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Abstract: There is a rapid increase in the number of individuals with high-functioning autism 

(HFA). Research on motion perception in HFA has shown deficits in processing motion informa-

tion at the higher visual cortical areas (V5/middle temporal). Several hypotheses have been put 

forth to explain these deficits as being due to enhanced processing of small details at the expense 

of the global picture or as a global integration abnormality. However, there is a lot of variability 

in the results obtained from experiments designed to study motion in adults with autism. These 

could be due to the inherent diagnostic differences within even the same range of the autism 

spectrum and/or due to comparison of different experimental paradigms whose processing by 

the same visual neural areas could be different. In this review, we discuss the various results on 

motion processing in HFA, as well as the theories of motion perception in autism.

Keywords: autism-spectrum disorder, high-functioning autism, motion perception, biological 

motion, form perception, random-dot kinematogram, local motion, global motion

Background
Autism-spectrum disorder (ASD) is a developmental disability syndrome characterized 

by impairments in social communication and interaction defects. The prevalence of 

autism from the Centers for Disease Control and Prevention1 show one of 68 children 

is born with ASD, of which 43.9% are classified with high-functioning autism (HFA). 

The term HFA refers to average or above-average intellectual ability in the range of IQ 

>85, among other higher-functioning cognitive abilities, such as emotion recognition, 

expressions, social interaction, and executive function (EF), with a special emphasis 

on individual and group problem-solving.2,3 Individuals with HFA and Asperger’s 

syndrome (AS), which is within the autism spectrum, may have the ability for general 

societal interactions and have close-to-normal life activities, eg, studying, working, and 

driving. Most studies collect data from people with ASD who generally have average–

high IQ and do not have severe abnormalities or other related development issues that 

may make data collection difficult. In this review, we will still denote individuals with 

HFA as within the general term ASD, which is the general convention in the literature.

Visual function, such as refractive error, strabismus, and color vision, is found 

to be normal in ASD; however, contrast sensitivity, motion perception, visual 

movement, and visual search may be more affected among the autism group when 

compared to a typical-development (TD) group.4 Studies of visual motion percep-

tion have shown that individuals with ASD have exceptional perceptual abilities 

for detecting small details in the environment, but are incapable of capturing the 

whole without giving full attention to the constituent parts.5–7 Indeed, Castelli et al8 
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showed that the ability of individuals with ASD to perform 

well on the standard Wechsler block-design task was 

due specifically to their advanced segmentation ability 

when compared to a normal-development group. Related 

research using the embedded-figure test9 suggested that 

children with autism have superior performance in detect-

ing embedded figures than normal children and nonautistic 

children with intellectual disability. Other studies, however, 

have shown enhanced detection of local targets, with a 

typical global bias.10,11 Mottron et al12 used various local/

global tasks, including traditional tasks of hierarchical 

processing, configural processing, and a disembedding 

task that contained letters presented either individually 

or in the pattern of the same letter. Target discrimination 

of the global scene using hierarchical or configural tasks 

showed no group differences; however, individuals with 

autism were faster than the TD group in processing local 

details within embedded pictures than isolated ones on the 

disembedding task.

Research findings vary in indicating a local processing 

bias or a global processing deficit, and often contradict 

one another. Several reviews have discussed these findings 

of differences in motion perception in ASD, and whether 

these differences are sensory symptom-related and/or due 

to social and perceptual knowledge latency in early child-

hood.13–15 Bias in local/global visual processing relevant to 

stimuli and task dependence has also been investigated.16 

This suggests a reconsideration of the idea of impaired 

global (or rather, biased) processing between local/global 

information, with dominant intact or enhanced perfor-

mance on tasks necessitating static spatial information 

processing and poor performance with dynamic informa-

tion analysis.5,12,17,18

Our review here is selective, focusing on cases of 

adults with ASD and their sensitivity to various paradigms 

in processing coherent motion. The published results are 

often contradictory, eg, in experiments on “form from 

motion” (FFM), which includes detection of biological 

motion (BM), performance is found to be intact in form 

motion, with reduced sensitivity to BM,7,19 and cases where 

researchers divided the autism group into HFA and AS 

and found that atypical perception was HFA-related, not 

AS. Comparing the consequences of task relevance and 

autism-group subdivision allows conclusions about the 

abnormalities found in motion perception in autism. We 

conclude this article by addressing recent studies directly 

comparing different types of motion integration, and sug-

gest a possible synthesis of the otherwise-contradictory 

and confusing results found in the literature.

Theories
Various investigators across multiple cognitive domains in 

autism have proposed different hypotheses falling between 

single domain-specific or domain-general mechanisms. 

