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Abstract

Previous theories have attempted to locate the root cause of Autism Spectrum Disorder (ASD) in terms of atypical 
central cognitive processes. However, the field of neuroscience is increasingly finding structural and functional 
differences between autistic and neuro-typical individuals using neuro-imaging technology which either support or 
challenge earlier cognitive theories. One main area upon which this research has focused is in visuospatial processing, 
with specific attention to the notion of “weak central coherence” (WCC), which refers to the tendency of individuals 
with ASD to be unable to interpret “global” information while hyper-focusing on local information. The current paper 
offers a brief review of findings from selected studies in order to explore available research that challenges the 
“deficit” characterization of a WCC theory as opposed to a “superiority” characterization of a strong local coherence.
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Introduction

Autism Spectrum Disorder (ASD) is a 
neurodevelopmental disorder characterized by persistent 
deficits in social communication and social interaction 
(i.e., deficits in social-emotional reciprocity, nonverbal 
communicative behaviors, and establishing/maintaining 
social relationships), as well as by the presence of 
repetitive behaviors and perseverative areas of interest 
(i.e., stereotyped or repetitive motor movements, use of 
objects, or speech, rigidity, restricted interests, and hypo 
or hyperactivity to sensory input or unusual interest 
in sensory aspects of the environment). Additionally, 
diagnoses of ASD require the presentation of symptoms 
in the early developmental period, marked impairments 
in adaptive functioning, and a lack of explanation by 
general intellectual impairment or global developmental 

delay (although these conditions may be co-occurring) [1]. 
Over the past several decades, many theories have been 
developed in effort to explain the root cause of autism 
in terms of atypical central cognitive processes. The field 
of neuroscience is increasingly finding structural and 
functional differences between autistic and neuro-typical 
individuals using neuro-imaging technology. One main 
area this research has focused upon is in visuospatial 
processing, with specific attention to the notion of 
“weak central coherence” (WCC). This paper will offer a 
brief review of findings from selected studies in order 
to explore some research that challenges the “deficit” 
characterization of a weak central coherence theory as 
opposed to a “superiority” characterization of a strong 
local coherence, a potential function of neuroplasticity.
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Weak central coherence

A foundational cognitive theory used to describe 
the way in which individuals with ASD process visual 
information is known as “weak central coherence” (WCC) 
or the tendency of individuals with ASD to be unable to 
interpret “global” information while hyper-focusing on 
local information. This has typically been viewed as an 
impairment of global processing, as compared to the 
processing style of those individuals without ASD. WCC 
has been postulated to lie at the root of characteristic 
ASD symptoms, such as rigidity or insistence on 
sameness, attention to parts of objects, and uneven 
cognitive profiles, including savant skills [2]. In general, 
the notion of WCC has been widely accepted in the ASD 
community, and has been noted to account for previously 
unexplained areas of talent, super-acute perceptual 
abilities, and the pervasive lack of ability to generalize 
[2]. The current working model of WCC postulates that 
a continuum of cognitive style may exist in the general 
population, from strong coherence (a tendency to miss 
details while concentrating on the larger concept) to 
weak coherence (detail focus and verbatim information) 
[2]. Regarding this conceptualization, people with ASD 
lie at the extreme “weak coherence” end of the normal 
continuum. WCC theory also encompasses notions of 
both “low” and “high” levels of information processing; 
with low-level referring to the tendency to ignore context 
in sensory domains, while favoring the processing of 
individual stimulus features, whereas high-level WCC 
refers to the impairments of more abstract contextual 
processes [2,3].

WCC theory - the history

Origins of the WCC theory date back to Kanner’s [4] 
original description of autism that notes this “over-
attention to detail” and “general inability to experience 
wholes without full attention to the constituent parts”. 
Decades later, Frith [5] noted the tendency for typically 
developing persons to process incoming information 
for meaning and gestalt (global), often at the expense 
of attention to detail and surface structure; which has 
been termed “central coherence”. The processing bias 
proposed by the WCC theory was demonstrated in early 
work on verbal memory [6,7], as well as early work on 
visuospatial tasks [8-10].

Since these earlier years, the concept of coherence 
in ASD has been widely researched, and subsequently 
the WCC theory has been updated to include three 
major concepts. First, the original idea of a core deficit 
in central processing has been changed from a primary 

to a secondary problem, focusing more on detail-focused 
processing. Second, the idea of a core deficit has been 
replaced by the notion of a processing bias or cognitive 
style that can be overcome in tasks that demand a global 
processing approach. Third, it has been recognized that 
weak coherence may be just one aspect of ASD, and not 
necessarily a cause of other deficits, such as weaknesses 
in social cognition [2].

