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Abstract 

Mind wandering constitutes a major part of everyday experience and is inherently related to 

how we feel and identify ourselves. Thus, probing the quality and content of thoughts and 

feelings experienced during mind-wandering episodes could lead to a better understanding 

of the human mind in health and disease. Here, we used the eyes-closed rest condition to 

stimulate mind wandering and quantified the subjective experiences using the Amsterdam 

Resting-State Questionnaire (ARSQ) in 60 adults with autism spectrum disorder (ASD) and 

265 controls. We observed a highly atypical pattern of both thoughts and feelings in the 

ASD cohort, in particular with respect to Discontinuity of Mind, Theory of Mind, and 

Verbal Thought. Interestingly, using ARSQ factors and the random forest algorithm for 

classification, we achieved 80% accuracy in predicting ASD from the ARSQ scores. We 

propose that the use of ARSQ as a standardized cognitive instrument could advance our 

understanding of thoughts and feelings in a wide variety of brain disorders and how these 

may change due to therapeutic interventions. 
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Introduction  

Mind wandering—the spontaneous distractions from the task at hand—is a useful property 

of the mind, e.g. related to reflections on the past or planning the future; however, the 

extent to which it happens can impact well-being in a negative way (Killingsworth & 

Gilbert, 2010). It can be detrimental to mood and contribute to rumination, leading to or 

worsening the symptoms in disorders such as depression (Hamilton et al., 2011; Hamilton 

et al., 2015), insomnia (Harvey, 2002), and anxiety or ADHD (Christoff et al., 2016). This 

demonstrates the importance of investigating mind wandering and its role in health and 

disease.  

Given the unconstrained nature of thoughts occurring during rest, the wakeful rest 

condition shares many similarities with the state of mind wandering—where attention drifts 

away from the task at hand. Thus, “the resting state” has emerged as a model system to 

study stimulus-independent thoughts and feelings and can be considered a proxy of the 

mind-wandering state (Stoffers et al., 2015). The content and quality of thoughts and 

feelings during rest can be effectively measured using the Amsterdam Resting-State 

Questionnaire (ARSQ) (Diaz et al., 2013; Diaz et al., 2014). It quantifies subjective 

psychological states of resting-state cognition across 10 domains. Several of these domains 

are related to mental health status as reflected in their associations with psychometric scales 

measuring anxiety, depression, or sleep quality (Diaz et al., 2013; Diaz et al., 2014). It has 

also been used in a clinical cohort, to characterize cognitive experiences during rest in 

insomniacs, which revealed ARSQ phenotypes in insomnia (Palagini et al., 2016). ARSQ 

measures were also predictive of success of falling asleep and sleep-onset latency in control 

participants (Diaz et al., 2016). The questionnaire has been validated with data gathered 

from studies measuring resting-state fMRI (Marchetti et al., 2015; Stoffers et al., 2015) and 

EEG (Diaz et al., 2013; Diaz et al., 2016), showing that individual variation in multiple 

dimensions of the ARSQ is related to individual variation in brain activity during rest. 

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized 

by profound impairments in social abilities, restricted interests and repetitive behaviors 

(American Psychiatric Association. & American Psychiatric Association. DSM-5 Task 

Force., 2013). Given the difference in resting-state neural activity and the lack of 

deactivation of default mode network activity during cognitive tasks in individuals with 
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ASD compared to neurotypical individuals (Kennedy et al., 2006), it is plausible that these 

cohorts would also have different resting-state cognitions; however, this remains unknown. 

Most research has focused on non-spontaneous cognition such as the ability of individuals 

with ASD to reflect on or imagine certain situations when explicitly cued (Varga, 2011; 

Robinson et al., 2017; Cygan et al., 2019). One study showed that dysfunctional automatic 

thoughts in youth with ASD and co-occurring anxiety, play a strong role in anxiety (Keefer 

et al., 2018); however, the role of spontaneous cognitive processes in ASD remains poorly 

understood. In this study, we characterized the subjective, internally oriented experience 

during eyes-closed rest by administering the ARSQ to adults with and without ASD. The 

objective was to investigate group differences in thoughts and feelings experienced during 

wakeful rest. Further, we were interested in the relationship between resting-state cognition 

and autistic traits in the ASD group. Finally, we explored to what extent resting-state 

cognition can be used to classify individuals into an ASD or control group. 

