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Several groups have recently reported that people with autism may suffer from a deficit in visual motion processing and

proposed that these deficits may be related to a general dorsal stream dysfunction. In order to test the dorsal stream deficit

hypothesis, we investigated coherent and biological motion perception as well as coherent form perception in a group of

adolescents with autism and a group of age-matched typically developing controls. If the dorsal stream hypothesis were

true, we would expect to document deficits in both coherent and biological motion processing in this group but find no deficit

in coherent form perception. Using the method of constant stimuli and standard psychophysical analysis techniques, we mea-

sured thresholds for coherent motion, biological motion and coherent form. We found that adolescents with autism showed

reduced sensitivity to both coherent and biological motion but performed as well as age-matched controls during coherent form

perception. Correlations between intelligence quotient and task performance, however, appear to drive much of the group

difference in coherent motion perception. Differences between groups on coherent motion perception did not remain significant

when intelligence quotient was controlled for, but group differences in biological motion perception were more robust, remain-

ing significant even when intelligence quotient differences were accounted for. Additionally, aspects of task performance on the

biological motion perception task were related to autism symptomatology. These results do not support a general dorsal stream

dysfunction in adolescents with autism but provide evidence of a more complex impairment in higher-level dynamic attentional

processes.
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Introduction
Reports of putative visual motion perception impairments in

people with autism spectrum disorders have recently renewed

interest in possible perceptual deficits in autism. Autism itself is

defined as a neurodevelopmental disorder and characterized by

deficits in social understanding and behaviour, delayed and/or

impoverished verbal and non-verbal language skills as well as

restricted and stereotyped interests and repetitive actions. A

wide range of other difficulties, including differences in perceptual

processing, have been reported in autism but are not included

in the diagnostic criteria. Visual motion perception has been
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investigated across different ages and across different levels of the

visual system. Deficits have not been reported for one test of

magnocellular function—flicker contrast sensitivity (Bertone

et al., 2005; Pellicano et al., 2005; Pellicano and Gibson, 2008)

nor for simple first-order (luminance-defined) motion discrimina-

tion, a task thought to be accomplished in early visual cortex

(Bertone et al., 2005). However, second-order motion perception

impairments have been reported in autism (Bertone et al., 2003).

Reports on coherent motion perception, a more complex task

requiring integration across space and thought to be accomplished

in extrastriate cortex, have been mixed. While several groups have

reported impairments for both adults and children assessed on a

global dot motion task (Spencer et al., 2000; Milne et al., 2002,

2006; Pellicano et al., 2005; Tsermentseli et al., 2008; Atkinson,

2009), at least two other groups have found no such impairment

(Del Viva et al., 2006; White et al., 2006). Additionally, two

groups using quite different tests of coherent motion (plaid

motion and motion signal detection in Gaussian noise) have also

found no impairments in autism (Sanchez-Marin and Padilla-

Medina, 2007; Vandenbroucke et al., 2008). Contradictory results

may be due in part to perceptual differences in the stimuli, but

may also result from differences in the attentional requirements

of the tasks. In particular, shorter presentation times, faster dot

speeds and greater dot densities may require greater spatio-

temporal attention and produce different between-group results.

Additionally, studies likely differed in the particular cross-

section of autism participants recruited. Genotypic and

phenotypic subtypes of autism could vary in the severity of

visual motion deficits, making replication more difficult even

when tasks are identical.

Biological motion perception has also been repeatedly reported

as impaired in people with autism. Biological motion is one very

important source of information for understanding and predicting

the movements and reactions of others in social settings and thus

is sometimes termed ‘social perception’ (Zilbovicius et al., 2006).

It also appears to be the system through which we process those

subtle, transitory cues used for understanding others’ emotions

and intentions (eye movements and facial expressions)

(Campbell et al., 2001; Blakemore and Frith, 2004). One

common symptom of autism [and an important part of the

Autism Diagnostic Observation Schedule (ADOS)] is a deficit in

perceiving and understanding gaze shifts as well as difficulty in

coordinating eye-gaze, facial expressions and verbal communica-

tion. As such, it is easy to see how impairments in biological

motion perception could have an impact on those with autism.

People with autism are not blind to biological motion and can

usually identify simple point of light displays of biological motion

(Moore et al., 1997). They have been shown, however, to be less

accurate than controls when identifying biological motion both in

a forced-choice paradigm (Atkinson, 2009) and when compared

with scrambled motion (Blake et al., 2003; Freitag et al., 2008).

Even in cases where recognition is unimpaired, both children and

adults with autism have been shown to be less sensitive to higher

order information in these displays such as emotional content

(Hubert et al., 2007; Parron et al., 2008; Atkinson, 2009).

Impairment in biological motion perception has been reported

in children as young as 15 months (Klin and Jones, 2008;

Klin et al., 2009) and so could contribute to the development of

abnormal social cognition. Importantly, in at least one study,

autism severity was correlated with performance on a biological

motion perception task (Blake et al., 2003). While biological

motion perception is generally thought of as a task performed

primarily in the dorsal stream, it is a ‘form-from-motion’ task

and activates areas in both the dorsal and the ventral stream in

fMRI experiments (Cowey and Vaina, 2000; Grossman et al.,

2000; Vaina et al., 2001). Biological motion is thought to be

processed principally in the superior temporal sulcus, a multi-

modal region where dorsal and ventral information combine

(Grossman et al., 2000; Vaina et al., 2001; Pelphrey et al.,

2005). While the superior temporal sulcus has been shown to be

particularly involved in the perception of biological motion, it has

also been suggested to be involved in the understanding of any

dynamic social signal (Calder and Young, 2005).

