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Abstract

Behavioral studies have documented a relative advantage in some aspects of visuospatial
cognition in autism although it is not consistently found in higher functioning individuals with
autism. The purpose of this functional neuroimaging study was to examine the neural activity in
high functioning individuals with autism while they performed a block design task that
systematically varied with regard to whether a global pattern was present. Participants were 14
adults with high-functioning autism and 14 age and 1Q matched typical controls. The task was to
identify a missing block in target figures which had either an obvious global shape or was an
arbitrary array of blocks. Behavioral results showed intact, but not superior, performance in our
participants with autism. A key group difference was that the participants with autism showed
reliably greater activation in occipital and parietal regions in both tasks suggesting an increased
reliance of the autism group on posterior brain areas to mediate visuospatial tasks. Thus, increased
reliance on relatively posterior brain regions in itself may not guarantee superior performance as
seen in the present study.
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Individuals with autism spectrum disorders (ASD) have been reported to have intact,
sometimes superior (faster and more accurate), performance, relative to typically developing
(TD) individuals, in tasks involving visuospatial processing. For instance, children with
ASD tend to perform better than TD participants on visual search (O’Riordan et al., 2001;
Plaisted, O’Riordan, & Baron-Cohen, 1998a; Plaisted et al., 2003), feature discrimination
(O’Riordan & Plaisted, 2001; Plaisted, O’Riordan, & Baron-Cohen, 1998b), and the
Embedded Figures Test (EFT; Jolliffe & Baron-Cohen, 1997; Ropar & Mitchell, 2001; Shah
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& Frith, 1983). In tasks that require the detection of visual elements embedded in larger
fields, people with autism have been found to show increased reliance on local details (Frith,
1989; Shah and Frith, 1993; Jolliffe and Baron-Cohen, 1997; Mottron et al, 2003; Lahaie et
al, 2006) and hence show intact or superior performance relative to controls. Better
performance has also been reported in individuals with autism on the block design task
(BDT), first by Shah and Frith (1993) and later by others (Caron et al., 2006; Gilchrist et al.,
2001; Goldstein et al., 2001; Happé, 1994; Pellicano et al., 2006; Ropar & Mitchell, 2001).
Such advantage in visuospatial processing in autism has been best explained by two
theoretical accounts, the Weak Central Coherence (WCC) theory (Frith, 1989; Happé, 2013;
Happé and Booth, 2008) and the Enhanced Perceptual Functioning (EPF) account (Mottron
et al., 2003; 2006). While WCC addresses visual advantage in autism as a byproduct of a
deficit in seeing global form, the EPF attributes it to a default local-oriented processing with
increased reliance on details.

BDT, developed by Kohs (1923), requires an individual to replicate a target two-
dimensional geometric design by assembling a set of component structures. The components
are squares (blocks) that are entirely white, entirely black, or are half-white and half-black
(The half and half squares are formed by a division by one of the two diagonals of the
square or a bisecting horizontal or vertical boundary, and the colors and organization of the
surface may vary in specific experiments). The target figure can always be constructed by
some arrangement of the nine possible component blocks. Shah and Frith (1993) found that
individuals with autism had no advantage in a control condition in which the geometric
design to be constructed was segmented such that each component square of the design was
individually identifiable. All the participants had to do to construct the design in this
condition was to iteratively select the component blocks and put them in the correct location.
However, in the conventional presentation condition, the component blocks of the target
design perceptually merge into each other forming global patterns that are larger than
individual blocks. In this conventional presentation, the participants with autism completed
the block design task faster and with fewer errors than the typically developing individuals.