 

Materials and Methods 

Participants: the control cohort 

The control cohort comprised students of the VU University Amsterdam (n = 275) who 

took part in eyes-closed rest experiments as part of their courses. Ethical approval was 

obtained from the medical ethical committee of the VU Medical Center and the Declaration 

of Helsinki was followed. Full informed consent was obtained from all participants. 

Participants had ages ranging from 19 to 32 years (115 females). A brief self-report 

questionnaire was provided to all potential participants, which assessed whether potential 

participants were suited for inclusion in this study. Exclusion criteria included any history 

of mental, neuropsychological or neuropathological disorders as well as the use of 

recreational drugs in the past three months.  

 

Participants: the ASD cohort 

The present data were collected as part of a larger project. The ASD cohort was recruited 

through the Netherlands Autism Register, a longitudinal register with approximately 2500 

members with a clinical ASD diagnosis (www.nederlandsautismeregister.nl). All           

participants signed an informed consent form and were financially reimbursed for their 

http://www.nederlandsautismeregister.nl/
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participation. Inclusion criteria was a clinical diagnosis of ASD (according to DSM-V), 

Asperger’s Syndrome, PDD-NOS or Autism (according to DSM-IV), aged between 18–55 

years and no intellectual disorder. The final sample consisted of 60 adults (37 females), 

aged between 20–55 years (mean 42.6, sd 8.8 years). 53% of the sample was using 

medication (see Table 1). 

 

Table 1. Overview of medication use in the ASD cohort. 

Medication n 

Selective serotonin reuptake inhibitors 10 

Norepinephrine-dopamine reuptake inhibitors 8 

Antipsychotics 7 

GABA-receptor agonists 5 

Neuropeptide agonists 5 

Serotonin-norepinephrine reuptake inhibitors 5 

GABA-receptor co-agonists 4 

Inhibitors of α2δ subunit-containing Ca2+-channels 4 

Cannabinoids 3 

Other 3 

Note: Some participants used more than one type of medication. 

 

 

Amsterdam Resting-State Questionnaire (ARSQ) 

The Amsterdam Resting-State Questionnaire consists of 50 items related to thoughts and 

feelings that may be experienced during a state of rest and 5 validation items (e.g., “I was 

able to rate the statements”). All items are scored on a scale from “Completely Disagree” to 

“Completely Agree” on a 5-point scale. The ARSQ allows the derivation of the cognitive 

dimensions by averaging the scores (1–5) over the three items representing the following 

dimensions: Discontinuity of Mind, Theory of Mind, Self, Planning, Sleepiness, Comfort, 

Somatic Awareness, Health Concern, Verbal Thought, and Visual Thought. The complete 

list of items is listed in Figure S1. 
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AQ-Short Questionnaire 

The AQ-Short (hereafter AQ) is an abridged version of the Autism Quotient, a self-report 

questionnaire on autistic symptoms (Hoekstra et al., 2008; Hoekstra et al., 2011). The AQ 

consists of 28 statements that are rated on a 4-point scale (1–4) from “Definitely Disagree” 

to “Definitely Agree”. The scoring is reversed for the 13 items where a “disagree” response 

is characteristic for autism. The statements are clustered into two main factors 

“Numbers/Patterns” and “Social Behavior”, consisting of 5 and 23 items, respectively. The 

latter factor can be further split up into the factors “Social Skills”, “Routine”, “Attention 

Switching”, and “Imagination”, consisting of 7, 4, 4 and 8 items, respectively. To obtain 

factor scores, as well as the total AQ, scores from respective items are summed. The higher 

the score, the higher the indication of autistic traits. The mean total score of the ASD 

sample was 87.3 (sd = 8.8, range from 70–102), with 65 being the recommended cut-off 

(Hoekstra et al., 2011). 

 

The experimental condition  

Participants took part in a 5-minutes eyes-closed rest condition during which subjects 

received the instruction “Please keep your eyes closed, relax and try not to fall asleep”. 

Immediately when the 5 minutes had passed, resting-state cognition was assessed using the 

ARSQ version 1.0 (Diaz et al., 2013) or 2.0 (Diaz et al., 2014). The participants that 

completed ARSQ 1.0 were missing the dimensions Visual Thought and Verbal Thought, 

and the dimension Health Concern was represented by the single item ”I thought about my 

health”. 