Proponents of the theory of weak central coherence (WCC)20 

explain that people with ASD have enhanced segmenta-

tion of local details and weak ability to discover the global 

meaning. For example, ASD shows superior performance on 

embedded-figure and block-design tasks (Figure 1; ie, static-

target design within a complex large picture, including local 

details, where participants are required either to respond to 

what they only see or if they can see the global pictures).21

However, WCC fails to explain the diversity of results 

in overall typical performance of individuals with ASD in 

extracting higher-level meaning included in different tasks. 

Happé et al proposed that global perception could be typi-

cal in autism, but autistic people have a biased “cognitive 

style” towered local details compared with the remaining 

population.22 However, other groups using specific tasks 

that require global integration of local details (eg, global 

dot motion or random-dot kinematograms [RDKs]) have 

reported impairments in global processing.23,24 Mottron et 

al25 proposed the enhanced perceptual function (EPF) theory, 

where they suggested that use of “high”- vs “low”-level 

information processing to qualify autistic performance may 

be misleading. They explained the superior involvement of 

perceptual regions in so-called high-level tasks by the sig-

nificant superiority of “perceptual” processing that impacts 

social and behavioral abilities in ASD. This theory, however, 

argues that people with autism are able to process global 

information despite any qualitative or quantitative deficiency 

in local-level processing. Therefore, the perception of global 

picture is a relatively optional characteristic in ASD, while it 

is mandatory in the general population.26

Both theories (WCC and EPF) have been criticized as 

being either too narrow or too general to explain the full range 

Figure 1 Sample of embedded-figure task: (A) simple; (B) complex.
Notes: Reproduced from Fonville L, Lao-Kaim NP, Giampietro V, et al. Evaluation 
of enhanced attention to local detail in anorexia nervosa using the embedded 
figures test; an fMRI study. PLoS ONE. 2013;8(5): e63964. Creative Commons 
license and disclaimer available from: http://creativecommons.org/licenses/by/4.0/
legalcode”http://creativecommons.org/licenses/by/4.0/legalcode.108
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of autistic symptoms, thereby giving rise to the theory of mind 

(ToM), which is currently the most dominant theory in ASD 

cognition. Corcoran27 explained the profound difficulties in 

social communication and stereotyped and even repetitive 

interests and activities on “false belief ” tasks, where ASD 

participants showed less ability to “read” others’ minds or 

explain and solve or deal with social situations. The ToM 

does not explain the relationship between social integration 

processing and atypical visual processing, with the exception 

being difficulties in processing facial expressions.13 However, 

combining the ToM, or “mentalizing”, as Hill and Frith28 pre-

fers to call it, and systemizing WCC and EPF should give rise 

to the core aspects of neurocognitive atypicalities in ASD.29 In 

other words, emphasizing the relationship between the ability 

of recognition and interoperation of all the details of a complex 

scene would reveal the core of cognitive functions in autism.

Pellicano30 examined whether autism differences in cogni-

tive skills at early developmental stages can change along with 

other emerging skills in various cognitive domains or whether 

these skills are developed independently. This study measured 

performance on several cognitive domains, including ToM, EF, 

and CC, in children 3–7 years old with autism, and then these 

were evaluated 3 years later in the same children performing 

the same experiments. The results showed that early EF and 

CC skills were longitudinally predictive of change in children’s 

ToM skills. On the other hand, cognitive performance between 

EF and CC was not linked over the 3-year period, even when 

variance due to age was taken into account. Verbal ability and 

nonverbal ability differences in cognitive performance remained 

stable as well. These results, however, agreed with earlier longi-

tudinal studies on children with autism. Booth et al and Happè 

et al29,31 found temporal stability in individual differences within 

ToM, EF, and CC over a longer period. Again, there are few 

precise predictions about visual performance that come from 

these theories. Therefore, it is unclear if these visual abnormali-

ties of local/global processing in autism are experienced due 

to abnormal neural connectivity and integration in the visual 

cortex or difficulties with visual attention and eye movements 

(especially for scene-exploration tasks).

Visual attention in ASD
Natural processing in visual perception is determined not 

only by the environment visual inputs, which refers to 

bottom-up processing, but also modulated by top-down 

processing by prior knowledge, such as facial expressions. 