Of late, several research reports have questioned the idea of a universal superiority for
individuals with autism in visuospatial tasks, and have alluded to the existence of possible
subgroups within the autism spectrum who may perform better relative to others (see de
Jong et al., 2009; Edgin & Pennington, 2005). For instance, better performance on the BDT,
relative to other tasks, is not found in individuals with high-functioning autism and Asperger
syndrome (Kaland, Mortensen, and Smith, 2007; Mayes & Calhoun, 2003; Ropar &
Mitchell, 2001; Ehlers et al., 1997). In a comprehensive study on BDT, Caron et al (2006)
examined individuals with autism and controls with and without a visuospatial peak. This
study showed that while diminished detrimental influence of perceptual coherence on BDT
performance is both sensitive and specific to autism, outstanding BDT performance was
seen only in a subgroup of individuals with autism. Thus, it is possible that the autism
spectrum has some individuals with superior visuospatial ability and some without. In
studies that focused on broader phenotypes, superior performance on BDT was not found in
parents of individuals with autism (de Jonge et al., 2009; Fombonne et al., 1997; Piven &
Palmer, 1997; Szatmari et al., 1993). There are also reports that visuospatial peaks within
the autism spectrum are limited to individuals with a language delay (Mottron et al., 2008).
Furthermore, visuospatial peak may be a developmental process as such peaks are seen more
in children with autism aged 8 years 11 months than in children aged 5 years 5 months
(Joseph et al., 2002). Overall, findings from these studies point to the fact that BDT
superiority may be characteristic of some but not all individuals on the autism spectrum
(Soulieres et al., 2011; Stewart et al., 2009; Caron et al., 2006).
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Although visuospatial processing in autism has been extensively studied using behavioral
measures, only a few studies have been conducted using neuroimaging measures. Some
previous neuroimaging studies used different versions of the embedded figures task
(Damarla et al., 2010; Manjaly et al., 2007; Baron-Cohen et al., 2006; Ring et al., 1999), and
two other studies (McGrath et al., 2012; Silk et al., 2006) used a mental rotation task. All of
these studies found increased activation in participants with autism in the occipital and
superior parietal regions and reduced activation mainly in the frontal regions, suggesting
more low level, perceptually oriented processing in autism. A recent fMRI study (Spencer et
al., 2012) also used EFT and examined the brain responses in autism and control participants
along with unaffected siblings of individuals with autism. This study found atypical
activation in temporal and frontal regions in autism and in unaffected siblings. Yet another
recent study (Liu et al., 2011) used a perceptual line-counting task and found decreased
medial prefrontal activation and decreased connectivity of this region with posterior regions
in participants with autism. Overall, most of these studies point to an altered neural response
in autism despite intact or superior behavioral performance.

The primary goal of the present study was to use functional magnetic resonance imaging
(fMRI) to examine the neural activity in high functioning individuals with autism while they
performed a BDT that systematically varied with regard to whether a global pattern was
present. There was only one previous fMRI study of BDT in autism (Bolte et al., 2008). This
study found reduced activation response in autism in neurons in the visual cortex that
respond to shape representation, figure-ground, and gestalt organization. Our study is
different from the Bolte et al study in terms of the variations in the stimuli and our focus on
the whole brain. The present study also differs from previous neuroimaging studies of
visuospatial processing in autism in the following ways. The Silk et al (2006) and Ring et al
(1999) studies should be considered as exploratory due to the limited number of participants
with autism, 6 and 7 respectively. In addition, our study used BDT unlike the EFT in
Damarla et al (2010), Spencer et al (2012), and Ring et al (1999), and unlike the mental
rotation task in Silk et al (2006). If individuals with autism have a performance advantage in
BDTs, an fMRI study has the potential of revealing the neural basis of that advantage.

According to previous reports of locally oriented processing in autism (Shah and Frith,
1993; Caron et al., 2006), the detrimental effect of a global pattern (which can obscure the
attributes of a particular location in the design) should have less impact on the individuals
with autism as compared to TD controls, due to the hypothesized decreased influence of
global information for those with autism. Frith (1993) suggested that weak central coherence
(WCC) in those with autism is the basis for the superior performance in BDTs, whereas the
EPF model (Mottron et al., 2003; 2006) attributes it to enhanced perceptual ability.
However, there may be other factors involved, such as an atypical bias toward local
processing with a local to global interference (Booth and Happé, 2010; Rinehart et al., 2000)
and a preference toward detecting local targets in divided attention conditions (Plaisted et
al., 1999). At the neural level, the EPF model (Mottron et al., 2003; 2006) would predict a
local overconnectivity, especially in the occipital areas in ASD. Just et al (2012) also point
to autonomy in the posterior brain areas in ASD which mediates the recruitment of the
visuospatial route to accomplish tasks. Such a pattern of increased use of posterior brain
areas has been found in many neuroimaging studies of a variety of tasks in autism (see
Samson et al., 2012). The present study examines the neural bases of visuospatial processing
in individuals with autism in the context of a block design task.
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Method