In broad terms, the human visual system functionally divides

into at least two pathways (for a review see Goodale and

Milner, 1992; Ungerleider and Haxby, 1994). The ventral pathway

is generally specialized for fine detail, static form and colour

perception. The dorsal pathway is predominantly responsible for

processing and perceiving moving stimuli, localizing objects and

directing visually guided action (Trevarthen, 1968; Schneider,

1969; Jeannerod, 1988). Several groups have proposed that a

specific visual motion perception deficit in people with autism

could be reflective of disruptions in the dorsal stream of

the visual system (Spencer et al., 2000; Braddick et al., 2003;

Milne et al., 2005). While a brain imaging study designed to

explore dorsal stream function has, to our knowledge, not yet

been published, several studies in those with autism have

suggested that the superior temporal sulcus may be affected in

those with autism both structurally (Boddaert et al., 2004) and

functionally (Gervais et al., 2004; Pelphrey et al., 2005, 2007;

Pelphrey and Carter, 2008). While the superior temporal sulcus

integrates information from both the ventral and dorsal streams,

it appears to be primarily involved in the understanding of

dynamic stimuli (Puce and Perrett, 2003; Calder and Young,

2005) rather than the detailed perception of static form. This,

paired with its close proximity and connections with hMT+ and

motion-sensitive parietal areas (Zeki, 1974; Allison et al., 2000;

Ochiai et al., 2004), has often caused researchers to place the

biological motion-sensitive areas of the superior temporal sulcus

in the dorsal stream.

The possibility of a dorsal stream deficit in autism has been

framed in two different ways. Braddick and colleagues (Atkinson

et al., 1997, 2001; Spencer et al., 2000; Gunn et al., 2002;

Braddick et al., 2003) have suggested that the dorsal stream is

more ‘vulnerable’ during development and that deficits in

the dorsal stream are common among those with developmental

disabilities. On the other hand, Milne and colleagues (2002, 2004,

2005, 2006; White et al., 2006) suggest that deficits on dorsal

stream tasks may be fundamental to autism and that the pattern

of these deficits may have explanatory power in the neurogenesis

of some autism symptoms. Despite these differences, deficits in

global motion perception that are not accompanied by corre-

sponding deficits in global form perception have led both of
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these groups to conclude that the dorsal stream is selectively

impaired in people with autism.

An alternative explanation for the range of motion perception

impairments in autism is an increased sensitivity to local informa-

tion in a scene rather than the global or Gestalt information. It has

been noted, both formally and anecdotally, that individuals with

autism have a bias towards focusing attention on fine details and

local features in images. Global information in scenes (i.e. textures,

groups and Gestalt information), on the other hand, is ignored,

lost or blunted. For example, individuals with autism are thought

to have superior visual search skills (Plaisted et al., 1998;

O’Riordan et al., 2001), superior embedded figure test perfor-

mance (Shah and Frith, 1983, 1993; Jolliffe and Baron-Cohen,

1997; Mottron et al., 2003) and superior perception of the

features that make up Navon stimuli (Pomerantz, 1983; Plaisted

et al., 1999). On the other hand, there is also evidence that

contradicts the hypothesis of a global deficit. Several studies,

for example, have reported unimpaired perception of global form

in those with autism (Spencer et al., 2000; Milne et al., 2002, 2006;

Blake et al., 2003), although not all reports agree (see Spencer and

O’Brien, 2006; Tsermentseli et al., 2008). Others have

more recently suggested that there may be a bias towards local

processing in those with autism, but that global perception

can be invoked when the task requires it and when task parameters

and expectations are clearly explained (Mottron et al., 2003; Happe

and Frith, 2006; Happe and Booth, 2008).

In the present study, we investigated global motion, global

form and biological motion tasks in order to analyse more fully

if visual impairments seen in people with autism are consistent

with the theory of dorsal stream dysfunction, if they fit

better with the theory of global integration deficits or if they

lend support to neither theory. If there is a generalized dorsal

stream deficit in those with autism, coherent motion and biological

motion perception should be similarly impacted, with global form

being spared. If deficits in visual processing seen in autism are due

instead to a global integration deficit, we would expect to find

impairments in the performance on all three tasks.

It was also our intention to examine psychophysical data

generated from these tasks closely. As participants with autism

may differ from typical participants not only on measures of

sensitivity but also on lapse rates, reaction time, response biases

and attentional capabilities, there may be important information

hidden at a deeper level than that explored via outcome measures

typically reported in psychophysical studies. We chose to employ a

method of constant stimuli rather than an adaptive psychophysical

procedure to assess more fully any influence of generalized

inattention or random error.

Lastly, we investigated whether any aspect of performance on

the tasks might relate to or predict the degree of autism sympto-

matology. If we are to understand how visual motion perception

deficits fit within the phenotype of autism, or if they can be used

as part of the definition of a subtype of autism, it is important

to understand how they may relate to the already well-defined

behavioural symptoms used to define and diagnose autism.

