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Atypical integration is a topic of debate in the autism literature. Some theories suggest
that altered perception in autism spectrum disorder (ASD) is due to a failure to integrate
information from meaningful context into the final percept, whereas others suggest that
integration of low-level features is impaired. Empirical research which forms the basis
for these theories has failed to account for higher-level influences not inherent in the
stimuli (i.e., instructions and goals) and assess integration at both lower and higher
perceptual levels within the same task. Here, we describe how perceived expectations
and goals of a task can modulate the processing of low-level visual input via the medial
prefrontal cortex (mPFC). We then go on to illustrate how future research might assess
the relative contribution of both low and high-level processes using the same paradigm.
We conclude by recommending that when results appear conflicting, consideration of
the relative strength of low-level input vs. feedback or high-level processes may prove
helpful. Importantly, research in this area needs to more broadly consider the various
influences on perception, and find better ways to assess the contributions of early and
later visual processes.
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Sensory abnormalities are observed in a large proportion of people with Autism SpectrumDisorder
(ASD; Geschwind, 2009) and many clinical, parental, and personal reports focus on atypically
intense attention to, or avoidance of, sensory information (Williams, 1998; Bogdashina, 2003;
Grandin, 2006; Ben-Sasson et al., 2009). Although people with an ASD diagnosis exhibit superior
performance in some tasks, such as block design and finding embedded figures (Muth et al.,
2014), deficits are also shown in simple visual tasks such as orientation or motion detection
(Simmons et al., 2009; Figure 1). There is considerable disagreement regarding the mechanisms
underlying atypical perception, however a common theme is abnormal integration (Dakin et al.,
2005; Simmons et al., 2009). When the ASD literature discusses visual integration, it is often
within the reference frame of higher-level information derived from the stimulus such as its
meaning or surrounding context. For instance, Plaisted et al. (1999) note that individuals with
ASD do not exhibit a global interference effect of contextual information in a divided attention
Navon-type task (Navon, 1977). However, even when stimuli appear devoid of meaning there may
be higher-level influence in the form of personal goals or task expectations. Current perceptual
theories of ASD disagree as to whether integration is affected at early (i.e., lower) or later
(i.e., higher) levels of visual processing. To date, there has been little success in disentangling
these experimentally. This paper will first give a brief overview of the visual pathway and then
outline how current theories attempt to explain atypical visual integration in autism. We then
discuss important considerations that need to be addressed in this area of research; specifically,
how an individual’s goals or understanding of a task can exhibit modulatory feedback upon
low-level vision through the medial prefrontal cortex (mPFC). Finally, we provide an example
of how integration at both lower and higher levels could be assessed independently in the same task.
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Visual perception is commonly conceptualized as
hierarchical, with inputs arriving in area V1 from the thalamus,
and being successively processed in a number of different areas.
Neural response properties vary along the visual hierarchy, with
latency increases that imply more complex processing when
moving from earlier to later areas such as the inferotemporal
cortex (Lamme and Roelfsema, 2000). Receptive field sizes
also increase, implying convergence of inputs from lower- to
higher-level areas (Poggio and Riesenhuber, 1999; Rao and
Ballard, 1999).

Low-level integration begins to take place once simple local
features, such as the orientation and location of lines and
edges, are extracted from primary visual input in areas V1
and V2 (Hubel and Wiesel, 1962). The outputs of these areas,
which are comprised of local representations, are then gradually
consolidated, binding together different stimulus features to
represent a global or overall shape at successive levels of the
visual system (Kourtzi et al., 2003; Rousselet et al., 2004; Roe
et al., 2012). For instance, in Figure 1B, the orientation of each
line in both the simple/component and complex shapes would
be extracted by early visual filters. These components would
be combined at a later stage, within the lateral occipital cortex
(Kourtzi and Kanwisher, 2001), to form the overall shapes.

Once simple visual features are consolidated, in feedforward
models of vision, their signals are projected to higher levels
of the cortex such as the inferotemporal and prefrontal areas,
where sensory input is integrated with attention and task
demands. Areas such as the orbitofrontal cortex and mPFC are
thought to play a central role in the evaluation of potential
outcomes (Shalom, 2005; Bar, 2007) by limiting the number of
possible representations for a viewed object (Bar et al., 2006),
assisting with identification of objects, and categories (Tanaka,
1996). Alternative conceptualizations of the visual system (e.g.,
Hochstein and Ahissar, 2002) propose that this higher level
processing occurs early and projects information downsteam as
needed, biasing early visual processing from the start.

In Figure 1B, the extraction and integration of component
edges is influenced by possible representations of the overall
shape (i.e., a house or a rectangle with a triangle on top). If
an individual identifies the target for which they are searching
as a ‘‘house’’ this will increase and reinforce attention towards
the outline of this shape. However, integration of irrelevant
distractor features, such as color, may impair the identification
of the house.