WCC theory - facial processing

One area of perceptual difference that has garnered 
much attention in the WCC literature is in facial 
processing. Findings in this area in general have been 
widely mixed, including the result of abnormally feature-
based face processing in ASD [11], mixed results [12], and 
contrary (non-impaired) findings [13]. Two main theories 
that explain deficits in facial recognition suggest that 
either the problem stems from social interaction/lack 
of social motivation deficits, or from a visual perception 
impairment. Behrmann, Thomas, and Humphreys 
[14] set out to explore the latter, by documenting the 
psychological and neural alterations that might account 
for facial processing impairments in ASD. Results of 
this analysis indicated that “the impairment in face 
processing need not necessarily arise solely from a 
social and/or motivational source but that a perceptual 
impairment might also contribute to the difficulty with 
face processing” [14], (p262).

This decrement in face processing ability has been 
shown consistently in functional imaging studies, 
exhibiting weak activation of the fusiform gyrus (the 
area of the brain that is responsible for the processing of 
facial stimuli) in ASD in response to faces with concurrent 
activation of other cortical regions that are not usually 
associated with facial processing [15-20]. These findings 
have been regarded as controversial, however, as some 
studies have shown fusiform activation in ASD, with 
greater signal for familiar faces [21,22]. In studies that 
have shown the weak activation of the fusiform gyrus, it 
has been noted that the results may be a reflection of the 
failure to attend to either the eye region, the configural 
processing, or the failure to engage the fusiform region 
for face processing over the course of developmental 
maturation [21,23]. Follow-up research has purported a 
number of explanations for the mixed findings, ultimately 
concluding that the impairment in facial processing is an 
example of a larger perceptual deficit, including a lack 
of expertise or familiarity with faces that reduces the 
functional specialization of face-selective cortical areas 
[14].
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WCC theory - various modalities

In addition to studying facial recognition, Happe and 
Frith [2] cited over fifty studies that include research on 
this concept of WCC in ASD across all modalities including 
auditory, visual, and verbal. Conflicting findings in this 
area have highlighted the need for the use of open-ended 
tasks to adequately capture the bias towards features 
rather than wholes [24], as well as to demonstrate the 
boundaries of WCC, such as the ability of people with 
ASD to integrate properties of single objects and words 
[25,26]. Happe and Frith [2] also explored the notion of 
WCC as a normal individual difference, again, going back 
to the notion of the “coherence continuum” in which weak 
coherence is viewed as a cognitive style in which persons 
who gravitate toward seeing the big picture are at one 
end (strong coherence), while people who are readily 
detail oriented are on the other end (weak coherence). In 
this light, it is important to consider that these styles can 
be viewed as biases, and that people can, with application 
of effort and motivation, overcome their predisposition 
toward one style or another. 

Challenging weak central coherence theory via 
neuroscientific findings

As it is noted that coherence “styles” can be dynamic, 
Happe and Frith [2] went on to challenge the idea of the 
WCC theory through examination of two related theories. 
The first being that WCC may represent A superiority 
in “local processing,” or altered neural circuitry, rather 
than a deficit in global processing. Second, WCC may be 
a processing bias, rather than a deficit. The superiority 
in local processing theory purports that there is an 
amplification of early perceptual processes, which boosts 
processing of local stimulus properties, without affecting 
the processing of global context. 

An influential finding in ASD research in this area 
is that persons with ASD tend to show superiority for 
tasks in which local processing strategies are beneficial. 
The most classical example of this is the Embedded 
Figures Task (EFT), which presents complex shapes with 
simpler shapes hidden within them. Originally devised by 
Gottschaldt [27], the EFT involves searching for a target 
figure hidden in a complex visual pattern. In this task, 
subjects are required to determine (as quickly as possible) 
whether the target shape is hidden within the larger 
more complex shape. Shah and Frith [8] were the first 
to discover that autistic children responded both faster 
and more accurately on the EFT compared to matched 
control children. This advantage of individual with ASD 

has been interpreted in two ways: either in terms of WCC 
[3,5,8,28,29], and/or from the perspective of theories that 
support enhancements of early perceptual processes in 
ASD [25,30].

It is important to note that WCC as a theory was 
proffered during a time in which there was more limited 
knowledge of neuroscience, specifically that of the neural 
structure of ASD. Therefore, it is necessary to attempt to 
bridge the gap between a predominately cognitive theory 
with a challenge that is based out of neuroscience. While 
the full reconciliation between these two theories extends 
the scope of the current argument, it is important to note 
that the neuroscience research reported in the following 
sections appear to be compatible with the cognitive basis 
of the theory. However, it is important that future writing 
and discussion in the neuroscience of ASD consider such 
challenges, and develop such a reconciliation. 

Evidence supporting a superiority of local 
processing

Visual processing - embedded figures task: 
Manjaly, Bruning, and Neufanget al. [31] set out to 
examine the difference between the two aforementioned 
accounts of EFT performance in individuals with ASD by 
looking at the visual processing of shapes. 12 adolescents 
with ASD (9 = Asperger’s Disorder (AspD); 3 = High 
Functioning Autism (HFA), with a mean of 14.4 years, with 
age matched non-ASD controls (matched for gender, IQ, 
handedness, age) were studied using the EFT. Subjects 
were required to “dissect” the larger structure in order to 
find the target “substructure”; an additional control task 
in which the shapes were highlighted was used. Magnetic 
Resonance Imaging (MRI) and Functional Resonance 
Imaging (fMRI) analyses were conducted in an attempt 
to determine, on neurophysiological grounds, between 
the two accounts of EFT performance (weak central 
coherence versus local processing advantage) in persons 
with ASD. This study is unique in that it is one of the only 
studies to look at the performance on both the EFT and 
an additional visuospatial control task (CT). Interestingly, 
no significant difference was found in behavioral 
performance on the EFT or CT, however results were 
suggestive that ASD persons have a relative advantage 
for local processing. 