Methods

Participants
Participants included 32 typically developing adolescents (two female)

and 30 adolescents (two female) with autism spectrum disorder (three

participants had a diagnosis of Asperger syndrome, the remaining

26 were diagnosed with Autistic Disorder). Autism diagnosis was con-

firmed by completing the ADOS (Lord et al., 2000) for all participants

with autism. An additional 14 participants with autism diagnoses were

initially recruited but excluded either because their non-verbal IQ was

575 (n = 8), they could not complete the protocol (n = 2), or they did

not meet autism criteria on the ADOS (n = 4). An additional 10 typi-

cally developing adolescents served as pilot participants during stimu-

lus and paradigm testing and their data are not included here. Because

of the visual–spatial nature of the tasks, we used non-verbal IQ as our

primary IQ measure. When time allowed, verbal IQ scores were also

obtained. Six participants with autism and two typically developing

participants were missing verbal IQ data. The two groups were

matched on age and gender but differed on IQ as measured by the

Wechsler Abbreviated Scale of Intelligence (Table 1). All participants

had normal or corrected to normal vision. All participants received

modest monetary compensation for their participation.

Adolescents with autism were recruited through the Medical

Investigation of Neurodevelopmental Disorders Institute. Typically

developing children were recruited from the local community through

phone calls and advertisements. Potential participants were excluded

on the basis of any history of birth or brain trauma, or the presence of

any non-corrected visual deficit and all participants were required to

have a non-verbal IQ of at least 75. Autism participants were further

Table 1 Participant information

Measure Control (n = 32) Autism (n = 30) t P-value

Mean (SD) Range Mean (SD) Range

Performance IQ (WASI) 114.20(10.39) 94–143 104.74 (13.31) 82–133 3.08 0.003

Verbal IQa (WASI) 123.60 (13.88) 87–143 110.82 (19.85) 77–149 2.59 0.014

Full-Score IQa (WASI) 121.30 (12.17) 101–144 107.80 (16.00) 82–142 3.47 0.001

Age 15.78 (2.41) 11.90–19.72 15.12 (2.64) 11.41–19.53 1.55 0.126

SCQ 3.19 (2.57) 0–8 24.83 (6.03) 14–33 �12 50.001

ADOS (social) – – 8.90 (2.55) 5–15 – –

ADOS (communication) – – 5.07 (1.51) 2–8 – –

ADOS (total) – – 13.97 (3.76) 8–22 – –

a Missing data on six participants with autism and two control participants WASI = Wechsler Abbreviated Scale of Intelligence; SCQ = Social Communication

Questionnaire.
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excluded if they were diagnosed with any associated disorder (e.g.

fragile X) while control participants were further excluded on the

basis of any developmental disorder or an immediate family history

of autism spectrum disorders. Parents of all participants filled out the

Social Communication Questionnaire (Berument et al., 1999), which

was used to screen typical controls for any significant concern of

autism spectrum disorders. Due to the prevalence of attention-deficit

hyperactivity disorder (ADHD) symptomatology in those with autism,

control participants were not excluded on the basis of a diagnosis of

ADHD. Six participants in the control group reported a diagnosis of

ADHD, whereas nine participants with autism reported significant

symptoms of attention deficit. Every participant signed an assent

form and a parent or guardian of each participant signed an informed

consent approved by the University of California at Davis Institutional

Review Board.

Standardized measures

Autism Diagnostic Observation Schedule

The ADOS is a structured observational assessment that provides

opportunities for interaction and play while measuring social and

communicative behaviours that are diagnostic of autism (Lord et al.,

2000). Items are scored from 0 (typical for age or not autistic in

quality) to 3 (unquestionably abnormal and autistic in quality). In

this study, 24 participants completed Module 3 and six completed

Module 4. ADOS items are summed into three scores: a social

score, a communication score and a social–communication total

score. The range for autism spectrum disorder on Modules 3 and 4

is 2–3 points for the communication scale, 4–6 points for the social

scale and 7–9 points for the social–communication total score. The

range for full autism is 43 for the communication scale, 56 for the

social scale and 510 points for the total score.

Wechsler’s Abbreviated Scales of Intelligence

Wechsler Abbreviated Scales of Intelligence provides a short and

reliable means of assessing intelligence in individuals aged 6–89

years (Wechsler, 1999). The Wechsler Abbreviated Scale of

Intelligence produces three separate scores: verbal, performance and

full-scale IQ. It consists of four subtests: vocabulary, block design,

similarities and matrix reasoning. These scales provide standard

scores with a mean of 100 and a standard deviation of 15.

Social Communication Questionnaire

The Social Communication Questionnaire is a brief 40-item parent-

report screening questionnaire to evaluate communication and social

skills in people aged 4 years or older (Rutter et al., 2003). For this

study we used the lifetime form, which asks parents to report on the

social and communications skills of their child throughout their entire

developmental history. A conservative cut-off score of 11 was used as

an exclusion criterion for the typically developing group.

Apparatus and stimuli
All stimuli were presented on a 17 inch screen with a resolution of

1280�1024 pixels and a 50 Hz refresh rate. PresentationTM was used

to present trials and collect participant responses. Biological and coher-

ent motion stimuli were presented as 2 s video clips with a frame rate

of 30 Hz. Participants were seated 60 cm from the screen and asked to

keep their heads still while performing the task but given no explicit

instructions on where to fixate. All psychophysical testing was com-

pleted in a single testing session (typically �1.5 h of testing), with

breaks taken as needed by participants. Each task was broken up

into two blocks for a total of six blocks. The block order varied

between individuals and was counterbalanced both within and

between participant groups.

