from Analysis of

Functional Neuroimages (AFNI) was used with 10,000 Monte Carlo simulations to yield a

combined height threshold of p < 0.01 and 34 voxels for a whole brain FWE of p < 0.05.

Additionally, in order to examine lateralization of brain activation for expected activations

in the occipital and temporal regions, predefined 6 mm spherical regions of interest (ROI)

were examined, centered on the MNI coordinates +/− 43.33x, −56.44y and −5.74z (lateral-

occipital) and +/− 14.96x, −68.02y and 36.82z (occipito-temporal). The MNI coordinates

were converted from Talairach-space to MNI space using the tal2icbm_spm function from

GingerAle (Eickhoff et al., 2009). These coordinates were taken from the prior published

work from which we adapted this task (Martinez et al., 1997), for the ROI exhibiting the

greatest activations in the attend-global or attend-local conditions. Within each ROI,

weighted means were calculated using the Lateralization Index (LI) toolbox for SPM8

(Wilke and Lidzba, 2007). The LI measure ranges from 1 (entirely left lateralized) to −1

(entirely right lateralized). A 2 × 2 × 2 (group by condition by region) mixed design

ANOVA, with group as a between subjects factor, condition (global or local) and region

(occipital or temporal) as within subjects factors, was evaluated in SPSS, version 19.

3. Results

3.1 Within-group task results

The within-group pattern of activation for both groups and both attention conditions (local >

control and global > control) was similar for both ASD and typically developing subjects

and included activation of attention and cognitive control networks (bilateral parietal BA7,

frontal operculum, dorsolateral prefrontal cortex and pre-supplemental motor area/cingulate

gyrus), as well as early activation of ventral visual stream regions including the lateral

occipital cortex. (Table 2, Figure 2).

3.2. Comparisons between TD and ASD group

No areas were found in which typically developing subjects showed greater activation than

subjects with ASD, in either the global- or local- conditions. The ASD group showed greater

activation than TD subjects in right prefrontal cortex for local > control and right lateral

occipital cortex for global > control (Table 3, Figure 3). The ASD group showed less

deactivation than the TD group in medial prefrontal cortex in both clusters (calculated using

percent signal change, see Figure 4) in the global > local contrast. Participants in both

groups were all at the performance ceiling for the task and there were no significant

differences between groups (i.e., no variance to evaluate).

3.3. Lateralization of Brain Activation

There were no significant effects of group or condition on the LI measure. There was,

however, a significant effect of region, F(1, 31)=35.86, p < 0.001, indicating that the lateral-

occipital ROI was more left lateralized (0.29 +/− 0.07) while the occipito-temporal ROI was

more right lateralized (−0.20 +/− 0.08). The group by condition was also significant,

F(1,31)=5.03, p < 0.04. The group by region interaction was non-significant. Post-hoc
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testing revealed that for TD subjects only, there was change in lateralization between

conditions (greater in the global condition) in both ROI, but in opposing directions for each

ROI (i.e., the lateral-occipital was more left lateralized in the global condition than in the

local, and the occipito-temporal ROI was more right lateralized in the global condition than

in the local, both p < 0.02). Subjects with ASD exhibited no significant differences in

lateralization between conditions.

4. Discussion

The present study used a hierarchical abstract shape recognition task to examine both global-

and local- level visual processing differences in subjects with ASD. Compared with previous

studies that have employed the EFT, HFT, or used functional connectivity analysis, our

study separately examines both local- and global- level processing, using a whole brain

comparison. In general, both groups showed a similar pattern of activation of early visual

areas including lateral occipital region, and attention and cognitive control networks

including dorsolateral prefrontal areas, superior parietal and frontal operculum. In the

comparison between TD and ASD groups, the following areas were found to be

differentially activated in the group with ASD: 1) increased activation of right lateral

occipital areas in the global condition, 2) increased activation of right prefrontal cortex in

the local condition; and 3) decreased deactivation of medial prefrontal cortex in the global

condition. We next discuss each of these findings in turn and consider the possible relevance

to the autism phenotype.

4.1 Early Visual Processing

As expected, both ASD and TD groups were found to activate bilateral ventral visual

processing stream including bilateral middle and lateral occipital areas during both local and

global conditions. In the group comparison, subjects with ASD showed greater right lateral

occipital activation than TD subjects in the global condition. In a recent meta-analysis

including evaluation of “object” processing using fMRI ALE analysis, Samson and

colleagues demonstrated increased activation in occipital areas in ASD, consistent with

findings in our study. These findings also correspond to those in previous studies examining

only local-level attention using the EFT (Ring et al., 1999; Lee et al., 2007; Manjaly et al.,

2007).

