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Autism is associated with reduced 
ability to interpret grasping actions 
of others
Marco Turi1,2, Filippo Muratori3,4, Francesca Tinelli5, Maria Concetta Morrone1,6  
& David C. Burr7,8

We investigated the ability of children with ASD to discriminate a small cylinder from a large cube by 
observing a point-light movie of an actor grasping the object, either from an allocentric or egocentric 
viewpoint (observing action of others or self). Compared with typically developing controls, high 
functioning autistic children showed a strong selective impairment in this task, but only with the 
allocentric viewpoint, where thresholds were twice as high: egocentric thresholds were similar to age- 
and ability-matched controls. The magnitude of the impairment correlated strongly with the degree of 
symptomology (R2 = 0.5). The results suggest that children with ASD might be impaired in their ability 
to predict and infer the consequences of others’ movements, which could be related to the social-
communicative deficits often reported in autism.

Autism is a neurodevelopmental disorder characterised by difficulties in social interaction and communication, 
as well as a restricted repertoire of interests and repetitive stereotyped behaviours. The condition is also associated 
with a range of non-social features, including both hypersensitivity and hyposensitivity to perceptual stimuli, and 
sensory seeking behaviours such as attraction to light, intense looking at objects and fascination with brightly 
coloured objects. These sensory atypicalities, which now form part of the diagnostic criteria for autism1, can 
have debilitating effects on the lives of autistic people and their families2,3. Movement atypicalities have been also 
linked with autism as far back as the work of Kanner4, who noted motor abnormalities such as ‘sluggish’ reflexes, 
‘clumsy’ gait and an absence from an early age of anticipatory postures when being picked up5. Both gross and 
fine motor deficits are prevalent in ASD6, and include impairments in basic motor control7, abnormal patterns 
of motor learning8 and disturbance in the reach-to-grasp- movement9. There is also evidence for impairment of 
estimation of action capability, or affordance10. This study investigates further the processes underlying affordance 
of autistic children, by investigating their ability to judge the size of objects from observing action from different 
perspectives.

The ability to perceive and interpret the actions of others is crucial for survival in a social environment. 
Human newborns show a selective preference for motion patterns generated by other living organisms, termed 
biological motion11. Some studies have suggested that this basic ability may be impaired in children with ASD12,13, 
which could contribute to the cognitive and social consequences of autism in later life14. However, not all studies 
have reported lower sensitivity in detecting biological motion in ASD. For example Murphy, Brady, Fitzgerald, & 
Troje15 and Saygin, Cook, & Blakemore16 found no difference between thresholds for biological motion for autis-
tic and typically developing children. More recently Cusack, Williams, & Neri17 showed that differences between 
autistic observers and controls disappeared when they normalized thresholds for biological motion. By dividing 
biological motion discrimination thresholds with those for discrimination of inverted walkers it factor out any 
generalized attentional deficits or limitations associated with executive function during different perceptual tasks, 
which may be the limiting factor in autism.
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It has long been known that perceptual and motor systems are tightly linked: action influences perception 
and perception influences action18. Many studies have pointed to a strong interconnection between motor and 
visual information, showing that the motor system can influence basic visual processing to improve perceptual 
skills19–23. Even the programming of a simple action can modulate visual thresholds24, and introducing a motor 
load has been shown to modulate perceptual judgments about the weight of an object being lifted by an actor25 
or the speed of a walker26.

Traditional models of action-understanding emphasize that long-term experience in seeing a wide array of 
actions allows for effective anticipation or prediction of action27. Knoblich and colleagues28,29 have suggested that, 
during observation of action, the motor system activates in the observer action codes associated with the observed 
motor commands. The closer the match between the observer’s motor repertoire and the observed action, the bet-
ter will be the understanding and anticipation of the sensory consequences of the unfolding action28.