Participants

The participants were 14 adults with high-functioning autism and 14 typical controls. All
participants were male and were matched for age (t(28) = 0.2, ns), Full Scale 1Q (t(28) =
0.23, ns), Verbal 1Q (t(28) = 1.14, ns), and Performance 1Q (t(28) = 0.89, ns) as determined
by the Wechsler Adult Intelligence Scale-111 (WAIS-I11; Wechsler, 1997) (see Table 1 for
demographic information).

The diagnosis of autism was established using two structured research diagnostic
instruments, the Autism Diagnostic Interview-Revised (ADI-R; Lord et al., 1994) and the
Autism Diagnostic Observation Schedule (ADOS-WPS; Lord et al., 2001), supplemented
with expert clinical opinion according to the accepted criteria for high-functioning autism
(Minshew, 1996). Potential participants with autism were excluded if they had an
identifiable cause for their autism (such as fragile-X syndrome, tuberous sclerosis, or fetal
cytomegalovirus infection) or if there was evidence of birth asphyxia, head injury, or a
seizure disorder. Exclusionary criteria were based on neurologic history and examination
and chromosomal analysis or metabolic testing if indicated.

The control participants were community volunteers recruited to match the autism
participants on age, 1Q, gender, race, and socioeconomic status of family of origin, as
measured by the Hollingshead method (Hollingshead, 1957). Potential control participants
were screened by questionnaire, telephone, face-to-face interview, and observation during
screening psychometric tests. Exclusionary criteria were evaluated through these procedures
and included the following: current or past psychiatric and neurologic disorders, birth injury,
developmental delay, school problems, acquired brain injury, learning disabilities, substance
abuse, and medical disorders with implications for the central nervous system or those
requiring regular medication. Potential control participants were also screened to exclude
those with a family history (in parents, siblings, and offspring) of autism, developmental
cognitive disorders, affective disorders, anxiety disorders, schizophrenia, obsessive
compulsive disorder, substance abuse, or other neurologic or psychiatric disorders thought to
have a genetic component. Handedness was determined with the Lateral Dominance
Examination from the Halstead-Reitan Neuropsychological Test Battery (Reitan & Wolfson,
1985). One participant with autism and two control participants were left-handed. However,
the brain activation data from these left-handers were clearly similar to their respective
groups; therefore, the data were not separated by handedness.

Materials and Procedure

During fMRI scanning, the participants were presented with a target design on the left side
of the screen (See Figure 1 for an example). The pattern in each figure was made of nine
blocks that were all black, all white, or half black and half white (divided into two triangles
or two rectangles of equal size). On the right side of the screen, a blank matrix of the same
size, with a question mark in the location of one of the nine blocks, specifying the block to
be identified within the pattern, was shown. At the bottom of the screen were four answer
choices. The participant examined the pattern and the blank matrix and then chose which of
the four alternatives matched the cued location. In the global condition, the pattern involved
a simple and recognizable object such as a house or a sailboat, as shown in Figure 1A. We
chose to call this condition “global” as opposed to “gestalt” since there are clear differences
between these two terms (see Brosnan et al., 2004), and the term “global” may fit better for
our stimuli. In the random array condition (henceforth random), the design was a random
configuration of blocks, with the restriction that the target square was clearly defined on all
four sides so that no obvious global pattern was present. In order for the target square to be
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clearly defined, the borders of the squares around it had contrasting color. An example of the
random condition is shown in Figure 1B.

