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Autonomic Nervous System Correlates of Emotion Regulation in Autistic Adults 

Megan Fok 

Abstract 

Emotion regulation difficulty is commonly experienced by autistic adults and has been explored 

as a transdiagnostic mechanism contributing to anxiety and depression in autistic adults. 

Previous research has found that emotion regulation strategies and autonomic nervous system 

(ANS) responses involved in emotion regulation differ between autistic and non-autistic 

individuals. These findings highlight the role of the ANS as a measure of emotion regulation; 

however, this has not been studied in an autistic adult sample. The current study examined ANS 

activity, as measured by respiratory sinus arrhythmia (RSA), root mean square successive 

differences (rMSSD), and skin conductance level (SCL), and subjective ratings of valence and 

arousal at rest and while viewing emotional film clips and engaging in emotion regulation in 

autistic adults. The study consisted of 31 autistic and 31 non-autistic adults, matched on age, 

intellectual ability, sex, and race/ethnicity. Participants also self-reported their daily emotion 

regulation use via the Emotion Regulation Questionnaire. Results demonstrated group 

differences in baseline RSA and rMSSD, self-reported valence of viewing neutral and negative 

stimuli, and cognitive reappraisal used in daily life. There was also increased SCL and self-

reported arousal and decreased self-reported valence to negative stimuli across the whole sample. 

Exploratory results also showed that SCL and self-reported arousal to negative stimuli were 

correlated for autistic participants, and that emotion regulation changed physiological and 

subjective experiences of negative emotion across the whole sample. Supplementary analyses 

explored the covarying role of co-occurring depression and anxiety and antidepressant use, and 

showed that these covariates may explain variance in some physiological and self-reported 



 

 

responses whereas in other models, they may suppress these changes. This study extends 

previous research on emotion regulation in daily life of autistic adults and is the first 

investigation that demonstrates how an objective measure, such as correlates of ANS, provides 

additional insight in emotion regulation in autistic adults beyond subjective ratings. This study is 

important insofar as it shows how emotion regulation strategies manifest in autistic adults and its 

implications for informing the use of emotion regulation treatment intervention. 
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General Audience Abstract 

Autistic adults struggle to regulate their emotions which may contribute to their anxiety and 

depression. It is previously known that autistic people emotionally regulate differently than non-

autistic people, and that their autonomic nervous system (ANS) reacts differently too. These 

differences may lead to information about how the ANS may measure emotion regulation, yet no 

one has ever studied this in autistic adults. Therefore, the following study examined ANS 

activity, as measured by respiratory sinus arrhythmia (RSA), root mean square successive 

differences (rMSSD), and skin conductance level (SCL), and self-reported ratings of positivity 

and excitement at rest and while watching emotional film clips and regulating their emotional 

responses in autistic adults. The study included 31 autistic and 31 non-autistic adults, who had 

similar age, intellectual ability, sex, and race/ethnicity. Participants also self-reported how often 

they emotionally regulated, specifically by changing their thoughts (“reappraisal”) and keeping a 

blank face (“suppression”) in their daily life using the Emotion Regulation Questionnaire. Based 

on this study, autistic adults had lower levels of RSA and rMSSD when they were watching a 

baseline video of swimming fish. They also rated lower levels of positivity when watching both 

neutral and negative themed film clips and shared that they used reappraisal less frequently in 

daily life than non-autistic adults. Everyone in the study showed increased SCL and rated lower 

levels of positivity when watching negative themed film clips. Also, autistic adults with higher 

SCL also felt greater levels of excitement when watching negative film clips. For everyone, 

regulating emotional experiences changed the body’s responses (i.e., RSA, rMSSD, and SCL) 

and experiences of positivity and excitement when watching negative themed film clips. 



 

 

However, since having depression and anxiety and taking antidepressants may affect how 

participants emotionally regulate, additional analyses also explored the impact of these factors; 

these extra analyses found that some of the previously reported findings may be because of 

depression, anxiety, and antidepressants, rather than being autistic. Overall, this is the first study 

to explore the relationship between emotion regulation and autism in adults by looking at the 

ANS. It is important because it shows how autistic people emotionally regulate which can help 

experts design mental health treatments.  
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Autonomic Nervous System Mechanisms of Emotion Regulation in Autistic Adults 

This study addresses the gap in research on autonomic nervous system (ANS) correlates 

of emotion regulation in autistic adults. Autism spectrum disorder (hereafter referred to as 

“autism”) is characterized by deficits of social communication and restricted, repetitive behaviors 

and is often co-occurring with other mental health disorders (American Psychiatric Association 

[APA], 2022). There is limited literature that aims to understand differences in emotion 

regulation between autistic and non-autistic adults across multiple levels of analysis, which has a 

negative impact on understanding, assessing, and treating difficulties with these emotional 

processes. To date, Richey et al. (2015) is the only study that has examined physiological 

processes (i.e., neural activation of the nucleus accumbens and amygdala) during cognitive 

reappraisal between autistic and non-autistic adults, but they did not measure across different 

levels of analysis. Therefore, the current cross-sectional study is among the first to explore how 

emotion regulation is characterized in an autistic adult sample using multiple methods of 

measurement. 

Background 

Autistic adults report less adaptive emotion regulation strategies, including less 

reappraisal and more suppression (Samson et al., 2012). Emotion regulation difficulty is believed 

to underlie mental health disorders, such as anxiety and depression, in autism and is therefore a 

significant research area for improving the well-being of autistic adults (Bruggink et al., 2016; 

Chandrasekhar & Sikich, 2015; Gotham et al., 2015; Mazefsky et al., 2012). Current evaluation 

of emotion regulation, however, is limited by the reliance of subjective judgment of the client, 

caregiver, and clinician, especially considering variability in language and intellectual 

functioning that can impact self-report. Incorporating objective methods for measuring emotion 
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regulation, such as ANS measures, may improve our insight into anxiety and depression by 

offering an additional perspective beyond subjective reporting. By examining physiological 

measures of emotion regulation, we can discern if emotion regulation processes differ in autistic 

and non-autistic adults and thus provide greater insight into potential treatment targets. 

Therefore, a multi-method approach that uses both ANS and self-report methods of emotion 

regulation is warranted. Research that leverages physiological measurement can provide 

objective information to supplement subjective reports in autistic adults. 

Emotion Regulation Model 

Emotion regulation refers to the use of strategies to increase, maintain, or decrease the 

feelings, behaviors, and/or physiological responses that make up an emotion (Gross, 1998a). 

Gross’ process model posits five emotion regulation stages: situation selection, situation 

modification, attentional deployment, cognitive change, and response modulation. The first four 

stages are antecedent-focused, whereas the fifth is response-focused. Two specific emotion 

regulation strategies are reappraisal and suppression. Reappraisal occurs at the cognitive change 

stage to modify emotional meaning and change the emotional impact of a situation, and 

suppression occurs at the response modulation stage to inhibit the emotional expression. The 

Emotion Regulation Questionnaire (ERQ; Gross & John, 2003) is a self-report questionnaire of 

cognitive reappraisal and emotional suppression strategies that align with the process model. 

Few studies have reported autistic adult’s self-reported emotion regulation according to the ERQ 

(Cai et al., 2019; Samson et al., 2012). Samson et al. (2012) reported autistic adults use less 

reappraisal strategies, have lower self-efficacy of reappraisal strategies, and use more 

suppression strategies when compared to non-autistic adults and Cai et al. (2019) found 

significant negative correlation between reappraisal frequency and autistic traits within their 
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whole sample of autistic and non-autistic adults; overall, autistic adults report using cognitive 

reappraisal less frequently than non-autistic adults.  

Physiological Variables 

Psychophysiological research on correlates of emotion regulation has included mainly 

cardiovascular variables of parasympathetic functioning such as heart rate variability (HRV), as 

measured by respiratory sinus arrhythmia (RSA) and root mean square of successive differences 

of beat-to-beat interval (rMSSD), and electrodermal variables of sympathetic functioning like 

skin conductance. The vagus nerve, which is the tenth cranial nerve that originates in the 

brainstem and innervates other viscera (e.g., heart, gastrointestinal tract), contributes to the 

parasympathetic beat-to-beat variations of heart rate via the myelinated vagal pathway (Berntson 

et al., 2016). RSA, a frequency domain method of measuring HRV, reflects the interbeat 

differences that vary due to respiration and rMSSD, a time domain method, measures the beat-to-

beat heart period variance (Berntson et al., 2016). Electrodermal activity (EDA) refers to the 

electrical skin potentials, or changes in sweat gland secretions, as innervated by the cholinergic 

sympathetic system and is measured using exosomatic or endosomatic methods; the exosomatic 

method refers to the resistance changes to small external currents applied directly to the skin and 

is measured by skin conductance (e.g., skin conductance level [SCL], skin conductance response 

[SCR]) and used widely in psychophysiological research whereas the endosomatic method 

measures the internal electrical potential and is not as commonly used (Dawson et al., 2016).  

High levels of resting HRV and increases in HRV reactivity during stressful situations 

indicate greater vagal activity and flexibility within the central autonomic network, which is the 

regulatory system in the brain that controls necessary visceromotor, neuroendocrine, pain, and 

behavioral responses (Benarroch, 1993), reflecting better emotion regulation to external demands 
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(Friedman, 2007; Porges, 2007). In typical development, resting HRV increases linearly from 

infancy to adolescence (Beauchaine & Webb, 2016). However, findings in children with 

emotional behavioral concerns have been mixed. For example, in a meta-analysis, greater RSA 

withdrawal was associated with fewer externalizing and internalizing symptoms and less RSA 

withdrawal in children with clinical disorders, such as attention-deficit/hyperactivity disorder 

(ADHD; Graziano & Derefinko, 2013). Beauchaine et al. (2013) found that greater RSA 

withdrawal was associated with lower prosocial behavior and emotion regulation skills. In 

general, research has shown that autistic youth have underactive parasympathetic functioning 

(e.g., reduced resting HRV and HRV reactivity; Guy et al., 2014; Scarpa, 2015). The few studies 

investigating parasympathetic functioning in autistic adults (Cai et al., 2019; Thapa et al., 2019) 

provide support to the idea that autism is associated with reduced HRV measured at baseline 

across the lifespan. Cai et al. (2019) found that high frequency HRV and rMSSD measured 

during a 10 minute resting baseline (i.e., supine position with eyes closed) were negatively 

correlated with autism characteristics, as measured by the Autism Spectrum Quotient, suggesting 

that lower resting HRV baseline was correlated with greater autistic traits; these were a result of 

correlations conducted across an autistic and non-autistic sample.  

Regarding the sympathetic nervous system, Cappadocia et al. (2009) documented hypo-

sympathetic response in children with externalizing behavior problems without 

neurodevelopmental disorders. Baker et al. (2018) discovered that autistic children with low 

number of nonspecific SCR were associated with greater externalizing behavior problems; 

however, there is mixed evidence for autistic youth having a hyper- and hypo-sympathetic 

nervous system response (Fenning et al., 2019). These studies highlight patterns of ANS activity 



 

5 

linked to emotional and behavioral difficulties in both clinical and non-clinical groups and 

limited autonomic flexibility in autistic children. 

Certain emotion regulation strategies during emotional experiences have shown different 

physiological patterns. For example, in non-autistic adults, greater reappraisal use was correlated 

with limited sympathetic nervous system and amygdala activation, whereas greater suppression 

use was correlated with increased sympathetic response and amygdala activation (Gross & 

Thompson, 2007). Others have also found that suppression emotion regulation strategies led to 

greater sympathetic activity as measured by EDA (Demaree et al., 2006; Gross, 1998b). On the 

other hand, some research has shown similar reductions in SCR between reappraising and 

suppressing emotions while viewing negative pictures despite participants reporting greater 

efficacy of reappraisal in decreasing their subjective negative reaction (Mohammad et al., 2022). 

Collectively, these studies suggest physiological processes underlying specific emotion 

regulation strategies in non-autistic adults, but no studies have examined ANS response in 

autistic adults while using emotion regulation strategies. 

One systematic review examined how emotion regulation was measured in autism and 

identified different physiological measures used (e.g., RSA/heart rate, SCL); however, none of 

the included studies were conducted among adults (Weiss et al., 2014). In another review, the 

authors concluded that autonomic flexibility differed between autistic individuals with and 

without co-occurring intellectual impairment, but they did not speak to potential age-related 

differences (Patriquin et al., 2019). Dijkhuis et al. (2019) found maladaptive cardiac arousal 

measured by HRV reactivity (i.e., rMSSD) during a social stressor in autistic and non-autistic 

adults, but did not measure specific emotion regulation strategies. Cai et al. (2019) found a 

positive correlation between self-reported emotion regulation reappraisal, not suppression per the 
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ERQ, and resting HRV for both autistic and non-autistic adults. While previous studies have 

examined differences between autistic and non-autistic adults in their self-reported emotion 

regulation strategies and baseline measures of physiological activity, there have been no studies 

that have utilized both objective and subjective methods of measurement during an emotion 

regulation task in an autistic adult sample.  

Hypotheses 

Based on the literature reviewed above, ANS measures of emotion regulation in autism 

may provide information on emotion regulation processes observed in autistic adults in addition 

to self-reported experiences. The current study on autistic and non-autistic adults consisted of a 

multi-method investigation of emotion regulation via RSA/rMSSD/SCL and self-reported 

arousal and valence ratings while viewing dynamic neutral and negative emotional stimuli and 

engaging in reappraisal and suppression emotion regulation, and emotion regulation used in daily 

life. The following four hypotheses were tested and additional exploratory objectives were 

examined: 

Hypothesis 1 

Hypothesis 1 posited that autistic adults would demonstrate lower RSA and rMSSD and 

greater SCL at baseline than non-autistic adults. 

