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Lay Summary 

To understand why autistic people have difficulties in inferring others’ intentions, we 

asked participants to judge the congruence of the endings of comic strips depicting either 

intentional actions (e.g., fetching a chair to reach for something) or situations solely 

following physical rules (e.g., an apple falling on someone’s head), while their electrical 

brain activity was recorded. Autistic individuals had more difficulties in inferring 

intentions than neurotypical controls, which may reflect impaired attention and contextual 

integration of social cues.  

 

Abstract (150–250 words) 

Autism spectrum disorder (ASD) is characterized by social cognition deficits, including 

difficulties inferring the intentions of others. Although deficits in attribution of intentions 

have been consistently replicated in ASD, their exact nature remains unexplored. Here 

we registered the electrophysiological correlates of a non-verbal social cognition task to 

investigate attribution of intentions in autistic adults. Twenty-one male autistic adults and 

thirty male neurotypical volunteers performed a comic strips task depicting either 

intentional action (AI) or physical causality with or without human characters, while their 

electroencephalographic signal was recorded. Compared to neurotypical volunteers, 

autistic participants were significantly less accurate in correctly identifying congruence 

in the AI condition, but not in the physical causality conditions. In the AI condition a 

bilateral posterior positive event-related potential (ERP) occurred 200 to 400 ms post-

stimulus (the ERP intention effect) in both groups. This waveform comprised a P200 and 

a P300 component, with the P200 component being larger for the AI condition in 

neurotypical volunteers but not in autistic individuals, who also showed a longer latency 

for this waveform. Group differences in amplitude of the ERP intention effect only 

became evident when we compared autistic participants to a subgroup of similarly 

performing neurotypical participants, suggesting that the atypical ERP waveform  in ASD 

is an effect of group, rather than a marker of low task performance. Together, these results 

suggest that the lower accuracy of the ASD group in the AI task may result from impaired 

early attentional processing and contextual integration of socially relevant cues. 

 

Keywords 

Attribution of Intentions; Autism Spectrum Disorders (ASD); Event Related Potentials 

(ERP); Social Cognition & Theory of Mind.  
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Main text 

 

Introduction 

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by 

persistent, pervasive deficits in social communication and interaction, and restricted, 

repetitive patterns of behavior, interests, or activities (American Psychiatric Association, 

2013). Difficulties in social interaction in ASD have traditionally been attributed to 

impaired social cognition, a complex set of cognitive processes involving correct 

perception and integration of social cues (Fernández et al., 2018). 

 

A core component of social cognition is Theory of Mind (ToM), the ability to infer one’s 

own and others’ mental states that are relevant for social action (Adolphs, 2009; Baron-

Cohen, 2000). The psychological and cognitive processes that support ToM remain a 

matter of debate (Brewer et al., 2017; Rosenthal et al., 2019). Facial and vocal emotion 

processing, mental state reasoning, and various executive functions such as attention 

switching, working memory and cognitive flexibility, among others, are all believed to 

contribute to ToM processing (Brewer et al., 2017; Green et al., 2020), and probably 

reflect a multilevel structure that involves both cognitive and affective processes and the 

interactions between them (Schurz et al., 2021). This translates into multiple instruments 

having been developed to measure ToM, or specific aspects of ToM, including false 

belief, mental state attribution, and various formats of attribution of intentions (Brewer et 

al., 2017; Livingston et al., 2019). Although ToM deficits are widely described in autistic 

children and adults (Brewer et al., 2017; Pino et al., 2017, 2020) and ToM ability predicts 

levels of support needed in ASD (Hoogenhout & Malcolm-Smith, 2017), the specificity 

and universality of ToM deficits in ASD have not been empirically demonstrated, and 

many seminal studies have not been replicated (Gernsbacher & Yergeau, 2019). 

Instruments that assess ToM are often unable to discriminate ASD from other disorders 

with impaired social cognition, such as schizophrenia (Fernandes et al., 2018) or to detect 

ToM deficits in adults, mostly due to ceiling effects resulting from the fact that they were 

originally developed for children (Livingston et al., 2019). Furthermore, many ToM tasks 

are highly sensitive to intellectual and verbal ability, underestimating deficits in autistic 

individuals with higher IQ scores (Livingston et al., 2019). Finally, most of these 

instruments are behavioral tasks that simply measure accuracy scores, therefore failing to 

capture subtle sources of variability in ToM processing across different populations and 

conditions.   

 

Using neuroimaging and neurophysiologic methods to study ToM deficits in ASD partly 

circumvents these limitations and provides more detailed insights into the neural 

mechanisms that underlie social cognitive deficits. Functional magnetic resonance 

imaging (fMRI) studies in neurotypical samples have identified a “mentalizing network” 

comprising the medial prefrontal cortex (mPFC), the temporo-parietal junction (TPJ), and 

the posterior superior temporal sulcus (Moessnang et al., 2020). Functionally, this 

network is closely related to the “mirror neuron system” (MNS), first described more than 

a decade ago as a network of parieto-frontal neurons that become active when the 

participant observes others’ actions and infers the intentions behind those actions 

(Cattaneo & Rizzolatti, 2009). When inferring others’ intentions, autistic adolescents and 

adults show lower functional activation of the TPJ, right inferior frontal gyrus and left 

premotor cortex than neurotypical individuals (Kana et al., 2014), as well as decreased 

functional connectivity between the mirroring and mentalizing systems (Cole et al., 2019; 
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Kana et al., 2014). Electroencephalographic (EEG) studies have tried to shed further light 

on the possible role of MNS dysfunction in ToM impairments in ASD. However, studies 

investigating the relationship between mu suppression (a marker of MNS activation) and 

experimental observation/imitation tasks (indicative of MNS function) have been far from 

consistent, and clearly more research is needed to understand the mechanisms underlying 

the relations between ToM and neurophysiologic operations in ASD (Andreou & 

Skrimpa, 2020).  

