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Abstract: Aim: Research on Autism Spectrum Disorders (ASD) has mainly focused on the study of social behavioral 
deficits (e.g. imitation, eye gaze, play, etc.). These studies have emphasized the high-level impairments that lead to 
abnormal social interaction in ASD. However, as important as the study of social behavior in ASD, is research on lower-
level processes that might contribute to the emergence and development of the atypical social behaviors that 
characterize this condition. Perceptual differences constitute one such factor. Here, we aim to investigate the possible 
influence of specific visual motion perception deficits in conceptual processing. 

Materials and Methods: We compared the performance of children with ASD, with that of children with moderate to 
severe learning disorders (MLD) or typical development (TD) on a series of computerized tasks. These tasks assessed 
motion detection in non-social and socially embedded backgrounds or contexts.  

Results: The results provide evidence for speed-selective impairments in processing socially embedded targets in ASD.  

Conclusions: Based on these findings, we suggest that low-level perceptual deficits might play an important role in the 
development of social impairments.  

Keywords: Autism spectrum disorder, Visual motion processing, Social cognition, Low level perceptual deficits, 
Stimuli processing speed. 

INTRODUCTION  

Autism Spectrum Disorder (ASD) is a neuro- 
developmental disorder with a characteristic profile of 
social and communicative deficits. Most of the 
psychological theories of ASD have focused on deficits 
in high-level social behavioral competences. This 
occurs because there is a representation reference of 
typical behavior, from which deviation can be detected. 
However, high-level competences rely on sets of 
elementary mechanisms, some of which might develop 
in an atypical way. In a review about the impact of 
visual impairment in neurodevelopmental and 
neurobiological processes, Sonksen and Dale point to 
the interactions between neural, biological and 
psychological domains [1]. Thus, assuming the 
existence of interdependence between neurobiological 
components, it is probable that a developmental brain 
disorder would not result in an exclusive deficit in high-
level competences. Support for this is given by studies 
showing that visual impairments at a young age can 
lead to deficits in social communication and social 
development [2] and by evidence of early differences in  
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visual attentional processes in infants who later receive 
a diagnosis of ASD [3]. 

One high-level processing explanation for abnormal 
social interactions in ASD is the Theory of Mind (ToM) 
account. The ToM account of ASD underscores the 
importance of the representation of mental states for 
the understanding of other people’s behaviour [4, 5]. 
However, ToM does not exclude the existence of 
lower-level perceptual integration deficits. Indeed, 
many visual perception abnormalities have been 
described in ASD: deficits in processing of 
configurations [6, 7] and faces [8-11]; “tunnel vision” 
[12, 13]; over numerous saccades [14]; ability to 
process parts of stimuli while ignoring distracting 
contextual features [15,16]; and deficits in processing 
visual motion [17-20]. The characteristic profile of 
motion processing deficits in ASD has led to the 
suggestion of a specific impairment in the functioning of 
the dorsal visual pathway [e.g. 18]. We were 
particularly interested in this type of low-level 
information processing. An adequate processing of 
visual motion can be extremely important for the 
learning and interpretation of social stimuli. Difficulties 
observed in adult ASD in understanding ToM 
animations have been attributed to failure in 
transmission of information about motion from V3 to 
STS [21]. Furthermore, children with ASD have been 
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found to present deficits in detection of biological 
motion confirming the existence of a deficit in the 
dorsal stream. These findings support the idea that 
independently of the neural bases of motion deficits, 
higher-level social processing problems might have 
some foundation in perceptual abnormalities [17, 22, 
23]. However, there is still no consensus regarding this 
issue. For example, in an exhaustive research 
investigating action perception in adolescent males 
with ASD, it was reported that, under controlled 
conditions, other people’s actions are adequately 
interpreted, possibly failing to do so in real life social 
encounters [24]. Importantly, not only dorsal stream 
function, but also dorsal stream connectivity has been 
found to be impaired in ASD [25, 26]. Considering the 
essential role of cortical circuitry in the development of 
cognitive function [25], altered connectivity in ASD 
could lead to difficulties in integrating information from 
lower and higher-order functional systems [28, 29], a 
phenomenon consistent with the ‘weak central 
coherence’ (WCC) account of ASD [30]. 

If we consider the abnormalities in processing visual 
motion, and if these abnormalities concern the range of 
speeds involved in ecological motion, we should be 
able to predict consequences in imitation or recognition 
of gestures, both of one’s self and a social partner. If 
deficits in visual perception exist at an early 
developmental stage, hindering the correct processing 
of very subtle social signs that involve motion, such as 
ocular saccades and facial expressions, then we 
should be able to better understand some of the 
mechanisms contributing to the social behavioral 
problems that persist later on in life. The aim of the 
current study was to establish whether impairments in 
low-level visual motion processing are observed in 
situations where motion is or is not associated with a 
human context. To address this question, we compared 
performance of children with ASD, with that of children 
with moderate to severe learning disabilities (MLD) or 
typical development (TD) in computerized tasks. These 
tasks assessed single mobile (SM) and form from 
motion (FFM) detection in non-social and socially 
embedded backgrounds or contexts. If we find a deficit 
in sensitivity to motion specific to ASD only when 
stimuli are embedded in a social context, we might 
conclude that social context is the crucial factor. If a 
deficit in sensitivity to motion is observed specifically in 
ASD independently of whether the stimuli are socially 
embedded, we will be able to conclude that motion 
processing per se, might be one of the factors 
contributing to the emergence of socio-cognitive 
deficits in ASD. 