Integration in ASD

There is consistent evidence of an atypical visual processing
style of ASD (Dakin and Frith, 2005; Behrmann et al., 2006;
Simmons et al., 2009), commonly manifesting as deficits in
global processing (i.e., processing of the whole object or scene)
or superior low-level processing. Most current theories of ASD
attempt to provide explanations for this atypical integration.

Weak central coherence theory (WCC; Happé and Frith,
2006) proposes that individuals with ASD have a detail-focused
cognitive style where they are unable to bind details into
more global forms. There is also a bias away from integrating

higher-level information such as context. In support, individuals
with ASD have been shown to exhibit faster performance in tasks
involving embedded figures (Shah and Frith, 1983; Jolliffe and
Baron-Cohen, 1997) and block design (Shah and Frith, 1993),
where a lack of global feature-binding would be advantageous.

In contrast to WCC, the enhanced perceptual functioning
(EPF) hypothesis (Mottron and Burack, 2001) focuses on
evidence that low-level perception is enhanced in people with
ASD. Mottron et al. (2006) suggest that the integration of
‘‘higher-order’’ information—which is automatic in typically
developing/developed (TD) populations—is optional in those
with ASD, meaning that the default setting of perception is
more locally-oriented. Basic visual functioning may be superior
in ASD populations but low-level integration of features may
be impaired. This is supported by the literature that has
demonstrated that although people with ASD appear to have
intact or superior processing of simple dynamic stimuli (Bertone
et al., 2005; Pellicano et al., 2005), they exhibit poor performance
when required to combine simple visual features such as in
texture-defined second-order gratings (Bertone et al., 2005)
or motion coherence tasks (Milne and Szczerbinski, 2009;
Koldewyn et al., 2011).

These theories conceptualize high-level and low-level
processes as separate entities. However, these processes are
not so easily dissociable; neurons in the visual cortex receive
feedforward information (from the retina), feedback (from
higher cortical areas) and have inputs from lateral connections.
Research has increasingly focused on examining the interplay
between these sources of information using a variety of tasks
including figure-ground segregation (Vandenbroucke et al.,
2009), degraded face and object recognition (Loth et al., 2010),
and contextual modulation caused by collinear facilitation and
contour integration (Jachim et al., 2015). All found a difference
in modulatory feedback in individuals with autism. The exact
nature of this difference in ASD is yet to be determined: it has
been proposed to be both enhanced (Vandenbroucke et al.,
2009), and reduced (Loth et al., 2010; Jachim et al., 2015).

Hypo-prior theory (HPT) has framed the perceptual
atypicalities found in ASD in terms of a failure to incorporate
modulatory feedback. HPT proposes that people with ASD may
perceive the world differently due to attenuated priors (Pellicano
and Burr, 2012). Priors encode biases towards attributes that are
most likely, based on previous experience. They can improve the
efficiency of neural computations by acting as constraints and
reducing noise or error. Reduced priors lead to a decrease in
the influence of context and prior knowledge causing superior
performance in certain tasks. Like EPF, HPT predicts that people
with ASD ought to rely more heavily on low-level sensory
information, but does so by implicating reduced feedback.
However, high-level information may come in a number of
different forms (see Brock, 2012), and in its current form, HPT
only considers perceptual sources of high-level information.

Similar to HPT, Lawson et al. (2014), Sinha et al. (2014) and
Van de Cruys et al. (2014) propose prediction-based explanations
for ASD. Here, the relative influence of prior beliefs (high-
level information) compared to sensory evidence (low-level
information) is controlled by the precision of predictions made
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FIGURE 1 | Examples of the stimuli that are used to explore low- and
high-level visual integration in autism spectrum disorder (ASD). (A)
The block design task (Wechsler, 2011). This task requires line drawings to
be broken up into logical units, so that individual blocks can be used to
reconstruct the original design. Here the shape above is constructed of the
blocks below. (B)The embedded figures test (Witkin et al., 1971). Here, the
participant is asked to find a simple component shape (above, in the
example given) within a complex design (below). There is an increase in
performance in both the block design task and the embedded figures test if
there is a lack of automatic global processing. (C) First and second order
gratings. Bertone et al. (2005) asked participants to determine the orientation

of two different types of gratings, one which only contained first-order
information (upper grating, which is composed of changes in luminance) and
the other contained second order information (lower grating, which consists
of differences in texture). (D) Global motion perception using random-dot
kinetograms (RDKs). When presented in a motion sequence, a certain
proportion of the dots in an RDK move in the same direction (signal dots;
black arrows) whilst the rest move in a random direction (noise dots; white
arrows)—the participant is asked to specify the perceived overall direction of
the stimuli. Processing both second-order visual stimuli and RDKs involves
integrating information from multiple visual channels and should be worse if
there are deficits in low-level visual integration.