In neurotypical individuals, event-related potentials (ERPs) have also provided valuable 

insights into the neural mechanisms of ToM (Gagnon et al., 2016; Leuthold et al., 2012; 

Sabbagh et al., 2004; Van der Cruyssen et al., 2009; Vistoli et al., 2015). Specifically, 

studies using mental state inference paradigms have attested the relevance of attentional 

and contextual integration during early stages of attribution of intentions (Van der 

Cruyssen et al., 2009; Vistoli et al., 2015). One such study used a non-verbal paradigm 

consisting of four-image comic strips depicting either intentional or physical causality 

(Vistoli et al., 2015). An “ERP intention effect” emerged, but only after presentation of 

the third image of the sequence, where information is contextualized with the cues 

provided by the first two images. This “ERP intention effect” occurred as a bilateral 

posterior positive waveform 250 to 650 ms post-stimulus that peaked around 300 ms post-

stimulus and is probably related to the P300 component family, a group of ERPs 

traditionally believed to reflect the evaluation and categorization of stimuli (Polich et al., 

1985). In another study where neurotypical participants performed a verbal goal-

inference task, Van der Cruyssen et al. (2009) observed a P200 waveform stronger for 

goal-irrelevant or non-goal-directed behavior compared to goal-consistent behaviors. 

This was interpreted as evidence of spontaneous goal-inferences occurring in the first 200 

ms post-stimulus. Source localization showed that this early automatic processing 

emerged mainly in the TPJ, whereas more deliberative intentional goal inference occurred 

later, mainly in the mPFC (Van der Cruyssen et al., 2009). Other studies have shown that 

this later contextual updating process elicits a P300 waveform that has higher amplitude 

when the participant observes behaviors that are context-incongruent (Fabiani et al., 

1986). To our knowledge, visual ERPs associated with attribution of intentions have not 

been explored in ASD, although there is evidence of reduced amplitude (but not latency) 

of the P300 component (Cui et al., 2017).  

  

In this study, we used the non-verbal task developed by Vistoli et al. (2015) to compare 

the ability of autistic adults and neurotypical volunteers to infer the intentions of others, 

while registering the electrophysiological correlates of that process. A previous version 

of this task showed that autistic adolescents and adults make significantly more errors in 

attribution of intentions than neurotypical individuals (Kana et al., 2014). Our primary 

hypothesis was thus that autistic participants would commit more errors in this attribution 

of intentions task than neurotypical individuals, and that this would be reflected by a 

lower amplitude, but not necessarily atypical latency, of the intention ERP effect in 

autistic compared to neurotypical participants. 

 

Methods 

Participants 

Twenty-one adult male autistic participants without intellectual disability were recruited 

from a specialized center for neurodevelopmental disorders (CADIn – Neurodevelopment 

& Inclusion, Cascais, Portugal) where they were attending various outpatient 

psychosocial interventions and activities. All autistic participants had been previously 
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diagnosed at the center, some in infancy, others in adolescence or early adulthood. 

Diagnoses were not specifically made for this study. The diagnostic procedure at Cadin 

involves clinical evaluation by an experienced physician (adult psychiatrist, child & 

adolescent psychiatrist, paediatric neurologist, or developmental pediatrician) and an 

experienced psychologist, with the support of one or more validated clinical assessment 

instruments (Autism Diagnostic Observation Schedule, Second Edition [ADOS-2; Lord 

et al., 2012] and/or Asperger Syndrome Diagnostic Scale [ASDS; Myles, Bock, & 

Simpson, 2001] and/or Autism Quotient [AQ; Baron-Cohen, Wheelwright, Skinner, 

Martin, & Clubley, 2001]). IQ estimates were available for 19 of the 21 autistic 

participants (full-scale Wechsler Adult Intelligence Scale-III [WAIS-III; Wechsler, 1999] 

scores for 17 participants and International Cognitive Ability Resource-16 [ICAR16; 

Condon & Revelle, 2014] scores for a further two). Thirty adult male neurotypical 

volunteers, with no past or present history of psychiatric conditions or family history of 

ASD, were recruited from the participating academic institutions. A known history of 

brain injury or an active neurological disorder was an exclusion criterion in both groups. 

All participants had normal or corrected-to-normal vision.  

 

All participants signed a written informed consent. The study was approved by the Ethics 

Committees of the participating institutions and all study procedures followed the 

principles of the Declaration of Helsinki. 

 

Task and Procedure 

We used an adaptation of the paradigm described by Vistoli et al. (2015) in which comic 

strips are sequentially presented, depicting situations that result from a character’s 

intentional action or that are strictly a consequence of the laws of physics. Each strip 

includes four black and white pictures, where the first three build up the situation to its 

resolution in picture four (see Vistoli et al., 2015 for further details) (Figure 1).  