The influence of the motor system on perception can also be revealed by studying the effect of viewpoint on 
perceiving biological motion30. Campanella and colleagues31 recently investigated the ability of young adults to 
discriminate object size by observing a point-light movie of an actor grasping an object, either from an allocentric 
(consistent with observing the action of others) or egocentric (consistent with observing the action of oneself) 
viewpoint. They showed that the discrimination was better when the action was observed from an egocentric 
viewpoint. In addition, when the subjects observed their own previously filmed actions the performance was 
even better. In any of those conditions, discriminate of object shapes were possible. Several additional controls 
demonstrated that the effect was not driven by spatial cues, such as the distance of the fingers at contact time or 
the maximum grip aperture or the grasping trajectory that could be performed from above or from the side of the 
object. The study was also extended to a large sample of typically developing children, ranging from 5 to18 years, 
to monitor developmental trajectory32. Children under 7 years of age failed to discriminate object size by obser-
vation of action, from either egocentric or allocentric viewpoints. The ability improved progressively up till about 
18 years, with an advantage for the egocentric viewpoint emerging after about 9 years (as reported for adults31).

It has been suggested that impairments in understanding and imitation of action in individuals with ASD can 
be explained by an abnormal mirror neuron system (MNS)33–35, more neutrally termed the action observation 
network (AON)36. This network contains neurons that fire during action execution as well as observation of others 
performing the same actions37,38. It is thought to generate a simulation circuit that allows the association between 
one’s own actions with the action of others, and hence could play an important role in understanding action and 
in imitation, social interaction, and language comprehension39–41. Using electromyographic (EMG) recordings, 
Cattaneo et al.42 demonstrated that autistic children show reduced abilities in predicting the consequences both 
of their own actions, and those of others. This and several other studies33,43 suggest that MNS may be impaired in 
autism. However, while the notion that the MNS may be impaired in autism currently enjoys a good deal of pop-
ularity, it is important to emphasise that there is also considerable evidence against mirror-neuron dysfunction 
in ASD44–49.

During social interaction, prediction of the actions of others is important to adjust our movements to give 
appropriate and coordinated responses. The inability to automatically integrate social information and to use it to 
predict the actions of others could be due to a deficit in predictive coding. It has been recently suggested that the 
unique perceptual experience of individuals with autism may be accounted for within a Bayesian computational 
model of perceptual inference, proposing that they could make reduced use of priors or predictive information50. 
The Bayesian class of theories – including predictive coding and other generative models51–53 – assumes that per-
ception is an optimized combination of sensory data (the likelihood) and top-down influences based on previous 
perceptual history (the prior). This process may be atypical in autism, in that the priors may be under-weighted, or 
less utilized than in typical individuals. This theory has been reinforced by several others along similar lines54–58, 
and has received empirical support from studies showing diminished adaptation in autistic individuals in the 
processing of face59,60 and non-face stimuli61–65.

Here we aimed to understand whether the perception of the goal of the action of others was specifically 
impaired in autistic children. We used the same biological motion stimuli of Tinelli et al.32 where reaching action 
towards invisible large or small object were displayed in allocentric or egocentric perspective. We find that autis-
tics do show a selective impairment in estimating size from the allocentric perspective, consistent with a specific 
deficit in the understanding of the action of others by visual observation.

Results
Subjects observed biological motion movies of a hand grasping an invisible object, and guessed whether the goal 
of the movement was towards a small cylinder or large cube (see methods and Fig. 1). We calculated discrimi-
nation performance for each participant, expressed as discrimination index d’, for observing the action from an 
egocentric or allocentric viewpoint, pooling both grasping directions (sideways or from above). Figure 2 shows 
mean d’ for the egocentric and allocentric conditions for both ASD and typically-developing (TD) children. 
A mixed-design ANOVA analysis with view (egocentric, allocentric) as a repeated-measures factor and group 
(autism and typical) as a between-participants factor on the discrimination performance yielded significant main 
effects of view (F(1, 35) = 45.01, p < 0.0001), with better performance for stimuli displayed in the egocentric view 
(M = 1.25 SEM = 0.07) than the allocentric view (M = 0.78 SEM = 0.05). There was also a significant effect of group 
(F(1,35) = 11.46, p = 0.002), with ASD children having lower sensitivity (M = 0.84 SEM = 0.07) than TD children 
(M = 1.18 SEM = 0.07). These main effects were qualified by a significant interaction between view and group 
(F(1,34) = 5.59, p = 0.024). Bonferroni-corrected post hoc t-test (shown by the stars of Fig. 2A) showed that chil-
dren with ASD had a significantly lower sensitivity than TD children in allocentric view (ASD: M = 0.52, SD = 0.31; 
TD: M = 1.03, SD = 0.30: t(35) = −4.96 p < 0.0001), but there was no difference in the egocentric condition (ASD: 
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M = 1.16, SD = 0.35; TD: M = 1.35, SD = 0.49; t(35) = −1.28 p = 0.22). Both groups showed a higher sensitivity in the 
egocentric view compared with the allocentric view (ASD: t(18) = 7.25, p < 0.0001; TD: t(17) = 2.75 p = 0.01).