by higher-level brain areas. Sensory evidence that has not been
predicted is termed ‘‘prediction error’’. The precision of these
prediction errors is thought to determine the relative weight
of high- and low-level information. Perceptual atypicalities in
ASD have been proposed to occur both due to poor prediction
(Sinha et al., 2014) and an over weighting of prediction errors,
leading to missing of patterns and regularities (Van de Cruys
et al., 2013, 2014). In Figure 1B, for instance, the integration
of the larger shape has not been reliably learnt from previous
experience. A further alternative explanation proposes that the
pattern of impairment is due to increased precision of low-
level input, leading to over-reliance on sensory signals (Friston
et al., 2013; Lawson et al., 2014). Thus, there is a reduction in
the weighting of higher-level information and less suppression
of sensory information by prior information. In Figure 1B, for
people with ASD, there might be reduced suppression of the local
features by the larger shape.

In summary, with the exception of EPF, all theories discussed
illustrate how a failure to incorporate feedback correctly can
result in atypical visual integration. However, most empirical
research in this area has considered meaning to be inherent
in the stimulus—for instance, a stimulus may be immediately
identifiable or similar to stored perceptual representations in
memory. However, even when a stimulus appears to be absent
of meaning (e.g., abstract lines), visual processing can be
affected by the viewer’s own goals or their interpretation of task
expectations.

The Role of Goals and Expectations
in Visual Feedback

An individual’s goals and expectations can affect attention,
reduce the time taken to respond to stimuli and increase

performance (Bravo and Nakayama, 1992). Attention to a
particular location, or feature, can be characterized in terms of
enhancement of neural responses (gain control) and suppression
of neural responses outside the focus of attention (Motter, 1993;
Chen et al., 2008). The enhancement of neural responses can be
observed throughout the visual cortex (Motter, 1993) and the
temporal lobe (Tanaka, 1996; Liu et al., 2009). The magnitude
of the attentional effects throughout the visual system depends
upon the nature of the task and the configuration of the stimulus
(Watanabe et al., 1998; Ito and Gilbert, 1999). Li et al. (2004)
trained monkeys to indicate the central point on a line and
discriminate misalignment between the same lines. Critically,
although identical stimuli were used in both tasks, the patterns of
cell activity depended on which task was being performed. That
the understanding of a task can vastly change activation patterns
resonates with the effects of task instructions on cognitive tests in
those with ASD (White, 2013).

Task instructions have been shown to have a differential
effect on performance by those with ASD on the Navon task
(Plaisted et al., 1999); when individuals were not told which level
(i.e., global or local) to search for the target, those with ASD
were better than typically developing (TD) children at finding
the target at the local level. However, where they were told to
search only one level to identify the target, both groups were
faster when identifying the larger global letter than the local
letter. As previously has been argued (Shalom, 2005; Bzdok
et al., 2013), it is specifically under circumstances of ambiguity
where those with ASD may perform differently. The mPFC may
serve a specific purpose by means of establishing an order of
importance (i.e., global) in TD individuals whereas it does not
do so in the ASD group. When attention is directed to a single
level, individuals with ASD do not perform differently as the
possibilities are minimized. When cued to look for a specific
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feature, the selectivity of neuronal receptive fields in early visual
area V1 changes to a form which approximates the cued feature
(McManus et al., 2011). Even at the earliest stages of visual
processing, neurons can be dynamically adjusted to be selective
for complex geometries from top-down influences. Returning to
Figure 1B, the failure to find the hidden figure might reflect that
the entire shape is bound by a high-level automatic grouping
mechanism. Once enough processing has occurred to identify
the overall complex shape the filters of the early visual system
can adjust to become more selective for these salient features,
effectively hiding the embedded figure. It has been observed that
the frontal and parietal brain areas (including the mPFC) exhibit
reduced activation during the embedded figures task in ASD
populations compared to controls (Lee et al., 2007; Damarla et al.,
2010; Spencer et al., 2012). Previously, these areas were thought
to be involved in suppression of global perceptual bias (so the
reduced activation of the ASD group may be interpreted as a sign
that the global form of the complex visual figure was processed to
a lesser extent by the ASD than control children; Lux et al., 2004;
Lee et al., 2007)—however, this can also be interpreted as reduced
activation of the feedback pathways.