 

Comic strips were displayed on an LCD placed at a standardized distance, using E-Prime 

2.0 (Psychology Software Tools, Pittsburgh, PA).  

 

The procedure was the same for each comic strip (or trial): the first three pictures were 

showed for 2000 ms each, separated by 200-ms blank screens. The fourth picture was 

presented for 5000 ms and was differentiated from the previous three by a dark red border 

marking it as the strip’s ending. After presentation of the fourth picture, participants were 

asked to respond, as fast and accurately as possible, if that picture presented a 

logical/congruent ending to the sequence of events from the three preceding images. This 

written question was presented on a white background for 5000 ms or until the participant 

gave his answer, by pressing specific yes/no keys on a keyboard adapted to the dominant 

hand. After the participants’ answer or after the answering time ran out, a black fixation-

cross on a white background appeared for 1500 ms, separating trials. Following Vistoli 

et al. (2015), our interest was directed at the third image of the sequence, as to avoid 

contamination by decision making or incongruity assessment made on the fourth image. 

 

There were three different conditions: 1) attribution of intentions (AI), depicting a 

character whose action was driven by a specific intention (e.g., fetching a chair to reach 

for something) that participants must infer; 2) physical causality with character (PCCh), 

depicting situations that solely followed physical rules, but where a human character was 

present (e.g., an apple falling on someone’s head); and 3) physical causality with objects 

(PCOb), depicting situations strictly related to physical rules, with no human character 
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(e.g., wind blowing out a candle). In PCCh and PCOb trials, no processing of intentions 

is required to decide if endings are logical or not. This setup discriminates the ability to 

decipher the character’s intentions from the ability to understand physical causality (AI 

vs. PCCh/PCOb), while also controlling for the possibility that the ERP of interest simply 

reflects the presence of human figures (AI/PCCh vs. PCOb). 

 

Trials with congruent and incongruent endings were presented in pseudo-random order. 

This ensured that each participant had congruent endings in half of the trials and 

incongruent endings in the other half, and that half of the participants  of each group saw 

the congruent ending of a comic strip and the other half the incongruent ending of the 

same comic strip. The same participant never saw the same comic strip twice. 

Before the first trial instructions were presented on the LCD screen, briefly describing the 

goal and structure of the task and explaining how to use the keyboard for giving 

responses. These instructions were read aloud by the experimenter, who also clarified any 

questions. Each participant had a 2-minute training session comprising 4 AI, 4 PCCh, and 

3 PCOb trials. Training trials were always different from experimental trials. After 

training, participants were asked if they had understood the task’s goal and procedure, 

and remaining questions were clarified. This was followed by the experimental session 

with EEG recording, comprising three runs of 24 trials (8 AI, 8 PCCh, and 8 PCOb trials).  

Each experimental block lasted about 5 minutes and the full recording session took 

approximately 20 minutes. The three runs of trials were separated by short breaks, whose 

duration was controlled by participants. Participants remained seated during these breaks 

and were reminded to reduce blinking and body movements to what was comfortably 

possible. All these measures were expected to minimize artifacts in the recording. 

 

EEG data acquisition and pre-processing  

The EEG signal was recorded continuously during each session, at 1000Hz sampling-

rate, connected to a Neuroscan Synamps amplifier (Neurosoft Inc., Sterling, VA, USA, 

used in 19 autistic participants and 28 neurotypical controls) or an actiCHamp amplifier 

(Brain Products GmbH, München, Germany, used in 2 autistic participants and 2 

neurotypical controls). No online filters were applied. Use of different amplifiers is 

commonly seen in multi-site studies and is acceptable as long as all EEG related 

procedures are equal across participants, and the same configurable parameters are used 

in all amplifiers (Mobascher et al., 2010). Analyses of the restricted data set collected 

with the Neuroscan Synamps amplifier are presented as Supporting Information.    

 

We used an EasyCap EEG cap (EASYCAP GmbH, Herrsching-Breitbrunn, Germany), 

with 28 sintered AgCI electrodes mounted according to the international 10–10 system. 

The reference electrode was placed in AFz and the ground electrode on the right mastoid 

(Figure 2).  Electrode impedance was kept below 10 kΩ. 

 

Data were analyzed with BrainVision Analyzer, version 2.1.2 (Brain Products GmbH, 

München, Germany). Raw EEG signal was filtered off-line with a 1Hz high-pass filter 

and a 30Hz low-pass filter. An Independent Component Analysis (ICA) was performed 

on the whole EEG data, using the FastICA Restricted algorithm from BrainVision 

Analyzer, which performs an automatic correction based on predefined parameters 

(Hyvärinen, & Oja, 2000). The main focus of this analysis was correcting ocular 

movements, especially blinks (detected using the Fp1 channel). Yet, this automatic ICA 

has a wider range of action, attenuating other sources of noise (e.g., muscle tension). The 

average proportion of rejected components per subject was 5.2% (range: 3 to7). 
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Individual epochs were created for each trial from 200 ms before to 700 ms after the third 

image’s onset (Vistoli et al., 2015). Baseline correction was performed using the 200 ms 

that preceded the third image (-200 to 0), corresponding to a blank screen. Segments with 

potentials exceeding ±75 μV were rejected. Average ERPs were computed for each 

participant and condition (AI, PCCh, and PCOb) over a mean of 24 artefact-free trials 

(range: 21–24) in each condition. Number of accepted trials was similar across conditions 

in both the ASD group (AI = 23.8 [0.5], PCCh = 23.5 [0.7], PCOb = 23.7 [0.6]; F[2,40] 

= 2.562, p = 0.09), and the neurotypical group (AI = 23.9 [1.2], PCCh = 23.9 [1.4], PCOb 

= 23.8 [1,2]; F[2,58] = 0.057, p = 0.945), and did not differ between groups (F[1,49] = 

0.022, p = 0.883). 