 

Statistical analysis  

ARSQ scores were not normally distributed and, therefore, we tested for differences 

between the ASD and control cohort using the Wilcoxon rank-sum test. Bonferroni 

correction was used to correct for multiple comparisons. Correlation analysis was 

performed with Kendall’s τB coefficient (due to non-normality of the samples and presence 

of tied values) and Bonferroni correction. 
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Classification algorithm 

We used the random forest algorithm for classification due to its favourable properties, such 

as: (1) easy interpretation and visualization, (2) robustness to overfitting, (3) feature 

selection providing variable importance, (4) relative insensitivity to irrelevant features and 

incorporating interactions between features, (5) user-friendliness, with only two parameters 

that need to be tuned and an embedded cross-validation. We performed classification on 

adults with ASD and controls based on the 10 ARSQ factors as input variables (features). 

The random forest algorithm (Breiman, 2001) belongs to ensemble methods, 

which generate many classifiers and aggregate their results to obtain better predictive 

performance. A well-known ensemble method is the bootstrap aggregating (i.e., bagging) 

algorithm, in which a series of independent decision trees is constructed using bootstrap 

samples (with replacement) of the dataset and then prediction is obtained by a simple 

majority vote (Breiman, 1996). Random forest is a type of bagging algorithm, with an 

additional layer of randomness at the level of feature sets—at each node in a decision tree, 

only a subset of features is considered to choose amongst for the most effective split. I.e., 

unlike standard decision trees, where for each node the split is performed using the best 

split among all features, in a random forest, per node the split is done using the best among 

a subset of features randomly chosen at that node. This randomness serves as a means of 

regularization, avoiding overfitting, and resulting in reduced model variance and 

uncorrelated trees (Breiman, 2001). Per tree, a bootstrapped training set of subjects is 

generated from a subset of the original training data. Per node, the feature to form the split 

on is selected from a random subset of the original set of features (i.e., ARSQ factors). Gini 

impurity is used as the splitting criterion, to determine the optimal tree for classification 

(Breiman et al., 1984). Briefly, it is the probability of incorrectly classifying a randomly 

chosen subject in the dataset if it were randomly labelled according to the class distribution 

in the dataset (Rokach & Maimon, 2005). Finally, a testing dataset comprising participants 

that were excluded from the training dataset is used to evaluate classification model 

performance. In random forest, cross-validation is done internally (so-called “out-of-bag” 

error), and there is no need for a separate test set to estimate the generalization error of the 

training set (Breiman, 2001). At each bootstrap iteration, a tree is grown with the bootstrap 

sample and the data not in the bootstrap sample is predicted (out-of-bag data). As 

successive trees are built independently using a bootstrap sample of the data set, a majority 
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vote is taken for prediction in the end. The random forest algorithm has only 2 

parameters—the number of trees in the forest and the number of features in the random 

subset at each node (the default value of which being the square root of the total number of 

features)—and is, interestingly, not very sensitive to their values (Liaw & Wiener, 2002). 

Random forest can also be used for feature selection, as it intrinsically estimates feature 

importance. The importance of a variable is obtained by measuring the increase in 

prediction error when (out-of-bag) data for that variable is permuted while all others are left 

unchanged. In addition to accuracy (estimated via out-of-bag error), we calculated the Area 

Under Curve (AUC), which is a more appropriate metric when dealing with unbalanced 

classes in the dataset. AUC is the area under the Receiver Operating Characteristic (ROC) 

curve, which plots the true positive rate (sensitivity) against the true negative rate             

(1-specificity) as the discrimination threshold of the classifier is varied. A higher AUC 

means better classification performance. 

 

Results 

Subjects with ASD have atypical thoughts and feelings during rest 

To investigate the content and quality of thoughts and feelings experienced by adults with 

ASD during mind wandering, we asked a cohort of adults with ASD (n = 60) and a cohort 

of university students (n = 275) to rest with their eyes closed for 5 minutes immediately 

followed by rating the full list of 55 items in the first or second version of the ARSQ on a  

5-point Likert scale from completely disagree to completely agree (Diaz et al., 2013; Diaz 

et al., 2014). From the student cohort, 10 subjects were excluded on the basis of their 

answers to ARSQ validation questions (e.g., reporting a score 1 on “I had my eyes closed”). 