High-level processing is key to understanding perception
and the back projections that are present throughout the visual
system are likely to play an important role in the integration of
low-level with high-level information. Until recently, research
on visual perception in ASD has tended to focus on either
low-level vision or higher-level influences (Simmons et al.,
2009). Since differences in visual processing in individuals with
ASD are not isolated to either the higher (global) or low-level
(local) domains, perhaps a more parsimonious explanation is
that interaction between low- and high-level mechanisms is less
developed in this population. Thus, the theories that emphasize
the interaction between low- and high-level mechanisms are
a welcome development and are consistent with evidence that
indicates that brain connectivity is disrupted in ASD (Barttfeld
et al., 2011; Wass, 2011; Samson et al., 2012). Enhanced resource
allocation in early visual areas, due to a lack of suppression of

irrelevant details could explain the heightened performance of
those with ASD in low-level visual tasks. However to-date, there
is little evidence to discriminate between the specific alternatives
(see Skewes et al., 2015; Westerfield et al., 2015, for two relevant
studies). One paradigm that may allow differentiation between
the contributions of feedforward and feedback processing in
visual perception is shape constancy.

Example: Shape Constancy

Shape constancy is the phenomenon where regardless of an
object’s orientation, the shape of the object is perceived as the
same (Figure 2). Ropar and Mitchell (2002) asked participants
to replicate the retinal projection of a tilted circle. When
participants knew the true shape, both ASD and TD participants
increased the circularity of their reproduced shape, as predicted
by shape constancy. However, in the ASD group this increase
was significantly smaller. They concluded that perception in ASD
was less influenced by prior knowledge, which can in the present
context be interpreted as a reduction in the modulatory feedback.
For TD participants, the higher-level information interfered
with the task whereas participants with ASD reported veridical
perception more easily (see, Liu et al., 2011, for a brain imaging
result consistent with this interpretation).

However, shape perception and constancy can be elicited
by both low- and high- level visual cues. Low-level cues
to slant such as linear perspective (Howard et al., 2014)
and binocular disparity (Hibbard et al., 2012) can induce
shape constancy, even when the participant does not know
the true shape. Ropar and Mitchell (2002) allowed binocular
viewing, which may have caused shape constancy from binocular
disparity. This leads to a second possible explanation of Ropar
and Mitchell’s findings; individuals with ASD may be less
able to utilize disparity due to an increased prevalence of
deficits with convergence or strabismus (Scharre and Creedon,
1992; Milne et al., 2009). The reduction in shape constancy
observed in ASD may be explained by an inability to use

FIGURE 2 | When a cup is viewed obliquely, the retinal projection of the
lip of the cup forms an ellipse. Despite the apparent transformation, the
viewer knows that the “real shape” of the lip of the cup is circular—this is the
phenomenon of shape constancy. When asked to reproduce the retinal

projection of the ellipse, shape constancy means that the observer is unable to
accurately determine the true retinal projection. Instead, the observer will
reproduce what is labeled the “perceived shape”, represented in the above
image as being between the retinal projection and the real shape.
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low-level cues to slant rather than a reduced effect of prior
knowledge.

A final possibility is that feedback connections caused prior
knowledge of true shape to change perception by adjusting
receptive fields. It may be the case that people with ASD were
influenced by prior knowledge but its modulatory effect was
different compared to TD groups. For instance, prior knowledge
may cause a decrease in shape constancy elicited by binocular
disparity for participants with ASD but actually increase the
efficacy of disparity for the TD group.

We aim to highlight the importance of considering perception
as an interactive and dynamic process where the integration of
low- and high-level sources of information may differ between
populations. Research in this domain is often unable to come to
a consensus due to conflicting data. Methodological differences
may account for these discrepancies. For instance, some existing
results appear dependent on participant characteristics such as
IQ (Jarrold and Brock, 2004), on task demands (e.g., with the
Navon task; Navon, 1977) or on the exact instructions given
(Plaisted et al., 1998; Ropar and Mitchell, 1999, 2001). Each
of these changes will produce different top-down modulations

of low-level mechanisms, relating to different connectivity
pathways between frontal and visual regions (for a review, see
Martínez-Sanchis, 2014). Within the context of shape constancy,
it has been found that results depend on how subjects interpret
instructions. Even when they are instructed to replicate the
retinal projection, they may believe they are being asked
to replicate a shape that matches the actual inclined shape
(Howard et al., 2014). Differing interpretation of instructions
can change expectancies, modulating the importance and/or
salience of different features of the stimulus. This will affect the
strength and nature of the low-level processing and modulatory
feedback. We therefore recommend that when results are
conflicting and appear dependent on participant characteristics,
task demands or stimulus features, considering the results in light
of possible interplay between low- and high-level processes is
helpful.

Acknowledgments

DS was supported by an Economic and Social Research Council
(ESRC) PhD studentship.