Coherent motion stimuli

Coherent motion was assessed through a Global Dot Motion task

(Newsome and Pare, 1988), where dots were presented in a rectangle

10.67� by 8.5� of visual angle centred on the screen (Fig. 1A).

We manipulated the coherence of the display by the use of a standard

‘random walk’ paradigm (e.g. Williams and Sekuler, 1984). Every dot

in the display was given the same intended direction (left or

right). Between frames, each dot was independently given a new

direction chosen from a uniform probability distribution centred

Figure 1 Stimuli examples. (A) Depiction of the coherent

motion stimuli across coherence levels where global motion is

to the left. (B) Depiction of circular glass patterns at different

coherence levels. (C) Depiction of the biological motion task

where the global motion of the mask is to the left. Note that

arrows and red dots/lines shown in either (A) or (C) were not

visible during testing.

4 | Brain 2009: Page 4 of 12 K. Koldewyn et al.



on the intended direction. We manipulated the probability of perceiv-

ing coherent motion in the intended direction by varying the range of

the distribution of direction vectors. In the current study, these ranges

will be expressed in degrees. At 360�, no coherent direction can be

perceived; only local, random movement (Brownian motion) can be

seen. At 0�, no variance is allowed in any direction—all dots move in a

straight line in the intended direction. The direction of each individual

dot was independent from any other dot and independent of the

direction it had moved in the last frame. All dots were assigned move-

ment directions from the same distribution. Every dot conveys the

same amount of information so that no single dot gives more direc-

tional information than another. As the coherence level drops, it

becomes virtually impossible to track individual dot trajectories.

To facilitate the use of the coherent motion display as a mask in the

biological motion task, dots varied in their speed (moving between

4.5 and 9� of visual angle per second) and in the length of time

between choosing new path directions (between 33.3 and

166.67 ms). These values for speed and step size were assigned to

each dot independently and randomly, and were changed each time

a dot was assigned a new direction. These settings were the same

on all trials of both the coherent motion and the biological motion

paradigms. Black dots were displayed on a white screen in an outlined

rectangular box centred on the screen. The global direction (mean

direction) was leftward on 50% of the trials and rightward on 50%.

The method of constant stimuli was used so that the same six coher-

ence levels (0�, 252�, 288�, 324�, 342� and 360�) were presented as a

two-alternative forced choice to all participants. The coherence levels

between 252� and 360� were chosen to assess sensitivity in the

dynamic range of participants while the 0� condition allowed us

to measure lapse rates directly. Participants were presented with

20 practice trials before the beginning of the experimental block.

In each trial, participants were asked to indicate the direction of

global motion and encouraged to guess when they did not know.

No feedback was provided. Each stimulus was shown for 2 s and

participants could answer at any time.

Coherent form stimuli

Concentric or expanding glass patterns (Glass, 1969; Glass and Perez,

1973) were presented one at a time in the centre of the screen

(Fig. 1B). These patterns are an array of dot pairs where the coherence

of the pattern is manipulated by the percentage of dot pairs aligned

along a pattern. All dot pairs had the same spacing and each pattern

at every coherence level was unique. Concentric patterns have dot

pairs aligned along concentric circles while expanding patterns have

pairs aligned along lines radiating from the centre. All patterns were

presented in circular apertures with a diameter of 8� visual angle

centred in the middle of the screen. A small fixation cross was

placed at the centre of each pattern to encourage participants not

to move their eyes while viewing the patterns. The average dot

density was roughly consistent across each pattern as well as between

different patterns. Six coherence levels (0%, 5%, 10%, 15%, 20%

and 100%) were presented as a two-alternative forced choice to all

participants. Concentric and expanding patterns occurred with equal

frequency and were presented for 500 ms. Prior to testing, participants

were shown patterns at 100% coherence and told that it would be

harder to see the pattern on some trials than others. The concentric

patterns were explained as circles inside of each other and were called

‘circle’ patterns. Expanding patterns were explained as lines coming

out from the middle ‘like fireworks’ and called ‘burst’ patterns.

Participants were first presented with 20 practice trials at 100% coher-

ence to be sure they both understood the task and were able to map

the correct response onto the correct button. In each trial, participants

indicated whether patterns were concentric or expanding.

Biological motion stimuli

Thresholds for biological motion perception were tested by introducing

noise into a standard point-light biological motion display of a walking

human (Johansson, 1973) (Fig. 1C). Each walker consisted of 13 points

of ‘light’ (black dots on a white background) placed on the major

joints and head of a walking figure. The original stimuli were obtained

from a standard stimulus set (Vanrie and Verfaillie, 2004) and then

manipulated in MATLAB. The ‘walker’ stayed in one location as

though walking on a treadmill. To introduce noise into these walker

stimuli, we used exactly the same stimuli utilized in the coherent

motion task described above and superimposed them on the point-

light-walker displays. When the coherence of this noise ‘mask’ is high,

the biological motion figure tends to ‘pop-out’ from the background.