Despite the lack of significant findings for behavioral 
differences between the two groups in the aforementioned 
study, interesting neural imaging patterns emerged. 
For both groups, when comparing EFT to CT, areas of 
the gyrus and thalamus were activated. Regarding the 
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activation pattern, there were significant differences at 
the p <.05 level. For the control group, activation was 
found in the left posterior parietal cortex and left dorsal 
premotor cortex. In the autistic group, activation was 
found in the left and right extrastriate cortex, right sulcus, 
and right cerebellar hemisphere. This finding is significant 
as it indicates a difference laterally, despite the matched 
“handedness” of controls. This study did not examine the 
capacity for global integration, which could be achieved 
in future studies by comparing fMRIs of local and global 
processing capacities. 

Visual processing - block design test

Another way of demonstrating enhanced local 
processing on visual tasks in persons with ASD has been 
through looking at performance on the block design 
test (BDT) on the Wechsler Intelligence Scales. In one 
particular study, Bolte, Hubl, Dierks et al. [32] examined 
striate and extrastriate areas of the visual cortex during 
the administration of the BDT. 14 total children (7 ASD, 
and 7 neurotypical control) were matched on age and 
intelligence quotient scores (IQ). fMRI was used to analyze 
hemodynamic responses in the striate and extrastriate 
visual cortex during BDT performance and a color 
counting control task in subjects with and without ASD. 
Results revealed no significant behavioral differences 
on the BDT between the two groups. However, analysis 
of covariance (ANCOVA) analysis revealed significant 
activation and BOLD (Blood Oxygen Level Dependent) 
differences in the right hemisphere. Specifically, in 
ASD, BDT processing was accompanied by low blood 
oxygenation level-dependent signal changes in the right 
ventral quadrant of V2. These results further signal 
potential differences in visual processing in the right 
hemisphere between individuals with and without ASD. 

Visual processing - an alternate digital visual 
task

In a related study by Schwarzkopf, Anderson, de Haas 
et al. [33], a digital task requiring fixation on a blue dot 
moving through various positions was used to look at 
functioning in the extrastriate cortex. A sample of 27 
persons (15 diagnosed with Asperger’s Disorder, 12 
neurotypical controls) were matched for age and IQ. fMRI 
and population receptive field (pRF) analyses were used 
to test whether the response selectivity of human visual 
cortex is atypical in individuals with “high-functioning” 
ASDs compared with neurotypical controls. Results 
revealed a significantly larger (pRF) extrastriate cortex in 
ASD participants, as indicated by larger perifoveal pRFs in 
the extrastriate regions in the ASD group compared to the 

control group. In general, individuals with ASD showed 
stronger, more reliable responses to visual stimulation. 
Another interesting finding was that pRF sizes correlated 
with individual differences in the number of exhibited 
autistic traits, however there were no correlations 
on behavioral measures of visual processing. It was 
concluded that visual cortical function in ASDs may be 
characterized by extrastriate cortical hyper-excitability or 
differential attentional deployment. 

Along the lines of examining individual differences in 
autistic traits, in studies of visual search tasks (such as 
the previously mentioned EFT), people with more autistic 
traits (as measured by the Autism Spectrum Quotient, 
or AQ) [34], are generally better and faster at visual 
search tasks than people with fewer autistic traits [35-
37]. Findings concerning other perceptual characteristics 
have looked at dynamic forms of processing, such as 
biological motion stimuli. In such studies, while it has 
generally been found that there are no overt differences 
in behavior (with regard to the number of ASD traits or 
the differences between ASD and non-ASD populations), 
neural imaging studies have found significant differences 
in brain activity across various neural regions [38-41]. The 
brain regions that have shown the largest differences 
between ASD and non-ASD populations have been the 
posterior superior temporal sulcus, which is one of the 
main regions in the brain underlying social perception 
and social cognition [42,43].

Visual processing - light animations

The aforementioned findings lead to the question 
of why the two populations show similar behavioral 
performance, yet differ significantly in brain activity 
in key regions of the brain during biological motion 
perception tasks. A study by Van Boxtel and Lu [44] 
used light animations to investigate such differences. 30 
participants, with a mean age of 19 years, were examined, 
and it was found that individuals with fewer autistic trains 
were automatically and involuntarily attracted to global 
biological motion information, whereas individuals with 
more autistic traits did not show this observed distraction. 
It was further investigated to determine that individuals 
with more autistic traits were able to account for deficits 
in global processing with an increased involvement in 
local processing. 