Hypothesis 2 

Hypothesis 2 proposed an Emotion (neutral, negative) x Group interaction, such that 

autistic adults would demonstrate less change in RSA, rMSSD, and self-reported arousal and 

valence and more change in SCL while viewing negative film clips than non-autistic adults; there 

would be no group differences in RSA, rMSSD, or SCL reactivity or subjective experiences in 

arousal and valence while viewing neutral film clips. 
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Hypothesis 3 

Hypothesis 3 suggested a group main effect on the day-to-day use of emotion regulation 

strategies as measured by the ERQ, whereby autistic adults would report less use of cognitive-

reappraisal and more use of expressive suppression than non-autistic adults. 

Hypothesis 4 

Hypothesis 4 proposed a main effect for emotion regulation strategy and a Strategy 

(reappraisal, suppression) x Group interaction, such that RSA, rMSSD, and SCL change (i.e., 

less RSA/rMSSD change and more SCL change) would be stronger in the suppression vs. 

reappraisal condition, and these effects would be more pronounced for autistic vs. non-autistic 

adults when asked to use an emotion regulation strategy.  

Exploratory Objectives 

Additional objectives explored the relationship between self-reported emotion regulation 

via the ERQ with RSA, rMSSD, and SCL during the emotion regulation tasks within each group. 

Although exploratory, there would be a hypothesized positive relationship between participants’ 

self-report and ANS measurement of emotion regulation such that greater endorsement of 

emotion regulation in daily life would correlate with greater HRV and skin conductance while 

emotionally regulating; however, the relationship would be larger for those within the non-

autistic group than those in the autistic group. 

Also, the relationships between self-reported valence and arousal with RSA, rMSSD, and 

SCL during the emotion induction and emotional regulation tasks were explored within each 

group.  

Further analyses explored whether engaging in reappraisal and suppression resulted in 

distinct physiological responses and self-reported ratings of arousal and valence while viewing 
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negative film clips. It was hypothesized that there would be a main effect of strategy such that 

there would be changes in RSA, rMSSD, SCL, and self-reported arousal and valence when 

reappraising and suppressing. This explored the impact of emotion regulation on multiple 

methods of measurement in response to negative emotion.  

Method 

Participants 

The current study included 62 participants recruited from the southwest Virginia 

community; participants were also recruited from the Virginia Tech graduate training 

psychology clinic’s waitlist for receiving an adult autism assessment. A total of 127 participants 

screened into the study and self-selected into either the autism group (i.e., “Has autism or thinks 

has autism”) or the non-autism group (i.e., “Does not have autism nor has ever thought to have 

autism”) using an online form.  

Inclusion/Exclusion Criteria 

All participants were required to be at least 18 years old, self-identify as verbally fluent 

(i.e., uses phrase speech or complex sentences), and be their own legal guardian. Participants 

were excluded if they did not speak or understand English fluently, had uncorrected vision or 

hearing impairments, a history of cardiac arrhythmia and other cardiovascular problems, or a 

pacemaker, or reported taking beta-adrenergic blocking agents. Additionally, participants who 

had a history of fainting, hyperventilating, or vasovagal syncope, or a blood-injury-injection 

phobia, were excluded.  

Upon completing the initial screening, participants completed the Social Responsiveness 

Scale, 2nd Edition (SRS-2) Adult Self-Report (ASR) questionnaire and intake assessment, 

consisting of the Autism Diagnostic Observation Schedule, 2nd Edition (ADOS-2) and Wechsler 
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Abbreviated Scale of Intelligence, 2nd edition (WASI-II), to determine meeting the criteria for 

the autism and non-autism group. To be included in the autism group, participants scored above 

the SRS-2 cutoff (total T-score ≥ 60), ADOS-2 cutoff for an autism classification (total score ≥ 

8), and WASI-II full-scale IQ (FSIQ) ≥ 80. Those in the autism group were not requested to have 

a prior professional diagnosis of autism; however, ten participants reported having a prior 

diagnosis of autism spectrum disorder and two Asperger’s syndrome. Participants in the non-

autism group scored below the SRS-2 cutoff (total T-score < 60) and the ADOS-2 cutoff for a 

non-autism classification (total score < 8), and scored above the WASI-II FSIQ ≥ 80. Figure 1 

details participant inclusion at each inclusion step resulting in the final sample size for both 

groups, n = 31 each. Those who were determined ineligible by the SRS-2 ASR were 

compensated a $5 Amazon gift card and those who did not meet the ADOS-2/WASI-II criteria 

were compensated a $30 Amazon gift card. Participants who completed all study procedures 

were compensated $60 cash.  

Demographic Information (Appendix A) 

The average age of the total sample was 25.73 years (SD = 6.65) consisting of 

participants between 18 and 46 years of age. Regarding biological sex, 32.26% of the sample 

was male and 67.74% was female. To be inclusive of expansive gender identities, participants 

were able to identify with more than one gender identity resulting in the following: 30.65% male, 

56.45% female, 11.29% nonbinary, 3.23% genderqueer, 1.61% agender, 1.61% other (specified: 

“Demi-girl”). The participants identified as a majority (74.19%) White sample; however, other 

racial identities were represented: 20.97% Asian, 1.61% Black or African American, 1.61% 

Native American or Native Alaskan, 4.84% Other, and 3.23% unknown. Just 4.84% of the total 

sample selected being Hispanic/Latinx. Regarding highest education level achieved, nearly half 
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of the participants reported having a college degree at the baccalaureate (20.97%) or 

graduate/professional (29.03%) level, whereas 37.10% were currently enrolled in college, 4.84% 

had an associate degree, and 8.06% graduated high school.  

Previous Psychological Disorders (Appendix B) 

The study did not exclude participants who had any previous psychological diagnoses. As 

such, 53.23% of the total sample reported having any history of a psychological diagnosis. There 

was a greater proportion of people with diagnoses in the autism group (77.42%) compared to the 

non-autism group (29.03%), χ2 (1, N = 62) = 14.58, p < .001, ω = 0.49. The following diagnoses 

were endorsed: ADHD, anxiety, (e.g., generalized anxiety disorder, panic disorder), 

depression/mood disorders, (e.g., major depressive disorder, dysthymia), social anxiety disorder, 

obsessive-compulsive disorder, eating disorder (e.g., bulimia, anorexia, avoidant restricted food 

intake disorder), and posttraumatic stress disorder (PTSD). Anxiety and depression were the 

most frequently endorsed within the autism group and anxiety within the non-autism group 

(Table 1). When examining group differences regarding specific diagnoses, the autism group had 

a larger percentage of individuals with ADHD, anxiety, depression/mood disorder, social anxiety 

disorder, and PTSD, ps < .05 (Table 1). 

Procedures 

Intake 

Participants completed consent (Appendix B) and questionnaires online prior to their first 

in-person visit, at which time they completed a two hour psychological assessment to determine 

eligibility (ADOS-2, WASI-II).  

Experimental Visit 

Eligible participants then were invited to a second two-hour in-person visit to complete 
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the following experimental procedures, and received $60 for participation. Participants also 

received a summary of their assessment results after they were scored. Participants were 

instructed to refrain from consuming caffeine 6 hours and alcohol 24 hours prior to this visit.  

At the beginning of their in-person laboratory visit, participants completed a health 

screening questionnaire (Appendix C) to evaluate medication intake (Table 2) and recent food, 

alcohol, caffeine, sleep, and exercise, and menstrual cycle for females as detailed in Table 3. 

Everyone abstained from alcohol 24 hours before their visit. Some participants in both groups 

consumed caffeine within the 6-hour window, but did not significantly differ across groups.  

After completing the health screening questionnaire, participants completed the series of 

tasks: baseline/recovery, negative and neutral film clips, and rating scales (Figure 2A). 

Baseline/Recovery. Participants completed four 5 min baseline/recovery recording tasks, 

which were to watch videos of fish swimming in a coral reef. The order of these videos was not 

randomized across the four tasks. 

Passive Emotion Induction Tasks. Participants completed passive emotion induction 

tasks consisting of one block of ten negative trials and another block of ten neutral trials. The 

order of trials within each block were presented randomly and these blocks were 

counterbalanced between participants (Figure 2A). Each trial consisted of viewing a 20-30 s 

emotionally dynamic film clip followed by completion of three ratings about each film clip 

(familiarity, valence, arousal; Figure 2B). After each block, participants completed a 5 min 

recovery period, as described previously.   

Emotion Regulation Tasks. Participants completed additional emotion induction tasks 

while engaging in emotion regulation strategies (i.e., “emotion regulation tasks”) in order to 

capture physiological responding during reappraisal and suppression of negative emotional states 
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induced by negative film clips. For the emotion regulation tasks, participants completed one 

block of 10 reappraisal trials and one block of 10 suppression trials; the ten trials were presented 

randomly within each block and each block consisted of ten trials and the order of the two blocks 

were counterbalanced between participants (Figure 2A). During the reappraisal trial, participants 

were instructed to reappraise (e.g., “Think about the film in such a way that you would feel 

nothing”) while viewing the negative emotion clips (Figure 2C). During the suppression trial, 

participants were instructed to suppress (e.g., “Behave in such a way that someone watching you 

would not know you were feeling anything”) while viewing the negative emotion clips (Figure 

2C). Participants were asked to provide four ratings about the clip (familiarity, valence, arousal, 

effort; Figure 3). The first emotion regulation block was followed by a 5 min recovery period 

during which participants viewed a video of fish, as described above. After the last emotion 

regulation block, participants viewed a positive film clip so they ended the visit positively.  

Physiological Measurement 

Participant’s HRV and skin conductance were recorded using MindWare hardware by 

collecting continuous signals recordings during the baseline/recovery periods and emotion 

induction and emotion regulation blocks. Electrocardiogram (ECG) signals were collected on a 

second-by-second basis with wearable sensors worn on the chest following a standard lead II 

configuration (i.e., one below the right collarbone, one on the bottom of each rib cage) and 

exosomatic direct current (DC) EDA through disposable Ag-AgCl electrodes applied to the distal 

phalanges of the middle and pointer fingers on the non-dominant hand. Multiple channels of 

analog information were processed using MindWare signal processing system.  

Procedures outlined by the Task Force of the European Society of Cardiology & The 

North American Society of Pacing and Electrophysiology (Task Force; 1996), the Society for 
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Psychophysiological Research Ad Hoc Committee on Electrodermal Measures (2012), and 

Tronstad et al. (2022) informed how the ECG and EDA data were collected and processed. 

Quantification of RSA and rMSSD. Frequency domain methods were used to analyze 

the short-term ECG signals to calculate composite RSA, which is a measure of the 

parasympathetically-mediated high-frequency component of heart rate (HF-HRV). Using  

MindWare HRV analysis software, data were sampled at a rate of 500 Hz and transformed using 

a Fast Fourier Transform and the Hamming spectral window with the recommended frequency 

range of 0.15-0.40 Hz for HF-HRV (Task Force, 1996). To meet assumptions of normality, 

values were computed as the natural-logged (ln) spectral power value of the HF band resulting in 

RSA values measured in ln(ms)2. In addition, rMSSD was included to provide another 

parasympathetic measure of HF-HRV using time domain methods. rMSSD was derived by the 

MindWare HRV analysis software and reported in units of milliseconds (ms). To control for 

respiration, trials that contained a respiration peak frequency that fell outside the HF frequency 

band were excluded (Berntson et al., 2016). 

Quantification of SCL. Skin conductance was derived from EDA signals and taking the 

average SCL following the stimulus onset for each task. Signals were scaled to units of 

microsiemens (μS) and visually inspected for artifacts in the MindWare EDA analysis software.  

Scoring for Data Analysis. RSA, rMSSD, and SCL recordings during the 5 min 

baseline/recovery periods were averaged across the four periods to compute an overall baseline 

score for each three physiological measures: RSA-baseline, rMSSD-baseline, SCL-baseline. 

Baseline/recovery periods that occurred before each block served as the baseline period for 

calculating physiological change scores as outlined further below. Within each block, RSA, 

rMSSD, and SCL were measured during each trial and averaged across the ten trials to calculate 
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a change score from the immediately preceding baseline/recovery period (i.e., task minus 

baseline subtraction based difference scores) such that negative ΔRSA/rMSSD scores indicated a 

decrease in vagal activity (e.g., vagal withdrawal) whereas positive indicated an increase (e.g., 

vagal augmentation) and negative ΔSCL scores indicated lowered skin conductance and positive 

indicated increased skin conductance: ΔRSA-neutral, ΔRSA-negative, ΔRSA-reappraisal, 

ΔRSA-suppression, ΔrMSSD-neutral, ΔrMSSD-negative, ΔrMSSD-reappraisal, ΔrMSSD-

suppression, ΔSCL-neutral, ΔSCL-negative, ΔSCL-reappraisal, and ΔSCL-suppression. 

Questionnaires 

ERQ (Gross & John, 2003; Appendix D)  

The ERQ is a self-report questionnaire that assesses the use of cognitive reappraisal and 

expressive suppression emotion regulation strategies on a seven-point Likert scale (1 = strongly 

disagree to 4 = neutral to 7 = strongly agree). The ERQ consists of ten items that are summed to 

yield two total scores for Reappraisal (6 items) and Suppression (4 items). Only one study has 

reported the reliability of the ERQ from an autistic adult sample (Samson et al., 2012), and found 

it to be acceptable for Reappraisal (Cronbach’s α = .86) but not for Suppression (Cronbach’s α 

=.52). In the current sample, the reliability for Reappraisal was good for both groups 

(Cronbach’s αs = 0.81-87). The reliability for Suppression was acceptable for the non-autism 

group (Cronbach’s α = 0.72), but questionable for the autism group (Cronbach’s α = .69; George 

& Mallery, 2018). To adjust for differing number of items asked per strategy, average scores 

were computed for each: Reappraisal: autism, M (SD) = 3.45 (1.23), non-autism, M (SD) = 4.83 

(1.10); Suppression: autism, M (SD) = 4.01 (1.33), non-autism, M (SD) = 3.47 (1.22). 