References

Bar, M. (2007). The proactive brain: using analogies and associations to
generate predictions. Trends Cogn. Sci. 11, 280–289. doi: 10.1016/j.tics.2007.
05.005

Bar, M., Kassam, K. S., Ghuman, A. S., Boshyan, J., Schmid, A. M., Dale, A. M.,
et al. (2006). Top-down facilitation of visual recognition. Proc. Nat. Acad. Sci.
U S A, 103, 449–454. doi: 10.1073/pnas.0507062103

Barttfeld, P., Wicker, B., Cukier, S., Navarta, S., Lew, S., and Sigman, M.
(2011). A big-world network in ASD: dynamical connectivity analysis
reflects a deficit in long-range connections and an excess of short-range
connections. Neuropsychologia 49, 254–263. doi: 10.1016/j.neuropsychologia.
2010.11.024

Behrmann, M., Thomas, C., and Humphreys, K. (2006). Seeing it differently:
visual processing in autism. Trends Cogn. Sci. 10, 258–264. doi: 10.1016/j.tics.
2006.05.001

Ben-Sasson, A., Hen, L., Fluss, R., Cermak, S. A., Engel-Yeger, B., and Gal,
E. (2009). A meta-analysis of sensory modulation symptoms in individuals
with autism spectrum disorders. J. Autism Dev. Disord. 39, 1–11. doi: 10.
1007/s10803-008-0593-3

Bertone, A., Mottron, L., Jelenic, P., and Faubert, J. (2005). Enhanced
and diminished visuo-spatial information processing in autism
depends on stimulus complexity. Brain 128, 2430–2441. doi: 10.
1093/brain/awh561

Bogdashina, O. (2003). Sensory Perceptual Issues in Autism and Asperger
Syndrome. London: Jessica Kingsley Publishers.

Bravo, M. J., and Nakayama, K. (1992). The role of attention in different visual-
search tasks. Percept. Psychophys. 51, 465–472. doi: 10.3758/bf03211642

Brock, J. (2012). Alternative Bayesian accounts of autistic perception: comment
on Pellicano and Burr. Trends Cogn. Sci. 16, 573–574. doi: 10.1016/j.tics.2012.
10.005

Bzdok, D., Langner, R., Schilbach, L., Engemann, D. A., Laird, A. R., Fox, P. T.,
et al. (2013). Segregation of the human medial prefrontal cortex in social
cognition. Front. Hum. Neurosci. 7:232. doi: 10.3389/fnhum.2013.00232

Chen, Y., Martinez-Conde, S., Macknik, S. L., Bereshpolova, Y., Swadlow, H. A.,
and Alonso, J.-M. (2008). Task difficulty modulates the activity of specific
neuronal populations in primary visual cortex. Nat. Neurosci. 11, 974–982.
doi: 10.1038/nn.2147

Dakin, S., and Frith, U. (2005). Vagaries of visual perception in autism.Neuron 48,
497–507. doi: 10.1016/j.neuron.2005.10.018

Dakin, S. C., Mareschal, I., and Bex, P. J. (2005). Local and global limitations on
direction integration assessed using equivalent noise analysis. Vision Res. 45,
3027–3049. doi: 10.1016/j.visres.2005.07.037

Damarla, S. R., Keller, T. A., Kana, R. K., Cherkassky, V. L., Williams, D. L.,
Minshew, N. J., et al. (2010). Cortical underconnectivity coupled with preserved
visuospatial cognition in autism: evidence from an fMRI study of an embedded
figures task. Autism Res. 3, 273–279. doi: 10.1002/aur.153

Friston, K. J., Lawson, R., and Frith, C. D. (2013). On hyperpriors and hypopriors:
comment on Pellicano and Burr.Trends Cogn. Sci. 17:1. doi: 10.1016/j.tics.2012.
11.003

Geschwind, D. H. (2009). Advances in autism. Annu. Rev. Med. 60, 367–380.
doi: 10.1146/annurev.med.60.053107.121225

Grandin, T. (2006). Thinking in Pictures: My Life with Autism (Expanded.). New
York, NY: Vintage.

Happé, F. G. E., and Frith, U. (2006). The weak coherence account: detail-focused
cognitive style in autism spectrum disorders. J. Autism Dev. Disord. 36, 5–25.
doi: 10.1007/s10803-005-0039-0

Hibbard, P. B., Goutcher, R., O’Kane, L. M., and Scarfe, P. (2012). Misperception
of aspect ratio in binocularly viewed surfaces. Vision Res. 70, 34–43. doi: 10.
1016/j.visres.2012.08.003

Hochstein, S., and Ahissar, M. (2002). View from the top: hierarchies and reverse
hierarchies in the visual system. Neuron, 36, 791–804. doi: 10.1016/S0896-
6273(02)01091-7

Howard, I. P., Fujii, Y., Allison, R. S., and Kirollos, R. (2014). Shape constancy
measured by a canonical-shape method. Vision Res. 94, 33–40. doi: 10.1016/j.
visres.2013.10.021

Hubel, D. H., and Wiesel, T. N. (1962). Receptive fields, binocular interaction
and functional architecture in the cat’s visual cortex. J. Physiol. 160, 106–154.
doi: 10.1113/jphysiol.1962.sp006837