We further investigated the effect of grasping direction (grasping from the side or from above) on object 
identification with a mixed-design ANOVA on d’, with group as the between-participants factor and grasping 
configuration (Side and Above) as the within-participants factor. We found that there was a significant main 
effect of group (F(1, 35) = 7.21, p = 0.01), with a better general discrimination of the size in the typical group 
(TD: M = 1.08 S.E.M. = 0.07; ASD: M = 0.79 S.E.M. = 0.07). The ANOVA revealed no statistically significant main 
effect of grasping direction (F(1, 35) = 0.53, p = 0.47) nor a significant interaction (F(1, 35) = 0.26, p = 0.61).

We then examined the relationship between sensitivity and measures of autism symptomatology (ADOS 
social-communication total score). Figure 3 shows that sensitivities in the allocentric condition correlated 

Figure 1.  Examples of stimuli and procedures used in the experiments. Object identification task: biological 
motion movies representing a hand grasping non-visible objects of different size and shape displayed either 
from an egocentric (observing self-action, top example) or from an allocentric point of view (observing others’ 
action, bottom example). Subjects were asked to indicate whether the goal of the reach-and-grasp movement 
was towards a small cylinder or large cube.

Figure 2.  Group differences in discrimination performance. (A) Mean sensitivity (d’) in the egocentric and 
allocentric conditions for the two groups. Error bars correspond to ± 1 SEM. Stars show significance of t-tests: 
***p < 0.001, **p < 0.01, *p < 0.05 and ns non-significant. (B) Scatterplot of sensitivity (measured as d’) in the 
egocentric perspective plotted against sensitivity in the allocentric perspective for all participants (children with 
ASD, red symbols; typical children, blue symbols). The color-coded arrows indicate the mean of the two groups 
and shaded areas 95% confidence intervals. Accuracy was similar between typically developing comparison 
children and children with ASD when the stimulus was displayed in egocentric view, but much lower for the 
ASD group in the allocentric view.
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negatively with the severity of symptoms (r = −0.57, p = 0.013, Log Bayes Factor = 0.63). However, there was 
no correlation for the egocentric condition (r = −0.10, p = 0.69, Log Bayes Factor = −0.74). Log Bayes Factors 
greater than 0.5 are considered reliable evidence in favour of the hypothesis (correlation with allocentric sen-
sitivity), and factors less than −0.5 evidence for the null hypothesis (no correlation). We found no significant 
correlation between sensitivity and verbal and non-verbal abilities in either group (all p > 0.05, Log Bayes Factors 
ranging from −0.13 to −0.75).

Discussion
The aim of the present study was to investigate the ability of autistic children to discriminate objects by observing 
a point-light movie of an actor grasping the object, either from an allocentric or egocentric viewpoint (observing 
the action of others or self). Children with ASD performed similarly to typically developing children when view-
ing from the egocentric perspective. However, allocentric judgements were selectively impaired with autism, and 
that only these correlated with the individual differences in autism symptoms. That sensitivity in the egocentric 
perspective is unimpaired demonstrates that autistic people do not have difficulties with interpreting biological 
motion per se, but do so when observing the actions of others. The ADOS assessment measures symptoms such 
as unusual eye-contact, poor social response and limited reciprocal interactions, which are all consistent with 
autistic individuals having difficulties in understanding the action of others.