SRS-2 ASR (Constantino & Gruber, 2012; Appendix E)  
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The SRS-2 ASR is a 65-item self-report measure of autistic characteristics for adults 

rated on a four-point scale (1 = not true; 2 = sometimes true; 3 = often true; 4 = almost always 

true) that best describes their behavior in the past six months. The items are summed and normed 

to yield a total T-score and for five subscales: Social Awareness, Social Motivation, Social 

Cognition, Social Communication, and Repetitive, Restricted Behaviors. The SRS-2 ASR 

demonstrates excellent reliability (Cronbach’s α = .94-.97; Bemmer et al., 2021; Kerr-Gaffney et 

al., 2020; White et al., 2022). T-scores at or above 60 are considered to reflect autism related 

characteristics in the clinically significant range with at least mild social functioning difficulties 

(66-75 = moderate difficulties; ≥ 76 = severe difficulties). Sensitivity and specificity of the SRS-

2 ASR for identifying autism using the T-score cutoff of 60 (compared to anxiety and nonclinical 

adults) is 0.75 and 0.66 (South et al., 2017). In this sample, the autism group scored a total 

average within the severe difficulties range (Table 4). 

Achenbach System of Empirically Based Assessment Adult Self Report (Achenbach & 

Rescorla, 2003; Appendix F)  

The Achenbach System of Empirically Based Assessment (ASEBA) Adult Self Report 

(ASR) is the self-report questionnaire that characterized the severity of Diagnostic and Statistical 

Manual of Mental Disorders (5th Edition; DSM-5; APA, 2013) disorders and related 

symptomology in adults. The ASEBA ASR consists of 135 items rated on a three-point scale of 

how each item (behavior, thought, or feeling) is applicable for them in the past six months (0 = 

not true, 1 = somewhat true, 2 = very true). The ASEBA ASR provides gender-normed T-scores 

for a total of two broadband scales (Internalizing Domain, Externalizing Domain) and eight 

syndrome scales (Anxious Depressed, Withdrawn, Somatic Complaints, Thought Problems, 

Attention Problems, Aggressive Behavior, Rule-Breaking Behavior, and Intrusive), six DSM-
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oriented scales (Depressive Problems, Anxiety Problems, Somatic Problems, Avoidant 

Personality Problems; Attention Deficit/Hyperactivity Problems with Inattention and 

Hyperactivity/Impulsivity subscales, and Antisocial Personality Problems). The ASEBA ASR in 

autistic adults has yielded acceptable reliability for all scales (Cronbach’s αs = .72-.90; Brewe et 

al., 2020; Gadke et al., 2016). This measure characterized the presence of any (co-)occurring 

psychological problems in the sample by utilizing the T-scores of the broadband and syndrome 

scales.  

In the current sample, the autism group reported significantly higher T-scores across all 

scales (ps < .001) except for the Intrusive Problems syndrome scale (Table 5).  

Assessment 

ADOS-2 (Lord et al., 2012; Appendix G)  

The ADOS-2 is a standardized semi-structured observational assessment in which a 

clinician rates a participants’ social-emotional reciprocity and communication and restricted, 

repetitive behaviors using different modules based on the individual’s chronological age and 

expressive language level. Module 4 is designed for the assessment of verbally fluent adults and 

older adolescents and was used for the current study. Fifteen clinician reported ratings span the 

two DSM-5 categories of autism (Social Affect and Restricted, Repetitive Behavior) and are 

summed to yield a total score (Hus & Lord, 2014). Total scores ≥ 8 served as the cutoff for 

autistic participants to be included in the autism group whereas non-autistic participants were 

required to be below. The Hus and Lord (2014) algorithm for determining a total score cutoff of 

8 on the ADOS-2 module 4 in autistic adults with verbal IQ (VIQ)  ≥ 85 has a sensitivity of 0.72 

(VIQ 85-115) and 0.87 (VIQ > 115) and specificity of 77.3 (VIQ 85-115) and 0.93 (VIQ > 115). 

Calibrated severity scores (CSS) are standardized total scores for the ADOS-2 that are less 
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sensitive to non-autism related developmental factors, such as age and language level, and can be 

used to compare total scores across different modules of the ADOS-2 (Gotham et al., 2007; Hus 

& Lord, 2014).  

The ADOS-2 was administered by graduate student clinicians who have achieved 

research reliability and regularly assess for and diagnose autism. Table 6 shows the subtotal 

scores for Social Affect and Restricted, Repetitive Behavior and the overall total score and CSS 

per each group of the final sample, and that there were significant group differences, as expected, 

on all three. Of the 91 participants who completed the ADOS-2, 14 out of 52 in the autism group 

(M = 3.43, min.-max. = 0-6) and 6 out of 39 in the non-autism group (M = 9.00, min.-max. = 8-

13) did not meet their group-specific inclusion criteria. 

WASI-II (Wechsler & Zhou, 2011; Appendix H) 

The WASI-II is a 30-45 minute test of verbal and nonverbal cognitive skills that provides 

aged based normed composite IQ scores (M = 100, SD = 15): Verbal Comprehension Index 

(VCI), Perceptual Reasoning Index (PRI), and FSIQ-4. Those with FSIQ-4 scores below 80 were 

excluded from the study; two participants in the autism group fell below cut off (71-75). The 

WASI-II has been used in autistic adults and has strong reliability and validity (Wechsler & 

Zhou, 2011). In the current study, the average FSIQ-4 was 111.79 (VCI = 112.16, PRI = 108.44); 

the autism group was comparable across all three WASI-II indices to the non-autism group 

(Table 6). 

Laboratory Tasks 

Participants watched a total of 40 different film clips which consisted of 30 negative and 

ten neutral clips, each lasting approximately 20-30 s. First, they watched two blocks 

counterbalanced between participants: a block of ten negative film clips and a block of ten 
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neutral film clips. Then, they watched a block of ten additional negative film clips while 

engaging in emotion regulation reappraisal/suppression, and a block of ten additional negative 

film clips while engaging in emotion regulation suppression/reappraisal; the order of regulation 

strategy was counterbalanced between participants and the order of individual film clips were 

presented randomly for each participant. Film clips were selected from an established 

standardized film library that have been previously identified to induce neutral and negative 

emotion (Samson et al., 2016). 

Film Ratings (Appendix I) 

 After viewing each film clip, participants rated their 1) familiarity to the film clip (yes or 

no), 2) valence and 3) arousal (Self-Assessment Manikin [SAM]; Bradley & Lang, 1994) and, 

for the emotion regulation blocks only, 4) regulation effort (Figure 3). Valence and arousal 

ratings using the SAM was on a 9-point pictorial scale and ratings for regulation effort (i.e., 

“During the film, I tried not to feel anything at all,” “During the film, I felt emotions but tried to 

hide them.”) were rated on a 9-point Likert scale (0 = Strongly Disagree, 4 = Neither Disagree 

nor Agree, 8 = Strongly Agree). Regarding familiarity to the film clips, 43 participants had never 

seen any of the film clips shown during the experiment, and for the remaining 19 participants, an 

average of two total film clips were familiar (min. to max. = 1-8). Participants provided 

individual ratings for arousal and valence for each film clip and the ten ratings within each block 

were averaged to yield composite scores for each block: neutral (arousal-neutral, valence-

neutral), negative (arousal-negative, valence-negative), reappraisal (arousal-reappraisal, valence-

reappraisal), and suppression (arousal-suppression, valence-suppression). Similarly, participants 

rated their individual regulation effort for each film clip and the ten ratings were averaged within 

the reappraisal and suppression blocks resulting in two compositive scores of regulation effort: 
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effort-reappraisal, effort-suppression. The SAM reliability within each group for each block was 

good to excellent for arousal (Cronbach’s αs = 0.85-0.96) and valence (Cronbach’s αs = 0.82-

0.91). The reliability for rating regulation effort for both blocks was also excellent for both 

groups (Cronbach αs = 0.93-0.95). 

Selection of Film Clips (Appendix J) 

Film clips previously categorized as negative and neutral were selected from a 

predetermined film library consisting of positive, negative, mixed, and neutral emotional states 

(Samson et al., 2016). These film clips were approximately 20-30 s long videos and have been 

empirically validated to elicit neutral and negative emotions (i.e., repulsion, fear, anger, and 

sadness). In a broad validation study described in Samson et al. (2016), participants rated each 

film clip on a 6-point scale for valence (1 = very negative to 6 = very positive) and arousal (1 = 

not at all to 6 = very strong). The film library consists of 199 different film clips; given that the 

current study is focused on measuring emotion regulation to negative emotion, film clips 

categorized as positive and mixed emotion were excluded from the selection of the current film 

clips. As established by Samson et al. (2016), there are 50 different film clips categorized as 

neutral emotion (valence: M = 3.36, SD = 0.31, min.-max. = 2.89-4.39; arousal: M = 1.45, SD = 

0.19, min.-max. = 1.21-2.08) and 39 different film clips categorized as negative emotion 

(valence: M = 2.26, SD = 0.34, min.-max. = 1.60-3.06; arousal: M = 2.52, SD = 0.31, min.-max. 

= 1.93-3.23).  

For trials consisting of neutral emotion, ten film clips from the total 50 neutral film clips 

with a valence score closest to the overall M (3.36) were selected (valence: M = 3.36, SD = 0.04, 

min.-max. = 3.29-3.41; arousal: M = 1.42, SD = 0.15, min.-max. = 1.26-1.69) and were randomly 

presented between each participant during the neutral induction block. For the trials in the 
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negative induction block and reappraisal and suppression regulation blocks, 30 film clips from 

the total 39 negative film clips with a valence score closest to the overall M (2.26) were selected 

(valence: M = 2.22, SD = 0.22, min.-max. = 1.77-2.62; arousal: M = 2.53, SD = 0.30, min.-max. 

= 1.93-2.99) and were randomly presented across tasks between each participant. The two sets of 

film clips (neutral, negative) significantly differed on arousal, t(34) = -15.39, p < .001, and 

valence, t(34) = 27.50, p < .001. A list of the names and brief description of each film clip are 

reported in Appendix I. 

Statistical Analyses 

Statistical analyses were conducted in IBM SPSS Statistics software (Version 28) to 

describe (M, SD, range) the demographic information (e.g., age, sex, gender, race, ethnicity), 

relevant health background information (e.g., medication use, height/weight, exercise habits, 

caffeine/tobacco use, menstrual cycle for females), and the variables collected from the self-

report questionnaires (ERQ Reappraisal and Suppression, SRS-2 ASR subscale and total T-

scores, ASEBA ASR T-scores), intake assessment (ADOS-2, WASI-II), and the experiment 

(RSA, rMSSD, and SCL variables, self-reported composite scores for valence, arousal, and 

effort, and film clip familiarity response). To manage outliers in the physiological data, 

datapoints that fell beyond 2.5 standard deviations from the median were winsorized, specifically 

they were transformed to values at exactly 2.5 standard deviations below or above the median 

score (Leys et al., 2013). 

To demonstrate validity of the negative induction task and the emotion regulation tasks, a 

series of paired samples t-tests across the sample determined the self-reported ratings of valence 

and arousal were significantly different from the ratings during the neutral induction block. 

Furthermore, to determine whether participants put in effort during the reappraisal and 
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suppression conditions of the emotion regulation tasks, separate one-sample t-tests across the 

sample tested whether self-reported ratings of effort differed significantly from the value of 4 

(Neither agree nor disagree), which reflects no effort according to this rating scale. 

Hypothesis Testing 

Hypothesis 1. To determine whether autistic adults experience lower RSA and rMSSD 

and greater SCL at baseline, independent-samples t-tests assessed group differences in RSA-

baseline, rMSSD-baseline and SCL-baseline between the autism and non-autism groups.  

Hypothesis 2. Five separate 2 (condition: negative, neutral) x 2 (group: autism, non-

autism) mixed factorial analyses of variance (ANOVA) tested whether autistic adults respond to 

negative emotion induction differently from non-autistic adults, on ΔRSA, ΔrMSSD, ΔSCR, and 

self-reported ratings of arousal and valence.  

Hypothesis 3. One 2 (condition: reappraisal, suppression) x 2 (group: autism, non-

autism) mixed factorial ANOVA tested group differences on reappraisal and suppression 

strategy use from the ERQ questionnaire. 

Hypothesis 4. To test differences in emotion regulation at the physiological level 

between autistic and non-autistic adults, three separate 2 (condition: reappraisal, suppression) x 2 

(group: autism, non-autism) mixed factorial ANOVAs with dependent variables of ΔRSA, 

ΔrMSSD, and ΔSCL explored main effects of condition and group and interactions.  

Exploratory Objectives. To explore the relationship between self-reported ERQ scores 

and ΔRSA, ΔrMSSD, and ΔSCL during the emotion regulation tasks, several Pearson correlation 

analyses within each group were conducted between measures of reappraisal (ERQ Reappraisal 

with ΔRSA-reappraisal, ΔrMSSD-reappraisal, and ΔSCL-reappraisal) and of suppression (ERQ 

Suppression with ΔRSA-suppression, ΔrMSSD-suppression, and ΔSCL-suppression). 
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Additionally, the relationships between ΔRSA, ΔrMSSD, and ΔSCL and self-reported arousal 

and valence ratings during the emotion induction and emotion regulation blocks were examined 

using Pearson correlation analyses for each block within each group.  

Further, physiological responses (RSA, rMSSD, and SCL) and self-reported arousal and 

valence ratings during the emotion regulation blocks were compared to responses during the 

negative emotion induction block to examine how emotion regulating affected responses to 

viewing negative stimuli; five separate mixed factorial ANOVAs examined these changes for 

reappraisal and five additional ANOVAs for suppression.  

Determining Covariates 

Demographic and other health variables (e.g., medication use, BMI, caffeine/alcohol/food 

intake prior to recording) variables were explored to determine whether they should be included 

as covariates in the main analyses by assessing for group differences and significant correlations 

with the dependent variables in the main analyses (e.g., RSA, rMSSD, SCL, SAM ratings, ERQ). 