Therefore, data from 265 students and 60 adults with ASD were available for subsequent 

analysis.  

Individuals with ASD presented pronounced differences in thoughts and feelings 

during the resting-state session as reflected in the ARSQ-factor scores. In particular, ASD 

participants scored lower than controls on Theory of Mind and Comfort, whereas 

Discontinuity of Mind and Verbal Thought showed higher scores (Table 2, Fig. 1). Several 

ARSQ items that were scored by the participants are not part of the factor solution; 

however, they may still convey important information about the cognitive state. Therefore, 
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we also analyzed the ARSQ for effects at the item level and found significant differences in 

11 ARSQ items (Table 3), four of which do not belong to any of the 10 factors of the ARSQ 

2.0. Differences between the ASD and the control cohorts were largely related to busyness 

and switching of their thoughts, thinking about other people, internal monologues, or 

somatosensory awareness. Individuals with ASD thought less about others, experienced less 

control over their thoughts, were more focused on the present moment with prominent 

internal monologues, and had greater awareness of bodily sensations and sensory 

surroundings than the controls (Fig. 2). The ASD cohort scored very high on their 

motivation to participate in the study, higher than for the control cohort.  

 

 
 

 
Figure 1. The pattern of thoughts and feelings during rest is atypical in ASD. The spider plot 

shows the scores on the 10 dimensions of the ARSQ for subjects with ASD (red) and controls (blue). 

The values plotted are group means and standard error of the mean. Dimensions with a significant 

difference are written in boldface (Bonferroni corrected marked with an asterisk). Note the 

pronounced differences especially for Theory of Mind, Discontinuity of Mind, and Verbal Thought. 
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Table 2. Several ARSQ factors differ between the ASD cohort and controls, as visualized in 

Figure 1. The factors are ordered according to the p value of the difference (significant ones, after 

Bonferroni correction, are written in black) and Cohen’s d, presented in decreasing order. 

 
Interestingly, no significant differences were found on self-directed thoughts such 

as thoughts about oneself, behavior and feelings (items “I thought about my feelings”, “I 

thought about my behavior”, and “I thought about myself”). They were also similarly likely 

to experience negative feelings as well as pleasant thoughts (“I had negative feelings” and 

“I thought about pleasant things”). Interestingly, individuals with ASD had no more health 

concerns than the control subjects (“I felt ill” and “I thought about my health”).  

 

ASD symptoms correlate with resting-state phenotypes 

To probe the relationship between thought patterns during rest and ASD severity, we 

performed a correlation analysis on ARSQ and the Autism Quotient-Short (hereafter AQ). 

We found several associations between the ARSQ items and factors and the AQ factors; 

however, due to a high number of correlation combinations and a comparatively small 

sample size, none of the correlations remained significant after Bonferroni correction    

(Fig. 3).  

 

 

Factor Control mean 

(n = 265) 

ASD mean 

(n = 60) 

P value Cohen’s d 

Theory of Mind 3.11 2.28 0.00000004 0.85 

Discontinuity of Mind 2.89 3.50 0.00006 -0.64 

Verbal Thought 2.75 3.26 0.0006 -0.51 

Comfort 3.72 3.37 0.003 0.47 

Planning 2.96 2.54 0.009 0.4 

Sleepiness 2.48 2.12 0.01 0.37 

Visual Thought 3.31 3.03 0.08 0.25 

Somatic Awareness 3.13 3.31 0.19 -0.17 

Self 2.99 2.87 0.34 0.15 

Health Concern 1.6 1.61 0.54 -0.01 
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Figure 2. Aspects of resting-state cognition are altered in ASD, compared to control students. 

Eight of the most significantly altered ARSQ items (listed in Table 3) are displayed. The ASD cohort 

deviated from the control cohort in terms of experiencing less control over their thoughts, thinking 

less about other people, being more focused on the present moment with prominent internal 

monologues but also greater awareness of bodily sensations and sensory surroundings. Interestingly, 

the motivation of the ASD cohort to participate in the study was extremely high. 