As the coherence of the mask is reduced, it becomes much more

difficult to pick out the figure and determine in which direction it is

walking. The ‘walker’ remained constant across trials, except for the

direction of movement, while the coherence of the mask was manipu-

lated at six difference coherence levels (0�, 72�, 144�, 216�, 288� and

360�). It is important to note here that the 0� coherence condition

does not represent a condition without noise but is simply the condi-

tion at which the movement of the masking dots is completely

coherent and the walking figure is most easily seen. The walker was

presented at a slightly different position for each trial, moving around

within the middle 1/16th of the stimulus rectangle to reduce the like-

lihood of participants forming a specific ‘template’ of the walker. Each

stimulus was presented for 2 s and participants were asked to report in

which direction the figure was walking. Prior to experimental blocks,

participants were presented with 10 trials without noise to familiarize

them with the walking figure. They then also completed 10 practice

trials at the lowest noise level (360�).

Threshold estimation
To obtain detection thresholds for each task, a logistic function was

fitted to each individual participant’s data as a function of coherence

level using the psignifit toolbox (version 2.5.6) for MATLAB. This

program implements the maximum-likelihood procedure described by

Wichmann and Hill (2001a, b). To obtain the best fit for most parti-

cipants on all tasks, lambda was allowed to vary but was constrained

to values between 0 and 0.05 and delta was set as a constant at 0.5.

To estimate thresholds, slope, ‘lapse rate’ and error, a bootstrapping

technique was used which included 5000 replications for each fitted

function. Lapse rate is simply a measure that describes the rate of

errors made at the tail end of the psychometric function, when

there is little noise in the display and participants should be at close

to 100% performance. The distribution of these fits was used to

generate 95% confidence intervals for the estimates of each parame-

ter. Error was described most succinctly by a deviance value, which is

reflective of a combination of the residuals at each tested coherence

level.

Participants were excluded from the data set for any particular

task if their data would not fit adequately to the logistic function

(Wichmann and Hill, 2001a). Fits were considered to be inadequate

if either residual scores or deviance scores were larger than two stan-

dard deviations above the mean of the entire group of participants.

Five participants with autism were dropped from the biological motion

task analysis leaving 25 controls and 25 participants with autism. Four

participants with autism and four control participants were dropped

from the coherent motion task analysis, leaving 28 typical controls and
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26 participants with autism. One participant with autism was dropped

from the coherent form task, leaving 32 control participants and

29 participants with autism. Although we focused primarily on the

threshold data obtained for each participant, lapse rate, response

bias, reaction times and slope were also gathered. Groups did not

differ on any of these measures (Table 2).

Results

Coherent motion
There was a significant difference between groups on 75%

threshold [control mean = 309.82�, autism mean = 285.56�;

t(52) =�2.586, P = 0.01] but there was also a strong relationship

between performance IQ and 75% threshold for the autism group

(r = 0.627, P = 0.001). This same relationship is seen with both

verbal IQ (r = 0.515, P = 0.02) and full-score IQ (r =�0.607,

P = 0.005) but because of missing data on these two measures

and the non-verbal nature of the tasks, we will report principally

on the effects of performance IQ. While the relationship between

performance IQ and 75% threshold was significant for the autism

group it was both non-significant and in the opposite direction for

the control group (r =�0.218, P = 0.284). There is additionally

a large degree of variability in the autism group such that some

individual participants with autism performed better than the 95%

confidence interval of the control group and others performed

worse than the 95% confidence interval of controls (Figs 2A

and 3A). Differences in the relationship between intellectual ability

and visual motion perception between groups at least partially

drive the threshold sensitivity difference between groups on this

task. A one-way ANOVA was conducted with 75% threshold on

the coherent motion task as a dependent variable, group as a

fixed factor and performance IQ entered as a covariate. The

results revealed IQ to be a significant factor [F(1,51) = 11.4,

P = 0.001] but group was no longer a significant factor in

between-group differences [F(1,55) = 1.1, P = 0.297]. To be sure

that the ANCOVA analysis was sufficient to account for the influ-

ence of IQ on our dependent measures, we additionally created

sub-samples matched on performance IQ, verbal IQ, full-score IQ

and age (n = 23 in each group for performance IQ analysis, 19 in

the autism group for verbal IQ and full-score IQ analyses). Similar

to the results seen in the ANCOVA analysis, in this smaller sub-

sample the difference between groups on 75% threshold dropped

in significance to trend levels [control mean = 311.98, autism

mean = 295.67, t(40) =�2.023, P = 0.061].

Coherent form
No significant differences were revealed between groups for

sensitivity during glass pattern discrimination trials [control

mean = 16.2; autism mean = 17.1; t(59) =�0.313, P = 0.755]. In

contrast to the coherent motion task, there was no clear influence

of IQ on sensitivity for this task for either the control group

(r = 0.307, P = 0.1) or the autism group (r =�0.085, P = 0.667;

Figs 2B and 3B).