Visual processing - visual processing task

In an additional recent study that investigated cortical 
dynamics associated with visual perception in individuals 
with ASD, Milne, Scope, Pascalis, Buckley, and Makeig 
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[45], used electroencephalogram (EEG) data to determine 
differences in the striate and extrastriate cortex. 20 
children with ASD (two female) and 20 neurotypical 
control subjects (also two female) were examined. EEG 
was continuously recorded while participants were 
instructed to respond by pressing a response button 
with the index finger of their dominant hand as quickly as 
possible whenever they saw a zebra on a screen. This was 
to ensure that participants paid attention to the screen. 
There were no group differences in the behavioral 
responses to the zebra stimuli. Each of four Gabor patches 
was shown 72 times; the zebra was shown 36 times, and 
the order of stimulus presentation was randomized. 
Differences between the ASD and the control group 
were found only in some of these processes. Specifically, 
in those components that were in or near the striate or 
extrastriate cortex, components that were in or near the 
cingulate gyrus was increased in the participants with 
ASD.

Language processing - semantic category 
decision

In addition to looking at the relationship between 
visual perceptual differences and local processing/WCC, 
there is a large body of literature that has examined 
language differences among persons with ASD. We 
know that language delay and impairment are salient 
characteristics of ASD, with pragmatics being the 
most consistently impaired domain [46]. Experiential 
effects in language acquisition are what are thought to 
play the largest or most important role with regard to 
lexicosemantic development. We know that children 
with ASD do not interact in the world in typical ways, 
and that ASD children’s patterns of interaction with 
their environment imply that their experience relevant 
to language acquisition is abnormal [47]. Historically, 
we also know that ASD children generally do not 
demonstrate consistency in phonological or syntactic 
deficits, while semantics and pragmatics tend are almost 
always impaired [48].

A study by Gaffrey, Kleinhans, Hasit, et al. [49] examined 
the neuro-functional correlates of semantic decision 
making in ASD. It was hypothesized that individuals with 
ASD would present with atypical patterns of neural-
activation in response to a semantic division task when 
compared to neurotypical controls. It was further 
predicted that reduced overall experience in individuals 
with ASD would be associated with a less mature pattern 
of lexicosemantic organization and with greater reliance 
on perceptual components. fMRI imaging was used to 

examine activation associated with semantic category 
decision. 10 individuals with an ASD diagnosis (mean 
age 26.1 years ± 10.5) were individually matched with 10 
neurotypical control subjects (mean age 25.3 years ± 9.8) 
for age, gender, and handedness. In the experimental 
condition, participants were asked to indicate category 
membership for visually presented words via a yes/
no button response. Each experimental block started 
with a category word and a question mark (e.g., TOOL?), 
which alerted participants to the target category and 
was presented for 3.7 seconds. After controlling for 
multiple comparisons, the simple effects for group and 
condition were explored. Results indicated that the ASD 
group performed significantly better on the perceptual 
control condition than for “feelings” (mean difference = 
11.32). No difference in accuracy across conditions was 
found for the control group. A significant between-group 
difference for task accuracy was found as well, with the 
control group performing significantly more accurately 
than the ASD group for “colors” and “feelings”.

From a neuro-physiologic perspective, in the 
aforementioned study, significant activation for semantic 
decision in the left inferior frontal gyrus (Brodmann areas 
44 and 45) was found in the control group. Corresponding 
activation in the ASD group was more limited, with small 
clusters in the left inferior frontal areas 45 and 47. ASD 
participants showed significantly greater activation 
compared to controls in the extrastriate visual cortex 
bilaterally (areas 18 and 19), which correlated with greater 
numbers of errors on the semantic task. These findings 
suggest an important role of perceptual components 
during semantic decision making, which is consistent 
with previous evidence for atypical lexicosemantic 
performance in ASD. 

Language processing - semantic division task

In a similar study, Shen, Shih, Ottl, Keehn, Leyden 
et al. [50] sought to examine atypical lexicosemantic 
function of extrastriate cortex in ASD. Participants were 
14 male adolescents and adults diagnosed with ASD 
(including ten from an earlier study by Gaffrey et al. 
[49] ), individually matched with 14 typically developing 
participants on age, gender, handedness, and nonverbal 
IQ. A similar procedure was followed as in the previously 
mentioned study [49], in which participants indicated 
by button press whether a visually presented word 
belonged to a target category (e.g., Tools, Colors, and 
Feelings). Structural equation modeling showed that 
whereas right extrastriate cortex did not impact function 
of language regions (left and right inferior frontal gyrus 
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(IFG), left middle temporal gyrus) in the control group, 
it was an integral part of a language circuit in the ASD 
group. These results suggest that atypical extrastriate 
activation during language processing in ASD reflects 
integrative (not isolated) processing.

 
Dissimilar to some of the other findings, in the 

aforementioned study there were significant differences 
between ASD and control groups for the semantic decision 
task, but no difference in the perceptual control task or 
response times, with the exception of the control times, 
for which the ASD model took longer. Correlations were 
conducted to further investigate relationships between 
age, task accuracy, and response time, for which there 
were none. However, there did appear to be differences 
between the ASD and control group for language, not 
shapes.