 

The strongest correlation was between the AQ factor Numbers and patterns with the ARSQ 

item “I thought about solving problems” as well as the corresponding ARSQ factor 

Planning. I.e., the more fascinated the adults with ASD were by numbers, dates and 

patterns, the more likely they were to plan ahead and have thoughts related to problem 

solving during the resting session. In contrast, the higher-order AQ factor Social Behaviour 

was negatively correlated to the ARSQ item “I felt relaxed” as well as the corresponding 

ARSQ factor Comfort. The higher-order factor Social Behaviour comprises sub-factors 

Social skills, Routine, Switching and Imagination, with a higher score indicating a higher 

severity of autistic traits relating to these four domains. Therefore, the higher the severity of 

autistic traits related to social behaviour, the less relaxed and comfortable the individual 

was during the resting state.  
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Item Control mean 

(n = 265) 

ASD mean 

(n = 60) 

P value 

I had difficulty holding on to my thoughts 2.57 3.47 0.000004 

I thought about my work/study 2.96 2.04 0.000008 

I thought about people I like 3.4 2.48 0.00002 

I thought about the future 3.15 2.33 0.00004 

I imagined talking to myself 2.52 3.36 0.0001 

I felt motivated to participate 4.26 4.71 0.0002 

I thought about the sounds around me 2.87 3.65 0.0003 

I thought about others 3.58 2.86 0.0005 

I felt sleepy 2.91 2.28 0.0007 

I thought about nothing 2.01 1.45 0.0008 

I was conscious of my body 3.46 4.04 0.0008 

I thought about the odors around me 1.53 1.96 0.001 

I pictured places 3.06 2.43 0.005 

I had busy thoughts 2.86 3.37 0.006 

I felt relaxed 3.87 3.51 0.007 

I had rapidly switching thoughts 3.25 3.68 0.01 

I had silent conversations 2.54 3.11 0.01 

    I had similar thoughts throughout the session 3.04 2.56 0.01 

I had difficulty staying awake 1.96 1.59 0.01 

I felt happy 3.43 3.1 0.01 

I placed myself in other people’s shoes 1.86 1.53 0.02 

I felt restless 2.11 2.6 0.02 

I thought about myself 3.52 3.24 0.04 

I thought about my breathing 3.53 3.84 0.05 

I felt pain 1.41 1.66 0.06 

I felt comfortable 3.87 3.58 0.07 

I thought about the present 3.61 3.25 0.09 

I had deep thoughts 2.56 2.35 0.1 

I had my thoughts under control 3.02 3.25 0.15 

I thought about my heartbeat 2.43 2.16 0.17 

I had superficial thoughts 2.97 3.12 0.2 

I thought in words 3.1 3.35 0.22 

I had negative feelings 1.89 2.11 0.22 

I thought about solving problems 2.54 2.37 0.28 
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Table 3. ARSQ questionnaire items reveal differences in thoughts and feelings during rest 

between the ASD and the control cohorts. Significant effects, after Bonferroni correction, were 

found in 7 out of 30 ARSQ-factor items (black) as well as 4 non-factor items (green). The items are 

presented in the order of decreasing significance of the group comparison. 

 
 

The AQ factor Switching, with a higher score indicating a lower ability to switch between 

tasks or do several things at once, was positively correlated with having busy thoughts at 

rest. Conversely, high scores on the AQ factor Imagination indicate a lower ability of 

creating mental images, inventing stories or social imagination, and this was associated 

with less imagery of events and places during the rest session (“I pictured events/places”). 

The total AQ score was negatively correlated with “I felt comfortable”, i.e. a higher autism 

severity was associated with feeling less comfortable. Taken together, our results indicate 

that certain elements of thoughts and feelings during rest could be related to specific 

dimensions of autism symptomatology. 

I thought about things I need to do 3.19 2.95 0.31 

I felt nothing 2.06 2.16 0.38 

I thought about my feelings 2.88 2.74 0.39 

I felt ill 1.41 1.28 0.53 

       I felt about the same throughout the session 3.39 3.4 0.66 

I thought about the aim of the experiment 2.57 2.65 0.66 

I thought about my behavior 2.58 2.65 0.73 

I felt tired 2.57 2.53 0.75 

I thought about the past 2.74 2.8 0.81 

I felt bored 2.11 2.14 0.87 

I thought about pleasant things 3.53 3.53 0.9 

I had thoughts that I would not readily share 

with others 

2.1 2.16 0.94 

I thought about my health 1.91 1.84 0.96 

I thought in images 3.4 3.37 0.98 

I enjoyed the session 3.31 3.32 0.98 

I pictured events 3.4 3.42 0.99 
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Figure 3. Autism severity shows trends towards associations with thought patterns during rest. 