 

 

Statistical Analysis 

Demographic data and task performance were analyzed using student’s t-test or non-

parametric tests (Mann-Whitney U and Fischer’s Exact Test), as appropriate. Task 

performance was quantified as the proportion of correctly identified endings (congruent 

or incongruent) in each condition. To explore correlations between task performance, IQ, 

and ERP variables, we computed Pearson’s or Kendall’s Tau coefficients, as appropriate. 

Normality was assessed with Q-Q plots and Shapiro-Wilk’s test. 

 

ERP analysis followed Vistoli et al. (2015). Whereas based on their findings we expected 

to find a bilateral posterior ERP, we first explored topography effects of the averaged 

waveforms from each quadrant in the neurotypical control group: left anterior (including 

Fp1, F7, F3, FC1, C3, and T7 electrodes), right anterior (Fp2, F8, F4, FC2, C4, and T8), 

left posterior (CP5, CP1, P7, P3, PO7, and O1), and right posterior quadrant (CP6, CP2, 

P8, P4, PO8, and O2). Statistical analyses using the four groups of electrodes are 

presented as Supporting Information. As expected, the ERP was exclusively posterior and 

no differences were found between hemispheres, therefore subsequent analyses focused 

exclusively on bilateral posterior electrodes (CP5/CP6, CP1/CP2, P7/P8, P3/P4, 

PO7/PO8, and O1/O2).  

 

ERP components were analysed with repeated measures analysis of variance 

(rmANOVA), using mean amplitude as the dependent variable and condition as the 

within-subjects factor for each group. Component amplitude was defined as the mean 

amplitude within the temporal window of interest (Woodman, 2010). To compare the 

ERP intention effect across groups we performed a rmANOVA with condition and time 

as within-subjects factors, and group as the between-subjects factor. 

 

To compare ERP latencies across groups we used the jack-knife approach described by 

Kiesel et al. (2008). Subsample scores were entered into an ANOVA model, corrected 

for unequal group sizes using MrFub software (Ulrich & Miller, 2001). We defined 

latency as the time point when amplitude reached 50% of through-to-peak amplitude. 

Individual latencies estimates were retrieved from subsample scores following Smulders 

(2010). We used ANOVA or Kruskal-Wallis H (if non-normal distribution) to test group-

differences. 

 

We used Mauchly’s tests to assess sphericity (W), and Greenhouse–Geisser (ε) correction 

where necessary. Observed power (OP) and effect sizes (partial eta-squared [ηp
2]) are also 
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reported. Post-hoc pairwise comparisons were corrected with Bonferroni procedure. 

Alpha was set at 0.05.  

 

All analyses were conducted with IBM SPSS Statistics for Windows, Version 23.0 (IBM 

Corp., Armonk, NY, USA). 

 

Results 

Demographic Data 

Demographic characteristics of the two groups are summarized in Table 1. 

Over 95% of autistic participants were enrolled in high-school or college programs. All 

IQ scores in autistic participants were > 70. IQ scores were missing in two autistic college 

students. Mean IQ score in autistic participants was 101.6 ± 17.1. 

 

Twelve autistic participants (against none of the neurotypical participants) were taking 

the following psychotropic medications: seven were taking antidepressants (escitalopram 

[4], sertraline, venlafaxine, and mirtazapine), 7 antipsychotics (risperidone [4], 

quetiapine, aripiprazole, and tiapride), 4 anticonvulsants/ mood-stabilizers (valproate [3], 

lamotrigine), 2 methylphenidate, 2 low dose benzodiazepines (clobazam and ethyl 

loflazepate), and 1 clonidine. A separate analysis of autistic participants who were not 

taking any medication is presented as Supporting Information.   

 

Behavioral Performance 

Neurotypical volunteers performed significantly better than autistic participants in the AI 

condition (Mdn [IQR] accuracy: 89.0 [14] vs. 71.0 [18]; U = 151.5, p = 0.002), but not in 

the PCCh (79.0 [12] vs. 79.0 [21]; U = 302.0, p = 0.802) and PCOb (84.0 [10] vs. 86.0 

[11]; U = 276.5, p = 0.455) conditions (Figure 3). We found no significant correlation 

between IQ scores and AI task performance (r = 0.340; p = 0.155) in the ASD group.  

 

ERP Intention Effect in the Neurotypical Control Group 

To confirm the validity of the used ERP paradigm , we first looked at the ERP components 

of the neurotypical group. We found three waveforms: a positive component peaking at 

around 100 ms, followed by a negative component peaking at around 170 ms, and another 

positive component extending from 200 to 400 ms post-stimulus (Figure 4-A). 