Both the lateral-occipital ROI and the occipito-parietal ROI exhibited significant

lateralization effects. The lateral-occipital ROI was left lateralized and the occipito-parietal

ROI was right lateralized. Only control subjects exhibited changes in lateralization due to

attention focus during the task, showing increases in lateralization in the global condition for

both ROI. For the occipito-parietal ROI, this increase in right lateralization during attention

to global form is consistent with the previous work of Martinez et al. (1997). Increased left-

lateralization of lateral-occipital regions was not observed in the Martinez et al. (1997)

study, however. For TD subjects, an asymmetry for global processing emerges at the latter

site (occipito-temporal) as would be predicted. This emergence of asymmetry was not found

for subjects with ASD. Diminished lateralization has recently been demonstrated as a

finding frequently found in fMRI studies of ASD (Philip et al., 2012; Samson et al., 2012).

Gadgil et al. Page 7

Psychiatry Res. Author manuscript; available in PMC 2014 August 30.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



4.2 Executive Function/Cognitive Control/Attention

Both groups showed activation of attention and cognitive control networks including

bilateral dorsolateral prefrontal cortex; bilateral frontal operculum; and superior parietal

areas, which corresponds with findings in previous studies (Ring et al., 1999; Lee et al.,

2007; Manjaly et al., 2007; Malisza et al., 2010). The ASD group showed increased

activation of right prefrontal cortex compared to the TD group in the local condition

compared with the control condition. Right prefrontal cortex has been associated with

nonverbal working memory (Smith and Jonides, 1999) and with visual memory, specifically

memory related to non-nameable objects similar to those used in our study (Buckner et al.,

1999). In ASD, studies have shown increased right-sided prefrontal cortex activation in

tasks involving visual memory (Koshino et al., 2005). Thus, in our study, the finding of

increased right-sided prefrontal cortex activation during the local condition is consistent

with the broader literature.

Given that the demand characteristics of the EFT involve locating embedded features that

have no meaningful relationship to the global form, it makes sense that reduced top down

processing and enhanced bottom up processing would yield superior performance. Indeed,

this argument has been advanced for superior performance in visual search (Joseph et al.,

2009). In a behavioral visual search paradigm, Joseph and colleagues performed a number of

task manipulations in order to eliminate possible arguments favoring top down control (e.g.,

superior deployment of attention), and concluded that superior performance was associated

with enhanced perception of featural information.

Of course, visual perception tasks involving hierarchical designs differ from the EFT in

important ways. In the present paradigm, participants were directed to attend to either the

global- or local-level in alternate blocks. Thus, the task does not involve locating a local

element within a global context. Rather, successful performance requires the deployment of

attention to one level or the other and the resistance of conflict from shapes at the irrelevant

level—an attentional demand not clearly present in visual search or in the EFT. Extensive

evidence has demonstrated that typically developing individuals experience greater global

attention (Kimchi, 1992). However recent evidence supports the existence of local bias

among some individuals within the normal population. Billington et al. (2008) investigated

the relationship between “systemizing”—a characteristic of the cognitive phenotype of

autism — in typically developing individuals. During a hierarchical Navon type task,

subjects were scanned using fMRI in a global and local block (Billington et al., 2008). They

examined whether autistic symptomatology in a typically developing sample relates to

neural mechanisms of global-local processing. As in ASD, systemizing in normally

developing individuals was correlated with relatively greater attention to local level

information and, importantly, among high systemizers, conflict was associated with

relatively stronger activation of lateral prefrontal cortex—a pattern that has been associated

with maintaining attentional set, particularly under conditions involving interference

(Banich et al., 2000; Weissman et al., 2002; Fan et al., 2003)—including that in our study.

Gadgil et al. Page 8

Psychiatry Res. Author manuscript; available in PMC 2014 August 30.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



4.3 Medial Prefrontal Cortex

Medial prefrontal cortex (MPFC) is a key hub of the default mode network (DMN)

(Buckner et al., 2008). This structure—part of a baseline network of structures—is thought

to be activated in the mind’s resting state, and deactivated during task-related functional

activity (Raichle and Snyder, 2007). In numerous studies of healthy control subjects, MPFC

is consistently deactivated during task positive processing in fMRI and positron emission

topography (PET) studies (Buckner et al., 2008). In the current study, the group with ASD

exhibited less deactivation of MPFC compared with TD subjects in the globally directed

attention condition, in contrast to the locally directed condition. This finding may imply less

attention devoted to global-level condition than local condition in the ASD group. Failure to

suppress task-related activation of medial prefrontal cortex has been linked to distractibility

in attention deficit hyperactivity disorder (ADHD) (Mason et al., 2007; Fassbender et al.,

2009). Because ADHD and autism are highly comorbid (Simonoff et al., 2008), this may

indicate a particular difficulty with distraction during the global condition. In this view,

difficulty modulating between task negative DMN and task positive attention during the

global condition in subjects with ASD may be related to the impairments in global feature

processing (Assaf et al., 2001).