Due to a large number of correlation combinations and the stringency of Bonferroni, none of the 

correlations remained significant after correction. Nonetheless, we interpret the low uncorrected p-

values as trends, e.g. between the ARSQ factor Planning or the ARSQ item “I thought about solving 

problems” with the AQ factor Numbers and Patterns. Other prominent trends: “I had busy thoughts” 

with the factor Switching; “I pictured events” with Imagination; Comfort and “I felt relaxed” with the 

higher-order factor Social Behaviour. Higher AQ score indicates higher ASD severity. 

 

Machine learning can predict ASD based on ARSQ scores 

Given the many ARSQ dimensions altered for adults with ASD compared to the control 

participants, we asked whether these differences could possibly predict ASD using machine 

learning. We tested this by combining the effects based on ARSQ factors using the random 

forest algorithm for classification (see Methods). We implemented random forest via        

in-house custom-built MATLAB scripts using the MATLAB TreeBagger class. The two 

random forest parameters—the number of trees to grow in the forest and the number of 

variables randomly chosen at each split—were set to 5000 and 3, respectively. For the 

classification model, 5000 iterations of the algorithm were run to assess the performance 

(“out of bag” error). Per iteration, about 60% of the data formed the training dataset and the 

remaining 40% formed the test set. 
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Figure 4.  Random forest predicts ASD based on the 10 ARSQ factors.  

(a) ROC curve demonstrating successful classification performance, with the Area under the curve of 

0.77. (b) Theory of Mind and Discontinuity of Mind are the most discriminative features between the 

control population and adults with ASD, as estimated by the random forest variable importance 

measure. (c) An example of a decision tree from the random forest. 
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We removed subjects with missing ARSQ factor values, resulting in 200 control 

participants and 60 adults with ASD. With those 260 subjects and the 10 ARSQ factors as 

features, we obtained classification accuracy of 81% (out-of-bag error 19%). Because of the 

class imbalance in our data (a larger control group), a more appropriate metric for 

performance evaluation is area under curve (ROC curve), which was 0.77 (Fig. 4). To 

estimate the influence of the class imbalance conservatively, we additionally performed 

cross-validation with subsets of the data, matching the size of the two groups in each 

iteration. We did 100 iterations of CV (in each iteration taking a random subset of the 

control participants, to have 60 controls and 60 participants with ASD) and obtained area 

under the curve of 0.73 ± 0.03. Finally, features identified as the most discriminative by the 

random forest’s variable importance measure were Theory of Mind and Discontinuity of 

Mind (Fig. 4). This is in agreement with the results obtained by the Wilcoxon rank-sum test 

(Table 2). 

 

Discussion  

In the present study, we probed the content and quality of resting-state thoughts and 

feelings in adults with ASD, investigated their possible associations with autism 

symptomatology, and developed an ARSQ-based index for ASD classification using 

machine learning. Resting-state cognition in adults with and without ASD was assessed 

using ARSQ after a 5-minute eyes-closed resting session. Results confirmed that adults 

with ASD have different mind-wandering experiences, compared to control participants, 

with their ARSQ scores significantly altered in several resting-state cognition domains. It 

was possible to combine these differences into an integrated index successfully predicting 

ASD based on ARSQ answers (with an accuracy of 80%). Additionally, we found several of 

these resting-state experiences to be associated with autism symptoms. 