Biological motion
There was not only a significant difference between groups on

75% threshold [control mean = 153.94�, autism mean = 68.69�,

t(55) =�3.287, P = 0.002] but, again, also a significant correlation

between performance IQ and 75% threshold for the autism group

(r = 0.412, P = 0.041) but not for the control group (r = 0.188,

P = 0.321). This same relationship was seen with both verbal IQ

(r =�0.462, P = 0.05) and full-score IQ (r =�0.479, P = 0.04)

but because of missing data on these two measures and the

non-verbal nature of the tasks, we again will focus principally on

the effects of performance IQ. When the data were analysed

using a one-way ANOVA with group entered as a fixed factor

and performance IQ entered as a covariate, performance IQ

emerged as a significant factor [F(1,55) = 8.2, P = 0.006] but,

Table 2 Details of psychophysical data

Measure Control group Autism group t P-value

Mean (SD) Range Mean (SD) Range

Coherent form

Lapse rate 0.03 (0.02) 0.00–0.05 0.02 (0.02) 0.00–0.05 0.79 0.43

Slope 0.03 (0.02) 0.01–0.08 0.04 (0.04) 0.01–0.23 �1.11 0.27

Response bias 0.05 (0.03) 0.00–0.12 0.12 (0.08) 0.00–0.29 �0.15 0.88

Reaction time (ms) 1647.7 (577.1) 598.7–3001.8 1128.2 (499) 316.6–2237.5 �1.26 0.21

Coherent motion

Lapse rate 0.01 (0.02) 0.00–0.05 0.03 (0.02) 0.00–0.05 �1.13 0.27

Slope 0.05 (0.04) 0.01–0.21 0.04 (0.02) 0.01–0.07 0.82 0.42

Response bias 0.10 (0.08) 0.02–0.35 0.06 (0.05) 0.01–0.26 �0.56 0.58

Reaction time (ms) 990.5 (323.1) 460.5–1937.5 1695.8 (530.1) 1080.1–2920.7 �0.32 0.75

Biological motion

Lapse rate 0.01 (0.02) 0.00–0.05 0.01 (0.02) 0.00–0.05 �0.37 0.71

Slope 0.01 (0.01) 0.00–0.04 0.02 (0.02) 0.01–0.09 �1.49 0.15

Response bias 0.05 (0.03) 0.01–0.12 0.05 (0.04) 0.01–0.17 �0.86 0.39

Reaction time (ms) 2097.3 (0.03) 1198.3–3295.3 2042.7 (644.7) 1096.9–3648.2 0.36 0.72

More lapsing is represented by higher values in the lapse rate column. Likewise, higher values for response bias represent greater bias towards one particular response in
the two alternative forced choice tasks.
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despite this influence, the main effect of group remained signifi-

cant [F(1,55) = 5.23, P = 0.026; Figs 2C and 3C]. In our smaller IQ

and age-matched sub-sample, the two groups remained signifi-

cantly different on 75% threshold [control mean = 178.45�,

autism mean = 78.30�, t(41) =�3.33, P = 0.002].

Figure 2 Thresholds of 75% for (A) coherent motion, (B)

coherent form and (C) biological motion perception for autism

and control groups. Boxes represent plus and minus twice the

standard error of the mean. The white line represents the mean

of the group. Bars above and below the boxes include the

entire data set except for outliers (defined as anyone 42 SDs

from the mean of their group) whose data are depicted

as individual dots. Higher 75% thresholds indicate better

performance in (A) and (C) while 575% thresholds indicate

better performance in (B).

Figure 3 Individual subject data fitted with a psychometric

function overlaid over each groups’ 95% confidence intervals

for (A) coherent motion perception, (B) coherent form per-

ception and (C) biological motion perception. Areas shaded in

blue represent the control group’s 95% confidence interval,

and areas shaded red, the confidence interval for the autism

group. Purple shading denotes overlap between the two

groups’ confidence intervals.
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Correlation analyses

Relationships between tasks

Performance on biological motion and coherent motion was

correlated in the autism group (r = 0.558, P = 0.009) but not

in the control group (r = 0.234, P = 0.23; Fig. 4A). Performing

a partial correlation to account for the possible influence of

performance IQ on this relationship reduced but did not eliminate

the correlation between dynamic tasks in the autism group

(r = 0.456, P = 0.04). Performance on the coherent form task was

correlated with performance on the coherent motion task in the

control group (r =�0.638, P5 0.001) but not in the autism group

(r = 0.041, P = 0.844; Fig. 4B).

Relationships with autism and ADHD symptomatology

To be sure that ADHD symptomatology was not driving differ-

ences between our groups, we re-ran our statistics after removing

the 15 participants with either an ADHD diagnosis or significant

ADHD symptomatology. These groups showed almost identical

results to our complete sample. Performance remained significantly

different on both the coherent motion [control mean = 312.37�,

autism mean = 276.48�, t(40) =�3.53, P = 0.001] and the biolog-

ical motion [control mean = 153.14�, autism mean = 42.12�,

t(43) =�4.05, P50.001] while performance on the coherent

form task remained similar [control mean = 15.87, autism

mean = 17.06, t(46) =�0.37, P = 0.71]. Similar to the results in

the whole group, when the data were analysed using a one-

way ANOVA with performance IQ and age entered as covariates,

the main effect of group remained significant for the biological

motion task [F(1,35) = 11.54, P = 0.002] but did not for the

coherent motion task [F(1,35) = 3.44, P = 0.078].