METHODS 

Participants 

Twenty-three participants with ASD (recruited from 
a Pediatric Hospital in Paris), aged between 5.08 and 
15.67 years (mean chronological age = 10.4, SD = 
3.24) were mental age-matched with a group of 36 
children with MLD (recruited from a Special Needs 
School in London)aged between 5.58 and 15.33 years 
(mean chronological age = 11.4, SD = 2.54). Mental 
age was measured by the Raven’s Colored 
Progressive Matrices (mean mental age ASD = 7.85, 
SD =2.39; mean mental age MLD = 7.17, SD = 2.72). 
MLD children had moderate to severe learning 
disabilities, some identified genetic syndromes such as 
Down Syndrome, Noonan Syndrome, or Turner 
Syndrome, but no ASD. All ASD children had 
previously been diagnosed by the Hospital clinical 
team, as having Autism/autistic disorder, according to 
DSM-IV criteria. Moreover, these children had no 
known focal brain anomaly (MRI scan) or clinical or 
EEG epileptic signs. The Pediatric Hospital’s clinical 
team had assigned all ASD children to ahigh 
functioning group and all children understood the 
experimenter’s instructions. Both ASD and MLD groups 
were compared with a group of 70 TD children 
(recruited from a Pediatric Hospital Day Care 
Department and from a Nursery School in Paris, and 
from a Primary School in Lisbon) aged between 4 and 
10.5 years (mean age = 7.44). All participants had 
normal or corrected-to-normal vision and no motor 
problems. The Autism Screening Questionnaire was 
used to assure that all children from the ASD group fell 
above the cutoff for Autism and those from the MLD 
and TD groups fell below; no children had to be 
excluded from the sample for this reason. Signed 
consent was obtained by tutors or parents of all 
participants. The study was approved by the local 
ethics committee. 

Apparatus and Procedure  

Sensitivity to single targets and FFM detection was 
assessed by performance on the computerized tasks 
(see Figure 1), presented on a 15’’LCD EloTM touch 
screen monitor with a resolution of 1024 x 768 at 75 
Hz. Participants were tested in Hospital, School and 
Home settings in plain and well-lit rooms. The 
participants were required to follow the targets with 
their index finger on the screen in the SM tasks or to 
choose the correct shape match in the FFM tasks. In 
the non-social SM task, an image of ‘Nemo’ 
DisneyTM(80 x 62pix) substitutes the point light dot 
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used in previous displays [31]. Nemo was set in motion 
and the participants were instructed to follow the 
target’s rectilinear horizontal trajectory with their index 
finger until obtaining a ‘tick’ and a pleasant sound. 
Nemo’s speed varied across conditions. In condition 1 
Nemo moved at a speed of 50pix/sec; in condition 2, at 
a speed of 200pix/sec; and in condition 3 at a speed of 
400pix/sec. 

The touch screen monitor was at a distance of ~ 
40cm from the participants. The spatial and temporal 
resolution of the sensitivity of the screen to finger 
contact was the same for all trials and conditions. The 
total number of finger contacts and their position were 
recorded automatically. Accuracy in performance was 
measured by the distance from the target of the 
participant’s finger on the screen. Contact positions 
were divided into three classes depending on the 
length of the radius of the circle with the finger contact 
as center: ‘on target’: radius = 50pix; ‘near’; 50pix < 
radius < 100pix; and ‘far’ radius > 100pix (Figure 1.i. 
and Figure 1.ii.). Each condition was composed of 
three trials. In the socially embedded SM task the 
participants were instructed to follow an actor’s finger 
just as they had done with Nemo. The actor’s finger 
trajectory was also horizontal but speed was human 
made and was approximately 400 pixels/s. In this task 
a social component was added by the introduction of 
an actor performing the movement.  

Finally, in a new computerized version of a FFM 
task [32, 33] a series of dotted shapes was presented. 
There were four conditions with different degrees of 
social content associated to the dotted shapes: 
‘Geometrical shapes’ (outer contour of a cross, triangle, 
square, circle); ‘Things’ (outer contour of a house, fish, 

duck, car); and ‘Smilies’ (schematic faces showing 
surprise, happiness, sadness, or neutral expression). A 
forth condition with ‘Scrambled smilies’ was used for 
comparison with performance in the ‘Smilies’ condition. 
The screen was divided as shown in Figure 1.iii. In the 
larger section of the screen 2600 point lights were 
randomly fixed. The participants were instructed to 
fixate the cross that appeared on the screen for 
1000ms. 2000ms after the disappearance of the cross, 
a previously fixed doted shape (one of the four 
presented on the upper section of the screen) was set 
in vertical motion (upwards and downwards) rendering 
the shape visible. The participants were instructed to 
touch the matching figure (one of the four presented in 
the upper section of the screen), as quickly as possible. 
A tick or cross would appear if the matching figure or a 
wrong shape were chosen, respectively. Each 
condition was composed of 9 trials. In three trials the 
target moved at 50 pix/sec, in three trials at 200pix/sec, 
and in three trials at 400pix/sec. A total of 46 trials and 
6 (or more when needed) familiarization trials were 
conducted during a ~30-minute session. Performances 
were measured by the percent of correct shape match- 
es and mean RT’s for correct matches (Figure 1.iii.).  