Conclusions

The purpose of this article was to provide a brief 
examination of the strong local coherence versus weak 
central coherence theories through a review of literature 
focused on visual processing and linguistic studies 
in ASD. The weak central coherence theory has long 
been both supported and refuted in the ASD literature, 
and has most recently been increasingly challenged by 
advances in neuroscience. The selected studies lend 
evidence to the notion of amplified localized perception 
rather than deficient global perception. In other words, 
WCC may represent a superiority in “local processing” 
rather than a deficit in global processing. Additionally, the 
right hemisphere, and the specific area of the extrastriate 
appear to be key in both the visual and lexicosemantic 
process. Overactivity in the striate region seems to 
suggest inaccuracy in semantic language, which lends 
itself to support for the link between the striate region 
and the atypical organization of the lexicosemantic 
system in ASD. In conclusion, there is evidence from 
recent neuroscientific studies that supports the notion 
that WCC, or the tendency of individuals with ASD to be 
unable to interpret “global” information while hyper-
focusing on local information, is likely a function of a 
superiority in local processing abilities, rather than a 
deficit in global processing. Future research and reviews 
of existing literature should continue to look at these 
concepts in-depth, as well as to examine the question of 
whether or not a localization superiority as opposed to a 
globalization deficiency exists. 

References

1. American Psychiatric Association. Diagnostic and 
statistical manual of mental disorders: DSM-5. 5th ed. 
Washington, D.C: American Psychiatric Association; 
2013.

2. Happé F, Frith U. The weak coherence account: Detail-
focused cognitive style in autism spectrum disorders. 
J of Autism and Devel Dis. 2006;36(1):5-25. Doi: https://
doi.org/10.1007/s10803-005-0039-0

3. Jolliffe T, Baron-Cohen S. Are people with autism 
and asperger syndrome faster than normal 
on the embedded figures test? J Child Psychol 
Psychiatry. 1997;38(5):527-534. Doi: https://doi.
org/10.1111/j.1469-7610.1997.tb01539.x

4. Kanner L. Autistic disturbances of affective contact. 
Nervous Child. 1943;(2):217-250. https://psycnet.apa.
org/record/1943-03624-001

5. Frith U. Autism: Explaining the enigma. Oxford, UK ; 
Cambridge, MA, USA: Basil Blackwell; 1989.

6. Hermelin B, O’Connor N. Remembering the words 
by psychotic and subnormal children. British J of 
Psychol. 1967;58(3-4):213-218. Doi: https://doi.
org/10.1111/j.2044-8295.1967.tb01075.x

7. Aurnhammer-Frith U. Emphasis and meaning 
in recall in normal and autistic children. Lang 
and Speech. 1969;12(1):29-38. Doi: https://doi.
org/10.1177/002383096901200103

8. Shah A, Frith U. An islet of ability in autistic 
children: A research note. J of Child Psychol and 
Psychiatry. 1983;24(4):613-620. Doi: https://doi.
org/10.1111/j.1469-7610.1983.tb00137.x

9. Frith U. Studies in pattern detection in normal 
and autistic children: II. Reproduction and 
production of color sequences. J of Exper Child 
Psychol. 1970;10(1):120-135. Doi: https://doi.
org/10.1016/0022-0965(70)90049-4

10. Langdell T. Recognition of faces: An approach 
to the study of autism. J of Child Psychol and 
Psychiatry. 1978;19(3):255-268. Doi: https://doi.
org/10.1111/j.1469-7610.1978.tb00468.x

11. Deruelle C, Rondan C, Gepner B, Tardif C. Spatial 
frequency and face processing in children with 
autism and asperger syndrome. J of Autism and Dev 
Dis. 2004;34(2):199-210. Doi: https://doi.org/10.1023/
B:JADD.0000022610.09668.4c

12. Teunisse J-P, de Gelder B. Face processing in 
adolescents with autistic disorder: The inversion and 
composite effects. Brain and Cog. 2003;52(3):285-294. 

https://doi.org/10.1007/s10803-005-0039-0
https://doi.org/10.1007/s10803-005-0039-0
https://doi.org/10.1111/j.1469-7610.1997.tb01539.x
https://doi.org/10.1111/j.1469-7610.1997.tb01539.x
https://psycnet.apa.org/record/1943-03624-001
https://psycnet.apa.org/record/1943-03624-001
https://doi.org/10.1111/j.2044-8295.1967.tb01075.x
https://doi.org/10.1111/j.2044-8295.1967.tb01075.x
https://doi.org/10.1177/002383096901200103
https://doi.org/10.1177/002383096901200103
https://doi.org/10.1111/j.1469-7610.1983.tb00137.x
https://doi.org/10.1111/j.1469-7610.1983.tb00137.x
https://doi.org/10.1016/0022-0965(70)90049-4
https://doi.org/10.1016/0022-0965(70)90049-4
https://doi.org/10.1111/j.1469-7610.1978.tb00468.x
https://doi.org/10.1111/j.1469-7610.1978.tb00468.x
https://doi.org/10.1023/B:JADD.0000022610.09668.4c
https://doi.org/10.1023/B:JADD.0000022610.09668.4c