In contrast to the correlation with IQ, there are no easily

interpretable relationships between autism symptomatology as

measured by the ADOS (or its sub-scores) and sensitivity

measured on any of the tasks. The goodness-of-fit, one measure

not typically reported in psychophysical experiments, did correlate

strongly with ADOS measures. While all participants retained in

these analyses had data that were well fitted by a logistic psycho-

metric function, measures of goodness-of-fit (deviance scores)

differed between individuals. After the exclusion of participants

whose fits were not adequate, deviance scores for the biological

motion task did not differ significantly between groups. As

deviance values were not normally distributed, we tested possible

differences between groups using the Mann–Whitney test (control

mean = 2.91, SD = 2.25; autism mean = 1.74, SD = 1.56; U = 282,

Z =�1.9, P = 0.06). Deviance scores were strongly related to the

ADOS total score [roh = 0.513, P = 0.04 (Bonferroni corrected)]

within the autism group. Neither deviance values nor ADOS

scores were significantly correlated with performance IQ, verbal

IQ or full-score IQ within the autism group. This relationship also

could not be explained by possible influences from lambda values

(performance at the highest tested coherence level) or by response

biases, as none of these measures were different between groups

(Table 2) or correlated with either ADOS scores, task performance

or deviance values.

Discussion
Adolescents with autism performed as well as typical participants

on a coherent form task that required discrimination between two

static glass patterns but showed significant deficits on both

a coherent motion and a biological motion perception task.

In contrast with previous findings (Pellicano et al., 2005; Milne

et al., 2006; Pellicano and Gibson, 2008), IQ scores correlated

with task performance on both motion tasks in the autism

group. Both factoring IQ into the between-group comparison

and matching smaller groups on IQ removed much of the

between-group differences on the coherent motion task but not

on the biological motion task. This suggests that differences

between groups on biological motion perception were not primar-

ily due to differences in intellectual ability. IQ scores were not

correlated with performance on the coherent form task,

suggesting that the influence of IQ was specific to the

Figure 4 Correlations between participant’s performance on

various tasks. In (A) the correlation between performance on

the coherent and biological motion tasks. In (B) the correlation

between performance on the coherent form and coherent

motion tasks.
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dynamic tasks. Additionally, IQ did not influence performance on

any task in the control group despite a similar range of IQ scores

in the two groups, demonstrating that whatever influence IQ was

exerting was specific to those with autism. IQ, even divided into

verbal and performance subcomponents, is a large construct,

reflective not only of intellectual ability but also of social and

cultural competence. As a consequence, IQ measures may be

assessing something different in those with autism than in the

typically developing population and we can only speculate on

the neural basis for such correlations. In our data, we observe a

greater influence of IQ during dynamic tasks than during static

tasks, which might lead us to the conjecture that IQ is acting as a

proxy for temporal integration ability in the autism group. Such

speculation, however, would have to be explicitly tested in future

research. Although challenging to interpret, our IQ data are intri-

guing and warrant further study to ascertain explicity what

influence IQ is exerting, as well as to determine whether IQ is

measuring the same construct in those with autism as it is in

typically developing populations.

The autism group was able to perform the coherent form task

as well as typical participants and this demonstrates that deficits

seen on the dynamic tasks cannot be the result of differences

between groups in general attentiveness, task understanding or

motivation. Including or excluding a group of participants with

ADHD symptomatology also did not substantially affect our find-

ings, implying that general attentional differences between groups

were not driving our results. Additionally, the lack of difference

between groups in lapse rates, response bias and average reaction

time on all tasks argues against straightforward differences in

general attentional engagement (Table 2).

Results from the coherent motion task do not support the

theory of a simple sensory deficit specific to the processing of

moving stimuli within the dorsal stream. Both the substantial

influence of IQ and the wide range of sensitivity between individ-

uals suggest that there is no uniform ‘perceptual’ deficit in those

with autism. If a general dorsal stream deficit is present in some of

those with autism, it is neither pervasive nor systematic.

Additionally, in agreement with previous studies (Pellicano et al.,

2005; Pellicano and Gibson, 2008), there is no indication

that coherent motion deficits are connected with the degree of

autism symptoms.

Our results from the coherent form task also argue against the

possibility that coherent motion deficits seen in previous studies

could be due only to a global integration deficit. The current study

used glass patterns to ensure that there is no spatial frequency

confound that could have allowed the pattern to be identified

locally rather than through integration across the display (Dakin

and Frith, 2005). Importantly, performance on the coherent

motion and biological motion task was not correlated with perfor-

mance on the coherent form task in our autism group. This also

argues against a global integration deficit as the complete

explanation for visual perception deficits in autism.

Our results from the biological motion task are more complex.

Performance on this task was highly correlated with performance

on the coherent motion task within the autism group but not

highly correlated with performance on the form task. Both this

correlation and its specificity to the autism group is in agreement

with the findings of a recent paper investigating the relationship

between coherent motion processing and the recognition of emo-

tional states in biological motion displays (Atkinson, 2009). This

relationship suggests that the deficit seen in the biological motion

task was specific to dynamic stimuli and not to the integration of

separate items into a coherent form. It is also important to point

out that, unlike our other tasks, coherence levels in the biological

motion task reflect changes in the masking noise rather than

alterations of the biological motion ‘signal’ itself. There were no

experimental trials without noise and the task required not only

the dynamic integration of moving dots into a coherent form but

also the segmentation of the biological motion figure from the

masking noise. Thus, from our data set, we cannot determine if

the impairment we saw was specific to biological motion percep-

tion itself or a result of difficulty with segmentation in noisy

dynamic displays.