RESULTS  

The percent of on-screen touching in the non-
socially embedded SM task (given by onscreen 
touching duration / total trial duration) was higher in TD 
(41%) compared to ASD (29%) and MLD (33%). 
Children with ASD, like children with MLD, touched the 
screen less than TD children. On screen touching 
patterns followed a normal distribution and thus 
multiple t-tests were performed to test equality of 
means. All groups differed significantly (all p≤.017).  

 

Figure 1: Schematic illustration of the stimuli: i. Non-social background embedded SM; ii. Socially embedded SM; and iii. 
Geometric FFM stimuli. 
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Trial duration depended on the systematicity of on-
screen touches; a child might frequently touch the 
target but always retract before obtaining a tick 
(signifying the end the trial), whereas another child 
might touch the target in a consistent manner until 
obtaining a tick; these two types of behavior would lead 
to two different trial durations despite similar on-target 
performances. In order to bypass this issue, 
satisfactory performance in SM tasks was given by the 
percentage of (‘on target’ + ‘near’) divided by (‘on 
target”+’near’+’far’). A Friedman ANOVA (4 conditions 
as repeated measures) revealed that performance 
significantly decreased with speed (Chi2 = 128.74, 
df=3, N=129). This effect was significant in each Group 
separately (Friedman ANOVA. ASD: Chi2 = 29.71, 
df=3, N=23, p<.001; MLD: Chi2 = 50.81, df=3, N = 36, 
p<.001; TD: Chi2 = 63.62, df=3, N=70, p<.001). 
Conditions were compared two by two in each group 
separately with a Sign test. The patterns of responses 
emerging from these two-by-two comparisons is as 
follows: ASD and MLD showed exactly the same 
response pattern with (i.) no performance difference 
between the two slower conditions (50 vs. 200 pix/s, 
p>.05); (ii.) no performance difference between the two 
faster conditions (400pix/s and Human-made, p>.05); 
(iii.) Higher performances at 50pix/sec and 200pix/s 
compared to performance at a speed of 400pix/s 
(p<.001) and the Human-made condition (p<.001). The 
performance pattern by TD children followed the same 
trend but showed a slightly different picture: all 
conditions differed significantly one from the other. 
Performance of TD children significantly decreased 
from the 200pix/sec to the 50pix/s condition (from 
m=96.89 to m=94.96, Sign test, p<.001), from the latter 
to the Human-made condition (m=89.523 p<.001), from 

the latter to the 400pix/s condition (m=86.842 p<.03). In 
other words, for the ASD and MLD groups the 
conditions can be split into two groups: difficult (i.e., 
400 pix/s and Human-made) and easy conditions, 
whereas for TD children all 4 conditions differed 
between each other, with the Human-made condition 
being easier than the 400pix/s condition. 

Groups were compared in each condition separately 
with a Kruskal-Wallis ANOVA. The 3 groups were 
found to differ significantly in each of the 4 conditions; 
50 pix/s, 200 pix/s, 400pix/s and Human-made 
conditions (H=21.351; H=14.80; H=21.504; H=21 
respectively, with df=2, N=129, p<.001). The only 
condition in which ASD differed from MLD performance 
was the 50 pix/s condition (Man-Whitney U, p=.001). In 
this slow condition, ASD perform at a lower level than 
the MLD group. Conversely, the sole condition in which 
MLD performed like TD was the 50pix/s condition. 
Otherwise MLD did not differ from ASD performance 
and both groups were worse than the TD group under 
the 3 conditions 200pix/s, 400pix/s and Human-made 
(Mann- Whitney, all U, p<.03). Given that in the human 
condition the motion speed was approximately 
400pix/s, it can be concluded that the social context 
does not seem to constitute interference for 
participants with ASD anymore than for the MLD group. 
Participants belonging to the TD group were also 
handicapped in performance at 400 pix/s, but the 
Human condition was easier for them compared to the 
400 pix/s condition. The speed at which the target is 
set in motion seems to be the main influence on 
performance for the ASD as well as for the MLD group. 
Performance in SM tasks for all groups is plotted in 
Figure 2. 

 

Figure 2: Percent of correct responses as a function of the distance from the target. Standard Error bars are represented. 
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The results of the FFM task are shown in Figure 3. 
A Friedman ANOVA on all participants with 4 
conditions x 3 speeds (12 repeated measures) showed 
a significant difference between conditions (Chi2 = 
93.765, N=129, df=11, p<.001). Speed was a 
significant factor in only one condition: Smilies (Chi2 = 
10.75, N=129, df=2, p < .005), but not in the 
‘Scrambled’, ‘Things’, or ‘Geometrical’ conditions (Chi2 
= 2.54, N=129, df=2, p>.10; Chi2 = 3.49, N=129, df=2, 
p>.10; Chi2 = 3.685, N=129, df=2, p>.10 respectively). 
The 4 conditions (Geometric, Things, Smilies, 
Scrambled) differed significantly when each speed was 
considered separately at 50, 200 and 400 pix/s 
(Friedman ANOVA: Chi2 = 27.99, N=129, df=3, p<.001; 
Chi2 = 33.93, N=129, df=3, p<.001; Chi2 = 38.63, 
N=129, df=3, p<.001, respectively).  

