
Perceptual causality in development
Infants as young as 6 months are already sensitive to the causal structure in launch and reaction 

events, this is important because structured perception in infancy can operate in absence of 
previous knowledge or experience, therefore it may support the development of mature inferential 
processes of causal understanding. In this framework it has been suggested that the perception of 
contact causality can promote learning about mechanical interactions of material bodies6,7, while 
on the other hand the perception of non-contact causality could promote learning about the social 
interactions of intentional agents4, and in this sense it could be a precursor to the development of 
Theory of mind abilities. 

Perceptual causality and Autism
Autism (DSM IV, 1994)  is a pervasive developmental disorder characterised by 
• Qualitative impairments in social interactions 
• Qualitative impairments in communication (verbal and non verbal)
• Restricted and repetitive patterns of behaviour, interests and activities. 
Together with a high incidence of particular skills in selective areas like drawing, visuo-spatial construction, 
attention for details, music, calculation, memory, and sensory as well as perceptual peculiarities.

It has been suggested that children with autism may have an impairment with perceptual causality at 
various levels8,9. Such an impairment could emerge during early infancy, it may be still evident 
during childhood and it could have developmental consequences on understanding of intentional 
beings and non animate agents.

Existing theories make distinctive predictions, but previous work has led to conflicting results.
A problem in the perception of reaction events would be compatible with poor early social motivation 

and it could be linked to later problems in social cognition. Toddlers and children with autism show 
poor attention to social stimuli, (voices, language, people, faces), and this is likely to affect their 
social development. If children with A. had a problem with Perceptual Causality during infancy this 
would further reduce their possibilities to learn and become experts of causal interactions and 
consequently of the differences in the behaviour of non-animate objects and that of animate 
agents. An early problem in the perception of reaction events could concur to create the deficits in 
social cognition and interaction emerging later during childhood. Klin10reported that adolescents 
and adults with autism have problems in the individuation and verbal description of social elements 
present in Heider and Simmel11 complex animations in which three geometrical shapes interact by 
contact or at a distance. In another study Bowler and Thommen8 coherently with Klin report 
problems in the description of non-contact interactions in complex animations. They didn’t find 
problems in the differentiation of launch and reaction events, however this result is questionable 
since it is not clear if children differentiated the events according to causality or according to spatial 
criteria since the test didn’t include non-causal events. Moreover, the verbal answer method used 
can be inadequate to test causal perception since also typically developing children describe and 
differentiate causal animations in spatio-temporal rather than causal terms.

A problem in the perception of causal Gestalts in general could depend on  the bias towards detail-
based instead of global processing of information that characterises autism at the perceptual level, 
however previous findings haven’t supported this hypothesis.

Finally a problem in the perception of launching but not reaction events could depend on the duration 
of the causal interaction, which is longer in reaction than launch. This factor could affect the 
perception of the launch event because of a problem in attentional shift or because in autism global 
processing requires more time than local processing. Ray and Schlottmann9 using a picture-choice 
non verbal answer method (ideated for young children3), reported a problem with the perception of 
launch but not reaction events in a group of young children with autism and suggested that the 
short duration of the contact in such an event could be at the origin of this result. 

Differences in  methodology, in the stimuli and in the characteristics of the subjects could have 
produced these discrepant results. The present study aims to overcome some methodological 
problems and it was designed to Address specific questions originated by the results of previous 
studies. 

Introduction
Adults1,2, young children3 and even 6-4 to 9-months old5,6 babies see causality in at least two types 

of schematic events. If square A  moves towards B, which moves immediately upon contact, 
adult observers report that A launches B - physical causality. If B moves before contact, so that 
both shapes move simultaneously for some time, they report that B  tries to escape from A , i.e., 
B reacts to A – social causality.  The perception of social causality in this event implies an 
appreciation of the goal-directedness of the agent. In both kind of events the causal impression 
is destroyed if a temporal pause (delay) is introduced between the motion of A and the motion of 
B, that is if the temporal continuity is interrupted.

Figure 1- Launch event 
( Michotte 1946/1963):

Figure 2- Reaction event 
( Kanizsa & Vicario 1968):

Figure 3- "non-rigid, animal-like motion in Michotte's 1963 caterpillar stimulus"
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Method
Participants:

Chronological ages and psychometric data. The IQ was assessed with the WISC-R.
20 children with autism were tested at the Child Neuropsychiatry Unit of the Hospital in Siena and in L’Aquila.
22 children with typical development attended a primary school in Quartu S.Elena (CA)

Materials and procedure

Following Ray and Schlottmann 2007 we employed a picture-choice methodology. For each event the 
children chose which of three pictures corresponded best to the event they had just seen. 