Waveforms were remarkably similar in the PCCh and PCOb conditions. In the AI 

condition, the first two waveforms were similar to those observed in the PCCh and PCOb 

conditions, unlike the third component (200-400 ms), which was markedly more positive 

(Figure 4-A) and comprised two distinct peaks at around 220 ms and 310 ms, coincident 

with the typical time windows of P200 and P300 components, respectively (Breznitz, 

2008; Polich, 2007). 

 

RmANOVA with the three conditions (AI, PCCh, and PCOb) and three time intervals (]0 

ms to 200 ms], ]200 ms to 400 ms], and ]400 ms to 600 ms]) as within-subjects factors 

revealed a main effect of time (F[2, 58] = 15.11; W = 0.64; ε = 0.73; ηp
2 = 0.343; OP = 

0.99; p < 0.001), and condition (F[2, 58] = 8.35; W = 0.96; ε = 0.96; ηp
2 = 0.224; OP = 

0.96; p = 0.001), and a significant interaction of time * condition (F[4, 116] = 16.20; W 

= 0.85; ε = 0.92; ηp
2 = 0.358; OP = 1.00; p < 0.001). Post-hoc comparisons for the 0-200 

ms interval found a stronger positivity in the PCCh vs. the AI condition (p = 0.005). 

During the 200-400 ms interval the AI condition showed a significantly stronger 

positivity compared to the other two conditions (both p < 0.001), and again in the 400-

600 ms interval compared to the PCOb condition only (p = 0.018). 
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ERP Intention Effect in Autistic Participants 

The overall morphology of the global averaged ERP in autistic participants was similar 

to that of the control group (Figure 4-B), although the ERP intention effect in the 200-

400 ms interval was visually less evident, with the two peaks found in neurotypical 

individuals not as clearly present. RmANOVA for the ASD group is reported as 

Supporting Information (significant differences are highlighted in Figure 4-B). Of note, 

inclusion of IQ score as a covariate did not influence the main effects of time and 

condition nor the time * condition interaction, and there were no significant correlations 

between IQ scores and ERP amplitudes or latencies. 

 

For cross-group comparison of the ERP intention effect we contrasted the AI and PCCh 

conditions in the two relevant time-intervals (200-400 ms and 400-600 ms).  We followed 

the original rationale of Vistoli et al. (2015) that the PCOb condition, involving no human 

characters, is irrelevant as a comparator (the analysis including the PCOb condition is 

presented as Supporting Information). The resulting rmANOVA model with two 

conditions (AI and PCCh) and two time intervals (]200 ms to 400 ms] and ]400 ms to 600 

ms]) as within-subjects factors, and group (ASD and neurotypical controls) as the 

between-subjects factor revealed a main effect of time (F[1, 49] = 81.49; W = 1.0; ε = 

1.0; ηp
2 = 0.624; OP = 1.00; p < 0.001) and condition (F[1, 49] = 33.45; W = 1.0; ε = 1.0; 

ηp
2 = 0.406; OP = 1.00; p < 0.001), and a significant time * condition * group interaction 

(F[1, 49] = 7.67; ηp
2 = 0.135; OP = 0.76; p = 0.008).  A main effect of group was also 

observed (F[1, 49] = 5.25; ηp
2 = 0.097; OP = 0.61; p = 0.026). Post-hoc comparisons 

showed a significantly less positive waveform in autistic participants versus neurotypical 

controls in the PCCh condition for both the 200-400 ms interval (p = 0.018) and the 400-

600 ms interval (p = 0.003), but not in the AI condition for  the same 200-400 ms (p = 

0.093) and 400-600 ms (p = 0.716) intervals. 

 

P200 and P300 Analyses 

As mentioned, the AI waveform in neurotypical participants showed two distinct peaks 

compatible with P200 and P300 components. For further analysis we considered the mean 

amplitude in the ]180 ms to 250 ms] and ]250 ms to 400 ms] intervals, respectively 

(Breznitz, 2008; Chen et al., 2020; Rischer et al., 2020).  

 

On separate analyses the neurotypical group showed a significant effect of condition (F[2, 

58] = 15.04; W = 0.96; ε = 0.96; ηp
2 = 0.342; OP = 1.00; p < 0.001) on P200 amplitude, 

with a significantly stronger positivity in the AI condition compared to PCCh and PCOb 

(both p < 0.001, respectively) and no difference between the latter. In the ASD group the 

effect of condition was nonsignificant (F[2, 40] = 2.97; W = 0.94; ε = 0.95; ηp
2 = 0.129; 

OP = 0.55; p = 0.063). When we compared the two groups in the rmANOVA model 

(condition [AI, PCCh] * group [AI, neurotypical]), no significant difference was observed 

(F[1, 49] = 1.14; ηp
2 = 0.023; OP = 0.18; p = 0.291). 