Although not all researchers agree44–49, much behavioural and imaging research has provided substantial sup-
port for mirror-neuron dysfunction in ASD during action observation and motor control33–35,42,66–70. Recently 
Kilner and colleagues71 have proposed a predictive coding account for the mirror neuron system, suggesting that 
during action observation an internal model is generated with a prior prediction of the intention of the person 
whom we are observing, and that this representation is transmitted to the superior temporal sulcus (STS) and 
parietal brain areas72. The deficit in inferring the size of an object from allocentric observation is congruent with 
a deficit in the mirror neuron system, which in turn is consistent with the more general concept of a deficit in pre-
diction. This agrees with the ideas that autistic perception can be understood in terms of reduced use of Bayesian 
priors50, and in prediction of action57.

Another possible explanation for the results could be that visual system experience plays an important role. 
Infants spend a large proportion of their time during early development watching their own limb movements73–75, 
as well as those of others. There is evidence that infants with autism may spend longer watching their own move-
ments, compared with those of others, which could lead to the difference in sensitivity between perceiving allo-
centric and egocentric viewpoints. There is also evidence that the basic movements of autistic adults are different 
from typically developing individuals, showing higher acceleration and jerk, and that these differences are corre-
lated with biases in perceiving biological motion23. However, this should have caused poorer sensitivity for both 
viewpoints, rather than a selective impairment for the allocentric view as we observed here.

Whatever the detailed explanation, the results of this study show that children with autism have reduced 
ability to judge size of objects from observing the actions of others, especially when viewed from an allocentric 
viewpoint. This is consistent with the idea that children with ASD may have impaired capacity to predict and 
infer the consequence of movements of others. It is also consistent with much evidence showing that movement 
kinematics are significantly altered in autism76, which could lead to an atypical movement representation, which 
is likely to impact on the perception, prediction and understanding the action of others. Importantly, the misun-
derstanding of actions is reciprocal, as neurotypical observers also fail to understand well the movements of autis-
tic individuals77. All this may contribute to the impaired social social-communication often reported in autism.

Figure 3.  Relationship between discrimination and autism severity. Discrimination sensitivity (d’) as function 
of autism severity (ADOS social-communication total score) for all autistic children (Egocentric view: purple; 
Allocentric view: green). The colour-coded lines show the correlation within each perspective.
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Material and Methods
Participants.  We tested 19 children with autistic spectrum disorder (ASD) aged 8–17 years (mean 11.5 years, 
SD 2.2) and 18 typically developing children (mean 11.9 years, SD 2.7). All children with autism met Diagnostic 
and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria1 for autism, according to an inde-
pendent clinician, and met criteria for an ASD on the Autism Diagnostic Observation Schedule – 2nd edition 
(ADOS-2;78), see Table 1. The ADOS were administered by clinically qualified neuro-psychologists, two of which 
had also a research-level qualification, employed by the child neuropsychiatry department of the hospital. The 
groups were matched for chronological age, t(35) = −0.51, p = 0.61, and full-scale IQ, t(35) = −0.36, p = 0.71 (inde-
pendent samples t-test, two tailed), as measured by the Wechsler Abbreviated Scales of Intelligence (WASI79), see 
Table 1 for details. All children had a total IQ score above 80 and were thus considered “cognitively able”. No child 
had a medical or developmental disorder other than ASD, as reported by parents, nor was on medication. Also, 
no typically developing child had with a current or past medical or psychiatric diagnosis, as reported by parents. 
All children had normal visual acuity. Participants were tested individually in a quiet room either at home or 
at the Stella Maris Scientific Institute. They and their parents gave informed consent to participate in the study, 
which was approved by the regional paediatrics ethics committee (Comitato Etico Pediatrico Regionale—Azienda 
Ospedaliero-Universitaria Meyer—Firenze) and are in line with the declaration of Helsinki.

Stimuli.  The visual stimuli comprised point-light biological motion movies representing a hand grasping two 
different objects that were invisible to the observer (see Supplementary Information). The same movement was 
presented in the egocentric (observing self-action) and allocentric point of view (observing action of others), 
as shown in Fig. 1. The biological motion stimuli were those prepared previously31, where actors were recorded 
grasping two objects (a cube or a cylinder) with an array of cameras positioned to capture the action in the 
three-dimensional space, using 23 markers placed on the centre of the nails, joints of all digits, the dorsal aspect 
of the hand and the radial and ulnar styloid process. To change the perspective of the grasping movement, the 
three-dimensional motion was rotated around the azimuth by 180°, so the visual information presented in the 
allocentric and egocentric view is identical. The movie showed both a lateral view and a top view of the hand 
grasp of the objects. Each cube side was 6.5 cm, while the cylinder was 6.5 cm high and 4 cm wide. The motion 
was always presented in the centre of the screen, starting from either the bottom or the top of the display for the 
egocentric and allocentric perspectives, respectively.