Such knowledge develops through experience-dependent 

plasticity or during development, and includes contextual 

modulation of perception.32 Although our review selectively 

discusses findings from the viewpoint of local vs global 

processing in ASD, it is essential to understand top-down 

attention in autism. For example, Maekawa et al33 studied 

top-down and bottom-up visual information processing 

in adults with HFA using event-related potentials while 

running nonsocial spatial attentional stimuli composed 

of black–white windmill patterns. They found that HFA 

subjects were faster in detecting the target; however, there 

was no significant difference in target-stimulus-detection 

accuracy between the HFA and TD groups. Event-related-

potential data, however, showed abnormal lower visual level 

processing evidenced by reduced P
1
 amplitude and P

300
 

latency (300–500 ms) in HFA, which suggested that while 

bottom-up attention was relatively preserved in the autism 

group, the abnormal P
300

 finding indicated that top-down 

attentional processing was impaired in HFA. Typical behav-

ioral and attentional perception to objects and nonsocial 

stimuli has also been found in related studies. For example, 

Loth et al34 suggested that the effect of prior knowledge 

on the conscious perception of degraded visual stimuli is 

intact for object stimuli, but not for face recognition. This 

pattern of results was even more pronounced in the results 

of eye tracking, which showed that the top-down effect on 

perception of faces was not only reduced but also virtually 

absent. However, research results on attention allocation to 

social and nonsocial stimuli have been mixed in ASD. Using 

eye tracking as an index of attention of main areas of gaze 

produced interesting results in ASD.35 Findings showed that 

autism had overall reduced social attention compared to TD 

and that diminished social attention may start as early as 6 

months old and remain constant across ages in ASD.35 How-

ever, it is possible that unchanged social attention might be 

generated from accumulated deficits of long term atypical 

experiences in adults, whereas data from children represent a 

time in which symptomatology profiles are still emerging.36 

However, Tegmark added that social attention differences 

in ASD appear to be modulated by the complexity of the 

social context.35 Visual attention gaze patterns for different 

dynamic and static social/nonsocial stimuli in children and 

adolescents with ASD have shown that ASD groups exhibit 

atypical gaze patterns associated with social stimuli, eg, they 

will gaze more at the body and give decreased attention to 

the eyes.37 All of this is correlated with the severity of social 

attention and hence social communication capabilities. Few 

studies have examined the factors of attention and gaze sta-

bility in adults with HFA, and results are controversial.38–40 

That leaves the question open as to whether social attention 

abnormalities in ASD are due to specific difficulties with 

processing social information, are more related to visual 

processing abnormalities found in ASD, or a combination 
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of both. However, there have not been studies link this 

reduction in attentional engagement to enhanced perception 

of local details and/or to decreased global perception or both, 

which is found in autism. Therefore, further investigation is 

required to define the ASD-specific attention profile across 

social and nonsocial dimensions, and its relationship to 

motion-perception processing.

Motion processing in adults and 
adolescents with ASD
Interoperation of global motion scenes often requires integra-

tion of both spatial and temporal information between low-

order neurons with small directional receptive fields at V1 and 

high-order extended receptive fields, primarily in the middle 

temporal (MT)/medial superior temporal (MST) area.41 

Researchers usually use a single moving point or contour to 

study local motion processing, eg, discriminating direction of 

a moving sine wave grating with spatiotemporal variations in 

luminance over time, which refer to simple, first-order motion 

(luminance-defined), which can be processed based on one 

point source, and this is enhanced for persons with autism.42 

The ability to process second-order (texture-defined or non-

Fourier) stimuli, which measures response to more than one 

point in space, has been found to be intact in autism.42

Global motion, on the other hand, can be studied using 

RDKs, where several dots or contours move relatively to 

one another, requiring the perceptual system to integrate 

individual local motions into a globally coherent motion 

(Figure 2).43 Usually, the RDK technique is used to measure 

the motion-coherence threshold, where a certain percentage 

of dots move together (coherent signal) in the same direction 

while the remaining moving dots run in random directions 

10% coherenceA

B

40% coherence 80% coherence

Actor Point light figure

Figure 2 Motion perception stimuli.
Notes: (A) RDK stimuli with differing coherence levels. Adapted from Robertson CE, Martin A, Baker CI, Baron-Cohen S. Atypical integration of motion signals in autism 
spectrum conditions. PLoS One. 2012;7(11):e48173. Creative Commons license and disclaimer available from: http://creativecommons.org/licenses/by/4.0/legalcode”http://
creativecommons.org/licenses/by/4.0/legalcode.43 (B) Point-light display generated by small lights attached to main points on the human body (actor), which create biological 
motion stimuli. Reproduced from Nackaerts E, Wagemans J, Helsen W, Swinnen SP, Wenderoth N, Alaerts K. Recognizing biological motion and emotions from point-light 
displays in autism spectrum disorders. PLoS One. 2012;7(9):e44473. Creative Commons license and disclaimer available from: http://creativecommons.org/licenses/by/4.0/
legalcode”http://creativecommons.org/licenses/by/4.0/legalcode.76
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(noise). The threshold for coherent motion is then defined by 