Several aspects of resting-state cognition were found to be altered in ASD 

individuals compared to control participants. The ASD cohort experienced less control over 

their thoughts, less thoughts about others, more internal monologues, and greater awareness 

of bodily sensations as well as the surroundings (Fig. 1,2). The most prominent 

characteristic of individuals with ASD was lower Theory of Mind thoughts. Here, it is 

important to note that the ARSQ factor Theory of Mind differs from the concept of Theory 
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of Mind (hereafter ToM to avoid confusion) from e.g. social psychology. ToM is classically 

defined as reasoning about other’s mental states and inferring predictions about their 

behavior (Baron-Cohen et al., 1985), whereas the ARSQ factor Theory of Mind measures 

more generally the extent to which individuals think about others or place themselves in 

other people’s shoes. Impairments in ToM is an established finding in ASD (Leppanen et 

al., 2018). ToM has even been shown to be predictive of ASD severity (Hoogenhout & 

Malcolm-Smith, 2017). However, some studies show intact ToM in normal to high 

intelligent children with ASD (Scheeren et al., 2013). Our study suggests that although 

ToM capacities can be expected to be rather intact, individuals with ASD think less about 

other people when not cued to do so. This would be in line with the social motivation 

hypothesis, posing that individuals with ASD are less motivated to partake in social 

interaction and cognition and that social impairments are a result thereof (Chevallier et al., 

2012). Interestingly, ToM has been associated with mind wandering, which we are using 

resting-state cognition as a proxy of (Buckner & Carroll, 2007). 

Adults with ASD also had higher Discontinuity of Mind, a factor which has 

previously been identified as indicative of mental health problems in neurotypical 

population samples (Diaz et al., 2014; Diaz et al., 2016), as well as in insomnia (Palagini et 

al., 2016). Another pronounced feature of individuals with ASD was higher Verbal Thought 

compared to control participants, i.e. more silent conversations, imagining talking to 

oneself. Adults with ASD were also feeling less comfortable than the control participants. 

This could be related to sensory sensitivity—a common feature of ASD (Baranek et al., 

2006; Ben-Sasson et al., 2009; Tavassoli et al., 2014)—due to the experimental 

environment, which might be less pleasant for sensitive people. A further indication for this 

atypical sensitivity towards sensory stimuli and the surroundings could be the observation 

that individuals with ASD thought more about the sounds and odours around them and had 

higher awareness of their body (Table 3) than the control participants. 

There were also multiple aspects where the ASD and control individuals did not 

differ in their experiences during rest (Table 3). These were, for instance, related to self-

directed thoughts such as thoughts about themselves, their behavior and feelings. 

Individuals with ASD are otherwise likely to analyze their behavior, but primarily in a 

social setting–where they often feel the need for social camouflaging (Hull et al., 2017), 

and seem to be more relaxed in a resting setting like the one in this study. Also, adults with 
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ASD did not have more health concerns than the control subjects. Although individuals 

with ASD in general experience increased morbidity (Bishop-Fitzpatrick & Kind, 2017), 

alongside the ASD diagnosis, our finding suggests that they might not identify with this and 

feel healthy nonetheless. This corroborates initiatives of using the term Autism Spectrum 

Conditions instead of Autism Spectrum Disorder (Hull et al., 2017). Interestingly, adults 

with ASD were highly motivated to participate in the study, more so than the control 

individuals (Fig. 2). 

To investigate possible associations between thoughts and feelings at rest and ASD 

severity, we correlated the ARSQ with the AQ and found content of resting-state cognition 

to be associated with ASD symptoms in several aspects (Fig. 3). Due to a large number of 

correlations on a comparatively small sample size, together with the conservative 

Bonferroni correction, none of the correlations remained significant post-correction. 

However, there were several strong and meaningful trends; therefore, we find it worth 

noting and discussing, albeit as exploratory at this stage.  

All the associations illustrate that thoughts and feelings during a short resting-state 

session possibly reflect general autistic traits and are related to autism severity. Fascination 

with numbers and patterns was associated with more problem solving and planning ahead 

during the resting session. This is in line with theories proposing higher systemizing 

cognition in individuals with ASD (Baron-Cohen, 2009): to individuals with ASD, structure 

might not only be a fascination but also a need; therefore, they might plan ahead more. 

Further, more autistic traits related to social behaviour were related to the participants 

feeling less relaxed and comfortable during the resting state. A lower ability to switch 

between tasks or do several things at once was indicative of having busy thoughts at rest, 

which might suggest that multi-tasking actually requires strong control over thoughts and 

where to focus attention. Difficulty with creating mental images, inventing stories or social 

imagination was associated with less imagery of places or events during the rest session. 