At the start of each experimental trial, the pattern on the left side of the screen was presented
for 4000 ms (the onset of the first item in each block was time locked to the acquisition of
the superior most slice in the prescription). The blank matrix on the right side of the screen
appeared 750 ms after the start of the pattern and remained on screen for 3250 ms,
disappearing at the same time as the pattern. The answer choices at the bottom of the screen
appeared at the same time as the pattern and remained on screen for 7000 ms, thus staying
on the screen for 3000 ms after the pattern and blank matrix disappeared. The participant
was able to answer any time during the 7000 ms when the answer choices were on the
screen. The reaction time data was recorded from the onset of the appearance of the figure
on the left side of the screen. The next trial started immediately. Trials of each condition
(global or random) were presented in blocks of six. A 12000 ms rest period followed each
block during which an asterisk appeared on screen. The blocks alternated between
conditions, and counterbalanced across participants. There were three blocks of each
condition, for a total of 18 trials in each condition. An asterisk was presented for four
24000-ms fixation periods, evenly distributed among the blocks, with one at the beginning
and one after each random condition block. The participants were instructed that the asterisk
was “a rest period for you to relax.” On the day of the scan, the participants completed a
short practice set of one block of four trials in each condition outside of the scanner to
familiarize them with the task.

The stimuli used in the present study is different from the BDT used in Shah and Frith
(1993) in a few ways: 1) While their task had segmented and unsegmented designs, our task
had global and random patterns without segmentation; 2) The Shah and Frith stimuli had 4
squares/blocks that made up a larger shape, whereas our stimuli consisted of 9 blocks/
squares perhaps making our task more complex; and 3) In their task, participants were
shown a two-dimensional pattern on a card and were asked to construct the pattern using 4
three-dimensional blocks; whereas our task was computerized and the participants’ task was
to identify a missing block in a larger array. We tried to preserve a critical aspect of BDT,
which is the ability to break down the visual gestalt into single elements. Block design tasks
serve as a measure of general intelligence (Royer et al., 1984), and as indicators of
visualization ability (Snow, Kyllonen, & Marshalek, 1984). In Koh’s Block Design as well
as in our version, the participant may rely on analytic (the displayed design is mentally
segmented into units) or holistic (the design is viewed as a whole and is not differentiated
into units) strategies to solve the problem at hand. Thus, the BDT used in our study, in
addition to testing global and analytical skills, tests problem-solving in general.

fMRI Procedures

The data were collected using a Siemens Allegra 3.0T scanner (Siemens Inc., Erlangen,
Germany) at the Brain Imaging Research Center (BIRC) of Carnegie Mellon University and
the University of Pittsburgh. The study was performed with a gradient echo, EPI sequence
with TR = 1000 ms, TE = 30 ms and a 60° flip angle. Seventeen oblique-axial slices were
acquired; each slice was 5-mm thick with a gap of 1-mm between slices. The acquisition
matrix was 64 x 64 with 3.125 mm x 3.125 mm x 5 mm voxels.

fMRI Analyses - Distribution of activation

To compare the participating groups in terms of the distribution of activation, the data were
analyzed using SPM2 (Wellcome Department of Cognitive Neurology, London). Images
were corrected for slice acquisition timing, motion-corrected, normalized to the Montreal
Neurological Institute (MNI) template, resampled to 2x2x2 mm voxels, and smoothed with
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an 8-mm Gaussian kernel to decrease spatial noise. Statistical analyses were performed on
individual and group data by using the general linear model and Gaussian random field
theory as implemented in SPM2 (Friston et al., 1995). Group analyses were performed using
a random-effects model. Statistical maps were superimposed on normalized T1-weighted
images. An uncorrected height threshold of t = 3.36 (P = 0.001) and an extent threshold of
twenty-four 8 mm3 voxels was used.