Before the test, subjects received verbal instruction about the content of the pictures, followed by two 
practice trials involving two additional training animations and training pictures. The verbal instructions 
were more extensive than those in Ray and Schlottmann 2007, since the present sample had superior 
language. Nevertheless, our procedure was less linguistically demanding than those of Klin10and 
Bowler & Thommen8, because the response measure was largely non-verbal.

In the perceptual causality task each child saw 14 animated 2 dimensional motion events presented in 
two sets of 8 and 6 each. One set involved rigidly moving squares, the other set involved squares that 
moved non-rigidly (figure 3) in a manner considered animal-like by adults1, (Schlottmann et al., 2006) 
and young children3.

The groups were matched on verbal IQ, because the PC test involved verbal instructions and the full scale 
IQ is not a reliable measure of the cognitive abilities of children with autism given their usually 
unbalanced cognitive profile. Children with autism received also a certified diagnosis with the ADOS, 
(Autism Diagnostic Observation Schedule) a standardised protocol for the observation of social and 
communicative behaviour. 

Psychometrics and ADOS assessment for children with autism were made in two separate sessions by 
the psychologists and doctors of the hospital. Children with typical development were administered 
only the verbal part of the WISC-R, for them the test on perceptual causality (first) and the cognitive 
evaluation (second) were made at school in a unique session of about 60 minutes for each child.
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Conclusions:
The results suggest that deficits in the perception of the launching event found in younger children by 

Ray and Schlottmann9 could be overcome with age and/or higher verbal functioning. The results 
don’t rule out the hypothesis of a problem in PC during early infancy, instead they could indicate a 
delay in the emergence of this ability: the problem is not present in older children, while signs of an 
impairment are evident in younger ones. Moreover the good verbal level allowed more articulated 
instructions that could have boosted the overall performance. This highlights the need to include 
younger and less verbal children with autism in future studies to investigate the possible sources of 
any deficit in PC.

The weak performance found by Bowler and Thommen8 and by Thommen et al.14 is not consistent 
with the high performance of children (in both groups) in the present study and might thus reflect 
difficulties due to the high verbal demands of their test.

Finally, specific difficulties on social animations may only appear for more complex stimuli8,10 and this 
highlights an important difference between simple causal stimuli and more complex ones. While 
reaction events point towards mental state reasoning, they don’t necessarily require mentalising, 
these events can be described in goal-directed, rather than mental state terms and children with 
ASD have been described as able to perceive goal-direction12.Therefore Intact perception of 
reaction causality is entirely consistent with deficits in mental state reasoning. 

Simple stimuli might be used to teach children with Autism who pay scarce attention to normal human 
social stimuli, because these animations can portray reciprocal social interactions without them.

Results:
The performance of children with autism was comparable to that of the typically developing controls. 

The study didn’t highlight any deficit in the perception of  launch or reaction in contrast to 
previous work. Children with autism answered in a mature fashion, being able to  use principally 
the temporal information to distinguish causal from non-causal events and the spatial 
configuration to differentiate physical from social causality.

In the rigid-movement condition overall the children in the two groups chose the collision picture for 
launch, entraining and launch+attentional cue. They chose the chasing picture for reaction, 
reaction+attentional cue. The events with delay were mostly associated to the non causal
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picture. The ambiguous event received more physical attributions by children with autism 
and more social attributions by the controls.

In the non-rigid movement condition the pattern of answers is largely similar: the answers 
reflect still a main tendency to attribute physical causality to the launch, social causality to 
the reaction stimuli and to associate the non-causal picture to both the delay conditions, 
but compared to previous condition, the purple bars show that  more social attributions 
appear throughout for all events (i.e. the entraining), as an effect of the non-rigid agent, 
and of the verbal prompting. On the other hand the blue bars show a general decrease in 
the attribution of physical causality.
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Figure 4- Entraining event: A continues moving along with B upon contact, the causal interaction has the same temporal 
configuration of the reaction (overlapping motion), but the spatial configuration (contact) is like in the launch. 

Figure 5- Ambiguous event: a reaction followed by a launch

Figure 6- The pictures: from left to right, physical causality, non causal interaction, social causality