the percentage of coherent dots required to detect the accurate 

direction of coherent motion at some predefined probability 

level. Performance on this task has been found to be directly 

related to activity in the MT/MST area, but not to activity in 

earlier visual areas.44 Another form of the RDK task is the 

measurement of perception of FFM. This is generated from 

a number of dots that move in a specific spatial relationship 

to generate a structure or shape, and can only be defined 

by the motion of the constituent dots. RDK is also used to 

study BM, which is the perception of human figures. These 

stimuli are generated by a few points of light that are attached 

to the joints of a moving human (Figure 2).45 FFM and BM 

perception – which is another FFM task – involve both the 

dorsal and ventral stream pathways.46 Functional magnetic 

resonance imaging (fMRI) studies suggest that deficits in BM 

perception could support a theory of dorsal stream dysfunc-

tion if MT/V5 reductions are associated with activity decrease 

in the right-hemisphere posterior superior temporal sulcus 

(STS), an area particularly sensitive to BM.47,48

Studies of visual motion perception in autism across dif-

ferent ages and using different tasks have proposed normal 

first-order motion perception5,42 and abnormal second-order 

motion perception.6,49 Results of coherent-motion tasks, 

however, show mixed sensitivity in local/global motion 

in autism. While several studies have reported decrease 

in performance in coherent global perception in autism,23 

others have shown normal results when compared with a 

control group.12,50 A meta-analysis by van der Hallen et al16 

suggested that it was not enhanced local visual processing 

nor a deficit in global visual processing, but a slow global 

processing that required longer time to respond. They 

also suggested that there were no direct effects of age, IQ, 

or sex on performance in autism. Long-duration stimuli 

presentation or/and long response time seems to impact 

enhanced performance of participants with autism.6,51–53 

In addition, Koldewyn et al54 suggested an effect of task 

paradigms on perceptual performance in ASD.15 Of all of 

the divergent results of research on motion perception in 

autism, the issue of individual differences in visual motion 

sensitivity among individuals with ASD using RDK stimuli 

remains unresolved, and is a very important paradigm for 

research on motion perception.

RDK stimuli and autism
Our review here is selective, focusing on studies that use RDK 

stimuli to investigate global forms of motion perception in 

adults and adolescents with HFA, because of the following 

observations:

•	 evidence of fully mature motion processing occurs after 

the age of 11 years55

•	 aspects of early visual processing, such as crowding and 

visual attention, are relatively mature after age 10 years and 

are positively correlated with severity level in autism13,56

•	 Hadad et al15 addressed the parameters affecting global 

motion perception in individuals with abnormal early 

visual input, such as in ASD, from infant stage to adult

•	 RDK stimuli are particularly suited to assessing global 

motion processing; however, different paradigms of 

RDK (eg, signal/noise, FFM) can integrate different 

cues and thus subserve the perception of different types 

of movement.57

Moreover, we also discuss findings from studies on chil-

dren with autism for comparative purposes, since studies that 

examine those specific paradigms in adults with autism are 

not available in the literature.

Local/global perception in ASD: 
study findings
The perception of global motion is of much interest. Table 

1 summarizes some of the data that have been accumulated 

over the recent years in studies of motion perception in adults 

with ASD. However, measurements of the sensitivity to 

spatial and temporal factors of global motion are not always 

controlled across studies. Therefore, controversial results 

among comparable studies of motion perception in autism 

have been found and hence make it very difficult to draw 

firm conclusions. For example, Tsermentseli et al58 compared 

motion sensitivity between adults with autism and adults 

with dyslexia and a control group. They replicated Spencer 

and O’Brien’s59 motion paradigm on children with autism, 

which showed a high coherence threshold in this group. Tser-

mentseli et al also reported that adults with autism showed 

a high motion-coherence threshold, but only for individuals 

with HFA and not AS. On the other hand, Atkinson60 found 

increased thresholds for coherent motion in individuals with 

autism using an RDK stimulus. However, in this study the 

ASD group was composed mostly of adults with AS (n=12; 

HFA, n=1). In both studies,58,60 the AS group had similar 

full-scale IQ and mean age (FIQ 107.8, age 23.3 years and 

FIQ 106.2, age 30.9 years, respectively). Tsermentseli et 

al’s58 motion task consisted of a glass with a target area that 

formed circular patches defined by correlated dot triplets. The 

dots of the circular batch moved either to the right or to the 

left of the screen among randomly oriented dots (Figure 3).

On the other hand, Atkinson used white RDK dots that 

moved on a black background to the left or right of the screen. 
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Parameter differences that affect global motion perception 

in adults with autism have been discussed elsewhere.15 For 

example, dot lifetime (limited or unlimited, which affects the 

ability to track individual dots) and speed have been found to 

elevate the threshold of coherent motion in autism (Table 1). 