Other related psychological variables, such as having any previous diagnosis of a co-

occurring psychological disorder and the ASEBA ASR scores, were not explored as covariates in 

the main analyses given that these factors may contribute the underlying mechanism of emotion 

regulation as a mediating variable instead. However, the role of co-occurring psychological 

diagnoses was explored in the supplementary analyses as covariates.  

Supplementary Analyses. To explore how covariates may have affected the hypothesis 

testing analyses, analyses of covariance (ANCOVA) were included as a supplement. One-way 

ANCOVAs and 2x2 mixed factorial ANOVAs were conducted to reproduce the models 

performed for the hypotheses testing and exploratory analyses with the addition of covariates. 

Power Analysis 
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According to an a priori power analysis using G*Power (Faul et al., 2007), at least 30 

participants were needed in each group (N = 60 total) to detect medium-to-large effect sizes (d > 

0.72) with power set to .80 and alpha at .05 for group differences in independent-samples t-tests. 

For ANOVAs, a sample size of 60 with two equal sized groups is sensitive enough to detect 

medium-to-large effect sizes (η2
p > 0.11) when powered at .80 and alpha at .05. 

 Given the many group comparisons used to explore group differences of multiple 

demographic/health variables for determining potential covariates, the Bonferroni correction was 

applied to lower the alpha value to .001 to address Type I error. For hypothesis-testing, 

exploratory analyses, and supplementary analyses, alpha value remained at .05 (Rothman, 2014). 

Results 

Demographic and Health Group Differences 

The following analyses that tested for group differences between potential demographic 

and health information covariates utilized a Bonferroni correction to correct for multiple 

comparisons and address Type I error. Therefore, the following analyses were regarded as 

significant with the alpha level at .001.  

Demographic Variables 

The autism (M = 26.68 years, SD = 7.77, min.-max. = 18-46) and non-autism (M = 24.77 

years, SD = 5.26, min.-max. = 18-35) groups did not differ in age, t(60) = 1.13, p = .263. There 

were also no differences in biological sex by group (Table 7). The autism group were more 

gender diverse than the non-autism group; specifically, only participants in the autism group 

selected identities outside of the binary male and female. The groups did not differ in male and 

female gender. The autism group had a significantly greater proportion of those with a gender 

identity that was not the binary male and female, hereinafter referred to as “other gender 
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identity,” χ2(1,62) = 11.92, p < .001. Table 7 demonstrates the specific group by gender identity 

breakdown and chi-square tests of proportional differences.  

Regarding race, the non-autism group reported more diverse racial identities (Table 7); 

however, there were no significant group differences. Furthermore, the groups did not differ in 

Hispanic/Latinx ethnicity status. The education levels also did not differ between groups (Table 

7). 

Further independent sample t-tests for having an “other gender identity” did not 

demonstrate differences in the dependent variables of the main analyses (ps > .035); therefore, 

demographic variables were not included as covariates in the main analyses.  

Medication Use and Lifestyle Health Behaviors 

Psychotropic medication use on the day of the physiological recording between the two 

groups did not reach statistical significance at the .001 alpha level (Table 2). Across both groups, 

the most common psychotropic medications were antidepressants. Although group differences in 

the number of participants who reported taking antidepressants did not reach significance at the 

correct alpha level (.001), antidepressant use was included as a covariate in the supplementary 

analyses; participants who reported taking antidepressants before their physiological recording (n 

= 16) showed lower scores than those who did not (n = 46) in RSA-baseline (p = .008, g = -

0.79), rMSSD-baseline (p = .007, g = -0.80), and valence-neutral (p = .014, g = -0.73). 

The body mass index (BMI) did not differ at the corrected alpha level (.001) between the 

autism (M = 28.01, SD = 5.96, min.-max. = 18.84-45.73) and non-autism (M = 25.02, SD = 5.53, 

min.-max. = 17.38-37.42), t(60) = 2.05, p = .045, d = 0.52.  
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Prior to their experimental visit, groups did not differ on the number of hours since last 

eaten, last caffeine use, last exercise, and sleep, and number of days since last alcohol use and, 

for female participants only, start of last menstrual cycle (Table 3). 

Regarding lifestyle health behaviors, the autism group did not differ from the non-autism 

group in alcohol and tobacco use and exercise (Table 8). Participants reported the average 

number of hours they spend per week with over half of each group reporting exercising at least 3 

hours on average per week (Table 8).  

Co-occurring Depression and Anxiety 

Several group differences emerged as potential covariates in physiological outcomes and 

were explored in the supplementary analyses. There were significantly more in the autism group 

with a diagnosis of depression/mood disorder, χ2(1, 62) = 13.81, p < .001, and of anxiety, 1 χ2(1, 

62) = 11.33, p < .001. Participants with a diagnosis of depression (n = 22) demonstrated lower 

scores than those without (n = 40) in RSA-baseline (p = .003, g = -0.82), rMSSD-baseline (p = 

.004, g = -0.78), arousal-negative (p = .025, g = -0.60), and valence-neutral (p < .001, g = -1.05), 

and higher scores in ΔRSA-reappraisal (p = .010, g = 0.69) and ΔRSA-suppression (p = .014, g = 

0.66). Those with a diagnosis of anxiety (n = 25) had lower scores than those without (n = 37) in 

RSA-baseline (p = .012, g = -0.66), rMSSD-baseline (p = .019, g = -0.62), and valence-neutral (p 

< .001, g = -1.08), and higher scores in ΔRSA-reappraisal (p = .017, g = 0.63), ΔRSA-

suppression (p = .001, g = 0.92), ΔrMSSD-reappraisal (p = .017, g = 0.63), and ΔrMSSD-

suppression (p = .002, g = 0.84). 

Validity Check 

 

1 Includes those with a self-reported diagnosis of social anxiety disorder. 
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Paired samples t-tests for self-reported ratings of arousal and valence between the neutral 

and negative emotion induction blocks determined the validity of the emotion induction 

condition. Across the whole sample, the negative film clips successfully induced changes in 

arousal, t(61) = -14.41, p < .001, d = 1.53, and valence, t(61) = 14.22, p < .001, d = 1.68. One-

sample t-tests examining if perceived effort of reappraisal and suppression differed from a rating 

of 4, which reflected no effort (Neither agree nor disagree), demonstrated that across the whole 

sample, participants engaged in regulation during the reappraisal, t(61) = 15.29, p < .001, d = 

1.31, and suppression, t(61) = 8.93, p < .001, d = 1.71, regulation blocks. 

Hypothesis Testing and Exploratory Analyses 

For the following main hypothesis testing and exploratory analyses, alpha level remained 

at .05 (Rothman 2014).  

Hypothesis 1: Baseline RSA, rMSSD, and SCL 

Three independent samples t-tests tested group differences in RSA, rMSSD, and SCL 

measured across all four baseline/recovery periods,. The autism group had lower RSA-baseline, 

t(55) = -2.14, p = .037, d = -0.54, and lower rMSSD-baseline, t(60) = -2.12, p = .038, d = -0.54, 

than the non-autism group. The groups did not differ in SCL-baseline, p = .547, d = 0.15 (Table 

9). 

Hypothesis 2: Emotion Induction Blocks 

Five mixed factorial ANOVAs tested group differences in changes in ΔRSA, ΔrMSSD, 

ΔSCR, and self-reported ratings of arousal and valence (SAM-arousal, SAM-valence) from the 

neutral to negative emotion induction blocks.  

Regarding ΔRSA during the emotion induction blocks, there were no main effects for 

group or block, ps > .152, η2
p = 0.01-0.03 (Figure 4A; Table 9). For ΔrMSSD, there were no 
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main effects for group or block, ps > .070, η2
p = 0.01-0.05 (Figure 4B; Table 9). Regarding 

ΔSCL, there was a large main effect for block, F(1, 60) = 48.42, p < .001, η2
p = 0.45, such that 

skin conductance increased during the negative block compared to the neutral block; there was 

no main effect for group or an interaction effect, ps > .357, η2
p = 0.004-0.01 (Figure 4C; Table 

9). For self-reported arousal, there was a large main effect for block, F(1, 60) = 220.43, p < .001, 

η2
p = 0.79, indicating that participants rated higher arousal during the negative block compared 

to  neutral block; there was no main effect for group or an interaction effect, ps > .057, η2
p = 

0.04-0.06 (Figure 4D; Table 9). For self-reported valence, there was a large main effect for 

block, F(1, 60) = 224.38, p < .001, η2
p = 0.79, indicating that participants rated lower valence, or 

more negativity, during the negative block than during the neutral block (Figure 4E). 

Additionally, there was a significant small Block x Group interaction effect, F(1, 60) = 7.03, p = 

.010, η2
p = 0.11. Bonferroni post hoc comparisons showed that during the neutral block, the 

autism group rated lower valence, or lower positivity, than the non-autism group, t = -3.03, p = 

.018 (Figure 4E; Table 9). There was no main effect for group of self-reported valence, p = .120, 

η2
p = 0.04.  

Hypotheses 3 and 4: Emotion Regulation 

Hypothesis 3: ERQ. One 2 (ERQ strategy) x 2 (group) mixed factorial ANOVA 

evaluated group differences on reappraisal and suppression strategy use from the ERQ 

questionnaire. Results yielded no significant main effect for group, p = .103, η2
p = 0.04, but a 

significant main effect for ERQ strategy use, F(1, 60) = 5.20, p = .026, η2
p = 0.08, such that 

participants rated using reappraisal more often than suppression. There was a significant Group x 

ERQ strategy interaction, F(1, 60) = 29.90, p < .001, η2
p = 0.33 (Figure 5). Bonferroni post hoc 

tests showed that Reappraisal scores were lower in the autism group relative to the non-autism 
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group, t = -4.47, p < .001, and that the non-autism group rated higher scores for Reappraisal than 

for Suppression, t = 5.48, p < .001, on the ERQ; there were no significant differences in 

Suppression between groups, p = .508, and in ERQ strategy use within the autism group, p = 

.167 (Figure 5).  

 Hypothesis 4: Emotion Regulation Blocks. Three 2 (block: reappraisal, suppression) x 

2 (group) mixed factorial ANOVAs tested differences in emotion regulation at the physiological 

level between autistic and non-autistic adults for ΔRSA, ΔrMSSD, and ΔSCL. Across all three 

models, there were no main effects for group nor block and no interaction effect, ps > .189, η2
p = 

0.00-0.02 (Figure 6A, 6B, and 6C; Table 9). 

Exploratory Analyses 

Correlations. As an exploratory objective, Pearson correlations described the 

relationship between ERQ scores and ΔRSA, ΔrMSSD, and ΔSCL during the emotion regulation 

blocks. In only the non-autism group, ERQ Reappraisal was negatively correlated with ΔRSA-

reappraisal, r(29) = -.42, p = .019, and ΔrMSSD-reappraisal, r(29) = -.41, p = .023, such that 

greater use of cognitive reappraisal in daily life related to lower ΔRSA and ΔrMSSD, or vagal 

withdrawal, during the reappraisal block of the experiment for non-autistic participants. The 

other correlations for reappraisal and suppression for both groups were not significant (ps >  

.192; Table 10). Additional correlations explored the relationship between the self-reported 

arousal and valence ratings and ΔRSA, ΔrMSSD, and ΔSCL during the emotion induction and 

emotion regulation tasks (Table 11). In the autism group, ΔRSA-neutral was negatively 

correlated with arousal-neutral, r(29) = -.39, p < .05,  showing that vagal augmentation was 

correlated with decreased arousal ratings during neutral emotional stimuli. Also in the autism 

group, ΔSCL-negative was positively correlated with arousal-negative, r(29) = .38, p < .05, 
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indicating that increase in skin conductance was correlated with higher arousal ratings during 

negative emotional stimuli. In the non-autism group, the only significant correlations were within 

the reappraisal block. ΔRSA, ΔrMSSD, and ΔSCL were positively correlated with self-reported 

valence while the non-autistic participants engaged in reappraisal while viewing negative videos; 

this suggests that vagal augmentation and increases in skin conductance were correlated to 

greater levels of positivity.  

Negative Emotion Induction and Emotion Regulation. Mixed factorial ANOVAs 

examined how emotion regulation strategies affected ANS correlates (ΔRSA, ΔrMSSD, and 

ΔSCL) and self-reported arousal (arousal-negative, arousal-reappraisal/arousal-suppression) and 

valence (valence-negative, valence-reappraisal/valence-suppression) to negative film clip.  

Reappraisal. Five separate 2 (blocks: negative, reappraisal) x 2 (group) ANOVAs 

examined changes in physiological and self-reported changes when engaging in reappraisal 

while viewing negative film clips (Figure 7). For ΔRSA and ΔrMSSD, there were no main 

effects for block nor group, ps > .164, η2
p = 0.004-0.03 (Figure 7A, 7B). For ΔSCL, there was a 

main effect of block, F(1,60) = 22.72, p < .001, η2
p = 0.28, such that ΔSCL was lower during the 

reappraisal block; there was no main effect for group or an interaction effect, ps > .411, η2
p = 

0.001-0.02 (Figure 7C). Regarding self-reported arousal, there was a main effect of block, 

F(1,60) = 81.75, p < .001, η2
p = 0.58, showing that participants reported lower arousal ratings 

during the reappraisal block. There was also a main effect for group, F(1,60) = 7.75, p = .007, 

η2
p = 0.11, indicating that the autism group reported lower arousal ratings than the non-autism 

group; there was no interaction effect, p = .557, η2
p = 0.01 (Figure 7D). For self-reported 

valence, there was a main effect of block, F(1,60) = 60.55, p < .001, η2
p = 0.50, such that 
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participants reported higher valence during the reappraisal block; there was no main effect for 

group or an interaction effect, ps > .264, η2
p = 0.001-0.02 (Figure 7E).  