 

For P300 amplitude we found a significant effect of condition in both the neurotypical 

(F[2, 58] = 20.16; W = 0.91; ε = 0.91; ηp
2 = 0.410; OP = 1.00; p < 0.001) and the ASD 

group (F[2, 40] = 5.95; W = 0.70; ε = 0.77; ηp
2 = 0.229; OP = 0.78; p = 0.011). Post-hoc 

comparisons showed a stronger positivity in the AI compared to PCCh and PCOb 

conditions in neurotypical volunteers (both p < 0.001) and in autistic participants (p = 

0.032 and p = 0.014, respectively). Autistic participants showed smaller P300 amplitude 

than neurotypical participants (F[1,49] = 5.38; ηp
2 = 0.099; OP = 0.62; p = 0.025).  
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P200 latency was significantly longer in the ASD group than in neurotypical volunteers 

(208.86 ± 19.64 ms vs. 194.82 ± 10.18 ms, respectively; F[1,49] = 11.12; ηp
2 = 0.185; OP 

= 0.91; p = 0.002), but P300 latency was not (264.36 ± 54.88 ms vs. 283.45 ± 20.18 ms, 

respectively; H(1) = 0.99; p = 0.320).  

 

ERP Amplitude in Autistic and Neurotypical Participants with Similar Behavioral  

Performance 

As an additional exploratory analysis, we compared ERP amplitude in autistic 

participants and a subgroup of similarly performing neurotypical (spNT) individuals (n = 

10; Mdn [IQR] accuracy in the AI condition = 75.0[8]; U = 98.5, p = 0.787 for ASD vs. 

spNT) corresponding to the lowest performance tercile of the neurotypical group. 

Assuming that amplitude of the ERP intention effect is influenced, among other factors, 

by performance effort and by clinical group affiliation, restricting the comparison to 

similarly performing participants allows us to control for the former and thus isolate the 

effect, if any, of diagnostic status.  

 

RmANOVA with two conditions (AI and PCCh) and two time intervals (200-400 ms and 

400-600 ms) as within-subjects factors and the 2 groups (ASD and spNT) as the between-

subjects factor found a main effect for time (F[1, 29] = 39.12; W = 1.0; ε = 1.0; ηp
2 = 

0.574; OP = 1.00; p < 0.001) and condition (F[1, 29] = 14.29; W = 1.0; ε = 1.0; ηp
2 = 

0.330; OP = 0.96; p = 0.001), as well as a significant time * condition * group interaction 

(F[1, 29] = 7.52; ηp
2 = 0.206; OP = 0.76; p = 0.010). The test of between-subjects effects 

was also significant (F[1, 29] = 11.80; ηp
2 = 0.289; OP = 0.91; p = 0.002). Post-hoc 

comparisons showed a significantly less positive waveform in ASD vs. spNT individuals 

in the AI condition in the 200-400 ms interval (p = 0.009) and in the PCCh condition for 

both the 200-400 ms interval (p = 0.004) and the 400-600 ms interval (p = 0.003). The 

former difference was mostly driven by a smaller P300 (F[1,29] = 11.91; ηp
2 = 0.291; OP 

= 0.92; p = 0.002), with no differences regarding P200 (F[1, 29] = 3.50; ηp
2 = 0.108; OP 

= 0.44; p = 0.161) (Figure 5).  

 

Discussion 

Our main findings may be summarized as follows: 1) autistic adults performed 

significantly worse in the AI task than neurotypical volunteers; 2)  we replicated an ERP 

correlate of AI in neurotypical adults, encompassing two distinct components (P200 and 

P300); 3) this ERP intention effect was equally present in autistic adults, but with subtle 

differences, namely a longer P200 latency and no effect of condition on P200 amplitude; 

although P300 amplitude was larger in the AI vs. physical causality conditions in both 

groups, that amplitude was smaller in autistic participants, and there were no differences 

in latency; 4) when compared to a subgroup of neurotypical participants with similar 

accuracy performance  in the AI task, autistic participants had a significantly lower mean 

amplitude of the ERP intention effect. 

 

A lower accuracy in the ability to correctly infer intentions has been previously described 

in ASD (Cole et al., 2018, 2019; Libero et al., 2014). Concordantly, in our study autistic 

participants performed significantly worse than neurotypical volunteers in the AI 

condition, where they had to infer characters’ intentions, but not in the two physical 

causality conditions. This suggests that their lower performance is driven by difficulties 

in inferring intentions, since disregarding or not understanding task instructions would 

have resulted in low performance in all three conditions. This is further supported by the 
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independence between AI task performance and intellectual ability observed in autistic 

participants.  

 

Although Vistoli et al. (2015) demonstrated that providing explicit instructions has no 

impact on the ERP intention effect, we do not know whether this also holds for autistic 

participants. In ASD, ToM deficits have been more consistently observed when using 

implicit mentalizing tasks (i.e., inferring internal states of others when not specifically 

told to do so). In contrast, explicit mentalizing tasks that provide instructions concerning 

which elements should be attended to during the task often fail to detect mentalizing 

deficits in autistic adults; this seems to be especially the case when these tasks are based 

on simplistic representations of social interactions that presumably allow higher-

functioning ASD individuals to make use of learned strategies (Cole et al., 2018). In our 

task, though cognisant that they were taking part in a study on social cognition, 

participants were only instructed to decide whether comic strips endings were congruent 

or not, without any information or instruction on the nature of conditions (intentional 

versus physical), nor about the need to explicitly focus on intentions. It is likely that this 

implicit approach increased the task’s sensitivity to group differences in AI performance. 

