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eResults  
 
Head Motion 
 
In boys and girls combined, head motion did not differ between ASD and TD participants in either 
cohort (discovery cohort p=.14, replication cohort p=.86). We found significant group differences in 
head motion between ASD and TD females in the replication cohort (p<.03) but not in the discovery 
cohort (Table 1). There was a trend towards a significant difference in motion between ASD and TD 
males of the discovery cohort (p=.08), but neither replication cohort nor matched boys differed in 
motion (all p>.1).  
 
Non-specific visual effects 
 
In the group-level contrast [Coherent + Scrambled motion > baseline] four significant activation 
clusters were found, located to the right inferior temporal gyrus (Talairach coordinates [41 -65 0]; 
T=4.59, p<.001, k≥; extent 75 voxels), right parietal lobe ([23 -47 54]; T=4.38, p<.001, k>10; 
extent=33 voxels), right cuneus ([17 -92 0], T=4.70 p<.001, extent 30 voxels), and the right inferior 
occipital gyrus ([-46 -71 -3], T=4.28; p<.001, extent=29 voxels). Of these regions, the cuneus (primary 
visual cortex) and parietal lobe are associated with visual attention29. These regions were activated in 
ASD participants: beta values for coherent as well as scrambled biological motion in both regions, as 
well as the two combined, were significant larger than zero (p<.001). In neither region were there any 
group-level differences in beta values between coherent and scrambled motion in affected compared 
to unaffected participants of the discovery or replication cohort, in girls or boys combined or 
separately (all p>.1).  
 
Female Individual-level Social Perception Circuit Responses 
 
In order to examine whether the smaller female sample size may explain the observed gender 
difference, we conducted the ROC analysis on the same small number of randomly selected boys of 
the replication cohort  (10 TD and 13 ASD) 10 times. We found high and significant or near significant 
AUCs for each of the randomly selected smaller number of boys (eTable 1). Similarly, we examined 
whether group-level movement differences in females may have affected the results by randomly 
selecting replication cohort boys such that the group level motion difference was comparable to that of 
the females (eTable 2). The resulting AUC remained high and significant at 0.769 (p<.0.016)(eTable 
3).  
 
The low AUC in females was partially explained by increases in brain responses in affected girls 
relative to affected boys: the beta values in ASD girls were significantly higher (beta mean=1.07, 
std=1.10) than in ASD boys (beta mean both cohorts combined=0.42, std=0.87; p=.028). However, 
TD girls also had significantly lower responses (beta mean=0.74, std=0.66) than TD boys (beta 
mean=1.30, std=0.89; p=.021), pointing to a complex effect of gender.  
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eTable 1. Results from the 10 receiver operating characteristic (ROC) analyses on a reduced number 
of randomly selected boys of the replication cohort (10 TD and 13 ASD, same number as the 
replication cohort girls). 
 

Whole circuit 

  n TD  n ASD AUC P 

Girls 10 13 .390 .822 

Boys 10 13 .885 .001 

  10 13 .800 .008 

  10 13 .715 .043 

  10 13 .900 .000 

  10 13 .746 .027 

  10 13 .862 .001 

  10 13 .746 .024 

  10 13 .862 .002 

  10 13 .831 .003 

  10 13 .700 .058 
Abbreviations: n, number of participants; TD, typically developing; ASD, autism spectrum disorder; 
AUC, area under the receiver operating characteristic curve.  
 
eTable 2. Characteristics for boys matched to girls on motion 

  TD (n=13) ASD (n=10) P 

Girls 
0.81 (0.75) 
[0.19-3.01] 

4.24 (5.20) 
[0.67-17.54] 

0.03 

Boys TD (n=13) ASD (n=10) P 

  
1.29 (1.27) 
[0.14-4.26] 

3.07 (1.90) 
[1.50-7.07] 

0.02 

Abbreviations: n, number of participants; TD, typically developing; ASD, autism spectrum disorder.  
 
eTable 3. Results for boys matched to girls on motion 

  AUC P 

Girls 0.390 0.822 

Boys 0.769 0.016 

Abbreviations: AUC, area under the receiver operating characteristic curve.  
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eFigure. Detailed visualization of the social perception circuit defined in the replication cohort, ASD 
and TD combined, from the group-level main effect for the contrast [Coherent > Scrambled motion] (p 
< 0.0001, k > 6). 
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eDiscussion 
 
Methodological Issues and Limitations: Head motion 
 
Replication cohort females with ASD moved significantly more during scanning than TD females. It is 
unlikely, however, that such movement and possibly associated scan quality reduction was 
detrimental to the results, since the females were well within the range of movement of replication 
cohort TD as well as ASD males. Moreover, there was a trend towards a significant group difference 
in motion between ASD and TD males of the smaller discovery cohort. This trend was not present in 
the larger replication cohort, however, and we found no correlations between average brain 
responses and motion in any group. Taken together, these observations suggest that it is unlikely that 
group-level differences in motion had any major effect on the reported results. 
 
Utility of a functional biomarker: biomarker criteria  
 
The proposed marker fulfills all criteria for a neuroimaging based biomarker defined by Woo and 
Wagner (2015), including diagnosticity, interpretability, deployability and generalizability 46. 
Specifically, a sensitivity and specificity of 76% should be considered indicative of promising 
diagnosticity, in particular given the heterogeneity of the studied populations. The proposed marker is 
highly interpretable, since it is directly linked to social functioning and relates exceptionally well to 
previous neuroimaging studies of ASD. Moreover, the short, standardized experimental protocol 
combined with a simple, precisely defined one-value measure, assures high deployability across 
laboratories. Finally, we demonstrated the generalizability of the marker across two independent 
cohorts with non-homogenous populations. However, a critical aspect of a useful biomarker is the 
ability to distinguish other developmental or cognitive disorders, as well as unaffected children-at risk 
such as close relatives. This specificity was not assessed in the current study, and should be 
examined in future studies. 
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