Suppression. Five separate 2 (blocks: negative, suppression) x 2 (group) ANOVAs 

examined changes in physiological and self-reported changes when engaging in suppression 

while viewing negative film clips (Figure 8). For ΔRSA, there was a main effect of block, F(1, 

60) = 6.59, p = .013, η2
p = 0.10, such that ΔRSA was higher during the suppression block; there 

was no main effect for group or an interaction effect, ps > .413, η2
p = 0.003-0.01 (Figure 8A). 

Similarly for ΔSCL, there was a main effect of block, F(1, 60) = 28.21, p < .001, η2
p = 0.32, such 

that ΔSCL was lower during the suppression block; there was no main effect for group or an 

interaction effect, ps > .080, η2
p = 0.008-0.01 (Figure 8C). For ΔrMSSD, there were no main 

effects for block or group, ps > .080, η2
p = 0.001-0.05 (Figure 8B). Regarding the self-reported 

arousal, there was a main effect of block, F(1, 60) = 36.35, p < .001, η2
p = 0.38, indicating that 

participants rated lower arousal during the suppression block, and group, F(1, 60) = 7.41, p = 

.010, η2
p = 0.11, such that the autism group rated lower arousal than the non-autism group; there 

was no interaction effect, p = .558, η2
p = 0.01 (Figure 8D). For self-reported valence, there was a 

main effect of block, F(1, 60) = 14.86, p < .001, η2
p = 0.20, meaning that participants rated 

higher valence, or more positivity, during the suppression block; there was neither a group nor 

interaction effect, ps > .206, η2
p = 0.01-0.03 (Figure 8E). 

Supplementary Analyses 

Supplementary analyses for testing hypotheses 1, 2, and 4, and exploring changes due to 

reappraisal and suppression were conducted to include covariates for having depression or 

anxiety, and taking antidepressants. One-way and mixed factorial ANCOVAs included each of 

the three covariates separately.  
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Hypothesis 1 with Covariates 

Three separate one-way ANCOVAs compared RSA-baseline between the autism and 

non-autism groups while controlling for having co-occurring depression and anxiety, and taking 

antidepressants. There were no significant group differences for any of these three models, ps > 

.210, η2
p = 0.002-0.03. Therefore, the results in the main analysis for hypothesis 1 that found 

significant group differences in RSA-baseline are likely explained by participants’ co-occurring 

depression or anxiety, or use of antidepressant medication on the day of their physiological 

recording. 

An additional three separate one-way ANCOVAs compared rMSSD-baseline between 

the autism and non-autism groups while controlling for having co-occurring depression and 

anxiety, and taking antidepressants. There were no significant group differences for any of these 

three models, ps > .139, η2
p = 0.01-0.04. This suggests that the main results for hypothesis 1 that 

found significant group differences in rMSSD-baseline may be explained by participants’ co-

occurring depression or anxiety, or use of antidepressant medication. 

A final set of three one-way ANCOVAs comparing between groups while controlling for 

depression, anxiety, and antidepressant use demonstrated no significant group difference for 

SCL-baseline, ps > .194, η2
p = 0.001-0.03. Adding any of these three covariates did not change 

the main results for nonsignificant group differences for SCL measured at baseline. 

Hypothesis 2 with Covariates 

Fifteen 2 (block: neutral, negative) x 2 (group) mixed factorial ANCOVAs were 

conducted to adjust for the role of three separate covariates on differences in RSA, rMSSD, SCL, 

and self-reported arousal and valence.  
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RSA. There were no main effects of block or group on ΔRSA for any of the three 

ANCOVAs that were conducted when covarying for having a co-occurring depression diagnosis, 

ps > .078, η2
p = 0.001-0.05, and a co-occurring anxiety diagnosis, ps > .093, η2

p = 0.01-0.05, and 

the effects of antidepressant use, ps > .055, η2
p = 0.02-0.06. These ANCOVA models did not 

differ from the ANOVA models in hypothesis 2 suggesting that even when controlling for 

covariates, there were nonsignificant group differences in RSA when viewing negative film 

clips.  

rMSSD. When covarying for having a co-occurring depression diagnosis in an 

ANCOVA, there was a main effect of group, F(1, 59) = 4.15, p = .046, η2
p = 0.07, and when 

covarying for taking anti-depressants in another ANCOVA, there was a main effect of group, 

F(1, 59) = 5.17, p = .027, η2
p = 0.08. For both models, the non-autism group had greater 

ΔrMSSD scores across both groups compared to the autism group. There were no main effects 

for block or interactions, ps > .147, η2
p = 0.002-0.004. These findings stand out from the main 

ANOVA models such that when controlling for depression or for antidepressant use, group 

differences in ΔrMSSD during the emotion induction blocks emerged suggesting that 

antidepressant use was suppressing this main effect in the ANOVA. 

There were no main effects of block or group on ΔrMSSD for the ANCOVA that 

covaried for having a co-occurring anxiety diagnosis, ps > .106, η2
p = 0.02-0.04. This showed 

that covarying for anxiety did not differ from the ANOVA models that showed no main effects 

for block or group for ΔrMSSD during emotion induction. 

SCL. In the three ANCOVAs that were conducted to include covariates, there were main 

effects of block for having co-occurring depression, F(1, 59) = 49.95, p < .001, η2
p = 0.46, and 

co-occurring anxiety, F(1, 59) = 51.79, p < .001, η2
p = 0.47, and for taking antidepressants, F(1, 
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59) = 40.45, p < .001, η2
p = 0.41. For all three models, the negative block had greater ΔSCL 

scores than the neutral block for both groups. There was no main effect for group or an 

interaction, ps > .156, η2
p = 0.00-0.01. Running these ANCOVAs model showed that even when 

covarying for depression, anxiety, or antidepressants, ΔSCL differed between blocks, similar to 

when no covariate was added as done in the main analyses. 

Self-Reported Arousal. In the three ANCOVAs that were conducted for self-reported 

arousal to include covariates, there were main effects of block for having co-occurring 

depression, F(1, 59) = 190.55, p < .001, η2
p = 0.76, and co-occurring anxiety, F(1, 59) = 208.53, 

p < .001, η2
p = 0.78, and for taking antidepressants, F(1, 59) = 154.52, p < .001, η2

p = 0.72. For 

all three models, participants rated greater arousal in the negative block compared to the neutral 

block. There were no main effects for group or interactions, ps > .109, η2
p = 0.01-0.04. These 

results are similar to the ANOVAs that did not include any covariates.  

Self-Reported Valence. In the three ANCOVAs that were conducted for self-reported 

arousal to include covariates, there were main effects of block for having co-occurring 

depression, F(1, 59) = 195.49, p < .001, η2
p = 0.77, and co-occurring anxiety, F(1, 59) = 217.69, 

p < .001, η2
p = 0.79, and for taking antidepressants, F(1, 59) = 155.20, p < .001, η2

p = 0.73. For 

all three models, participants rated lower valence, or less positivity, in the negative block 

compared to the neutral block. There were no main effects of group across the three models, ps > 

.282, η2
p = 0.01-0.02. Similar to self-reported arousal, these results for block differences in self-

reported valence are similar to the ANOVA models that did not covary at all. 

In the ANCOVA that covaried for antidepressant use, there was a Block x Group 

interaction, F(1, 59) = 4.99, p = .029, η2
p = 0.08, where Bonferroni post hoc comparisons showed 

valence decreased from neutral to negative block for the autism (Mdiff = 2.44, t = 8.37, p < .001) 
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and the non-autism group (Mdiff = 3.39, t = 10.02, p < .001) indicating that autistic participants 

experienced less decrease in their subjective experiences of valence than non-autistic 

participants; there were no significant group differences during the neutral and negative blocks 

(ps > .110). These post hoc results suggest that the effects of antidepressant use explain the 

differences in perceived valence during the neutral block between the autistic and non-autistic 

groups, as previously observed in the main analyses. There were no interactions in the two other 

ANCOVA models that covaried for depression and anxiety, ps > .164, η2
p = 0.03-0.03. While 

this interaction when covaried for antidepressant use is similar to the main ANOVA model that 

showed an interaction effect, post hoc comparisons showed differences in where the interaction 

was significant; this suggests that, when controlling for antidepressants, there were no group 

differences while viewing neutral film clips as previously found but that autistic participants 

experienced less decrease in positivity from viewing neutral to negative film clips.  

Hypothesis 4 with Covariates 

Nine 2 (block: reappraisal, suppression) x 2 (group) mixed factorial ANCOVAs were 

conducted to adjust for the role of three separate covariates on differences in ΔRSA, ΔrMSSD, 

and ΔSCL.  

RSA. In an ANCOVA that included having a co-occurring anxiety diagnosis as a 

covariate, there was a main effect of group, F(1, 59) = 4.31, p = .042, η2
p = 0.07, such that the 

autism group showed lower ΔRSA across both emotion regulation blocks than the non-autistic 

groups. There was no main effect for block or an interaction, ps > .162, η2
p = 0.0002-0.03. This 

differs from the main analyses that showed no significant main effects suggesting that having co-

occurring anxiety may have been suppressing any group differences in the original ANOVA 

model. 
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There were no main effects of block or group on ΔRSA for the two ANCOVAs that were 

conducted when covarying for the effects of antidepressant use, ps > .600, η2
p =0.004-0.01, and 

having a co-occurring depression diagnosis, ps > .054, η2
p = 0.02-0.06.  

rMSSD. There were no main effects of block or group on ΔrMSSD for any of the three 

ANCOVAs that were conducted when covarying for the effects of antidepressant use, ps > .454, 

η2
p = 0.001-0.01, and having a co-occurring depression diagnosis, ps > .416, η2

p = 0.01, and a co-

occurring anxiety diagnosis, ps > .242, η2
p = 0.02. These ANCOVA models did not differ from 

the ANOVA models in hypothesis 4 suggesting that even when controlling for covariates, there 

were nonsignificant group differences in ΔrMSSD when engaging in either emotion regulation 

strategies.  

SCL. There were no main effects of block or group on ΔSCL for any of the three 

ANCOVAs that were conducted when covarying for the effects of antidepressant use, ps > .255, 

η2
p = 0.002-0.02, and having a co-occurring depression diagnosis, ps > .772, η2

p = 0.00-0.001, 

and a co-occurring anxiety diagnosis, ps > .385, η2
p = 0.002-0.01. Similarly, these results did not 

differ when not adjusting for any covariates.  

Exploratory Analyses with Covariates 

Reappraisal. Fifteen 2 (block: negative, reappraisal) x 2 (group) mixed factorial 

ANCOVAs were conducted to adjust for the role of three separate covariates on differences in 

ΔRSA, ΔrMSSD, ΔSCL, and self-reported arousal and valence. 

RSA. There was a main effect of group in the ANCOVA model that covaried for having a 

co-occurring diagnosis of depression, F(1, 59) = 4.68, p = .035, η2
p = 0.07, such that the autism 

group showed lower ΔRSA scores than the non-autism group overall; there was no main effect of 

block or an interaction, ps > .066, η2
p = 0.002-0.06. There were no main effects of group or block 
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for the other two ANCOVAs that each covaried for having anxiety and taking antidepressants, ps 

< .074, η2
p = 0.03-0.05. Given that in the main ANOVA model there were no main effects, 

having a depression disorder likely suppressed any group differences in ΔRSA between the 

negative and reappraisal blocks in the original analyses.  

rMSSD. There were no main effects of group or block for any of the three ANCOVAs 

that separately covaried for having a co-occurring diagnosis of depression or anxiety or taking 

antidepressants, ps > .102, η2
p = 0.00-0.05. Adding any of these three covariates did not change 

the original results of the ANOVAs for ΔrMSSD between the negative and reappraisal blocks. 

SCL. There was a main effect of block for all three ANCOVAs that separately covaried 

for having a co-occurring diagnosis of depression, F(1, 59) = 24.14, p < .001, η2
p = 0.29, and 

anxiety, F(1, 59) = 23.08, p < .001, η2
p = 0.28, and for the effects of antidepressant use, F(1, 59) 

= 16.43, p < .001, η2
p = 0.22, such that ΔSCL was lower in the reappraisal block. There were no 

main effects for group or interactions across all three ANCOVAs, ps > .423, η2
p = 0.00-0.01. The 

inclusion of any of the three covariates did not change the results of the ANOVAs for SCL 

between the negative and reappraisal blocks. 

Self-Reported Arousal. There was a main effect of block for all three ANCOVAs that 

separately covaried for having a co-occurring diagnosis of depression, F(1, 59) = 67.74, p < .001, 

η2
p = 0.53, and anxiety, F(1, 59) = 74.08, p < .001, η2

p = 0.56, and for the effects of 

antidepressant use, F(1, 59) = 62.46, p < .001, η2
p = 0.51, such that participants perceived lower 

arousal during the reappraisal block. There was a main effect of group for two ANCOVA 

models, specifically the model that included the covariate for anxiety disorder, F(1, 59) = 5.29, p 

= .025, η2
p = 0.08, and for taking antidepressants, F(1, 59) = 6.26, p = .015, η2

p = 0.10, where 

autistic participants perceived lower arousal than non-autistic participants overall. There was no 
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main effect of group for the ANCOVA with a covariate for having a depression disorder, p = 

.057, η2
p = 0.06; this may indicate that having a co-occurring depression diagnosis better 

explains the group differences for change in self-reported arousal, which was previously found in 

the main exploratory analyses. There were no interactions for any of the three models, ps > .276, 

η2
p = 0.004-0.02.  

Self-Reported Valence. There was a main effect of block for all three ANCOVAs that 

separately covaried for having a co-occurring diagnosis of depression, F(1, 59) = 52.20, p < .001, 

η2
p = 0.47, and anxiety, F(1, 59) = 56.91, p < .001, η2

p = 0.49, and for the effects of 

antidepressant use, F(1, 59) = 50.18, p < .001, η2
p = 0.46, such that participants perceived greater 

valence, or more positivity, during the reappraisal block. There were no main effects for group or 

interactions for any of the models, ps > .316, η2
p = 0.00-0.02. Adding any of these three 

covariates did not change the original results of the ANOVAs for subjective experiences of 

valence.   