142 Annal Behav Neurosci, 2(1): 136-143 (2019)

Doi: https://doi.org/10.1016/S0278-2626(03)00042-3

13. Rouse H, Donnelly N, Hadwin JA, et al. Do children with 
autism perceive second-order relational features? 
The case of the Thatcher illusion. J of Child Psychol 
and Psych. 2004;45(7):1246-1257. Doi: https://doi.
org/10.1111/j.1469-7610.2004.00317.x

14. Behrmann M, Thomas C, Humphreys K. Seeing it 
differently: Visual processing in autism. Trends in Cog 
Sci. 2006;10(6):258-264. Doi: https://doi.org/10.1016/j.
tics.2006.05.001

15. Schultz RT, Gauthier I, Klin A, et al. Abnormal ventral 
temporal cortical activity during face discrimination 
among individuals with autism and asperger 
syndrome. Archives of Gen Psych. 2000;57(4):331-340. 
Doi: https://doi.org/10.1001/archpsyc.57.4.331

16. Critchley HD, Daly EM, Bullmore ET, et al. The 
functional neuroanatomy of social behaviour. 
Brain. 2000;123(11):2203-2212. Doi: https://doi.
org/10.1093/brain/123.11.2203

17. Pierce K, Muller R, Abmrose G, et al. Face 
processing occurs outside the fusiform ‘face 
area’ in autism: Evidence from functional MRI. 
Brain. 2001;124(10):2059-2073. Doi: https://doi.
org/10.1093/brain/124.10.2059

18. Hubl D, Bolte S, Feineis-Matthews S, et al. 
Functional imbalance of visual pathways indicates 
alternative face processing strategies in autism. 
Neurology. 2003;61(9):1232-1237. Doi: https://doi.
org/10.1212/01.WNL.0000091862.22033.1A

19. Grelotti DJ, Gauthier I, Schultz RT. Social interest 
and the development of cortical face specialization: 
What autism teaches us about face processing. 
Devel Psychobio. 2002;40(3):213-225. Doi: https://doi.
org/10.1002/dev.10028

20. Wang AT, Dapretto M, Hariri AR, et al. Neural correlates 
of facial affect processing in children and adolescents 
with autism spectrum disorder. J of the Amer Acad of 
Child and Adol Psych. 2004;43(4):481-490. Doi: https://
doi.org/10.1097/00004583-200404000-00015

21. Hadjikhani N, Joseph RM, Snyder J, et al. Activation 
of the fusiform gyrus when individuals with 
autism spectrum disorder view faces. Neuroimage. 
2004;22(3):1141-1150. Doi: https://doi.org/10.1016/j.
neuroimage.2004.03.025

22. Pierce K, Haist F, Sedaghat F, et al. The brain response 
to personally familiar faces in autism: Findings of 
fusiform activity and beyond. Brain. 2004;127(12):2703-
2716. Doi: https://doi.org/10.1093/brain/awh289

23. Dalton KM, Nacewicz BM, Johnstone T, et al. Gaze 
fixation and the neural circuitry of face processing in 
autism. Nat Neurosci. 2005;8(4):519-526. Doi: https://
doi.org/10.1038/nn1421

24. Snowling M, Frith U. Comprehension in “hyperlexic” 
readers. J of Exper Child Psychol. 1986;42(3):392-415. 
Doi: https://doi.org/10.1016/0022-0965(86)90033-0

25. Plaisted K, Saksida L, Alcántara J, et al. Towards an 
understanding of the mechanisms of weak central 
coherence effects: Experiments in visual configural 
learning and auditory perception. Frith U, Hill EL, 
eds. Phil Trans of the Royal Soc of London-Series B 
Biol Sci. 2003;358(1430):375-386. Doi: https://doi.
org/10.1098/rstb.2002.1211

26. Eskes GA, Bryson SE, McCormick TA. Comprehension 
of concrete and abstract words in autistic children. J 
of Autism and Devel Dis. 1990;20(1):61-73. Doi: https://
doi.org/10.1007/BF02206857

27. Gottschaldt K. Über den Einfluss der Erfahrung 
auf die Wahrnehmung von Figuren. Psychol Forsch. 
1926;8(1):261-317. Doi: https://doi.org/10.1007/
BF02411523

28. Happé F. Autism: Cognitive deficit or cognitive style? 
Trends Cogn Sci. 1999;3(6):216-222. Doi: https://doi.
org/10.1016/S1364-6613(99)01318-2

29. Hill EL, Frith U. Understanding autism: Insights 
from mind and brain. Philos Trans R Soc London, B 
Biol Sci. 2003;358(1430):281-289. Doi: https://doi.
org/10.1098/rstb.2002.1209

30. Mottron L, Dawson M, Soulières I, et al. Enhanced 
perceptual functioning in autism: An update and eight 
principles of autistic perception. J Autism Dev Disord. 
2006;36(1):27-43. Doi: https://doi.org/10.1007/
s10803-005-0040-7