In TD children, performance varied significantly with 
the 4 x 3 conditions and speeds. Performance varied 
with speed in the ‘Smilies’ and the ‘Scrambled’ 
conditions (Chi2 = 7.07, N=70, df=2, p<.03; Chi2 = 
10,57, N=70, df=2, p<.01, respectively), but not in the 
other conditions. ‘Smilies’ and ‘Scrambled’ conditions 
were sensitive to speed in different ways: children 
performed poorly in the ‘Scrambled’condition at the 
slowest speed; in the ‘Smilies’ condition, on the other 
hand, performance was poorer at 200pix/s compared to 
50pix/s, which, in turn, was poorer compared to 
performance at 400 pix/s. Also, at a speed of 50 pix/s, 
performance decreased in the following order: 
‘Geometric’ > ‘Things’ > ‘Smilies’ and ‘Scrambled’ (Chi2 
= 15.12, N=70, df=3, p<.002); at 200 pix/s, 
performances also decreased in the same order (Chi2 
= 22.31, N=70, df=3, p<.001) except that performances 
decreased significantly from Scrambled to Smilies 
(Sign test, p<.001); at 400pix/s no significant difference 
was observed between conditions (Chi2 = 0.35, N=70, 
df=3, p>.10). In other words, both speed and condition 
factors (main effects) affected performances differently 
for each group resulting in several distinct interaction 
effects as described above. 

In children with ASD, the 4 x 3 conditions differed 
significantly (Friedman ANOVA, Chi2 = 53.20, N=23, 
df=11, p<.001). Speed was a significant factor in the 
‘Smilies’ and ‘Scrambled’ condition (Friedman ANOVA, 
Chi2 = 16.548, N=23, df=5, p<.01) but not in the 
‘Things’ nor in the ‘Geometrical’ Conditions (Friedman 
ANOVA ,Chi2 < 2, N= 23, df=2, p<.10 for each 
condition). Performances did not differ significantly 
between 200pix/s and 50pix/s conditions (‘Smilies’: 
Mean % of correct responses (M)=78% and M=87% 
respectively, ‘Scrambled’: M=77% and M=78%). 

Performance in the ‘Smilies’ but not in the ‘Scrambled’ 
condition was significantly lower at 400pix/s (M=65%) 
than at 200 pix/s (M=78%) (Sign test, p<.03). The 4 
conditions (‘Geometric’, ‘Things’, ‘Smilies’, ‘Scrambled’) 
differed significantly only at 400pix/s (Chi2 = 22.97, 
N=23, df =3 p<.001,) but not at the two other speeds 
(50 pix/s: Chi2 = 6.59, N=23, df=3 p>.05; 200 pix/s: 
Chi2 = 6.8, N=23, df=3 p>.05). Performances on 
‘Smilies’ and ‘Scrambled’ conditions did not differ 
significantly one from the other at any speed condition 
(Sign test: p>.10 in each speed condition).  

MLD children showed a pattern of performance 
similar to that of the ASD children. The 4 x 3 conditions 
differed significantly (Chi2 = 72.21, N=37, df=11, 
p<.001). Speed was a significant factor in the ‘Smilies’ 
and ‘Scrambled’ conditions (Chi2 = 18.15, N=36, df=5, 
p<.01) but not in the ‘Things’ nor in the ‘Geometrical’ 
conditions (Chi2 < 5, N=36, df=5, p>.10 for each 
condition). Performances in the ‘Smilies’ condition 
decreased significantly from a speed of 50pix/s to 
speed 400pix/s (Sign test, p<.01). Performances 
differed significantly between the 4 conditions 
(‘Geometric’, ‘Things’, ‘Smilies’, ‘Scrambled’) at 
400pix/s (Chi2 = 27.47, N=37, df=3 p<.001) and also, 
contrary to what was observed in the ASD group, under 
the two other speed conditions (50 pix/s: Chi2 = 13.48, 
N=37, df=3 p<.001; 200 pix/s: Chi2 = 22.53, N=37, 
df=3 p<.001). At 50 pix/s performance was lower in the 
‘Scrambled’ condition (Mean % correct responses, 
M=77%) than in the ‘Smilies’ condition (M=91%) (Sign 
test, p<.02). No other significant differences were found 
between conditions at a speed of 50 pix/s. At 200 pix/s, 
comparison between conditions revealed no significant 
differences between the ‘Geometric’ and the ‘Things’ 
conditions and no difference between the ‘Smilies’ and 
the ‘Scrambled’ conditions. However, performance was 
lower in the ‘Smilies’ (M=73%) and ‘Scrambled’ 
(M=80%) conditions compared to the ‘Geometric’ 
(M=95%) and ‘Things’ (M=87%) conditions (Sign tests, 
p<.001). The same trend was observed for conditions 
at 400 pix/s; performance was significantly lower in the 
‘Geometric’ (M=91%) and ‘Things’ (M=96%) conditions, 
compared to the ‘Smilies’ (M=75%) and ‘Scrambled’ 
(M= 72%) conditions (Sign test, p<.001).  

We used a Kruskal-Wallis ANOVA to compare 
performances between groups. This analysis revealed, 
in the Smilies condition, a sole significant difference 
between groups at 400 pix/s (H=36.127, N=130, 
p<.001). This difference between groups was due to a 
difference between children with ASD and TD children 
(Man Whitney U=66, p>.001) and to a difference 
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between children MLD and TD children (U=687, 
p<.001). Children with ASD and MLD, on the other 
hand, presented very similar performance. 
Performance in the ‘Scrambled’ condition differed 
between groups at all speeds (50 pix/s: H=7.227, 
N=130, p<.05; 200 pix/s: H29.96, N=130, p<.001; 
400pix/s: H=37,122, p<.001). The inter-group 
differences in the ‘Scrambled’ condition at 200pix/s and 
400pix/s were related to performance differences 
between TD children and children with ASD as well as 
to differences between TD children and children with 
MLD (200pix/s - ASD vs. TD: U=576, p<.05; MLD vs. 
TD, U=647, p<001; 400pix/s: ASD vs. TD, U=427, 
p<.001; MS vs. TD, U=612, p<.001). No significant 
difference was found between ASD and MLD groups 
and the performance deficits that arise do not seem to 
be specific to ASD.  