fMRI Analyses - Functional connectivity

The functional connectivity was computed (separately for each participant) as a correlation
between the average time course of signal intensity of all the activated voxels in each
member of a pair of ROIs. Fifteen functional ROIs were defined to encompass the main
clusters of activation in the group activation map for each group in both experimental
conditions versus fixation (global and random). Labels for these 13 ROIs [bilateral middle
frontal gyrus (MFG), bilateral superior frontal gyrus (SFG), bilateral insula (INS), the
supplementary motor area (SMA), bilateral inferior parietal lobule (IPL), bilateral superior
parietal lobule (SPL), and bilateral middle occipital gyrus (MOG)] were assigned with
reference to the parcellation of the Montreal Neurological Institute (MNI) single subject T1
weighted dataset carried out by Tzourio-Mazoyer and colleagues (Tzourio-Mazoyer et al.,
2002). A sphere was defined for each cluster (with a radius ranging from 5 to 12 mm) that
best captured the cluster of activation in the map for each group. The ROIs used in the
analysis were the union of the two spheres defined for the two groups. The activation time
course extracted for each participant over the activated voxels within the ROI originated
from the normalized and smoothed images, which were high-pass filtered and had the linear
trend removed. Participants who did not show activation in a given functional ROI were
excluded from further analyses involving that ROI. The functional connectivity correlation
was computed on the images belonging only to the experimental conditions, so it reflects the
synchronization between the activation in two areas while the participant is performing the
task and not during the baseline condition. Fisher’s r to z transformation was applied to the
correlation coefficients for each participant prior to averaging and statistical comparison of
the two groups.

Statistical Analyses

Results

For the behavioral data, reaction time and error rate were recorded for each trial of the
experiment. We conducted a 2 (Group: autism vs. control) x 2 (Condition: global vs.
random) mixed ANOVA on the reaction time data as well as on the accuracy data
separately. This analysis provided the main effect of group, main effect of condition, and
group by condition interactions. For the reaction time data, we used data from correct trials.
For within-group measure of brain activation, we conducted a one-sample t-test and for
between-group activation, a two-sample t-test. Moreover, multiple regression analyses were
performed using P1Q and VIQ as covariates to predict activation and functional
connectivity, which did not reveal any statistically significant relationships.

Group differences in brain activation

The primary differences in brain activation between the two groups were that the
participants with ASD showed reliably more activation (p < 0.001) than the TD participants
in bilateral superior parietal and inferior occipital areas while processing global figures, and
they showed reliably more activation in the left superior parietal and the right inferior
occipital areas while processing random figures (See Figure 2, left panel). Increased
activation has been previously found in bilateral superior parietal regions (Han et al., 2004),
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and in inferior occipital cortex (Fink et al., 1996; Han et al., 2002) when people attended to
the local details of a stimulus.

On the other hand, the participants with autism showed reliably less activation in bilateral
superior medial frontal areas as compared to the control group only while processing the
random figures (see Figure 2, right). In addition to group differences in activation,
functional connectivity between groups was also examined. There was no significant group
difference in the mean functional connectivities in any set of inter-lobe functional ROI pairs
(e.g., frontal-parietal pairs, frontal-occipital pairs, etc.) nor any set of within-lobe functional
ROI pairs (e.g., frontal-frontal pairs, parietal-parietal pairs, etc) in either the global nor in the
random condition.

Distribution of activation within groups

Overall, both groups recruited similar occipital and parietal brain regions across the global
and random tasks (when contrasted with the fixation baseline), suggesting the use of visual,
and spatial processes to accomplish the two tasks. However, the two groups seem to differ in
the recruitment of more anterior regions (p < 0.05, familywise error corrected). While
control participants showed activation in middle cingulate gyrus, supplementary motor area,
and inferior frontal gyrus in both Global and Random conditions, such activation was absent
in the autism group (see table 2 and supplementary figure S1 for details).

When global and random conditions were contrasted with each other (global vs. random),
both autism and control groups showed significantly more occipital and parietal activation,
especially in bilateral calcarine sulci and bilateral intraparietal sulcus (IPS) (see Figure 3). In
addition, there was also activation in left and right middle frontal gyri (MFG) and bilateral
thalami. The random vs. global contrast, on the other hand, revealed activation primarily in
midline cortical structures, such as medial prefrontal cortex (MPFC), precuneus, and
posterior cingulate, less so in participants with autism than in typical participants.