31. Manjaly ZM, Bruning N, Neufang S, et al. 
Neurophysiological correlates of relatively enhanced 
local visual search in autistic adolescents. Neuroimage. 
2007;35(1):283-291. Doi: https://doi.org/10.1016/j.
neuroimage.2006.11.036

32. Bölte S, Hubl D, Dierks T, et al. An fMRI-study of locally 
oriented perception in autism: Altered early visual 
processing of the block design test. J Neural Transm. 
2008;115(3):545-552. Doi: https://doi.org/10.1007/
s00702-007-0850-1

33. Schwarzkopf DS, Anderson EJ, de Haas B, et al. 
Larger extrastriate population receptive fields 
in autism spectrum disorders. J of Neuroscience. 
2014;34(7):2713-2724. Doi: https://doi.org/10.1523/
JNEUROSCI.4416-13.2014

https://doi.org/10.1016/S0278-2626(03)00042-3
https://doi.org/10.1111/j.1469-7610.2004.00317.x
https://doi.org/10.1111/j.1469-7610.2004.00317.x
https://doi.org/10.1016/j.tics.2006.05.001
https://doi.org/10.1016/j.tics.2006.05.001
https://doi.org/10.1001/archpsyc.57.4.331
https://doi.org/10.1093/brain/123.11.2203
https://doi.org/10.1093/brain/123.11.2203
https://doi.org/10.1093/brain/124.10.2059
https://doi.org/10.1093/brain/124.10.2059
https://doi.org/10.1212/01.WNL.0000091862.22033.1A
https://doi.org/10.1212/01.WNL.0000091862.22033.1A
https://doi.org/10.1002/dev.10028
https://doi.org/10.1002/dev.10028
https://doi.org/10.1097/00004583-200404000-00015
https://doi.org/10.1097/00004583-200404000-00015
https://doi.org/10.1016/j.neuroimage.2004.03.025
https://doi.org/10.1016/j.neuroimage.2004.03.025
https://doi.org/10.1093/brain/awh289
https://doi.org/10.1038/nn1421
https://doi.org/10.1038/nn1421
https://doi.org/10.1016/0022-0965(86)90033-0
https://doi.org/10.1098/rstb.2002.1211
https://doi.org/10.1098/rstb.2002.1211
https://doi.org/10.1007/BF02206857
https://doi.org/10.1007/BF02206857
https://doi.org/10.1007/BF02411523
https://doi.org/10.1007/BF02411523
https://doi.org/10.1016/S1364-6613(99)01318-2
https://doi.org/10.1016/S1364-6613(99)01318-2
https://doi.org/10.1098/rstb.2002.1209
https://doi.org/10.1098/rstb.2002.1209
https://doi.org/10.1007/s10803-005-0040-7
https://doi.org/10.1007/s10803-005-0040-7
https://doi.org/10.1016/j.neuroimage.2006.11.036
https://doi.org/10.1016/j.neuroimage.2006.11.036
https://doi.org/10.1007/s00702-007-0850-1
https://doi.org/10.1007/s00702-007-0850-1
https://doi.org/10.1523/JNEUROSCI.4416-13.2014
https://doi.org/10.1523/JNEUROSCI.4416-13.2014


143 Annal Behav Neurosci, 2(1): 136-143 (2019)

34. Baron-Cohen S, Wheelwright S, Skinner R, et al. 
The autism-spectrum quotient (AQ): Evidence from 
Asperger syndrome/high-functioning autism, males 
and females, scientists and mathematicians. J Autism 
Dev Disord. 2001;31(1):5-17. https://www.ncbi.nlm.
nih.gov/pubmed/11439754

35. Grinter EJ, Maybery MT, Van Beek PL, et al. Global 
visual processing and self-rated autistic-like traits. J 
Autism Dev Disord. 2009;39(9):1278-1290. Doi: https://
doi.org/10.1007/s10803-009-0740-5

36. Almeida RA, Dickinson JE, Maybery MT, et al. A new 
step towards understanding embedded figures 
test performance in the autism spectrum: The 
radial frequency search task. Neuropsychologia. 
2010;48(2):374-381. Doi: https://doi.org/10.1016/j.
neuropsychologia.2009.09.024

37. Russell-Smith SN, Maybery MT, Bayliss DM, et al. 
Support for a link between the local processing bias 
and social deficits in autism: An investigation of 
embedded figures test performance in non-clinical 
individuals. J Autism Dev Disord. 2012;42(11):2420-
2430. Doi: https://doi.org/10.1007/s10803-012-
1506-z

38. Herrington JD, Baron-Cohen S, Wheelwright SJ, et 
al. The role of MT+/V5 during biological motion 
perception in asperger syndrome: An fMRI study. Res 
Autism Spectr Disord. 2007;1(1):14-27. Doi: https://doi.
org/10.1016/j.rasd.2006.07.002

39. Freitag CM, Konrad C, Häberlen M, et al. Perception 
of biological motion in autism spectrum disorders. 
Neuropsychologia. 2008;46(5):1480-1494. Doi: https://
doi.org/10.1016/j.neuropsychologia.2007.12.025