Ito, M., and Gilbert, C. D. (1999). Attention modulates contextual influences
in the primary visual cortex of alert monkeys. Neuron 22, 593–604. doi: 10.
1016/s0896-6273(00)80713-8

Jachim, S., Warren, P. A., McLoughlin, N., and Gowen, E. (2015). Collinear
facilitation and contour integration in autism: evidence for atypical visual
integration. Front. Hum. Neurosci. 9:115. doi: 10.3389/fnhum.2015.00115

Jarrold, C., and Brock, J. (2004). To match or not to match? Methodological
issues in autism-related research. J. Autism Dev. Disord. 34, 81–86. doi: 10.
1023/b:jadd.0000018078.82542.ab

Jolliffe, T., and Baron-Cohen, S. (1997). Are people with autism and
Asperger syndrome faster than normal on the embedded figures test?

Frontiers in Human Neuroscience | www.frontiersin.org 5 July 2015 | Volume 9 | Article 387

http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Human_Neuroscience/archive


Smith et al. Visual integration in autism

J. Child Psychol. Psychiatry 38, 527–534. doi: 10.1111/j.1469-7610.1997.
tb01539.x

Koldewyn, K., Whitney, D., and Rivera, S. M. (2011). Neural correlates of coherent
and biological motion perception in autism. Dev. Sci. 14, 1075–1088. doi: 10.
1111/j.1467-7687.2011.01058.x

Kourtzi, Z., and Kanwisher, N. (2001). Representation of perceived object shape
by the human lateral occipital complex. Science 293, 1506–1509. doi: 10.
1126/science.1061133

Kourtzi, Z., Tolias, A. S., Altmann, C. F., Augath, M., and Logothetis, N. K. (2003).
Integration of local features into global shapes: monkey and human fMRI
studies. Neuron 37, 333–346. doi: 10.1016/S0896-6273(02) 01174-1

Lamme, V. A. F., and Roelfsema, P. R. (2000). The distinct modes of vision offered
by feedforward and recurrent processing. Trends Neurosci. 23, 571–579. doi: 10.
1016/s0166-2236(00)01657-x

Lawson, R. P., Rees, G., and Friston, K. J. (2014). An aberrant precision account of
autism. Front. Hum. Neurosci. 8:302. doi: 10.3389/fnhum.2014.00302

Lee, P. S., Foss-Feig, J., Henderson, J. G., Kenworthy, L. E., Gilotty, L., Gaillard,
W. D., et al. (2007). Atypical neural substrates of embedded figures task
performance in children with autism spectrum disorder. Neuroimage 38,
184–193. doi: 10.1016/j.neuroimage.2007.07.013

Li, W., Piëch, V., and Gilbert, C. D. (2004). Perceptual learning and top-
down influences in primary visual cortex. Nat. Neurosci. 7, 651–657. doi: 10.
1038/nn1255

Liu, H., Agam, Y., Madsen, J. R., and Kreiman, G. (2009). Timing, timing, timing:
fast decoding of object information from intracranial field potentials in human
visual cortex. Neuron 62, 281–290. doi: 10.1016/j.neuron.2009.02.025

Liu, Y., Cherkassky, V. L., Minshew, N. J., and Just, M. A. (2011). Autonomy
of lower-level perception from global processing in autism: evidence from
brain activation and functional connectivity. Neuropsychologia 49, 2105–2111.
doi: 10.1016/j.neuropsychologia.2011.04.005

Loth, E., Gómez, J. C., and Happé, F. G. E. (2010). When seeing depends on
knowing: adults with autism spectrum conditions show diminished top-down
processes in the visual perception of degraded faces but not degraded objects.
Neuropsychologia 48, 1227–1236. doi: 10.1016/j.neuropsychologia.2009.12.023

Lux, S., Marshall, J. C., Ritzl, A., Weiss, P. H., Pietrzyk, U., Shah, N. J., et al. (2004).
A functional magnetic resonance imaging study of local/global processing with
stimulus presentation in the peripheral visual hemifields. Neuroscience 124,
113–120. doi: 10.1016/j.neuroscience.2003.10.044

Martínez-Sanchis, S. (2014). Neurobiological foundations of multisensory
integration in people with autism spectrum disorders: the role of the medial
prefrontal cortex. Front. Hum. Neurosci. 8:970. doi: 10.3389/fnhum.2014.00970

McManus, J. N., Li, W., and Gilbert, C. D. (2011). Adaptive shape processing in
primary visual cortex. Proc. Natl. Acad. Sci. U S A 108, 9739–9746. doi: 10.
1073/pnas.1105855108

Milne, E., Griffiths, H., Buckley, D., and Scope, A. (2009). Vision in children and
adolescents with autistic spectrum disorder: evidence for reduced convergence.
J. Autism Dev. Disord. 39, 965–975. doi: 10.1007/s10803-009-0705-8

Milne, E., and Szczerbinski, M. (2009). Global and local perceptual style, field-
independence and central coherence: an attempt at concept validation. Adv.
Cogn. Psychol. 5, 1–26. doi: 10.2478/v10053-008-0062-8

Motter, B. C. (1993). Focal attention produces spatially selective processing in
visual cortical areas V1, V2 and V4 in the presence of competing stimuli. J.
Neurophysiol. 70, 909–919.