Suppression. Fifteen 2 (block: negative, suppression) x 2 (group) mixed factorial 

ANCOVAs were conducted to adjust for the role of three separate covariates on differences in 

ΔRSA, ΔrMSSD, ΔSCL, and self-reported arousal and valence. 

RSA. There was a main effect of block for the two ANCOVAs that each covaried for 

having a co-occurring diagnosis of depression, F(1, 59) = 8.70, p = .005, η2
p = 0.13, and anxiety, 

F(1, 59) = 11.09, p = .002, η2
p = 0.16, where ΔRSA was greater during the suppression block 

compared to the negative block. There were no main effects of group or interactions for either 

model, ps < .089, η2
p = 0.00-0.05. In the ANCOVA with a covariate for antidepressant use, there 

were no main effects for group or block, ps < .085, η2
p = 0.01-0.05; given that the main analyses 
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showed significant block effects, antidepressant use explains more of the variance in ΔRSA than 

differences between the two blocks.  

rMSSD. There was a main effect of block for the ANCOVA that each covaried for 

having a co-occurring diagnosis of anxiety, F(1, 59) = 5.19, p = .026, η2
p = 0.08, where ΔrMSSD 

was greater during the suppression block compared to the negative block. This significant result 

differs from the original analyses that found no main effect of block suggesting that anxiety may 

have been suppressing any differences previously. There was no main effect of group or 

interaction, ps < .212, η2
p = 0.00-0.03. There were no main effects of block or group on ΔrMSSD 

for the two ANCOVAs that were conducted when covarying for the effects of antidepressant use, 

ps > .208, η2
p = 0.002-0.02, and having a co-occurring depression diagnosis, ps > .096, η2

p = 

0.01-0.03; these analyses were similar to ones that were conducted previously without the 

covariates for depression and antidepressants. 

SCL. There was a main effect of block for all three ANCOVAs that separately covaried 

for having a co-occurring diagnosis of depression, F(1, 59) = 27.13, p < .001, η2
p = 0.32, and 

anxiety, F(1, 59) = 28.91, p < .001, η2
p = 0.33, and for the effects of antidepressant use, F(1, 59) 

= 16.37, p < .001, η2
p = 0.22, such that higher ΔSCL scores were observed for the suppression 

block. This parallels findings from the main exploratory analyses that found differences across 

blocks when there were no covariates. In the ANCOVA that covaried for antidepressant use, 

there was a significant Block x Group interaction, p = .046, η2
p = 0.07. Bonferroni post hoc 

comparisons found that for the autism group only, ΔSCL was lower in the suppression block 

than the negative block, Mdiff = 0.66, t = 4.73, p < .001; these differences were not significant for 

the non-autism group, p = .799. This interaction suggests that autistic participants experienced a 

significant decrease in their sympathetic arousal when suppressing and non-autistic did not; 
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given that there were no interactions in the ANOVA models that did not include covariates, 

antidepressant use may have been suppressing the variance in ΔSCL between autistic and non-

autistic participants. There were no interactions in the other ANCOVA models and no main 

effects for group across all three ANCOVAs, which map onto the previous ANOVA results that 

also found no group differences. 

Self-Reported Arousal. There was a main effect of block for all three ANCOVAs that 

separately covaried for having a co-occurring diagnosis of depression, F(1, 59) = 28.11, p < .001, 

η2
p = 0.32, and anxiety, F(1, 59) = 32.14, p < .001, η2

p = 0.35, and for the effects of 

antidepressant use, F(1, 59) = 27.74, p < .001, η2
p = 0.32, such that participants perceived lower 

arousal during the suppression block. There was a main effect of group for two ANCOVA 

models, specifically the model that included the covariate for anxiety disorder, F(1, 59) = 4.62, p 

= .036, η2
p = 0.07, and for taking antidepressants, F(1, 59) = 5.83, p = .019, η2

p = 0.09, where 

autistic participants perceived lower arousal than non-autistic participants overall. There was no 

main effect of group for the ANCOVA with a covariate for having a depression disorder, p = 

.057, η2
p = 0.06; this may indicate that having a co-occurring depression diagnosis better 

explains the group differences for change in self-reported arousal, which was previously found in 

the main exploratory analyses. There were no interactions for any of the three models, ps > .251, 

η2
p = 0.004-0.02.  

Self-Reported Valence. There was a main effect of block for all three ANCOVAs that 

separately covaried for having a co-occurring diagnosis of depression, F(1, 59) = 12.62, p = .001, 

η2
p = 0.18, and anxiety, F(1, 59) = 14.22, p < .001, η2

p = 0.19, and for the effects of 

antidepressant use, F(1, 59) = 16.05, p < .001, η2
p = 0.21, such that participants perceived greater 

valence, or more positivity, during the suppression block. There were no main effects for group 



 

40 

or interactions for any of the models, ps > .274, η2
p = 0.00-0.02. Adding any of these three 

covariates did not change the original results of the ANOVAs for subjective experiences of 

valence. 

Discussion 

This study is the first to explore ANS measures of emotion regulation in autistic adults by 

utilizing dynamic film clips to induce negative emotions. To summarize, there were baseline 

group differences indicating reduced HRV in autistic participants, group differences in valence 

between viewing neutral and negative stimuli such that autistic participants self-reported lower 

valence while viewing neutral stimuli, and less use of cognitive reappraisal in day-to-day 

emotion regulation. Although not part of the hypothesis testing, there were also group 

differences in co-occurring psychological diagnoses and symptoms, as measured by self-reported 

diagnosis and the ASEBA ASR. Finally, exploratory analyses indicated some significant effects 

for changes in HRV, SCL, and self-reported arousal and valence between different emotion 

induction and regulation conditions for both the autism and non-autism groups, and supplemental 

analyses suggested that having depression and anxiety and taking antidepressant medications 

contributed significantly to these physiological and emotional processes. 

As predicted in hypothesis 1, the autism group demonstrated lower levels of baseline 

HRV as measured by both RSA and rMSSD. While it was hypothesized that the autism group 

would exhibit greater SCL at baseline, results indicated no group differences. Differences in 

baseline HRV have been previously found in autistic adults (Thapa et al., 2019) and children 

(Guy et al., 2014; Scarpa, 2015). In the broader literature, high baseline HRV is generally 

associated with good psychological functioning (Friedman, 2007). On the other hand, the 

existing literature in skin conductance in autistic individuals is more mixed. Several studies have 
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found evidence of hyper- and hypo-sympathetic nervous system response in autistic individuals 

(Fenning et al., 2019; Gaigg & Bowler, 2008; Schoen et al., 2008). The current study yielded no 

significant group differences in baseline SCL in a sample of average to high-average IQ adults; 

this contributes to the heterogenous patterns of baseline skin conductance also found in studies 

conducted in autistic youth. While there are some studies (Hubert et al., 2009; Schneider et al., 

2015) that found low sympathetic response in autistic adults, these findings were based on mean 

SCR amplitude, not SCL, measured in response to a task, not at baseline. Therefore, future 

research furthering the current study’s baseline SCL analyses in autistic adults is greatly 

warranted. 

Regarding hypothesis 2, change in RSA and rMSSD did not differ from neutral to 

negative emotion induction nor between groups. On the other hand, there was a large difference 

in SCL between viewing neutral and negative film clips for all participants, such that viewing 

negative stimuli induced a significant increase in skin conductance overall. This reflects existing 

understanding of skin conductance as an index of emotional arousal (Bradley & Lang, 1994). 

Similarly, participants across the whole sample reported an increase in arousal level and decrease 

in valence level, or less positivity, when viewing negative film clips compared to neutral film 

clips. For self-reported valence only, there was a significant interaction effect such that autistic 

participants reported less change in self-reported valence levels than non-autistic participants 

between viewing the neutral and negative videos during the emotion induction condition. 

Autistic participants’ blunted decrease of perceived valence in response to the study’s social film 

clips parallel research that show alexithymia and reduced interoception in autistic adults (Gaigg 

et al., 2018; Kinnaird et al., 2019). 
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Regarding hypothesis 3, there was a significant interaction effect for differences in 

emotion regulation strategy use according to the ERQ between groups, as hypothesized. Autistic 

participants reported less cognitive-reappraisal in their daily life when compared to the non-

autistic participants. This finding corroborates previous group differences in the ERQ as 

observed by Samson et al. (2012), which found that those in the autism group reported using less 

reappraisal than the non-autism group, and extends the work of Cai et al. (2019), which 

demonstrated a negative relationship between ERQ reappraisal and autistic traits.  

Finally, with respect to hypothesis 4, there were no differences in physiological 

responding (RSA, rMSSD, SCL) between reappraising and suppressing during the negative film 

clips for both groups. This finding suggests that the physiological processes that occur during 

emotion regulation while viewing negative film clips were not different between autistic and 

non-autistic adults in this study, and they do not support the initial hypotheses that predicted 

group differences. These findings are similar to the work of Mohammed et al. (2021) which 

found similar skin conductance reductions in non-autistic adults during reappraisal and 

suppression while viewing negative stimuli. However, in other non-clinical samples of adults, 

emotion regulation strategies showed differing physiological patterns such that reappraisal was 

linked to limited sympathetic response and suppression led to greater sympathetic activity 

(Demaree et al., 2006; Gross, 1998b; Gross & Thompson, 2007). Yet, no study to date has 

reported HRV and SCL patterns in emotion regulation strategies in autistic adults and therefore, 

the current study’s analyses in exploring ANS patterns in reappraisal and suppression in autistic 

adults should be furthered examined in future research.  

Exploratory Analyses 
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Analyses that explored the concordance of emotion regulation used in daily life and 

measured in the experimental lab setting yielded few significant correlations. For non-autistic 

participants only, greater endorsement of cognitive reappraisal in day-to-day emotional 

experiences was significantly related to vagal withdrawal, as measured by RSA and rMSSD in 

response to viewing negative emotional stimuli. This relationship is surprising given that 

cognitive reappraisal is considered a more effective emotion regulation strategy (Gross et al., 

1998b) and greater RSA, which reflects the parasympathetic influences of social-emotional 

behavior, is related to cognitive reappraisal (Butler et al., 2006). Furthermore, it may speak to the 

poor translation of measuring emotion regulation in lab settings as it is applied in everyday life 

(MacNamara et al., 2023). In the existing autism literature, just one study reported that autistic 

adults who used more reappraisal strategies in their life had greater baseline HRV (Cai et al., 

2019); exploring the relationship between emotion regulation measured in the lab compared to 

daily life within autistic adults is limited. 

Autistic participants’ ratings of perceived arousal were significantly related to increased 

SCL during the negative emotion induction task. These findings are similar to the work done by 

Gaigg et al. (2018) which also found significant correlations between SCR and arousal while 

viewing negative IAPS images in autistic adults. Together, skin conductance represents a reliable 

physiological correlate of autistic participant’s self-reported experiences of arousal when 

viewing negative stimuli. Regarding RSA, autistic participants who experienced vagal 

augmentation while viewing neutral film clips perceived their arousal levels to be lower, 

suggesting that RSA may be another physiological correlate of autistic participant’s subjective 

experiences of arousal during neutral stimuli.  
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Additional exploratory analyses examined how physiological and self-reported responses 

to negative emotional stimuli were impacted by the use of emotion regulation strategies. For the 

most part, there were very few group differences in emotion regulation between autistic and non-

autistic adults than previously hypothesized and many of the significant results indicated changes 

across the whole sample. 

Engaging in cognitive reappraisal while watching negative film clips did not change RSA 

or rMSSD responses compared to viewing negative film clips without being told to emotionally 

regulate, but did reduce SCL across the whole sample. Across the sample, participants also 

reported feeling more positive while viewing negative film clips when they were reappraising 

their thoughts compared to just watching the film clips. Autistic and non-autistic participants 

differed in their self-reported arousal ratings; specifically, autistic participants reported 

experiencing lower arousal levels while viewing negative film clips regardless of whether they 

were reappraising or suppressing. 

Engaging in expressive suppression while watching negative film clips increased RSA 

and decreased SCL across the whole sample. That is, participants in both groups engaged in 

vagal augmentation and had lowered skin conductance during emotion regulation when asked to 

behave in a way that someone watching would not know you were feeling anything. 

Interestingly, rMSSD did not demonstrate this effect. While rMSSD is a measure of vagally 

mediated HRV, it relies less on respiration and participants may have been utilizing breath-based 

strategies, a common coping skill, to control their behaviors; however, the current study did not 

specifically measure respiration or ask participants how they suppressed their behaviors. Lower 

skin conductance during suppression lends further support to skin conductance as an ANS 

correlate of emotion regulation across autistic and non-autistic adults. Regarding self-reported 
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ratings of valence, participants experienced an increase in positivity while viewing negative film 

clips when suppressing their expressions. Similarly to reappraisal, autistic participants reported 

lower arousal levels while viewing negative film clips whether or not they engaged in 

suppression.  

Supplementary Analyses with Covariates 

ANCOVAs explored the potential role of having a co-occurring diagnosis of depression 

and anxiety and the effects of taking an antidepressant the day of the physiological recording as 

covariates. Several differences emerged when adding these three covariates. The main group 

differences in RSA and rMSSD at rest may have been explained by the variance of these 

psychological and medication factors. Regarding group differences in the models examining 

changes within the emotion induction and emotion regulation blocks, having a co-occurring 

psychological disorder and taking an antidepressant may explain variance in physiological 

responses and self-reported arousal and valence as shown by nonsignificant results when 

covariates were included; on the other hand, they may suppress other relationships as evidenced 

by analyses that became significant after covariates were considered. This suggests that there is a 

separate relationship between emotional regulation and emotional disorders that may be beyond 

having autism. Future research should more carefully examine the role of having emotional 

disorders in autistic people, for example conducting research in adults with autism only, with 

autism and co-occurring depression or anxiety, with depression or anxiety only, and without any 

psychological disorder.  