The reaction times were analysed with a parametric 
ANOVA (3 Groups x 4 Conditions x 3 Speeds, with the 
last two factors as repeated measures). Groups 
differed significantly (F(2,126) = 7.788, p<.001): ASD 
showed the slowest reaction time (m=6032ms), MLD 
showed intermediate RT’s (m=3298ms) and TD 
presented the fastest RT’s (m=2615ms). Condition and 
Speed were significant factors (F(3,378) = 7.89, 
p<.0001; F(2,252) = 3,857, p<.05 respectively). 
‘Geometric’ and ‘Things’ conditions showed the fastest 
RT’s (2696ms and 2638ms respectively); the ‘Smilies’ 
and ‘Scrambled’ conditions showed the slowest RT’s 

(4239ms and 4387ms respectively). Post-hoc Tukey 
tests showed that only ‘Geometric’ and ‘Things’ 
conditions differed from the ‘Smilies’ condition (Tukey 
p=.0007 and .0004 respectively) and from the 
‘Scramble condition’ (Tukey, p=.003 and p=.002 
respectively). The Group x Speed interaction was 
significant (F(4,252)=4.465, p<.005). Reaction times 
were significantly slower in ASD compared to TD at all 
three speeds (50pix/s: F(1,126) = 14.496, p<.001; 
200pix/s: F(1,126) = 7.842 p<.005; 400pix/s: F(1,126) = 
20.217, p<.0001). RT’s by children with ASD were also 
slower than RT’s by children with MLD at all 3 speeds 
(50pix/s: F(1,126) = 4.86, p<.03; 200pix/s:F(1,126) = 
6.618 p=.012; 400pix/s: F(1,126) = 9.165, p<.003). 

No significant differences were found between MLD 
and TD. In MLD, no interaction was found between 
performance and condition speed, i.e., RT’s did not 
differ significantly with speed. In TD, RT’s did not differ 
significantly at 50pix/s compared to 200pix/s or to 
400pix/s; but they were significantly slower at 200pix/s 
compared to 400pix/s (F(1,126) = 4.963, p<.05. In 
children with ASD, RT’s were significantly slower at 
400pix/s compared to 50pix/s (F(1,126) = 12,986, 
p<.0005), and to 200pix/s ((F(1,126) = 3.968, 
p<.05).The ASD group was the only one showing a 
significant increase in reaction time with increasing 
speed, and the only group to show a major increase of 
reaction time in the 400 pix/s condition compared to the 
2 other groups.  

 

Figure 3: Percent of correct matches and respective RT’s as a function of the target’s speed. 
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In summary, 400pix/s motion speed is the speed at 
which most children with ASD present slower RT’s in 
the ‘Smilies’ and ‘Scrambled’ conditions. However, the 
same effect is not obtained with the ‘Geometric’ and 
‘Things’ conditions. In these latter conditions, it is 
speeds of 50pix/s and 200pix/s which most contribute 
to slower RT’s in ASD compared to RT’s in the TD 
group.  

DISCUSSION 

We compared performance of three groups of 
children (ASD, MLD and TD) in SM and FFM tasks to 
investigate the possible relationship between low-level 
motion processing and social components. A series of 
tasks with and without social context were presented 
(socially embedded or non-socially embedded 
conditions). It was reasoned that if children with ASD 
had difficulties in tracking specifically human produced 
motion [34], they would show more errors in this 
condition compared to non-social tracking conditions. 
If, on the other hand, children with ASD had difficulties 
with visual motion per se or within a specific range of 
speeds, they would not show a specific deficit in 
processing socially embedded conditions. The results 
were more complex than our initial predictions. All 
participants (ASD, MLD and TD) decreased inaccuracy 
of performance when the speed of the target increased. 
This could be related to the increased difficulty in eye-
motor coordination with increased target speed. 
Performance in the ‘Human made’ and the 400pix/s 
tasks did not differ in ASD and MLD groups, but the TD 
group performed better in the ‘Human made’ than in 
the 400pix/s task. Just like in MLD group, the social 
context seems to create less interference in ASD than 
the speed at which the target is moving. Could then a 
selective difficulty in processing motion within this 
speed range render the processing of social contexts 
(where motion is by nature in the range of ~ 400pix/s) 
more difficult? Or is this deficit specific to single target 
detection?  