That we see a deficit, which is specific to dynamic stimuli and

more severe in the biological motion condition, where both

dynamic segmentation and dynamic form detection are required,

is suggestive of a deficit in dynamic or ‘spatiotemporal’ attention.

The integration of moving dots into a coherent percept of motion,

although not attention intensive, is modulated by spatiotemporal

attention (Bulakowski et al., 2007). The relatively simple integra-

tion of the biological motion cues into a coherent form also

requires an allocation of dynamic attentional resources

(Cavanagh et al., 2001; Battelli et al., 2003). Additionally,

segmenting a moving form from a moving background requires

significant spatiotemporal attention (Cavanagh et al., 2001;

Thornton et al., 2002). This sort of dynamic attention is not the

same as generalized attention and would have a selective impact

upon dynamic stimuli. It would also have a larger effect on the

biological motion task, where dynamic integration and dynamic

segmentation are both required to complete the task accurately.

Figure 5 The correlation between individual participant

deviance scores (a measure of goodness-of-fit of the

psychometric function) during the biological motion perception

task with the degree of autism symptomatology as measured

by the ADOS total score.
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While a deficit in spatiotemporal attention could more parsimo-

niously explain the mix of visual motion perception results from

both this and earlier studies than either a specific dorsal stream

deficit or a bias towards local processing, our data cannot directly

address the question of such a deficit, as this study was not

designed to assess spatiotemporal attention.

It is also important to remember that biological motion percep-

tion is not just a form-from-motion task, but it is also a social

perception task. As such, those with autism may show impairment

on a task requiring biological motion perception in noise not

because of simple motion processing deficits or the dynamic atten-

tion necessary to perform the task but because of the social

perception necessary to complete it. Indeed, several theories of

autism posit that many of its symptoms develop directly from

early deficits in social orientation and social reciprocity (Schultz

et al., 2000, 2005; Dawson et al., 2005). Our data set cannot

directly address the extent to which social cognition deficits might

have an impact upon biological motion perception (or vice versa)

as we did not manipulate the ‘socialness’ of our stimuli. Further

studies including both biological and non-biological form-from-

motion perception tasks that are matched on difficulty as well as

assessments that better measure social cognition will be necessary

to assess the true relationship between social perception deficits

and biological motion perception.

The correlation between ADOS scores and deviance values on

the biological motion task is intriguing. At the first level of analysis,

it suggests that those participants who are most affected by

autism (as measured by the ADOS) struggle, across coherence

levels, to perceive the biological motion figure in the background

noise consistently. In support of this idea, it is also important to

note that while five participants with autism had to be removed

from the biological motion analysis because their data would not

be fit adequately, this was not the case for any of the control

participants. Usually, researchers discard, discount or attempt to

factor out information related to whether participants are able to

do a task consistently (Klein, 2001). Motivation, generalized

attention, lapsing and deviance from a perfect fit are all consid-

ered confounds. The relationship between ADOS scores and

deviance scores on the biological motion task suggests that

psychophysical measures beyond sensitivity should be examined

more thoroughly. Measures of goodness-of-fit, lapsing and moti-

vation may actually be important for understanding possible

perceptual deficits in autism. In future studies it may not only

be beneficial to take advantage of existing measures that naturally

fall out of psychophysical testing, like the results reported here,

but also to develop tools that can better help us determine which

aspects of perception or task performance are reflected in these

measures.

There is some indication in the literature that motion perception

deficits may differentiate those with Asperger syndrome from

those with other autism spectrum disorder diagnoses (Gepner

and Mestre, 2002; Spencer and O’Brien, 2006; Tsermentseli

et al., 2008). Our data cannot comment substantially on this

question as only three participants with autism, who did not

meet full criteria for autism on the ADOS, were included in our

sample (all met autism spectrum criteria on the communication

sub-score, full autism criteria on the social sub-score and were

one or two points below full-autism diagnosis on the total

score). Removing them from the data set made no significant

difference to our findings and they were not outliers on any

dependent measure. These data may, however, contribute to

the characterization of subtypes within the greater autism spec-

trum. While our sample was too small to reveal the possibility of a

bimodal distribution in scores, not all participants with autism

showed impairment on either the coherent or the biological

motion tasks. Similar to numbers previously reported in the liter-

ature (Milne et al., 2005; Pellicano and Gibson, 2008), only 34%

of participants with autism performed at worse than one standard

deviation from the control mean on the coherent motion task. On

the biological motion task, 56% of autism participants performed

worse than one standard deviation from the control mean.

The current results do not support either a general dorsal stream

deficit or a bias towards local perception as explanations for visual

perception differences in those with autism. Instead, they support

a more nuanced interpretation. One distinct possibility suggested

by our data is that differences in dynamic attention, which we

might expect to have both frontal and parietal contributions,

may drive many of the visual motion impairments reported in

autism. Differences in social perception may also contribute sig-

nificantly to biological motion perception deficits. Further

psychophysical studies that include both non-biological form-

from-motion segmentation tasks as well as tasks that more directly

assess spatiotemporal attention will be necessary to assess the

roles of social perception and segmentation as well as determine

if dynamic attention is, in fact, different in those with autism.
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