Limitations 
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This study has several limitations and considerations for future direction. Largely, they 

are conceptualized into four areas of concern: external and internal validity, power and sample 

size, unrepresented emotion regulation, and other co-occurring psychological presentations. 

External and Internal Validity 

The current study examined physiological and self-rated responses during 20 to 30 s long 

segments, which may have been too brief of a recording segment to capture any variability 

associated with emotion regulation. Longer film clips may change the outcome of the results if 

participants were given a longer time to experience the gradual unfolding of emotion regulation. 

The brief length of film clips may have been difficult to induce emotional states necessary to 

elicit valid regulatory strategy use, which presents as a concern for external validity. Regarding 

internal validity, participants watched 40 film clips which may have allowed for desensitization 

of negative stimuli by the time they reached the emotion regulation blocks. To address this 

concern, no film clip was repeated, film clips were previously standardized to elicit negative and 

arousal affective states (Samson et al., 2016), reliability for self-reported valence and arousal 

were good to excellent. and paired samples t-tests ensured that videos elicited negative emotion 

and arousal across the whole sample. Another key validity concern is the lack of measuring the 

extent to which participants engaged in emotion regulation, beyond their self-reported effort. For 

example, the study did not measure how participants suppressed their emotional response by 

collecting behavioral data for facial coding or recording electromyography (EMG) for facial 

muscle movements. Future research should also consider ambulatory methods of measurement 

(e.g., ecological momentary assessment) to capture daily emotion regulation as they naturally 

occur in addition to utilizing other units of analysis (e.g., behavioral facial coding, EMG).  
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The current sample of autistic adults included in the study represents a specific 

presentation of autism. Not only were they highly educated and presented with high average 

cognitive abilities, but most of the autism group also did not have a formal autism diagnosis so 

their autistic presentation does not reflect samples that are typically represented in existing 

research of autism (Bal & Taylor, 2019). Additionally, the sample is majority non-male and it is 

known that women with average to high average cognitive abilities are more likely to engage in 

social camouflaging (Hull et al., 2020), particularly if they do not have a childhood diagnosis of 

autism (McQuaid et al., 2022). Therefore, this study is limited in its lack of accounting for the 

effects of camouflaging especially since emotion regulation (e.g., expressive suppression) may 

be considered a type of social camouflaging. Future research that explores emotion regulation in 

autistic adults should include those with more heterogenous cognitive abilities and survey their 

camouflaging behavior. 

Power and Sample Size 

While the study included enough participants to reliably detect medium-to-large effects, 

there were a considerable number of analyses that yielded non-significant group differences with 

effect sizes that may have been too small to be detected by the current sample size. Therefore, 

interpretation of null group findings should be approached cautiously given that the study would 

benefit from a larger sample size. In addition to seeking more participants, the autism group 

consisted of a homogenous white sample and future research should intentionally include 

participants of more diverse racial backgrounds. Likewise, the non-autism group consisted of 

only cis-gender participants with gender binary identities and future research would benefit from 

recruiting more gender diverse individuals.   

Unrepresented Emotion Regulation 
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The 30 film clips depicting negative emotion largely represented fear and disgust (e.g., 

broken bones, jumping off high levels). There was no representation of sadness as a negative 

emotion which may be more appropriate for capturing the emotion regulation processes that are 

dysfunctional with depression.  

Another limitation of this study is the lack of accounting for whether participants were 

already engaging in emotion regulation during the emotion induction tasks. Kreibig et al. (2023) 

described the notion of unregulated emotion regulation strategies characterized by different goals 

and strategies (e.g., having no specific goal can lead to a specific emotion regulation strategy). 

This study only measured emotion regulation when participants were explicitly instructed to 

engage in specific emotion regulation strategies as outlined in the process model; yet it cannot be 

assumed that participants did not engage in reappraisal or suppression on their own during the 

first two blocks.  

 Co-occurring Psychological Presentations 

Other psychological disorders and co-occurring symptoms may be related to the results in 

the current study. Participants in both groups reported having a previous diagnosis of anxiety or 

depression, which are psychological presentations characterized by poor emotion regulation 

(e.g., ruminative thinking, persistent negative affect). Additionally, the autism group held more 

psychological diagnoses and reported higher ASEBA ASR scores than the non-autism group. 

While supplementary analyses explored the covarying role of these factors, the current study did 

not examine the potential mediating role of anxiety and depression or other psychological 

concerns on emotion regulation processes, and such analysis will be explored in continued 

analysis of these data.  

Conclusion 
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This study is one of very few to examine ANS correlates of emotion regulation in autistic 

adults using multiple methods of measurement. Thus, this study extends the field in several 

different directions. Mainly, there were group differences indicating that autistic compared to 

non-autistic participants showed reduced baseline HRV, lower valence when viewing neutral 

stimuli, and reduced use of cognitive-reappraisal as an emotion regulation strategy in daily life. 

Reduced baseline HRV in autistic adults extends previous research (Thapa et al., 2019), is 

consistent with the literature of other clinical populations (e.g., Cheng et al., 2022; Schiweck et 

al., 2019), and supports existing theories, such as the Neurovisceral Integration Model (Thayer & 

Lane, 2000) and Polyvagal Theory (Porges, 2001). Additionally, reduced self-reported use of 

cognitive reappraisal in everyday experiences in autistic adults is consistent with previous 

findings (Samson et al., 2012; Thapa et al., 2019) and may suggest difficulties in flexibly 

engaging in cognitive strategies to ameliorate emotional experiences. While both groups 

experienced increased skin conductance to negative stimuli, autistic adults may have less 

flexibility when faced with other negative scenarios given their reduced baseline HRV and 

reappraisal strategy use.  

Regarding ANS activity during the emotion regulation tasks, both groups experienced 

reduced sympathetic arousal while reappraising and increased parasympathetic activity while 

suppressing. Both groups also reported feeling decreased arousal and more positivity while 

emotionally regulating their feelings and behaviors during negative stimuli. These findings 

across the whole sample may suggest that direct instruction to engage in emotion regulation may 

be beneficial at the physiological and subjective levels; however, interpretation should be taken 

with caution given that the current sample may have been underpowered to detect group 

differences. 
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Overall, the findings of the current study may have implications for implementing 

treatment that highlights emotion regulation skill development like cognitive behavior therapy 

and dialectical behavior therapy, treatment approaches originally not developed with autistic 

individuals in mind. In conclusion, understanding the ways emotional processes in autistic adults 

are similar to and different from non-autistic adults contributes to our understanding of 

developmental trajectories of social-emotional abilities in autism across the lifespan. 
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Tables 

Table 1 

Previous Psychological Disorder 

 Autism Non-Autism χ p ω 
 % % 

ADHD 38.71% 0% 14.80 <.001 -0.49 
Anxiety 58.06% 19.35% 9.79 .002 -0.40 
Depression/Mood Disorder  58.06% 12.90% 13.81 <.001 0.47 
Social Anxiety Disorder 19.35% 0% 6.64 .010 -0.33 
OCD 12.90% 6.45% 0.74 .390 -0.11 
Eating disorder 3.23% 6.45% 0.35 .554 -0.08 
PTSD 19.35% 0% 6.64 .010 -0.33 

ADHD = attention-deficit/hyperactivity disorder; OCD = obsessive-compulsive disorder; PTSD 

= posttraumatic stress disorder. 
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Table 2 

Psychotropic Medication Use Prior to Physiological Recording 

 Autism Non-Autism df χ p ω 
 % % 
Psychotropic Medication Use 48.39% 16.13% 1 7.38 .007 0.35 

Antidepressants 38.71% 12.90% 1 5.39 .020 0.30 
Stimulants 6.45% 3.23% 1 0.35 .554 0.08 
Mood Stabilizers 6.45% 0% 1 2.07 .151 0.18 
Antipsychotics 6.45% 0% 1 2.07 .151 0.18 
Hypnotics 3.23% 0% 1 1.02 .313 0.13 

Note. Bonferroni correction to lower alpha value to .001 was made to prevent Type I error. 
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Table 3 

Health Behaviors Prior to Physiological Recording 

 Autism Non-Autism t p g 
 n M (SD) Min.-Max. n M (SD) Min.-Max. 
Hours since last food eaten 31 3.62 (4.77) 0-16.98 31 1.39 (1.21) 0.13-5.05 2.52a .008 0.63 
Hours since last caffeine useb 14 14.12 (7.70) 3.00-24.00 14 13.17 (9.27) 1.00-23.50 0.30 .769 0.11 
Days since last alcohol usec 9 3.37 (1.52) 1.01-5.62 17 4.05 (2.06) 1.57-7.00 -0.88 .389 -0.35 
Hours since last exercise 30 33.61 (35.51) 0.10-144.12 30 29.83 (35.01) 0.05-168.03 0.42 .679 0.11 
Hours of sleep 31 7.45 (1.80) 4-12 31 7.61 (1.30) 5-10 -0.41a .687 -0.10 
Days since start of last 

menstrual cycled 
14 20.57 (32.69) 1-129 20 18.40 (19.73) 1-91 0.24 .811 0.08 

Note. Bonferroni correction to lower alpha value to .001 was made to prevent Type I error. 

aEqual variances not assumed. 

bFor those who regularly consume caffeine. 

cFor those who reported alcohol use within the past week. 

dFor female (sex) participants who reported having menstruation cycles.
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Table 4 

SRS-2 T-Scores 

 Autism Non-Autism 
 M (SD) Min.-Max. M (SD) Min.-Max. 

Social Awareness 68.03 (7.71) 49-81 45.65 (6.06) 32-55 
Social Cognition 72.10 (8.03) 58-90 48.06 (4.32) 41-56 
Social Communication 73.71 (6.55) 61-90 45.58 (5.33) 38-56 
Social Motivation 73.65 (7.46) 56-89 51.00 (7.62) 37-74 
Restricted, Repetitive Behavior 80.10 (7.96) 63-90 49.29 (7.17) 40-77 
Total 76.42 (5.75) 67-90 47.48 (4.99) 39-58 
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Table 5 

ASEBA ASR Broadband Domain and Syndrome Scale T-Scores 

Domain 
Syndrome 

Autism Non-Autism t p d 
M (SD) Min.-Max. M (SD) Min.-Max. 

Internalizing  70.77 (10.10) 55-90 50.10 (9.68) 32-79 8.23 <.001* 2.09 
- Anxious/Depressed 71.58 (13.95) 50-98 55.10 (7.33) 50-85 5.82a <.001* 1.48 
- Withdrawn/Depressed 66.87 (7.83) 51-85 52.52 (4.40) 50-70 8.90a <.001* 2.26 
- Somatic Complaints 64.06 (7.14) 51-84 54.10 (5.36) 50-67 6.22 <.001* 1.58 
Externalizing 59.03 (7.71) 45-74 45.48 (9.39) 29-70 6.21 <.001* 1.58 
- Rule Breaking Behavior 60.68 (7.01) 50-79 51.84 (3.65) 50-66 6.23a <.001* 1.58 
- Aggressive Behavior 58.65 (7.46) 50-73 52.13 (4.52) 50-73 4.16a <.001* 1.06 
Intrusive Problems 55.90 (5.79) 50-70 53.77 (5.67) 50-70 1.46 .149 0.37 
Thought Problems  72.52 (6.32) 56-85 53.74 (6.39) 50-78 11.63 <.001* 2.95 
Attention Problems 68.68 (9.87) 51-90 52.19 (4.19) 50-69 8.56a <.001* 2.17 

*Bonferroni correction to lower alpha value to .001 was made to prevent Type I error. 

aEqual variances not assumed. 
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Table 6 

Intake Assessment (ADOS-2, WASI-II) 

 Autism Non-Autism t p d 
 M (SD) Min.-Max. M (SD) Min.-Max. 
ADOS-2 Social Affect 9.32 (3.16) 5-18 1.87 (1.88) 0-7 11.30a <.001* 2.87 
ADOS-2 RRB 3.13 (1.69) 0-7 0.90 (0.87) 0-3 6.53a <.001* 1.66 
ADOS-2 Total 12.45 (3.70) 8-21 2.77 (1.93) 0-7 12.90a <.001* 3.28 
ADOS-2 CSS 6.68 (1.70) 4-10 1.58 (0.62) 1-3 15.68a <.001* 3.98 
WASI-II VCI 113.00 (9.17) 93-130 111.32 (8.11) 95-130 0.76 .449 0.19 
WASI-II PRI 108.42 (12.01) 82-130 108.45 (9.25) 93-132 -0.01 .991 -0.00 
WASI-II FSIQ-4 112.39 (8.31) 98-131 111.19 (7.86) 93-130 0.58 .563 0.15 

*Bonferroni correction to lower alpha value to .001 was made to prevent Type I error. 

aEqual variances not assumed. 

RRB = Restricted, Repetitive Behavior; CSS = Calibrated Severity Score; VCI = Verbal Comprehension Index; PRI = Perceptual 

Reasoning Index; FSIQ = Full Scale IQ-4. 
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Table 7 

Demographic Variables by Group 

 Autism Non-
Autism 

df χ p ω 

Biological Sex:   1 0.30 .587 0.07 
Male 35.48% 29.03%     
Female 64.52% 70.97%     

Gender Identity: Male 32.26% 29.03% 1 0.08 .783 0.04 
Gender Identity: Female 41.94% 70.97% 1 5.31 .021 0.29 
Gender Identity: Nonbinary 22.58% 0% 1 7.89 .005 0.36 
Gender Identity: Genderqueer 6.45% 0% 1 2.07 .151 0.18 
Gender Identity: Gender Nonconforming 6.45% 0% 1 2.07 .151 0.18 
Gender Identity: Agender 3.23% 0% 1 1.02 .313 0.13 
Gender Identity: Othera 32.26% 0% 1 11.92 <.001* 0.44 
Race: White 87.10% 61.29% 1 5.37 .020 0.30 
Race: Black or African American 0% 3.23% 1 1.02 .313 0.13 
Race: Asian 16.13% 25.81% 1 0.88 .349 0.12 
Race: Native American/Alaskan 3.23% 0% 1 1.02 .313 0.13 
Race: Other 0% 9.68% 1 3.15 .076 0.23 
Race: Unknown 6.45% 0% 1 2.07 .151 0.18 
Ethnicity:   1 0.35 .554 0.08 

Hispanic or Latinx 3.23% 6.45%     
Not Hispanic or Latinx 96.77% 93.55%     

Highest Level of Education:   4 6.92 .140 0.33 
High School Graduate 12.90% 3.23%     
Associate Degree 9.68% 0%     
Some College 35.48% 38.71%     
Baccalaureate Degree  22.58% 19.35%     
Graduate/Professional Degree 19.35% 38.71%     

*Bonferroni correction to lower alpha value to .001 was made to prevent Type I error. 