Mottron, L., and Burack, J. (2001). ‘‘Enhanced perceptual functioning in the
development of autism,’’ in The Development of Autism: Perspectives from
Theory and Research, eds J. Burack, T. Charman, N. Yirmiya, and P. R. Zelaza
(Malwah, NJ: Lawrence Erlbaum), 131–148.

Mottron, L., Dawson, M., Soulières, I., Hubert, B., and Burack, J. (2006). Enhanced
perceptual functioning in autism: an update and eight principles of autistic
perception. J. Autism Dev. Disord. 36, 27–43. doi: 10.1007/s10803-005-0040-7

Muth, A., Hönekopp, J., and Falter, C. M. (2014). Visuo-spatial performance
in autism: a meta-analysis. J. autism. dev. disord. 44, 3245–3263. doi: 10.
1007/s10803-014-2188-5

Navon, D. (1977). Forest before trees: the precedence of global features in visual
perception. Cogn. Psychol. 9, 353–383. doi: 10.1016/0010-0285(77)90012-3

Pellicano, E., and Burr, D. (2012). When the world becomes ‘‘too real’’: a Bayesian
explanation of autistic perception.Trends Cogn. Sci. 16, 504–510. doi: 10.1016/j.
tics.2012.08.009

Pellicano, E., Gibson, L., Maybery, M., Durkin, K., and Badcock, D. R. (2005).
Abnormal global processing along the dorsal visual pathway in autism: a
possible mechanism for weak visuospatial coherence? Neuropsychologia 43,
1044–1053. doi: 10.1016/j.neuropsychologia.2004.10.003

Plaisted, K., O’Riordan, M., and Baron-Cohen, S. (1998). Enhanced visual search
for a conjunctive target in autism: a research note. J. Child Psychol. Psychiatry
39, 777–783. doi: 10.1017/s0021963098002613

Plaisted, K., Swettenham, J., and Rees, L. (1999). Children with autism show local
precedence in a divided attention task and global precedence in a selective
attention task. J. Child Psychol. Psychiatry 40, 733–742. doi: 10.1111/1469-7610.
00489

Poggio, T., and Riesenhuber, M. (1999). Hierarchical models of object recognition
in cortex. Nat. Neurosci. 2, 1019–1025. doi: 10.1038/14819

Rao, R. P. N., and Ballard, D. H. (1999). Predictive coding in the visual cortex:
a functional interpretation of some extra-classical receptive-field effects. Nat.
Neurosci. 2, 79–87. doi: 10.1038/4580

Roe, A. W., Chelazzi, L., Connor, C. E., Conway, B. R., Fujita, I., Gallant, J. L., et al.
(2012). Toward a unified theory of visual area V4. Neuron 74, 12–29. doi: 10.
1016/j.neuron.2012.03.011

Ropar, D., and Mitchell, P. (1999). Are individuals with autism and Asperger’rs
syndrome susceptible to visual illusions? J. Child Psychol. Psychiatry 40,
1283–1293. doi: 10.1111/1469-7610.00544

Ropar, D., and Mitchell, P. (2001). Susceptibility to illusions and performance on
visuospatial tasks in individuals with autism. J. Child Psychol. Psychiatry 42,
539–549. doi: 10.1111/1469-7610.00748

Ropar, D., and Mitchell, P. (2002). Shape constancy in autism: the role of prior
knowledge and perspective cues. J. Child Psychol. Psychiatry 43, 647–653.
doi: 10.1111/1469-7610.00053

Rousselet, G. A., Thorpe, S. J., and Fabre-Thorpe, M. (2004). How parallel is visual
processing in the ventral pathway? Trends Cogn. Sci. 8, 363–370. doi: 10.1016/j.
tics.2004.06.003

Samson, F., Mottron, L., Soulières, I., and Zeffiro, T. A. (2012). Enhanced
visual functioning in autism: an ALE meta-analysis. Hum. Brain Mapp. 33,
1553–1581. doi: 10.1002/hbm.21307

Scharre, J. E., and Creedon, M. P. (1992). Assessment of visual function in autistic
children. Optom. Vis. Sci. 69, 433–439. doi: 10.1097/00006324-199206000-
00004