4.4 Conclusions and Limitations

Given the wide range of tasks and natural settings in which atypical global and local

processing have been observed, it seems reasonable to speculate that observations of WCC

across a wide range of different cognitive domains and tasks may reflect a number of non-

mutually exclusive mechanisms both at the cognitive level (e.g., increased local attention,

reduced global attention) and the neural level (e.g., increased bottom up processing,

decreased top down processing) (Happé and Booth, 2008). Our fMRI findings of increased

activation in early visual areas in ASD are consistent with prior studies of local level

processing (Ring et al., 1999; Manjaly et al., 2007; Malisza et al., 2010).

We acknowledge the lack of strong normative data available for this specific task in both

neurotypical persons and in persons with ASD as a limitation. Hierarchical stimuli

consisting of letters and shapes (i.e., nameable objects) have wider usage in global-local

studies in normative developmental and autism studies. Such studies in ASD, however, are

also limited in that there are well replicated deficits in verbal abilities in the spectrum,

including deficits in phonological processing that may affect nameable Navon-stimulus

perception (reviewed in Boucher, 2012). Non-letter object naming performance in autism

may be more complicated still, depending on the type of non-letter objects employed. Both

deficits and enhancements in processing stimuli such as faces, simple shapes (triangles,

squares, etc.), complex nameable shapes (houses, cars, etc.) have been reported in previous

research reports. Walenski et al. (2008) reported that picture naming was faster in ASD to

pictures with low frequency word associations, but no different than controls when pictures

were associated with higher frequency words, suggesting that word frequency effects that

are commonly observed in healthy individuals may be heightened in ASD. Given the added

cognitive dimensions and evidence for strengths and weaknesses in autism in those very

dimensions, it seems prudent to employ stimuli that do not engage automatic lexical/
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semantic processes. Future studies could benefit from directly contrasting nameable to non-

nameable stimuli in the context of local/global perceptual ability in ASD.
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Figure 1. Abstract Shape Recognition Task
A: Control condition and global- or local- condition blocks were repeated in an alternating manner for a total of four blocks of

each control and global- or local- condition, prior to a pause to report target count. At the end of each block subjects were asked

to report the number of figures that matched the target for that block. Each global- and local- block lasted for 20 seconds and

was repeated 12 times per condition. Control blocks also lasted 20 seconds and were repeated 24 times. Block order was

counterbalanced by subject, with every other subject starting with the global block, the remaining with the local block. The total

experiment comprised of 24 blocks of attention to shape (12 at each level) and 24 interspersed control blocks (Total experiment

time was 20 seconds per block * 48 blocks = 960 sec or 16 min in the scanner).

B: During the control condition, subjects attend to a simple gray square occupying the visual field.

C, D: Two examples of stimuli (hierarchical shapes) used during the fMRI task. During the global condition, subjects are

presented with a target shape and match the larger shape to matching larger shapes that flash every 500ms, ignoring the smaller

shapes. During the local condition, subjects are presented with a target shape and match the smaller shape to matching smaller

shapes that flash every 500ms, ignoring the larger shape.

Gadgil et al. Page 13

Psychiatry Res. Author manuscript; available in PMC 2014 August 30.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 2. One-Sample T-test Results
Whole-brain analysis of areas of activation for globally-directed attention condition (A) and locally-directed attention condition

(B) for ASD and TD groups. Areas of activation included bilateral attention and cognitive control areas and visual areas

including: dorsolateral prefrontal cortex, occipital cortex, and frontal operculum (see Table 2).
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Figure 3. Group Comparisons
Whole-brain comparison for ASD > TD (see Table 3). No regions of increased activation were found for TD> ASD. In the

Global > Control comparison right lateral occipital area showed greater activation. In the Global > Local comparison medial

prefrontal cortex was found to show increased deactivation calculated by percent signal change (see figure 4). Finally in the

Local > Global comparison right prefrontal cortex showed increased activation in the ASD group compared to TD.
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Figure 4. Medial Prefrontal Cortex Deactivation
BOLD percent signal change (mean +/− SD), showing deactivation greater in the TD group compared with the ASD group in

medial prefrontal cortex in the group comparison (6mm spheres created at two clusters centering on MNI coordinates −3, 38, 46

(left); and 3, 38, 37 (right)).
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