The FFM task was designed to answer this second 
question. If the specific deficit for 400pix/s targets was 
related to single target tracking, then performances in 
the FFM tasks should not show any deficit. Results in 
the FFM task showed decreased performance at 
400pix/s but only in ASD children. Matching 
performance and RT’s for correct matches in the FFM 
tasks showed no difference between ‘Smilies’ and 
‘Scrambled Smilies’ conditions at any of the 3 speeds 
in ASD. The decrease in performance at 400pix/sec 
was more severe in the ASD group. Interestingly, the 

RT pattern observed in the ASD group differs from the 
MLD’s RT pattern, whereas the latter does not differ 
from the RT pattern of TD children. It is known that 
visual area 3 (V3) and the middle temporal area are 
involved in the perception of motion; perhaps these 
areas may develop in an anomalous way in ASD [35]? 
In spite of the same mean mental age in the 3 groups, 
participants with ASD showed longer RT’s than the 
children with MLD or TD at all condition speeds. It has 
been established that information-processing rate (i.e. 
perceptual speed) is directly linked to differences in 
working memory, a mediator of fluid intelligence [36, 
37]. Hence, a slower processing rate could have a 
negative impact in the development of higher cognitive 
abilities, such as the social cognitive function. The 
implications of these findings for motion processing are 
enormous. If one takes longer to process information, 
then adding motion should render more difficult the 
already impaired function of social processing, in the 
case of ASD. Increasing speed of motion, in particular, 
might lead to gaps in the processing of information. It is 
possible that participants with ASD do take into 
consideration the social meaning that aids in ‘Smilies’ 
recognition instead of making a piecemeal match as in 
the ‘scrambled’ condition. However the fact that they 
are not experts at social recognition and generally take 
longer in processing social input, might lead to a need 
to change to a longer and more inefficient piecemeal 
matching system when speed rises to 400pix/sec. This 
suggestion is confirmed by considering performance in 
‘Smilies’ and ‘Scrambled’ conditions. Performance in 
the ‘Smilies’ and ‘Scrambled’ conditions by TD children 
varied with speed. In both conditions, TD children 
performed better at 400pix/s. In contrast, children with 
ASD as well as children with MLD were sensitive to 
speeds in the ‘Smilies’ condition, but not in the 
‘Scrambled’ condition, and their performance was 
worse at 400pix/s compared to performances at 50pix/s 
and 200pix/s. Our results confirm previous work 
showing that children with ASD do present difficulties in 
processing motion [17, 8, 38, 39]. Here we exhibit 
groundbreaking data that supports the link between 
atypical socially-dependent behavior (such as face 
processing) and a deficit in processing “human-made” 
speeds (400 pix/s range). 

Neurophysiological studies show that human 
perception of motion could be explained by direction-
sensitive neurons. These neurons increase their 
response with increasing speed of the object in motion 
[40]. Might ASD individuals have some impairment in 
these neural networks? 
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In conclusion, the present research points to a 
speed-selective deficit in social processing in ASD 
children. Support for this is found in recent research 
showing that face processing is facilitated by slowing 
down the facial dynamics in ASD [10] and that adults 
with ASD are impaired in perceiving facial information 
rendered by motion, compared to TD adults, whilst not 
being vulnerable to inversion effects [41]. This gives 
support for the manifestation of deficits in processing 
socially embed visual information, when interacting with 
low level visual motion processing. However the deficit 
observed in participants with ASD is also partially 
observed in children with MLD. This may be explained 
by dorsal stream vulnerability theories; dorsally 
mediated functions are thought to be more vulnerable 
to development delay [42]. If, as it was hypothesized, 
there are perceptual influences on the development of 
social processing, then the present research might 
have implications for more directed materials for early 
intervention with children with ASD [38, 43]. More 
research needs to be done to clarify how low-level 
deficits might contribute to the impairments in social 
perception and, consequently, social understanding. 
Though little explored, perceptual problems are an area 
of key concern for parents and clinicians of children 
with ASD and a more precise characterization of low-
level deficits, such as deficits in processing motion, 
might eventually afford an earlier diagnosis based on 
low-level perceptual differences detectable at a 
younger age. 

ACKNOWLEDGEMENTS 

This work was supported in part by a POCTI 
Framework grant SFRH/BD/6020/2001 from the 
Fundação para a Ciência e Tecnologia of Portugal to 
the first author, by CNRS funding to the third author. 
We would like to thank the participants and their 
families for their generous participation. We are also 
very grateful to the teachers and the special and 
mainstream schools in Lisbon and London for their help 
in recruiting participants and for providing a testing 
space. We would also like to acknowledge Dagmara 
Annaz for her help in building the ecological stimuli, 
John Rogers from Delosis Ltd for converting the rough 
data and Sylvain Ribault for integrating the movement-
enhanced stimuli. Finally, thanks to Nuno Sepúlveda 
for his help with the statistical analysis.  

REFERENCES 

[1] Sonksen PM, Dale N. Visual impairment in infancy: Impact 
on neurodevelopmental and neurobiological processes. Dev 

Med Child Neurol 2002; 44: 782-791. 
http://dx.doi.org/10.1111/j.1469-8749.2002.tb00287.x 

[2] Tadić V, Pring L, Dale N. Are language and social 
communication intact in children with congenital visual 
impairment at school age? J Chil Psychol Psychiatry 2010; 
51: 696-705. 
http://dx.doi.org/10.1111/j.1469-7610.2009.02200.x 

[3] Elsabbagh M, Fernandes J, Jane Webb S, Dawson G, 
Charman T, Johnson MH, The British Autism Study of Infant 
Siblings Team. Disengagement of Visual Attention in Infancy 
is Associated with Emerging Autism in Toddlerhood. Biol 
Psychiatry 2013; 74: 189-194. 
http://dx.doi.org/10.1016/j.biopsych.2012.11.030 

[4] Baron-Cohen S, Leslie AM, Frith U. Does the autistic child 
have a "theory of mind"? Cognition1985; 21: 37-46. 
http://dx.doi.org/10.1016/0010-0277(85)90022-8 

[5] Frith U. Autism and theory of mind in everyday life. Social 
Develop 1994; 3: 108-124. 
http://dx.doi.org/10.1111/j.1467-9507.1994.tb00031.x 