However, in the study by Atkinson and Tsermentalisi, dot 

lifetime might not have created a difference, since the stimuli 

duration in both studies was very short (~250 ms).61 Also, the 

effects of speed may in fact increase the threshold for motion 

coherence if the dot spatial displacement is large, which was 

the case in Tsermentseli et al,58 even though no differences 

in AS were found. van der Hallen et al16 suggested that slow 

global processing in individuals with ASD was the cause of the 

different findings, and that ASD participants need more time 

to respond. However, in both studies, the time given to partici-

pants to respond was long (Table 1). One possible explanation 

for differences in findings between the studies of Atkinson and 

Tsermentalisi et al might be the modified psychophysical task 

used. Glass patterns are primarily random stimuli that generate 

perception of global motion. Glass patterns with concentric 

structure are considered to be easier to perceive than other 

types of correlated dot images (eg, radial and translational 

patterns).62 Evidence from fMRI63 shows that Glass patterns 

are processed in two stages: primary visual area V1 and higher-

order areas of the MT area, yet the sensitivity to curvature 

and global form present in Glass patterns exist as early as the 

primary visual cortex. This could actually explain the high 

performance of AS patients in motion coherence formed by 

the Glass pattern, since the primary visual area is found to be 

intact in autism.51,64 Interestingly, Tsermentseli et al were the 

first to report impaired form processing in adults with AS. The 

authors suggested that more tightly integrated network among 

the dorsal and ventral streams in the visual system may cause 

abnormal response. Therefore, the evidence from this study 

does not support the “dorsal stream vulnerability” hypothesis, 

since most experiments have shown that ASD subjects had high 

motion-coherence thresholds, but intact performance on form-

coherence tasks.49,52,59 Impaired motion perception in autism 

may result from diffuse, aspecific neural dysfunction of early 

neurointegrative mechanisms, which lead to deficits in the per-

ception of complex stimuli.65 Robertson et al6 employed fMRI 

to verify this theory, and found slow responses to elemental 

visual information at V1, which presumably alters the rate at 

which those local details are integrated into a global percept. 

The results were significantly different with shorter stimulus 

duration in the ASD group when compared with the control 

group, indicating that integration of local signals into global 

percept is delayed in ASD.6 This agrees with previous results 

of Robertson et al,43 which showed short-duration stimuli (200 

ms) decreased the performance of coherent motion in autism, 

but intact global processing was evidenced in ASD with longer 

stimuli presentation (eg., 400 and 1,500 ms).43 Typical func-

tional brain areas have been reported in other fMRI studies 

between autism and control groups.50,51 Also, impairment in 

function or performance in one or more tasks is prevalent in 

autism studies. For example, limited dot lifetime increased 

threshold, as opposed to “infinite”-lifetime dots,66 and slow dot 

speed (1.5°/second) reduced coherent perception, as opposed 

to fast speed (6°/second; Table 1).

One could argue that the contrasting results can be attrib-

uted simply to spatial stimuli parameters. However, in all 

these studies (Table 1), a direct comparison to match age, sex, 

and IQ control groups revealed a decrease in coherent motion 

threshold in autism. A different factor, eg, diagnostic variance 

among ASD populations, can also be considered. Spencer and 

O’Brien59 divided their participants into those with HFA and 

those with AS, and found that motion-coherence thresholds 

differed significantly from controls for the HFA group, but not 

Figure 3 Schematic of stimuli used by Tsermentseli et al58 for form coherence (left) and motion coherence (right). 
Notes: Reprinted by permission from Springer Nature: Springer. J Autism Dev Disord. Comparison of form and motion coherence processing in autistic spectrum disorders 
and dyslexia. Tsermentseli S, O’Brien JM, Spencer JV. 2008;38(7):1201–1210.58
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the AS group. Milne et al67 also found that only a subgroup 

of their ASD population (about 20%) had motion-coherence 

thresholds outside the typical range. This type of meta-data 

analysis would help in comparing among autism-syndrome 

subgroups and classifying the severity of coherent motion 

deficits among these groups.

Integration of FFM and BM in ASD
As noted previously, FFM and BM, which is a form of FFM, 

require spatiotemporal integration of local motion signals. 

Adding to its complexity, BM entails dynamic, hierarchically 

arranged pendular motions, which when viewed under optimal 

conditions group together to produce the global perception of 

biological activity. The processing mechanisms of BM and 

FFM are still being investigated, but evidence points to mul-

tiple visual brain areas being involved. It has been shown, for 

example, that the perception of BM activates occipital regions 

of the STS besides MT+, while coherent motion mainly acti-

vates the MT–MST complex.48 This suggests that BM relies 

on input from both dorsal and ventral areas of the extrastriate 

visual cortex.68 However, FFM using arranged patterns, such 

as concentric Glass patterns, activates a number of brain 

areas, such as fusiform/lingual gyri, middle occipital gyrus, 

and intraparietal sulcus.68 Interestingly, the fact that all three 

motion-processing mechanisms are beyond V1 suggests that 

V1 response is determined by local spatial elements.69 Com-

parison across these three types of display may thus be infor-

mative. Studies providing a direct comparison of performance 

across the different tasks in adults with autism, however, are 

minimal. Jones et al70 tested visual processing of CM, FFM, 

and BM on a group of adolescents with autism compared to a 

control group. All three motion stimuli were displayed with a 

random-dot (noise) background, which varied across the tasks. 