40. Kaiser MD, Hudac CM, Shultz S, et al. Neural signatures 
of autism. Proc Natl Acad Sci. 2010;107(49):21223-
21228. Doi: https://doi.org/10.1073/pnas.1010412107

41. McKay LS, Simmons DR, McAleer P, et al. Do distinct 
atypical cortical networks process biological motion 
information in adults with autism spectrum disorders? 
NeuroImage. 2012;59(2):1524-1533. Doi: https://doi.
org/10.1016/j.neuroimage.2011.08.033

42. Adolphs R. Social cognition and the human brain. 
Trends Cogn Sci (Regul Ed). 1999;3(12):469-479. Doi: 
https://doi.org/10.1016/S1364-6613(99)01399-6

43. Puce A, Perrett D. Electrophysiology and brain 
imaging of biological motion. Philos Trans R Soc Lond 
B Biol Sci. 2003;358(1431):435-445. Doi: https://doi.
org/10.1098/rstb.2002.1221

44. Van Boxtel JJA, Lu H. Impaired global, and compensatory 
local, biological processing in people with high levels 
of autistic traits. Front in Psych. 2013;4:209. Doi: 
https://doi.org/10.3389/fpsyg.2013.00209

45. Milne E, Scope A, Pascalis O, et al. Independent 
component analysis reveals atypical 
electroencephalographic activity during visual 
perception in individuals with autism. Biol Psychiatry. 
2009;65(1):22-30. Doi: https://doi.org/10.1016/j.
biopsych.2008.07.017

46. Joseph RM, Tager–Flusberg H. The relationship 
of theory of mind and executive functions to 
symptom type and severity in children with autism. 
Dev Psychopathol. 2004;16(01). Doi: https://doi.
org/10.1017/S095457940404444X

47. Pierce K, Courchesne E. Evidence for a cerebellar role 
in reduced exploration and stereotyped behavior in 
autism. Biol Psych. 2001;49(8):655-664. Doi: https://
doi.org/10.1016/S0006-3223(00)01008-8

48. Tager-Flusberg H. On the nature of linguistic 
functioning in early infantile autism. J Autism Dev 
Disord. 1981;11(1):45-56. Doi: https://doi.org/10.1007/
BF01531340

49. Gaffrey MS, Kleinhans NM, Haist F, et al. Atypical 
participation of visual cortex during word processing 
in autism: An fMRI study of semantic decision. 
Neuropsychologia. 2007;45(8):1672-1684. Doi: https://
doi.org/10.1016/j.neuropsychologia.2007.04.014

50. Shen MD, Shih P, Öttl B, et al. Atypical lexicosemantic 
function of extrastriate cortex in autism spectrum 
disorder: Evidence from functional and effective 
connectivity. Neuroimage. 2012;62(3):1780-1791. Doi: 
https://doi.org/10.1016/j.neuroimage.2012.06.008

Copyright: © Scher Lisa et al. This is an Open Access article distributed under the terms of 
the Creative Commons Attribution License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited.

https://www.ncbi.nlm.nih.gov/pubmed/11439754
https://www.ncbi.nlm.nih.gov/pubmed/11439754
https://doi.org/10.1007/s10803-009-0740-5
https://doi.org/10.1007/s10803-009-0740-5
https://doi.org/10.1016/j.neuropsychologia.2009.09.024
https://doi.org/10.1016/j.neuropsychologia.2009.09.024
https://doi.org/10.1007/s10803-012-1506-z
https://doi.org/10.1007/s10803-012-1506-z
https://doi.org/10.1016/j.rasd.2006.07.002
https://doi.org/10.1016/j.rasd.2006.07.002
https://doi.org/10.1016/j.neuropsychologia.2007.12.025
https://doi.org/10.1016/j.neuropsychologia.2007.12.025
https://doi.org/10.1073/pnas.1010412107
https://doi.org/10.1016/j.neuroimage.2011.08.033
https://doi.org/10.1016/j.neuroimage.2011.08.033
https://doi.org/10.1016/S1364-6613(99)01399-6
https://doi.org/10.1098/rstb.2002.1221
https://doi.org/10.1098/rstb.2002.1221
https://doi.org/10.3389/fpsyg.2013.00209
https://doi.org/10.1016/j.biopsych.2008.07.017
https://doi.org/10.1016/j.biopsych.2008.07.017
https://doi.org/10.1017/S095457940404444X
https://doi.org/10.1017/S095457940404444X
https://doi.org/10.1016/S0006-3223(00)01008-8
https://doi.org/10.1016/S0006-3223(00)01008-8
https://doi.org/10.1007/BF01531340
https://doi.org/10.1007/BF01531340
https://doi.org/10.1016/j.neuropsychologia.2007.04.014
https://doi.org/10.1016/j.neuropsychologia.2007.04.014
https://doi.org/10.1016/j.neuroimage.2012.06.008

	Journal of Nutritional Biology
	_GoBack