Behavioral Results

There was intact ability in the participants with autism for processing both the global and
random BDT stimuli. A 2 (Group: autism vs. control) x 2 (Condition: global vs. random)
mixed ANOVA on the reaction time data revealed a main effect of condition [F (1, 26) =
31.11, p<.001]. For both groups, the response times were slower in the global condition than
in the random condition. However, there was no group difference [F (1, 26) =1, 18, p=
0.29] nor interaction between group and condition [F (1, 26) = 2.13, p = 0.16]. To account
for variability in the RT data, we repeated this analysis by transforming the RT values to its
natural logarithm. However, the results of this analysis were the same as the one mentioned
above. The error rates yielded a similar pattern, such that for both groups the error rates
were higher in the global condition, F (1,26) = 8.99, p < 0.01]; there was a marginally
significant main effect of group [F(1,26) = 3.72, p = 0.06] and no interaction between group
and condition [F<1]. The behavioral data are presented in Table 3.

Since there are indications in the literature that visuospatial abilities in autism may be
applicable to only a subgroup of individuals, we examined that possibility in our participant
group by looking at the participants’ scores on subtests of the WASI, the test used to
measure the intelligence level of the participants. In particular, we examined the raw scores
as well as t-scores for the Block Design subtest. The test scores did not reveal the existence
of any subgroup in ASD. Nor did it reveal any statistical difference between the ASD and
TD groups (see Table 4).
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Discussion

The main findings of this study are these: first, the participants with autism had intact, but
not enhanced, behavioral performance on a variation of the BDT. This performance on the
task created for the fMRI study was consistent with the lack of a peak on the BDT subtest of
the WASI for the participants with autism. Second, similar behavioral performance across
the participant groups was accompanied by differences in levels of brain activation.
Specifically, the autism group had relatively increased activation in posterior occipital and
parietal regions as compared to the TD group, whereas the TD group was also using frontal
resources. Third, there were no statistically significant group differences in functional
connectivity. Therefore, the difference for the autism group was in the relative use of neural
resources in particular regions (less frontal/more posterior) not in the coordination of these
regions.

Although it is difficult to delineate the specific relationship between behavioral performance
and levels of brain activation, an increase in activation has frequently been interpreted as
indicating increased use of the processing resources in the relevant brain regions (Aue,
Lavelle, & Cacioppo, 2009). Therefore, the increase in activation in the posterior occipital
and parietal regions by the autism group could suggest that they were using the resources of
these areas to a greater extent than the TD group, but for a similar behavioral result. The
increased reliance on posterior brain areas did not translate into superior performance in our
participants with autism. This result is consistent with the results of a number of other
neuroimaging studies of visuospatial processing in individuals with autism. For example, in
a meta-analysis of 26 neuroimaging studies of autism that utilized visual stimuli, Samson et
al (2012) found no significant group difference in performance in 69% of the studies. They
also found a generally higher task-related activity in posterior brain areas and lower activity
in frontal cortex just as in the current study. Previous studies have found posterior parietal
cortex (e.g., Donner et al., 2003; Coull et al., 2003) as well as a network of parietal and
occipital areas (Nobre et al., 2003) to be extensively involved in visual search, a task that
can be accomplished with low-level perceptual processing. The greater activation of
posterior regions by the autism group may be reflective of an increased reliance by this
group on low-level perceptual processing centers to accomplish this task.

The additional recruitment of posterior processing resources by the autism group occurs in
the context of a lack of recruitment of frontal regions. The TD group relied on a frontal-
parietal-occipital network to accomplish the task; the autism group had a similar level of
coordination with the frontal regions (as indicated by the lack of a difference in functional
connectivity) but did not have the expected increased processing in frontal regions. The
autism group was using more posterior and less frontal resources but was coordinating the
timing of the activation between these areas to a similar extent as indicated by the lack of a
difference in functional connectivity between the two groups. In the BDT task, the resources
that were recruited were adequate and no difference occurred in behavioral performance.
However, the marginally different error rate suggests that the autism group may have been
working less not more efficiently than the age and 1Q-matched TD controls (thus the
increase in activation in the posterior regions) for a similar behavioral result.