Note. Participants were able to select multiple gender identities and racial categories.  

aGender identity selections that were not “male” or “female” collapsed into one “other” group. 
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Table 8 

Lifestyle Health Behaviors 

 Autism Non-Autism df χ p ω 
 % % 
Lifestyle Alcohol Use (% yes) 38.71% 67.74% 1 525 .022 0.29 
Lifestyle Tobacco Use (% yes) 6.45% 0% 1 2.07 .151 0.18 
Lifestyle Exercise Average Hours Per Week - - 3 3.82 .028 0.30 

Less than 1 hour 0% 3.70%     
1-2 hours 37.50% 14.81%     
3-6 hours 43.75% 66.67%     
7 or more hours 18.75% 14.81%     

Note. Bonferroni correction to lower alpha value to .001 was made to prevent Type I error. 
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Table 9 

RSA, rMSSD, and SCL and Self-Reported Arousal, Valence, and Effort Ratings 

 Autism Non-Autism 
 M (SD) Min.-Max. M (SD) Min.-Max. 
RSA-baseline 4.99 (1.43) 2.75-8.64 5.66 (1.03) 3.21-7.78 
ΔRSA-neutral -0.36 (0.52) -1.90-0.56 -0.21 (0.42) -0.91-0.84 
ΔRSA-negative -0.29 (0.62) -1.61-1.29 -0.13 (0.58) -1.36-1.36 
ΔRSA-reappraisal -0.10 (0.62) -1.31-1.02 -0.04 (0.72) -2.96-1.04 
ΔRSA-suppression 0.05 (0.78) -1.43-2.42 0.05 (0.81) -1.35-2.39 
rMSSD-baseline 28.33 (25.79) 7.71-146.60 36.57 (19.85) 9.26-87.68 
ΔrMSSD-neutral -2.03 (7.62) -34.62-12.98 1.15 (5.57) -8.46-14.82 
ΔrMSSD-negative -1.92 (10.89) -40.09-15.36 1.74 (12.74) -27.26-50.05 
ΔrMSSD-reappraisal 2.07 (6.40) -18.08-16.52 2.25 (11.90) -42.50-29.80 
ΔrMSSD-suppression 3.40 (6.26) -6.26-13.72 2.91 (14.70) -35.81-48.11 
SCL-baseline 11.52 (6.84) 2.24-29.98 10.51 (6.81) 2.05-33.54 
ΔSCL-neutral -0.16 (0.81) -2.99-0.90 -0.09 (0.72) -1.86-0.97 
ΔSCL-negative 0.98 (1.17) -0.45-5.89 0.70 (0.78) -0.48-2.54 
ΔSCL-reappraisal 0.31 (0.91) -2.80-3.28 0.28 (0.52) -1.00-1.46 
ΔSCL-suppression 0.17 (0.46) -1.20-1.20 0.33 (0.72) -1.02-2.51 
Arousal-neutral 3.08 (1.24) 1.30-6.67 3.18 (1.38) 1.00-6.00 
Arousal-negative 5.51 (1.86) 2.10-8.50 6.37 (1.20) 3.50-8.60 
Arousal-reappraisal 3.62 (1.67) 1.30-7.60 4.70 (1.50) 1.60-7.90 
Arousal-suppression 4.24 (1.72) 1.70-7.80 5.32 (1.60) 1.30-8.20 
Valence-neutral 5.51 (1.02) 4.00-8.40 6.34 (1.11) 4.20-8.80 
Valence-negative 3.02 (1.07) 1.30-5.50 2.76 (1.10) 1.00-5.00 
Valence-reappraisal 3.99 (0.79) 1.70-5.10 3.78 (0.84) 1.60-5.00 
Valence-suppression 3.53 (1.14) 1.10-6.30 3.15 (1.01) 1.10-5.00 
Effort-reappraisal 6.42 (1.40) 2.00-8.00 6.66 (1.23) 3.40-8.00 
Effort-suppression 5.68 (1.66) 1.30-8.00 6.20 (1.74) 1.00-8.00 
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Table 10 

Pearson r Correlations between ERQ and ΔRSA, ΔrMSSD, and ΔSCL 

 Autism Non-Autism 
ERQ Reappraisal 

ΔRSA-reappraisal -.24 -.42* 
ΔrMSSD-reappraisal -.16 -.41* 
ΔSCL-reappraisal -.14 .06 

ERQ Suppression 
ΔRSA-suppression -.16 -.22 
ΔrMSSD-suppression -.18 -.08 
ΔSCL-suppression .13 .09 

*p < .05. 
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Table 11 

Pearson r Correlations between ΔRSA, ΔrMSSD, and ΔSCL and Self-Reported Arousal and 
Valence 

 Autism Non-Autism 
 Valence Arousal Valence Arousal 
 Neutral 

ΔRSA -.11 -.39* .19 -.12 
ΔrMSSD -.10 -.27 -.02 -.13 
ΔSCL .04 -.19 -.12 -.20 

 Negative 
ΔRSA -.21 .10 .09 .00 
ΔrMSSD -.06 -.03 .07 .05 
ΔSCL -.20 .38* -.05 .06 

 Reappraisal 
ΔRSA .29 -.28 .40* .01 
ΔrMSSD .25 -.03 .57** .00 
ΔSCL -.12 .22 .40* -.16 

 Suppression 
ΔRSA .04 -.08 .15 -.17 
ΔrMSSD .31 -.27 .16 -.10 
ΔSCL -.12 .32 .11 -.15 

*p < .05; **p < .001 
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Figures 

Figure 1 

Participant Inclusion Flow Chart 

 

 

aOne participant in the Autism Group fell below both cutoffs on the ADOS-2 and FSIQ. 
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n = 1
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SRS ≥ 60, n = 8 SRS < 60
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n = 6
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Declined to participate at 
the current time,
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Fainted during the 
experiment,
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Final, 
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Figure 2 

Timeline of Experimental Visit 

A. Timeline of All Tasks 

 
B. Timeline of Emotion Induction Trial 

 

C. Timeline of Emotion Regulation Trial 
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Figure 3 

Post-Film Clip Self-Report Ratings 

 
SAM=Self-Assessment Manikin  

  

Film Clip 
Viewing

Familiarity
(yes/no)

Valence
9-point 

picture scale 
(SAM)

Arousal
9-point 

picture scale 
(SAM)

Regulation 
Effort

9-point 
agree/disagree
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Figure 4  

2 (Emotion Induction Blocks) x 2 (Group) ANOVA 

A. ΔRSA 

 
 

B. ΔrMSSD 

 

C. ΔSCL 

   
 

D. Self-reported arousal

 

E. Self-reported valence

 
Note. Bars indicate standard error. 

*p < .05; **p < .001   
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Figure 5 

2 (ERQ Reappraisal, ERQ Suppression) x 2 (Group) ANOVA 

 

  
 
Note. Bars indicate standard error. 

*p < .05; **p < .001 
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Figure 6 

2 (Emotion Regulation Blocks) x 2 (Group) ANOVA 

A. ΔRSA 

 

 
 

B. ΔrMSSD 

 

C. ΔSCL 

 
 

Note. Bars indicate standard error. 
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Figure 7 

2 (Blocks: Negative, Reappraisal) x 2 (Group) ANOVA 

A. ΔRSA 

 
 

B. ΔrMSSD 

 

C. ΔSCL 

   
 

D. Self-reported arousal 

 

E. Self-reported valence 

 
Note. Bars indicate standard error. 

**p < .001  



  79 

79 

Figure 8 

2 (Blocks: Negative, Suppression) x 2 (Group) ANOVA 

A. ΔRSA 

 
 

B. ΔrMSSD 

 

C. ΔSCL 

   
 

D. Self-reported arousal 

 
 

E. Self-reported valence 

 

Note. Bars indicate standard error. 

**p < .001  
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Appendix 

Appendix A 

Demographic Background Questionnaire 
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Appendix B 

Informed Consent Form  
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Appendix C 

Health Screening Questionnaire 

1. How many hours of sleep did you sleep last night? What time did you wake up today? 
2. When was the last time you ate and what and how much did you eat? 
3. When was the last time you consumed caffeine and how much did you consume (e.g., 

approximate cups/glasses of coffee, tea, or caffeinated soda)? 
4. When was the last time you consumed alcohol and how much did you consume (e.g., 

number of alcoholic beverages)? 
5. When was the last time you consumed any prescribed medication and what did you take 

(include the dosage if possible)? 
6. When was the last time you exercised and for how long did you exercise for? 
7. Females only: When was your last menstrual cycle? 
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Appendix D 

ERQ 
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Appendix E 

SRS-2 ASR 
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Appendix F 

ASEBA ASR 
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Appendix G 

ADOS-2 Module 4 
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Appendix H 

WASI-II 
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Appendix I 

Post-Film Clip Self-Report Ratings 

1. Have you seen this film clip before?  
• Yes 
• No 

 
2. Select which you believe describes your reaction to this film clip from positive to negative. 

     
     

                    
                    

 9 8 7 6 5 4 3 2 1  
 

3. Select which you believe describes your reaction to this film clip from excited to calm. 

     
     

                    
                    

 9 8 7 6 5 4 3 2 1  
 

For the Reappraisal Condition only 

4. During the film, I tried not to feel anything at all. 

Strongly 
Disagree 

 Neither Agree 
nor Disagree 

 Strongly  
Agree 

                    
                    

 0 1 2 3 4 5 6 7 8  
 

For the Suppression Condition only 

4. During the film, I felt emotions but tried to hide them. 

Strongly 
Disagree 

 Neither Agree 
nor Disagree 

 Strongly  
Agree 

                    
                    

 0 1 2 3 4 5 6 7 8  
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Appendix J 

Selected Neutral and Negative Film Clips from Samson et al. (2016) 

Neutral Film Clips 

Name Description 
neu_byciclerushhour2 People cycle on the street 
neu_centralstationNY View over Grand Central Station in NY 
neu_diving Three people diving in a pool 
neu_eatingwithchopsticks Mother explaining to her children how to use chopsticks 
neu_grout Man explaining how to clean grout 
neu_inthekitchen Preparing a meal 
neu_mall People sitting in some restaurants in a mall 
neu_origami4 Woman makes origami 
neu_pillow Woman explaining how to make a pillowcase 
neu_walkthroughdusseldorf Walking through the streets at night 

 
Negative Film Clips 

Name Description 
neg_armbentfromsk
ateboard 

Young man skateboarding down stairs breaks his arm 

neg_backfliphitting
head 

Boy does back flip off vending machine and hits machine and hits face 
on concrete 

neg_bikefalloffcliff Mountain biker slips and falls down a cliff 
neg_bikeintowall Young man on BMX crashes into the wall 
neg_bmxfaceplant Young man hits his face after BMX crashes into the wall 
neg_boybreakswrist
biking 

Boy riding bike does not make jump and flies forward to ground-lays in 
fetal position in pain 

neg_boyfaceplants Boy rides skateboard off cabinet onto lower surface lands wrong onto 
head and flips over 

neg_boyfallsontraffi
cpole 

Boy is trying to balance from one to the next pole, slips, and hits it with 
his hips 

neg_breakdancerkic
kskid 

Man break dancing for a crowd accidently kicks a small child who 
walked up to him during performance 

neg_brokenlegskati
ng 

Boy falls off skateboard and lands on leg - yells in pain 

neg_bullattacksrode
o 

Man riding bull falls off and gets trampled 

neg_bullhurtsman Man on bull gets thrown around - flops like a rag doll 
neg_bullthrowandtr
ample 

Bull throws and tramples torero 

neg_bullwrongtarge
t 

Bull tramples spectator 
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neg_carhitsskater Boy on roller skates makes big jump down  
neg_crocbitesman Man demonstrating daredevil trick front of crowd sticks arm in 

crocodile’s mouth and gets bitten— runs off with bleeding arm 
neg_fatboyrollercoa
ster 

Boy on roller coaster begins slipping from roller coaster constraints 
screaming while his mother laughs 

neg_guygetshitinfac
ewithabaseball 

Pitcher gets hit in face with a baseball at baseball game 

neg_guyridesbikedo
wnstairs 

Young man riding bike down stairs falls over 

neg_gymnasticshits
head 

Gymnast lands on his neck after jumping off single bar 

neg_horribleskiacci
dent 

Skier loses control at ski race 

neg_horseattacksma
n 

Horse jumping on and biting man in street while other people try to stop 
it, throw rocks at it. Man takes off running 

neg_horsekicksface Man whipping horse gets kicked in the face and thrown backwards 
neg_kidbikesofftruc
k 

Young boy bikes off truck and falls down 

neg_manbreakslegfi
ghting 

Boxer breaks his leg in fight 

neg_motorcyclejum
perfinishesshort 

Motorcyclist falls off his motorcycle after jumping on a ramp 

neg_parcouracciden
t 

Young man falls on bar after jump from a playground house 

neg_postwalkfall Boy trying to jump from one to the next pole, slips, and hits his head 
neg_skaterfallsbrea
kswrist 

Skater breaks his arm after skateboard stunt on a rail 

neg_tablebackflip Young man smashes his face on the table when he is doing a backflip 
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