We chose for our test two objects of different size (a large cube versus a small cylinder), and asked the children 
which was larger. Campanella et al.31 performed many controls to demonstrate that the information contained in 
the maximum grip aperture, peak velocity of finger aperture and percentage of time to maximal finger aperture 
were not used by the observer to discriminate objects of matched size: discrimination of the shape of two small or 
two large objects was never above chance. We used the same procedure used by Tinelli et al.32 to measure young 
children. To avoid confusion in the subject response, we associated the size with the shape of different objects: 
the subject had to discriminate between a large cube and a small cylinder. To ensure that the task was clear to the 
children, the operator first mimicked a reaching and grasping movement towards a real large cube and a small 
cylinder, stressing the difference in size of the two objects, then asked the subject to perform the same action. 
Only when it was clear that the children had understood the task did the operator proceeded with the collection 
of the trials. The biological motion movie of the schematic hand marked with black dots was displayed on a com-
puter screen using the MATLAB Psychophysics toolbox80. The hand subtended about 13 × 15° of visual angle (for 
other details see the electronic supplementary materials of Campanella et al.31).

General procedures.  All visual stimuli were presented in a dimly lit room on a 15.4 inch Acer monitor 
with 1024 × 768 resolution at refresh rate of 60 Hz and mean luminance 60 cd/m2, viewed binocularly from 
57 cm. Visual stimuli were displayed for 0.90 s ± 0.15 s. After the movies, a response page appeared and the sub-
jects were required to respond by pointing to the object that was the goal of the reach-and-grasp movement. 
Each subject performed 5 training trials before data acquisition, then 50 trials per block, with condition order 
pseudo-randomized across subjects. No feedback was given, nor was there a time limit. Experimenters monitored 
gaze at all times to ensure subjects were fixating screen-centre. Half the trials were displayed with movement 
towards the small cylinder and half towards the large cube; half of each size was from the egocentric viewpoint, 

Children with ASD Typical developing children t-test

Gender (male: female) 16: 3 (19) 14: 4 (18)

Age (years)

Mean (SD) 11.49 (2.24) 11.94 (2.73) t(35) = −0.51, 
p = 0.61Range 8–16.5 8–17

Full Scale IQ

Mean (SD) 105.9 (16.68) 107.6 (9.21) t(35) = −0.36, 
p = 0.71Range 80–141 104–124

ADOS Score

Mean (SD 9.66 (2.55) —

Range 7–15 —

Table 1.  Demographic Information. Descriptive statistics for developmental variables for children with autism 
and typically developing children.



www.nature.com/scientificreports/

6SCIENTIFIC REPOrTS | 7: 12687  | DOI:10.1038/s41598-017-12995-z

half allocentric, presented in randomized order. The number of trials with movies showing grasping from the side 
or above were nearly balanced (difference less than 10%), which is important to avoid that the discrimination 
could be based on the movement trajectory.

Data analysis.  Discrimination performance was measured as d’, defined as the difference between the 
z-scores of the hits and the false alarms which, for a two-alternative forced-choice design, corresponds to 1 
for 76 per cent correct responses (threshold value) and of 0 to 50 per cent correct (chance level). To evaluate 
condition and group-specific differences in sensitivity, as well as their statistical interaction, we used a mixed 
repeated-measure ANOVA employing the within-subject factor ‘perspective’ (Egocentric versus Allocentric) and 
a between-subject independent variable ‘group’ (ASD versus typical). ADOS scores were measured for correlation 
analyses with sensitivity measurements to estimate the relationship between the severity of autistic symptoms and 
task performance. The relationships between perceptual as well as cognitive variables were measured by bivariate 
correlations.

Data availability.  The data that support the findings of this study are available from the corresponding 
authors upon request.
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