[6] Shah A, Frith U. Why do autistic individuals show superior 
performance on the block design task? J Chil Psychol 
Psychiatry 1993; 34: 1351-1364. 
http://dx.doi.org/10.1111/j.1469-7610.1993.tb02095.x 

[7] Behrmann M, Avidan G, Leonard GL, Kimchi R, Luna B, 
Humphreys K, Minshew N. Configural processing in autism 
and its relationship to face processing. Neuropsychologia 
2006; 44: 110-129. 
http://dx.doi.org/10.1016/j.neuropsychologia.2005.04.002 

[8] Gepner B, de Gelder B, de Schonen S. Face processing in 
autistics: Evidencefor a generalizeddeficit? Child 
Neuropsychol 1996; 2: 123-139. 
http://dx.doi.org/10.1080/09297049608401357 

[9] Teunisse JP, de Gelder B. Face processing in adolescents 
with autistic disorder: The inversion and composite effects. 
Brain Cogn 2003; 52: 285-94. 
http://dx.doi.org/10.1016/S0278-2626(03)00042-3 

[10] Charrier A, Tardif C, Gepner B. Slowing down the flow of 
facial information enhances facial scanning in children with 
autism spectrum disorders: A pilot eye tracking study. 
L'Encephale 2016; pii: S0013-7006(16)00037-3.  
http://dx.doi.org/10.1016/j.encep.2016.02.005 

[11] Liu W, Li M, Yi L. Identifying children with autism spectrum 
disorder based on their face processing abnormality: A 
machine learning framework. Autism Res 2016. 
http://dx.doi.org/10.1002/aur.1615 

[12] Wainwright JA, Bryson S. Visual-spatial orienting in Autism. J 
Autism Dev Disord 1996; 26: 423-438. 
http://dx.doi.org/10.1007/BF02172827 

[13] Robertson CE, Kravitz DJ, Freyberg J, Baron-Cohen S, 
Baker CI. Tunnel vision: Sharper gradient of spatial attention 
in autism. J Neurosci 2013; 33: 6776-6781. 
http://dx.doi.org/10.1523/JNEUROSCI.5120-12.2013 

[14] Kemner C, Verbaten MN, Cuperus JM, Camfferman G, van 
Engeland H. Abnormal saccadic eye movements in autistic 
children. J Autism Dev Disord 1998; 28: 61-67. 
http://dx.doi.org/10.1023/A:1026015120128 

[15] Happé F. Studying weak central coherence at low levels: 
Children with autism do not succumb to visual illusions - a 
research note. J Child Psychol Psychiatry 1996; 37: 873-877. 
http://dx.doi.org/10.1111/j.1469-7610.1996.tb01483.x 

[16] Brosnan MJ, Scott FJ, Fox S,Pye J. Gestalt processing in 
autism: Failure to process perceptual relationships and the 
implications for contextual understanding. J Child Psychol 
Psychiatry2004; 45: 459-469. 
http://dx.doi.org/10.1111/j.1469-7610.2004.00237.x 

[17] Gepner B, Mestre D, Masson G, de Schonen S. Postural 
effects of motion vision in young autistic children. Neuro 
Report1995; 6: 1211-1214. 
http://dx.doi.org/10.1097/00001756-199505300-00034 



Motion Perception and Social Cognition in Autism Journal of Advanced Neuroscience Research, 2016, Vol. 3, No. 2    53 

[18] Spencer J, O'Brien J, Riggs K, Braddick O, Atkinson J, 
Wattam-Bell J. Motion processing in autism: Evidence for a 
dorsal stream deficiency. Neuro Report 2000; 11: 2765-2767. 
http://dx.doi.org/10.1097/00001756-200008210-00031 

[19] Milne E, Sweettenham J, Hansen P, Campbell R, Jeffries H, 
Plaisted K. High motion coherence thresholds in children with 
autism. J Child Psychol Psychiatry 2002; 43: 255-263. 
http://dx.doi.org/10.1111/1469-7610.00018 

[20] Bertone A, Mottron L, Jelenic P, Faubert J. Motion perception 
in Autism: A "complex" issue. J Cogn Neurosci 2003; 15: 
218-225. 
http://dx.doi.org/10.1162/089892903321208150 

[21] Castelli F, Frith C, Happé F, Frith U. Autism, Asperger 
Syndrome and brain mechanisms for the attribution of mental 
states to animated shapes. Brain 2002; 125: 1839-1849. 
http://dx.doi.org/10.1093/brain/awf189 

[22] Blake R, Turner L, Smoski MJ, Pozdol SL, Stone WL. Visual 
recognition of biological motion is impaired in children with 
Autism. Psychol Sci 2003; 14: 151-157. 
http://dx.doi.org/10.1111/1467-9280.01434 

[23] Hubert B, Wicker B, Moore DG, Monfardini E, Duverger H, 
Da Fonseca D, Deruelle C. Brief report: Recognition of 
emotional and non-emotional biological motion in individuals 
with autistic spectrum disorders. J Autism Dev Disord 2007; 
37: 1386-1392. 
http://dx.doi.org/10.1007/s10803-006-0275-y 

[24] Cusack JP, Williams JHG, Neri P. Action perception is intact 
in Autism Spectrum Disorder. J Neurosci 2015; 35: 1849-
1857. 
http://dx.doi.org/10.1523/JNEUROSCI.4133-13.2015 