Direct comparison of processing global and random figures generated relatively more
activation for global figures in both participant groups. This may be because of a) the
associated meanings and thought processes generated by the global figure in each picture,
e.g., boat, or bird, and/or b) the difficulty in mentally segmenting the global pattern in order
to determine the location of the interrogated block in the intact figure. On the other hand,
when random stimuli were compared to global ones, the control participants exhibited more
activation in the bilateral superior medial frontal areas (MPFC) than the participants with
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autism. The MPFC has been found to be involved in stimulus-oriented and in stimulus-
independent attention, especially in tasks involving navigating around a visually presented
shape versus imagining the same shape and navigating around it (Gilbert, Frith, and
Burgess, 2005; Gilbert et al., 2007; Burgess, Dumontheil, & Gilbert, 2007). Therefore the
MPFC in control participants may be mediating this constant search for meaning and
coherence. Activation in MPFC has also been found when participants switch from one way
of performing a task to another (Rushworth et al., 2002). In the present study, the control
participants may be shifting back and forth between global and local oriented perception of
the visual stimuli to identify the missing block. The lack of activation in MPFC in
participants with autism is consistent with the findings of a recent fMRI study of a lower-
level perceptual line-counting task (Liu et al., 2011) and also with a generally limited level
of activation in frontal areas in autism (Samson et al., 2012).

In sum, an atypical pattern of resource allocation (more posterior less frontal) during
visuospatial processing may be reflective of the nature of cognitive and neural mechanisms
in individuals with autism. The increased activity in posterior areas and intact connectivity
we found may be a pattern that is indicative of the stronger role of perceptual processes in
autism. Alternately, it may be indicative of a processing network that is reflective of
aberrant frontal processing with a resultant reliance on posterior processing resources. Either
explanation is consistent with the results of the current study.

Altered brain response with intact behavioral performance, in autism in the present study is
consistent with previous studies of visual processing in autism (McGrath et al., 2012;
Damarla et al., 2010; Lee et al., 2007; Manjaly et al., 2007; Silk et al., 2006) and generates
interesting questions. The lack of superior performance in autism may point to the
heterogeneity in autism and the possible existence of individuals within the autism group
with differing visuospatial abilities (Soulieres et al., 2011; Stewart et al., 2009; Caron et al.,
2006). We tested this in our sample with different indices but did not find any visuospatial
peaks in autism. For instance, participants in both groups were matched on verbal,
performance, and full scale 1Qs. In addition, our regression analysis using PIQ as a covariate
on behavioral and fMRI data did not result in statistically significant relationship. We also
examined the block design subtest of WASI and it did not show any significant variation
either in ASD or in TD participant groups. It should be noted that such peaks were not seen
in some previous studies conducted by our group (Williams et al., 2008; Minshew et al.,
2005).

There have been several neuroimaging studies that have provided evidence for decreased
frontal-posterior functional connectivity in more complex cognitive tasks in people with
autism (e.g. Just et al., 2004, 2007; Kana et al., 2006, 2007, 2009; Koshino et al., 2008;
Mason et al., 2008). The findings pertaining to functional connectivity in autism from the
current study are different from previous studies in that there are no overall group
differences. It is possible that the visual search task in the present study may be one where
the proposed enhanced perceptual functioning in autism may manifest (Mottron et al., 2006)
resulting in intact connectivity. The BDT used in the present study may be relatively less
affected by other higher cognitive components like executive planning and motor control, at
least for the participants with autism. It is possible that the default strategy the individuals
with autism may use (one that is primarily based on the recruitment of occipital and parietal
areas) may work in this task more so than a complex sentence comprehension task or a
problem-solving task. Thus, the overall stronger engagement of the visual cortex and
parietal areas by participants with autism entailed greater activation and intact coordination.
It should be noted that a recent magnetoencephalography study (Khan et al., 2013) of face
viewing showed reduced connectivity in local as well as long-range connections in autism.
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The EPF account (Mottron et al., 2006) and an updated WCC account (Happé, 2013; Happé
& Booth, 2008; Happe & Frith, 2006) attribute visuospatial advantage in autism as due to
superiority in local processing and to a bias towards local processing in people with autism.
At the brain level, such processing may underlie greater recruitment of relatively posterior
areas. Mottron et al (2006) suggest that perception in autism may be different from that in
typical individuals in overall superior functioning, involvement, and autonomy of posterior
regions like parietal and occipital cortices. The results of the present study, increased
parietal and occipital area activation and intact functional connectivity, supports that and can
be the result of a more autonomous posterior brain functioning in our participants with
autism (Just et al., 2012). The increased recruitment of posterior regions we found in autism
can also be the result of reduced top-down feedback as predicted by WCC and the cortical
underconnectivity theory (Just et al., 2004; Kana et al., 2006). It has been found that brain
activation and connectivity in lower brain regions can be altered by top-down feedback
(Friston & Buechel, 2000) and a lack of which may result in abnormal connectivity (Frith,
2004). Hence EPF, WCC, and underconnectivity theory suggest that a posterior-oriented
brain functioning may underlie intact or superior visuospatial processing in autism.