A psychophysical staircase method was used to determine the 

threshold. In this methodology, three noise dots were added 

after every two consecutive correct trials, and an incorrect 

response resulted in three noise dots being removed. In all 

three tasks, the dots ran at the same speed (Table 1) and had 

a limited lifetime (40 ms). The results showed no differences 

between the ASD group and the TD group in any of the three 

tasks. However, within-group differences were found among 

the ASD group. Autistic individuals with low IQ performed 

worse on all three visual processing tasks, but they were 

significantly worse in the BM task. This study suggests that 

these differences happened due to difficulties between the tasks 

and the stimuli, and also the diversity of symptoms defining 

the ASD disorder. On the other hand, Saygin et al52 found no 

group differences between ASD and TD groups or within the 

ASD group processing BM and FFM stimuli. Compared to 

the Jones et al study, the Saygin et al study was conducted on 

ASD adults (mean age 33.75 years) while the Jones et al age-

group was younger (mean age 15.6 years). Although evidence 

of the developmental course for sensitivity to coherent motion 

is found by the age of 11 years, we could consider that ASD 

adolescents with low IQ may “catch up” with their peers 

without ASD at the adult stage. In addition, in Jones et al, the 

number of participants was larger, which allowed more diver-

sity in the ASD syndrome among the group. This explanation 

may better predict the variable findings across both studies, but 

cannot necessarily indicate typical neural processing in ASD. 

Motion-perception deficits have been found in individuals 

with developmental disorders, eg, Williams syndrome71 and 

dyslexia.72 However, studies comparing perceptual difficul-

ties between people with disorder development and autism 

have shown distinct differences in processing CM and FFM 

in autism, even in those with high functioning level.58 While 

several studies have found intact FFM in ASD, BM was more 

distinctly affected.12,49,50,60 Using fMRI, Koldewyn et al50 dem-

onstrated that an autism group showed lower brain function 

during the BM task compared to a TD group. Brain activity in 

BM in the TD group was notable in a large area in the bilateral 

parietal cortex, primarily along the intraparietal sulcus, right 

dorsolateral prefrontal cortex, centered in the inferior frontal 

gyrus, a cluster in the anterior cingulate cortex, and a region 

in the right posterior STS. The autism group showed activity 

at an area in the bilateral inferior temporal cortex, including 

cortex in both the lateral occipital and fusiform gyrus (Figure 

4). Interestingly, this activation increased when noise level 

was reduced in the BM stimulus and vice versa. The results 

agreed with a previous study of Koldewyn et al,49 where they 

used a psychophysical task in adolescent autistic subjects. 

Their results showed increased threshold in BM and intact 

FFM performance, as well as decreased sensitivity to CM. 

Impairments in processing both BM and CM have been shown 

in autism.60 This may be due to the neural mechanisms behind 

processing the BM, which include processing of local/global 

details and integration between multiple visual neural areas, 

particularly at the STS.73 The STS has an important role in 

processing body and facial movement,74 and may be involved 

in the interpretation of any social signal with a temporal com-

ponent. As such, those with ASD may be fairly unaffected in 

their perceptual processing of BM per se, but exhibit specific 

impairments in emotion-related judgments and emotion pro-

cessing of the point-light displays (PLDs) that are used as BM 

stimuli (Figure 3).60,73,75,76 Hubert et al77 found that those with 

ASD were able to detect BM given sufficient time, but they 

were not as good at emotional PLDs. Parron et al78 also found 

differences in PLD with respect to emotional displays. Parron 
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et al’s study suggests that adolescents with ASD are able to 

group points of light related to inanimate objects as well as 

TD individuals suggesting that global processing is intact. On 

the other hand, when these points have an emotional content, 

the performance of ASD group is decreased.

Recent studies have related genetic influences on BM 

perception in autism.79,80 It was found that sensitivity to local 

BM cues was negatively correlated with autistic traits through 

the dimension of social communication, with the covariation 

largely mediated by shared genetic effects. Therefore, to date 

the literature has provided a rather contradictory picture, 

due to the different paradigms, different variables assessed, 

and heterogeneity of participants, and thus more studies are 

needed to clarify these differences.