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

Shah, A., and Frith, U. (1993). Why do autistic individuals show superior
performance on the block design task? J. Child Psychol. Psychiatry 34,
1351–1364. doi: 10.1111/j.1469-7610.1993.tb02095.x

Shalom, D. B. (2005). Autism and the experience of a perceptual object. Conscious.
Cogn. 14, 641–644. doi: 10.1016/j.concog.2005.03.005

Simmons, D. R., Robertson, A. E., McKay, L. S., Toal, E., McAleer, P., and Pollick,
F. E. (2009). Vision in autism spectrum disorders. Vision Res. 49, 2705–2739.
doi: 10.1016/j.visres.2009.08.005

Sinha, P., Kjelgaard, M. M., Gandhi, T. K., Tsourides, K., Cardinaux, A. L.,
Pantazis, D., et al. (2014). Autism as a disorder of prediction. Proc. Natl. Acad.
Sci. U S A 111, 15220–15225. doi: 10.1073/pnas.1416797111

Skewes, J. C., Jegindø, E. M., and Gebauer, L. (2015). Perceptual inference and
autistic traits. Autism 19, 301–317. doi: 10.1177/1362361313519872

Spencer, M. D., Holt, R. J., Chura, L. R., Calder, A. J., Suckling, J., Bullmore,
E. T., et al. (2012). Atypical activation during the embedded figures task as a
functional magnetic resonance imaging endophenotype of autism. Brain 135,
3469–3480. doi: 10.1093/brain/aws229

Tanaka, K. (1996). Inferotemporal cortex and object vision. Annu. Rev. Neurosci.
19, 109–139. doi: 10.1146/annurev.neuro.19.1.109

Van de Cruys, S., de-Wit, L., Evers, K., Boets, B., and Wagemans, J. (2013). Weak
priors versus overfitting of predictions in autism: reply to Pellicano and Burr
(TICS, 2012). Iperception 4, 95–97. doi: 10.1068/i0580ic

Van de Cruys, S., Evers, K., Van der Hallen, R., Van Eylen, L., Boets, B., de-Wit,
L., et al. (2014). Precise minds in uncertain worlds: predictive coding in autism.
Psychol. Rev. 121, 649–675. doi: 10.1037/a0037665

Vandenbroucke, M. W. G., Scholte, H. S., van Engeland, H., Lamme, V. A. F.,
and Kemner, C. (2009). A new approach to the study of detail perception in
Autism Spectrum Disorder (ASD): investigating visual feedforward, horizontal

Frontiers in Human Neuroscience | www.frontiersin.org 6 July 2015 | Volume 9 | Article 387

http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Human_Neuroscience/archive


Smith et al. Visual integration in autism

and feedback processing. Vision Res. 49, 1006–1016. doi: 10.1016/j.visres.2007.
12.017

Wass, S. (2011). Distortions and disconnections: disrupted brain connectivity in
autism. Brain Cogn. 75, 18–28. doi: 10.1016/j.bandc.2010.10.005

Watanabe, T., Harner, A. M., Miyauchi, S., Sasaki, Y., Nielsen, M., Palomo, D.,
et al. (1998). Task-dependent influences of attention on the activation of human
primary visual cortex. Proc. Natl. Acad. Sci. U S A 95, 11489–11492. doi: 10.
1073/pnas.95.19.11489

Wechsler, D. (2011). Wechsler Abbreviated Scale of Intelligence−Second Edition
(WASI-II). San Antonio, TX: NCS Pearson.

Westerfield, M. A., Zinni, M., Vo, K., and Townsend, J. (2015). Tracking the
sensory environment: an ERP study of probability and context updating in
ASD. J. Autism Dev. Disord. 45, 600–611. doi: 10.1007/s10803-014-2045-6

White, S. J. (2013). The Triple I Hypothesis: taking another(’s) perspective on
executive dysfunction in autism. J. Autism Dev. Disord. 43, 114–121. doi: 10.
1007/s10803-012-1550-8

Williams, D. (1998). Nobody Nowhere: The Remarkable Autobiography of an
Autistic Girl. London: Jessica Kingsley Publishers.

Witkin, H. A., Oltman, P. K., Raskin, E., and Karp, S. A. (1971).Witkin: Manual for
Embedded Figures Test, Children’s Embedded Figures Test and Group Embedded
Figures Test. Palo Alto, CA: Consulting Psychologists Press, Inc.

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2015 Smith, Ropar and Allen. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution and reproduction in other forums is permitted, provided the original
author(s) or licensor are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Human Neuroscience | www.frontiersin.org 7 July 2015 | Volume 9 | Article 387

http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Human_Neuroscience/archive

	Visual integration in autism
	Integration in ASD
	The Role of Goals and Expectations in Visual Feedback
	Example: Shape Constancy
	Acknowledgments
	References


