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Introduction 
A well-established view depicts Autism Spectrum Disorder (ASD) as a neurodevelopmental 
condition with heterogenous phenotypical manifestations impacting on the social domain, and 
characterized by restrict/repetitive patterns of interests and activities1,2. Beyond these aspects and 
despite the growing body of studies investigating the pathophysiology of ASD, neurobiological 
underpinnings of the condition are far to be clarified3. Recently, a specific focus on sensory and 
perceptual processing anomalies has been proposed in the literature4. Clinical and research 
perspectives agree in stressing basic sensory and perceptual mechanisms as core components that 
characterize early neurodevelopmental derailments in ASD5,6,7,8. In parallel, recent evidence in 
neurotypical populations ascertained the critical role of temporal dynamics in driving sensory and 
perceptual sampling, notably in modulating the visual scene parsing that, in turn, impacts on our 
(flexible and modulable) visual understanding of the world9,10.  
Here, we benefited from a “visual crowding” task to test (in)flexibility of neural and oscillatory 
dynamics in visual scene parsing in typically developing (TD) and ASD children, combining well-
controlled psychophysical procedure and cutting-edge cognitive neuroscience analyses. 
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Methods 
A visual crowding task was proposed to a group of children with ASD (N=18; mean age=12.86±1.91; 
mean IQ=101.61±15.67); an age and functioning matched group of TD peers was also recruited. 
Participants had to discriminate a peripheral target letter surrounded by flankers at different 
distances (control condition with no flankers). Simultaneously, an high-density 
electroencephalography (Electrical Geodesics EEG system – 64 channels) registration was provided. 
Behavioral (i.e., accuracy), event-related potential (ERP) and cortical sources reconstruction analyses 
were performed.  
 
 
 
Results  
At the behavioral level, both ASD and TD groups showed a significant influence of the level of 
crowding on the accuracy rate (i.e., stronger crowding à lower accuracy) [Figure1]. 
 

 
 
At the ERP level, occipito-parietal sensors revealed a significant modulation of the N1 component 
according to crowding regimes in the TD group. This modulation was absent in the ASD group 
[Figure2]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure1 

Figure2 
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At the cortical sources level, the activation of occipital, superior parietal and infero- temporal regions 
was modulated by crowding regime in the TD group. This modulation was absent in the ASD group 
[Figure3]. 
 
 

 
 
Discussion  
To decompose complex constructs (e.g., social cognition) into more basic components (e.g., visual 
processing) reflects the need of taking into account the neural and oscillatory counterparts of specific 
functions11. This is even more urgent when we deal with clinical and pediatric populations, in which 
the developmental trajectories are –by definition- atypical. Neurotypical brain does not sample 
sensory and perceptual information in a rigid way. Neurotypical brain efficiency reflects the ability 
of using stable rules under fixed condition, and to the ability of changing them rapidly according to 
contingent physical and contextual features12. 
  Beyond approaches describing ASD as a constellation of heterogenous behavioral symptoms, 
nowadays multiple lines of evidence converge in suggesting inflexibility and rigidity as critical 
features of ASD13,14,15. Although many (more or less subtle) differences may characterize each 
approach, a general promising idea is that inflexibility is not circumscribed into a specific domain, 
whereas it may spread in different sensory and perceptual spheres. Our present findings nicely fit 
with this idea.  
Despite a comparable behavioral performance between the two groups [Figure1], our study 
demonstrated that children with ASD and TD controls fulfilled the task with different oscillatory 
and neural costs. Even more intriguing, as compared to the control group, children with ASD seem 
to be driven by a different sampling strategy. In line with previous findings in adult population16,17, 
in the TD group the mean amplitude of the N1 component was significantly suppressed in crowding 
regimes [Figure2]. Furthermore, in agreement with the general idea that neurotypical brain 
efficiency is mirrored by the flexible and modulable recruitment of neural resources, in the TD group 
the cortical reconstruction showed that the activity of the occipital, superior parietal and infero-
temporal regions was modulated by the level of crowding [Figure3]. The scenario was different for 
the ASD group. Children with ASD recruited oscillatory (N1 component) and neural resources 
(occipital, superior parietal and infero-temporal regions) in a comparable way regardless of the 
crowding regime [Figure2-3]). Such results may indicate that in TD children the neural cost is well-
balanced according to the task demand, whereas in children with ASD this cost is rigid, inflexible 
and finally not balanced conveniently among different crowding regimes. Accordingly, we are 
tempted to suggest that TD controls followed a balanced sampling rule alternating stability (under 
fixed condition) and flexibility (when something changed), whereas children with ASD followed a 
rigid, inflexible and non-modulable sampling routine. This represent a promising candidate 
hypothesis to explain anomalies of visual scene parsing in ASD. 

Figure3 
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Conclusion 
To tackle sensory and perceptual anomalies in ASD from multiple-levels of analysis represents a 
fundamental step forward to deeply characterize the (visual) experience and the (visual) 
understanding of the world in ASD. Our results suggest that neurotypical participants recruit neural 
and oscillatory resources according to the specific requirements of the visual scene. In contrast, 
children with ASD seem to be characterized by a rigid, inflexible and non-modulable neural and 
oscillatory cost18.  
These results may also spark new insights to understand the core phenotypical manifestations in 
ASD. Indeed, an inflexible parsing of the visual scene may lead to a different comprehension, and 
in turn interpretation, of the visual environment. Following this hypothesis, atypical behavioral 
responses that are often considered the core feature of ASD may “simply” be coherent with their 
specific interpretation of the visual scene19.  
We do not intend to claim that anomalies in visual processing can explain all clinical manifestations 
of ASD, neither that visual processing anomalies have a sort of prominence as compared to other 
candidate markers of ASD. Nevertheless, state-of-the-art literature on visual scene parsing in ASD 
and our own study strongly suggest that heterogeneous clinical manifestations of ASD may be - at 
least partially - explained by anomalies in processing and encoding basic features of the visual 
scenes. This represents an intriguing paradigm shift both for clinical and research perspectives.  
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