Specific trajectories of motion 
integration
Role of neural noise
In processing complex spatiotemporal visual stimuli, neural 

“noise” often refers to the variation in neural responses that 

typically reduce the detection or discrimination of the signal 

and is parameterized by the signal:noise ratio. Sometimes, 

neural noise can enhance perceptual detection and discrimi-

nation via “stochastic resonance”, a property of nonlinear 

systems in which addition of noise can facilitate detection 

and discrimination of subthreshold signals.81 However, in 

autism, an emerging hypothesis postulates that excessive 

internal noise is a key factor influencing perceptual abili-

ties.82 Reduced perceptual efficiency in ASD that is due to 

both increased internal noise and bad external noise filtering 

while highlighting internal noise has implications for per-

ceptual, behavioral, and cognitive abnormalities. Perceptual 

learning often refers to the exclusion of environmental noise 

(external noise) and reduction of additive internal noise, 

thus effectively enhancing the stimulus and/or multiplicative 

internal noise reduction.83 In individuals with ASD, there is 

growing evidence that increased internal noise might play 

an important role in the reduction of their global visual 

perception.81,84,85 Recent results from a group of children 

and adolescents with ASD showed both elevated internal 

additive noise and reduced ability to filter out external noise 

from stimuli, accompanied by no evidence for abnormalities 

in internal multiplicative noise.82 Another observation was 

a link between internal additive noise to the severity of core 

behavioral symptoms of ASD. The experimenters considered 

the factors that can reduce the ability to extract task-relevant 

structures from visual inputs, such as signal:noise ratio and 

stimulus complexity, which can influence those with ASD. 

Zaidel et al84 suggested that heightened sensitivity to stimuli 

noise, rather than integration deficits, may characterize ASD. 

They referred to the finding that individuals with autism 

process the stimuli information per se, which will overload 

their visual integration. Adding to that, any visual noise will 

result in reduction of performance in ASD subjects more 

than a control group. Related studies reveal elevated internal 

noise in autism measured by blood-oxygen-level-dependent86 

and electroencephalograpy87 responses to sensory stimuli. 

Contrary to these studies, other studies have suggested the 

opposite possibility of reduced internal noise in ASD, sug-

gesting that reduced internal noise would enhance detection 

and discrimination of local details at the cost of global ones.81 

Notably, a number of studies have challenged the noisy-

brain hypothesis in ASD by demonstrating typical levels of 

variability in evoked electroencephalography88 responses to 

sensory stimulation, as well as in psychophysically estimated 

internal noise.89 At the core of this controversy lies the issue 

of whether this explanation applies to data reported in this 

review regarding the role of internal noise in directly affect-

ing motion processing in ASD.

A related question is does internal neural noise reduce as 

a function of age in autism, thus improving visual process-

ing? Research on age-related intraneural noise has shown 

Figure 4 Activated areas for biological and coherent motion in ASD compared to TD.
Notes: Copyright © 2011 Blackwell Publishing Ltd. John Wiley and Sons. Reproduced with permission from Koldewyn K, Whitney D, Rivera SM. Neural correlates of 
coherent and biological motion perception in autism. Dev Sci. 2011;14(5):1075–1088.50

Control group–autism group
Biological–coherent

Autism group–control group
Biological–coherent
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increased neural noise as a function of age,90 which may result 

in reduced processing performance in the elderly. However, 

to date there have been no studies comparing adult internal 

neural noise in autism to younger age for autism or TD groups. 

The mechanism(s) underlying elevated internal noise in ASD 

is also under debate. A number of neural models suggest that 

there is a proliferation of neural connections in the sensory 

cortex of individuals with ASD,91–93 and thus misfiring syn-

apses could easily result in noisy signals in the visual system.

While it is possible to argue that adding a theoretical 

hypothesis to the conflicting theories of visual processing 

in ASD could be “noisy”, we suggest that elevated internal 

noise and neural variability may explain some of the complex 

phenotypes in individuals with ASD.94 This is further com-

plicated by the fact that estimates of neural variability are 

based on responses to noisy task stimuli, making it difficult to 

estimate the degree to which internal noise limits perceptual 

performance in ASD from external noise and/or both.

Role of excitatory/inhibitory neural 
responses
In typical populations, when stimuli size increases, a “spa-

tial suppression” of high-contrast motion stimulus occurs 

to receive only the information within the limits of the 

classical receptive field. This is also affected by the contrast 

“gain control”, which is an inhibitory mechanism to prevent 

overresponse to high-contrast stimuli.95–97 These two visual 

responses are referred to as the excitatory/inhibitory (E/I) neu-

rochemical balance in the context of visual motion perception. 