 

The “ERP intention effect” described here is a bilateral posterior waveform occurring 200 

to 400 ms post-stimulus, with greater positive amplitude in the AI condition than in 

physical causality conditions. In contrast to the single component described by Vistoli et 

al. (2015) in the 250-650 ms time window and peaking at 300 ms, we identified, in 

neurotypical controls, two distinguishable waveforms in the 200-400 ms interval that may 

correspond to P200 and P300 components. Even though differences in experimental setup 

might explain such differences, distinct P200 and P300 components have been previously 

described in neurotypical individuals performing a verbal goal-inference task. In that 

study, Van der Cruyssen et al. (2009) showed that a larger P200 occurred at fronto-central 

locations in nonintentional compared to intentional situations, and that a larger P300 

occurred at centro-parietal midline locations in nonintentional situations and when 

participants were asked to explicitly make inferences. The authors concluded that the 

P200 component reflects a rapid, automatic increase in attention to, and processing of, 

behavioral information, whereas P300 reflects a later, deliberative context-updating 

process. Different results regarding ERP topography and amplitude modulation likely 

reflect the use of verbal stimuli and collection of ERPs after a target word in that study, 

in contrast with the present non-verbal paradigm and collection of ERPs while contextual 

understanding of the character’s intention is still unfolding .  

 

In autistic participants the AI waveform was less pronounced visually, with less evident 

P200 and P300 components, and, in contrast to neurotypical participants, P200 amplitude 

did not differ across the three conditions and had a longer latency. This later and more 

discreet onset of the AI waveform in autistic participants may reflect a reduced 

motivational response to social stimuli, and thus a lack of differentiation in the attentional 

processing of social and non-social stimuli. Indeed, P200 amplitude is sensitive to the 

socially meaningful content of target stimuli (Hajcak et al., 2012; Xu et al., 2017), and is 

enhanced when uncertainty about the outcome of a given cue is associated to higher 

selective attention to that cue (Johnen & Harrison, 2020; Xu et al., 2011). Longer P200 

latency suggests a slower processing of visual input in autistic participants (Portella et al., 

2012) or an over-processing of information needed for accurate stimuli differentiation 

(Sokhadze et al., 2009). Reduced selective attention to socially meaningful stimuli has 

been previously described in ASD (Tyndall et al., 2018; Wang et al., 2020), and our 
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results add to such evidence, by suggesting that less accurate AI in ASD may derive from 

dysfunction in early stages of selective attention to stimuli that are necessary to aptly 

anticipate the outcome of the strip. This results in ineffective discrimination between 

socially relevant and socially irrelevant stimuli and increased processing time (reflected 

in increased P200 latency) (Wang et al., 2017). 

 

Although P300 amplitude was higher in the AI condition than in the two physical 

causality conditions in both groups, P300 amplitude (but not latency) was significantly 

larger in neurotypical than in autistic participants. Benning et al. (2016) reported smaller 

late positive potential amplitude in response to social stimuli in autistic children and 

adolescents in comparison with neurotypical controls, and Cox et al. (2015) found an 

association between autistic traits in typically developing young adults and an attenuated 

P300 response to the anticipation of social vs. non-social rewards. On the other hand, 

blunted P300 responses to reward, irrespective of reward type (social vs. monetary), have 

been observed in children with ASD (Kohls et al., 2011), suggesting the use of alternative 

mechanisms for processing reward-associated stimuli, with allocation of fewer attentional 

and working-memory resources. The P300 waveform comprises two subcomponents: 

P3a, associated with automatic attention to distracter stimuli; and P3b, associated with 

effortful processing of task-relevant information (Cui et al., 2017; Polich, 2007; Volpe et 

al., 2007), presumably a working memory-guided target identification mechanism that 

contributes to goal-directed learning and decision-making (Rac-Lubashevsky & Kessler, 

2019). A meta-analysis of P300 amplitude and latency in ASD showed reduced P3b 

amplitude, but no differences in latency, nor in P3a amplitude or latency, possibly 

reflecting atypical working memory processing during decision making (Cui et al., 2017). 

The ERP intention effect described here has also been associated to the retrieval, from 

working memory, of contextual information provided in the first two images in the strip, 

which is then integrated with the action depicted in the third image to inform the process 

of attribution of intentions (Vistoli et al., 2015). Our results with autistic individuals are 

thus highly concordant with the lower P3b amplitude but normal latency described by Cui 

et al. (2017) in ASD, and probably reflect atypical or ineffective attention and working 

memory processing.   

 

Although findings should be interpreted with caution due to the small size of the spNT 

subgroup, we found a more marked contrast between autistic and spNT participants in 

terms of ERP intention effect amplitude. This seemingly counterintuitive finding possibly 

reflects spNT participants’ need to allocate additional processing resources when trying 

to infer characters’ intentions, in line with previous research showing ERP amplitudes to 

be usually larger when more effort is devoted to a task (Luck, 2014). Consequently, we 

would expect the intention ERP to be independent from performance even in autistic 

individuals with high AI accuracy. Having only 4 participants who scored above the 

neurotypical group’s average, we were unable to test this prediction. 

 

Finally, autistic participants showed a negative PCCh waveform during the 400-600 ms 

interval that significantly differed from both the AI and PCOb conditions. We believe this 

may reflect a late negative component associated with a re-orienting of attention (Berti, 

2008; Berti & Schröger, 2001), elicited by the fact that, in the PCCh condition, the 

combination of a human character and an “independent” physical action poses additional 

demands on working memory. This lends further strength to the hypothesis that autistic 

participants allocate fewer working memory resources, compared to their neurotypical 
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counterparts, in early stages of the stimulus processing in this task and regardless of the 

condition. 