Although this study revealed important new information about visuospatial processing in
autism, there are a few limitations. First, the target figures in this study were presented at the
left visual field. While we do not think this would have had a significant impact on the
results, future studies may account for this; and second, although we matched the black and
white blocks in global and random stimuli, in some stimuli we could not achieve 100%
matching due to the constraints of a given shape.

Future studies should examine what would happen if the task demand could be metrically
increased. Would there be a point at which the increased activation or use of local
processing resources would not be sufficient and would the autism group be able to increase
the coordination with frontal areas under this constraint or would we begin to see the
decrease in functional connectivity that has been found in more demanding tasks? It might
also be informative to seek out individuals with autism who display the reported BDT peak
to compare their pattern of processing relative to individuals with autism, such as those in
the current study, who did not display this behavioral pattern. In summary, this study has not
only looked at processing during a visuospatial task but has provided information about
what happens with functional connectivity during a task that the processing resources the
group with autism have are adequate for the task and the task can be performed without
extensive recruitment of frontal resources. These are two elements that should be
systematically varied in future studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1A Figure 1B

1 2 3 4 1 B 2 -
Figure 1.
Figure 1A and 1B. Example stimuli from the Global (1A) and the Random (1B) condition.

Figures with a target pattern that has an obvious global shape (1A) and a random array target
pattern (1B).
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Global vs. Fix (Autism > Control)

Random vs. Fix (Autism > Control) Random vs. Fix (Control > Autism)

Figure 2.
Between-group comparisons of Global and Random conditions. The participants with autism

had greater activation in bilateral inferior occipital and superior parietal regions than the
control participants in both conditions. The control participants showed greater activation
than participants with autism in medial prefrontal cortex for the Random array condition
only (p < 0.001; cluster threshold = 24 voxels).
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Global vs. Random Random vs. Global

;'n" i ?
, 15

Control

Figure 3.

Within-group activation patterns when global and random tasks were compared in both
directions (p < 0.001; cluster threshold = 24 voxels). Left panel: similar activation patterns
between the two groups when global pattern is contrasted Random array; Right Panel: More
activation in the midline cortical structures in controls, relative to autism, when random
array is contrasted with global pattern.
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Demographic information of the participants

Autism Control
Age (years) Mean+SD 215+57 21.8+4.0
VIQ Mean + SD 1076 +£9.0 1109+6.3
PIQ Mean + SD 110.8+8.6 108.1%7.1
FSIQ Mean + SD 110.3+8.0 1109%6.5
Handedness  Right: left 13:1 12:2
Gender Male: Female 14:0 14:0
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Table 4

Raw and T scores of the Block design subtest of WASI for both participant groups. Raw score: t(26)=0.78; p >
0.05; T Score: t(26)=1.14; p > 0.05.

| Block Design Subtest

| Raw Score | T-Score

|ASD|TD|ASD|TD

52 56 57 57
54 59 64 61
62 52 62 54
56 43 58 49
57 40 58 48
66 45 65 50
25 53 39 56
45 50 51 53
66 56 64 57
37 60 45 61
48 46 52 50
69 49 70 56
46 44 52 52
57 47 58 51

Mean | 52.5 | 50.2 | 56.7 | 54.2

SD. | 125 | 6.4 | 8.7 | 43

SE. | 35 | 18 | 2.4 | 12
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