Abnormally weak spatial suppression, which is reflected in 

reducing the effect of increasing stimuli size, has been found 

in individuals with schizophrenia, as well as elderly people.98,99 

Foss-Feig et al5 studied whether there were abnormalities in 

response-gain control in a group of children and adolescents 

with ASD compared to TD. They varied in size and contrast of 

drifting grating stimuli, using a two-alternative forced-choice 

method in a direction-discrimination task. The results showed 

that both groups exhibited increased threshold with increased 

stimulus size, and there was no overall group-performance 

difference for high-contrast levels. Interestingly, the autism 

group showed a twofold-enhanced performance for all stimuli 

sizes with high contrast than the TD group. For low-contrast 

stimuli, however, there were no group differences, and there 

was no correlation between contrast and size sensitivity with 

severity of autism syndrome for both contrast levels used 

in the experiment. This contrast-dependent enhancement of 

motion perception in ASD is qualitatively consistent with 

impairments in response-gain control, whereby inhibitory 

neural responses are atypically increased at high contrast. 

Notably, both response-gain control and receptive-field size 

are affected by the E/I balance in the brain.100 Schauder 

et al53 replicated the Foss-Feig et al study, but examined 

stimulus-size changes affecting gain control in autism. Their 

results revealed low sensitivity in participants with autism 

to small stimuli. This suggests large receptive fields in ASD 

and elevated excitation levels. These findings agree with the 

results of a previous fMRI study in adults with autism.101 

Other studies ruled out E/I imbalance in the visual system 

of those with autism, but suggested that such an imbalance, 

if it exists, is likely to be small and thus does not explain the 

enhanced visual processing found in autism.102 In particular, 

contrast sensitivity and first-order visual processes have been 

found intact in ASD.64,103,104 Moreover, findings in E/I studies 

on autism do not really agree with the idea of E/I imbalance, 

which suggests that reduced center-surround inhibition affects 

weak spatial suppression that results in decreased effective 

stimulus contrast.105 A hypothetical model has linked the E/I 

balance to γ-band activation, which is found in many visual 

cortical areas that are induced by different stimuli or tasks. 

This model proposes a temporal synchronization of neural 

activity for integration of object features across different 

modalities.106 Based on this model, Peiker et al107 suggested 

that altered γ-band modulation may result in high excitatory 

and weak inhibitory interactions during brain processing of 

visual inputs, which is also supported by the evidence of epi-

lepsy in ASD. Therefore, disturbance of neural modulation at 

center-surround antagonism in the high-order visual cortical 

(eg, MT/V5) might explain the enhanced response gained 

in ASD. However, the conclusion that this theory can fully 

explain the behavioral, cognitive, and perceptual differences 

observed in those with ASD is still weak.105

Conclusion
We have detailed experimental evidence of deficits in visual 

processing in high-functioning adults and adolescents with 

ASD. Although different studies suggest different deficits, 

some important conclusions about the critical role of sev-

eral factors in determining abnormal visual processing in 

autism can be synthesized. One possible reconciliation of 

the mixed and often contradictory data is the diversity in 

neural brain mechanisms in processing motion perception 

for different paradigms of motion stimuli. As explained 

earlier, RDK stimuli are widely used to evaluate motion 

perception in different forms, eg, global or FFM. Each of 

these stimuli methods may be processed differently in the 

brain. In particular, those methods that are processed through 

the integration of the MT+ complex and other visual areas, 
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such as the STS, will result in different performance. Adding 

to this, differences in stimuli parameters make it difficult to 

compare results of one study to another. For instance, two 

parameters defining speed–spatial offset of signal dots in an 

RDK and the temporal interval between sequential anima-

tion frames, as well as their interaction with density, have 

an impact on the threshold for coherent motion in HFA.15 

These often-uncontrolled factors may also account for the 

inconsistent findings in adults with autism. This suggests that 

in future studies of motion perception in adults with ASD, 

one should consider these issues by taking into account the 

stimulus parameters that should be used for specific neural 

integration purposes, which activate particular visual neural 

areas in normal individuals and those with HFA.

In the second part of this review, we addressed studies 

that tested specific trajectories that may impact integration 

of motion perception in individuals with autism. Recent 

research allows the definition of neural noise sensitivity in 

ASD and offers some insight into the mechanism of inte-

gration of motion perception. Studies demonstrate a worse 

outcome after increasing internal neural noise that regulate 

hyper/hyposensitivity within the same visual modality. We 

also discussed these differences in the context of gain-

control modulation, which might also account for enhanced 

or decreased activation to different impairments presented 

in ASD.

In summary, studying motion perception using psy-

chophysical methods opens a new vista in autism studies. 

However, it is important to take into account all the factors 

mentioned herein, such as matching stimuli methods that 

account for similar specialized neural pathways, in order to 

understand better the mechanisms by which different areas 

of visual input are recruited to mediate motion skills.
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