 

The present study has several limitations. Intellectual ability was not assessed in 

neurotypical controls and it is possible that the two groups were unbalanced in that 

respect; however, groups performed similarly in the non-intentional conditions of the 

task, and IQ scores did not correlate with AI task performance or significantly influence 

the rmANOVA model in the ASD group. Despite the fact that we did not control for 

differences in the use of psychotropic medication, analyses restricted to unmedicated 

participants produced overlapping results (see Supporting Information). Replication of 

our findings in larger samples of autistic participants will increase their validity and may 

help clarify any possible role of medication or underlying comorbidities, which are 

common in ASD (Doshi-Velez et al., 2014). Methodological limitations of the task, such 

as the lack of control of low-level visual aspects, like contrast or luminance, and the 

restricted number of trials without stimuli repetition, have been previously noted (Vistoli 

et al., 2015). However, the similarity between our results in neurotypical volunteers and 

those reported by Vistoli et al. (2015) support the validity of the ERP elicited by this task.  

 

In conclusion, our results add to existing evidence that autistic adults have a lower ability 

to accurately attribute intentions when compared to neurotypical individuals, possibly due 

to slower early attentional processing and less efficient contextual integration of relevant 

cues. If additional research confirms our findings, and how they correlate with deficits in 

specific cognitive processes (e.g., automatic attention to relevant stimuli; working 

memory), this knowledge can yield important practical implications. We may be able to 

improve our ability to anticipate and adapt to such processes in social interactions with 

autistic people and, when required, adapt the social environment in a way that facilitates 

decisive social cognitive processes such as attribution of intentions. Moreover, if the 

differences we observed in the ERP intention effect are not replicated in other conditions 

characterized by ToM impairments, such as schizophrenia (Fernandes et al., 2018), and 

thus prove to be specific to ASD, they may prove useful as a biomarker to identify 

homogeneous samples of individuals with ASD. This would bring a much needed 

improvement to clinical studies and therapeutic trials in a field where clinical 

heterogeneity contributes decisively to the well-known abundance of negative treatment 

trials. 
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Tables 

Table 1. Demographic Data of Participants.  

 ASD 

(n = 21) 

Control  

(n = 30) 

Test 

statistic 
P-value 

Mean age in years; SD 

(range) 

26.3; 5.2 (18-

37) 

28.2; 5.2 (18-

46) 
t = 1.087 0.282 

Education level, n (%) 

- Middle School 

- High School 

- College†  

 

1 (4.8) 

8 (38.1) 

12 (57.1) 

 

0 (0.0) 

5 (16.7) 

25 (83.3) 

Fisher’s 

Exact = 

4.659 

0.07 

Note. ASD, autism spectrum disorder; SD, standard deviation. † includes attendance or 

completion. 

 

 

Figure legends 

Figure 1. Examples of comic strips presented in attribution of intentions (AI), physical 

causality with characters (PCCh), and physical causality with objects (PCOb) conditions. 

Each comic strip consists of a short story of three sequential pictures followed by either 

a congruent, or an incongruent ending. Reproduced with permission by Eric Brunet-

Gouet. 

 

Figure 2. Schematic representation (montage) of the 28 electrodes’ localization in the 10-

10 system (view from top). Gnd, ground electrode; Ref, reference electrode. 

 

Figure 3. Median accuracy on the three conditions of the Comic Strips task in participants 

with autism spectrum disorders (ASD) and in neurotypical (NT) volunteers. AI, 

attribution of intentions condition; PCCh, physical causality with characters condition; 

PCOb, physical causality with objects conditions. Error bars represent interquartile range. 

* indicates statistically significant differences (P < 0.05). 

 

Figure 4. ERP waveforms elicited by the third picture in the (A) neurotypical control 

group (NT) and (B) in the autism spectrum disorder (ASD) group. Waveforms were 

plotted from the averaged mean amplitudes of participants in the NT and ASD groups 

respectively, left and right posterior electrode groups merged. AI, attribution of intentions 

condition; PCCh, physical causality with characters condition; PCOb, physical causality 

with objects condition; ms, milliseconds; μV, microvolts. Shaded areas represent 

standard-error of the mean. The thick grey lines over the horizontal axis represent the 

time intervals during which significant within-group differences were observed: NT 

group: * P = 0.005 AI vs. PCCh; ** P < 0.001 AI vs. PCCh and AI vs. PCOb; *** P = 

0.018 AI vs. PCOb; ASD group: **** P < 0.05 AI vs. PCCh and AI vs. PCOb; ***** P 

< 0.05 PCCh vs. AI and PCCh vs. PCOb; Between-group differences for the PCCh 

condition were significant only in the 200-400 ms interval (p = 0.018) and the 400-600 

ms interval (p = 0.003). 

 

Figure 5. ERP waveform elicited by the third picture in the attribution of intentions (AI) 

condition, in the autism spectrum disorders (ASD) group (n = 21) and a subgroup (n = 

10) of similarly performing neurotypical participants (CTR). Waveforms were plotted 

from the averaged mean amplitudes of all participants in each group/subgroup, left and 

right posterior electrodes groups merged. ms, milliseconds; μV, microvolts. Shaded areas 

represent standard-error of the mean. 