Studies investigating the ability to imagine in ASD show it to be decreased (Craig & Baron-

Cohen, 1999), to our knowledge this is the first study to show that this decreased ability is 

related to decreased usage when unprompted. The total AQ score, indicating autism 

severity, was associated with feeling less comfortable during the resting session. Albeit 

these associations did not reach significance after correction of the many tests, the face 
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validity of the trends is good and they do suggest that a short resting session captures 

thought patterns characteristic for ASD and show that the ARSQ is sensitive to disorder.  

Considering the strong differences between the control participants and adults with 

ASD, which indicate discriminative power, we tried predicting ASD from the ARSQ factors 

using machine learning. With the random forest algorithm we obtained a classification 

accuracy slightly above 80%, using the intrinsic random forest cross-validation. Variables 

identified as the most discriminative by random forest were Theory of Mind and 

Discontinuity of Mind, in agreement with the findings using a statistical comparison test. 

To our knowledge, this is the first attempt to classify ASD using a non-clinical 

questionnaire. Several studies have used machine learning on questionnaires—for ASD 

diagnosis or screening—and obtained even higher accuracies, but they did classification on 

clinical scales such as ADOS, SRS and ADI-R (Thabtah, 2018). When using machine 

learning on clinical measures, a high accuracy is to be expected, as these measures are the 

ones developed specifically for ASD diagnostic purposes, whereas ARSQ is a non-clinical 

instrument and not geared towards ASD (or any disorder). Additionally, these machine 

learning studies on clinical scales typically had very large samples (up to 4000 subjects), 

albeit almost always heavily unbalanced between classes so some used over-sampling 

strategies, and some studies have even employed several classification algorithms on the 

same data to optimize the performance (Wall et al., 2012a; Wall et al., 2012b; Duda et al., 

2016). Apart from clinical scales, a common approach for classifying ASD is using 

neuroimaging data. Studies from recent years, using mostly fMRI connectivity, report 

classification accuracy for ASD ranging between 65–90% using cross-validation (Sakai & 

Yamada, 2019). The highest-performing study had a large dataset (250 subjects), with the 2 

groups age-matched and balanced in sample size, using >100 features and random forest for 

classification (Chen et al., 2015). A study with a performance comparable to ours (80%) 

had a similar sample size, but balanced and was using large-scale functional connectivity 

networks, hierarchical clustering and restricted Boltzmann machines (Kam et al., 2017). 

Considering the complexity of neuroimaging measures and the large number of features 

employed in these studies, our classification accuracy of 80% using a simple self-report 

questionnaire that can be completed by most people within 2–3 minutes can be considered 

quite successful. 
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One limitation of this study is the control sample, which is from the student 

population and, therefore, might not be fully representative of the population in general. 

This could have impact on some of the findings, for instance on ARSQ factors Sleepiness 

and Planning. It could be that both of these are slightly higher for the student population in 

particular. Because of it being a student sample, it is not age-matched to the adults with 

ASD, which ideally should be the case. Also, for classification purposes, it is optimal to 

have balanced groups, whereas our control sample is much larger than the ASD. Therefore, 

these can be considered as pilot findings and future studies should replicate them with a 

carefully selected control sample: age-matched and matched in sample size. 

Together, our findings suggest that mind wandering in adults with ASD during rest 

is characterized by busy and switching thoughts, less thoughts about others, more internal 

monologues and feeling less comfortable. Moreover, these experiences are related to ASD 

severity. Therefore, a brief resting session seems to be representative of the characteristic  

thought patterns of adults with ASD and ARSQ is able to detect them, despite being a    

non-clinical tool. Furthermore, we show that by using the non-clinical ARSQ questionnaire 

and machine learning, it is possible to distinguish adults with ASD from control participants 

with good accuracy. In other words, there is substantial predictive power for ASD solely in 

the thoughts and feelings during 5 minutes of rest. This suggests that investigating resting-

state mind-wandering activity could add another dimension to current research tools, and—

together with neuroimaging and clinical questionnaires—could lead to a better 

understanding of the condition. Combining these complementary techniques, clinical and 

non-clinical, with machine learning could lead to more accurate characterization and 

predictions in the future. 
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Supplementary Figure S1. The ten-factor model of mind wandering derived from the Amsterdam 

Resting-State Questionnaire (Diaz et al., 2014). 
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