[25] Villalobos ME, Mizuno A, Dahl BC, Kemmotsu N, Müller R-A. 
Reduced functional connectivity between V1 and inferior 
frontal cortex associated with visuomotor performance in 
autism. NeuroImage 2005; 25: 916-925. 
http://dx.doi.org/10.1016/j.neuroimage.2004.12.022 

[26] Grinter EJ, Maybery MT, Badcock DR. Vision in 
developmental disorders: Is there a dorsal stream deficit?. 
Brain Res Bull 2010; 82: 147-160. 
http://dx.doi.org/10.1016/j.brainresbull.2010.02.016 

[27] Goldman-Rakic PS. Development of cortical circuitry and 
cognitive function. Child Dev 1987; 58: 601-622. 
http://dx.doi.org/10.2307/1130201 

[28] Courchesne E, Redcay E, Morgan JT, Kennedy DP. Autism 
at the beginning: Microstructural and growth abnormalities 
underlying the cognitive and behavioral phenotype of autism. 
Dev Psychopathol 2005; 17: 577-597. 
http://dx.doi.org/10.1017/S0954579405050285 

[29] Rudie JD, Shehzad Z, Hernandez LM, Colich NL, 
Bookheimer SY, Iacoboni M, Dapretto M. Reduced functional 
integration and segregation of distributed neural systems 
underlying social and emotional information processing in 
autism spectrum disorders. Cerebral Cortex 2011: bhr171. 

[30] Happé F. Autism: Cognitive deficit or cognitive style? Trends 
Cogn Sci 1999; 3: 216-222. 
http://dx.doi.org/10.1016/S1364-6613(99)01318-2 
 

[31] Abreu AM, Laurent A, Verloes A, de Schonen S. Visual 
motion detection in autistic and Williams Syndrome children. 
Poster session presented at the Euresco Conference on 
Brain Development and Cognition in Human Infants 2002, 
June; Aquafreddadi Maratea, Italy. 

[32] Abreu AM. Relação entre anomalias no processamento 
visual e o comportamento social em crianças com 
perturbações do espectro do autismo e síndrome de 
Williams. REER 2009; 16: 19-38. 

[33] Abreu AM, de Schonen S. Heterogeneity in motion 
perception deficits in developmental disorders: Evidence 
from Autism and Williams Syndrome. Cadernos de Saúde 
2009; 2: 41-50. 

[34] Klin A, Lin DJ, Gorrindo P, Ramsay G, Jones W. Two-year-
olds with autism orient to non-social contingencies rather 
than biological motion. Nature 2009; 459: 257-261. 
http://dx.doi.org/10.1038/nature07868 

[35] Klaver P, Lichtensteiger J, Bucher K, Dietrich T, Loenneker 
T, Martin E. Dorsal stream development in motion and 
structure-from-motion perception. Neuroimage 2008; 39: 
1815-1823. 
http://dx.doi.org/10.1016/j.neuroimage.2007.11.009 

[36] Fry AF, Hale S. Processing speed, working memory, and 
fluid intelligence: Evidence for a developmental cascade. 
Psychol Sci 1996; 7: 237-241. 
http://dx.doi.org/10.1111/j.1467-9280.1996.tb00366.x 

[37] Fry AF, Hale S. Relationships among processing speed, 
working memory; and fluid intelligence in children. Biol 
Psychol 2000; 54: 1-34. 
http://dx.doi.org/10.1016/S0301-0511(00)00051-X 

[38] Gepner B, Deruelle C, Grynfeltt S. Motion and emotion: A 
novel approach to the study of face processing by young 
autistic children. J Autism Dev Disord 2001; 31: 37-45. 
http://dx.doi.org/10.1023/A:1005609629218 

[39] Gepner B, Mestre D. Postural reactivity to fast visual motion 
differentiates autistic from children with Asperger syndrome. 
J Autism Dev Disord 2002; 32: 231-238. 
http://dx.doi.org/10.1023/A:1015410015859 

[40] McIntyre S, Birznieks I, Vickery RM, Holcombe AO, Seizova-
Cajic T. The tactile motion aftereffect suggests an intensive 
code for speed in neurons sensitive to both speed and 
direction of motion. J Neurophysiol 2016; 115: 1703-1712. 
http://dx.doi.org/10.1152/jn.00460.2015 

[41] O'Brien J, Spencer J, Girges C, Johnston A, Hill H. Impaired 
perception of facial motion in autism spectrum disorder. 
PLoS One 2014; 9: e102173. doi: 
10.1371/journal.pone.0102173. 
http://dx.doi.org/10.1371/journal.pone.0102173 

[42] Braddick O, Atkinson J, Wattam-Bell J. Normal and 
anomalous development of visual motion processing: motion 
coherence and 'dorsal-stream vulnerability'. 
Neuropsychologia 2003; 41: 1769-1784. 
http://dx.doi.org/10.1016/S0028-3932(03)00178-7 

[43] Gepner B, Mestre D. Rapidvisual-motion integrationdeficit in 
autism. Trends Cogn Sci 2002; 6: 455. 
http://dx.doi.org/10.1016/S1364-6613(02)02004-1 

 
Received on 19-07-2016 Accepted on 25-10-2016 Published on 28-10-2016 
 
http://dx.doi.org/10.15379/2409-3564.2016.03.02.02 

© 2016 Abreu et al.; Licensee Cosmos Scholars Publishing House. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted, non-commercial use, distribution and reproduction in any medium, 
provided the work is properly cited. 
 


