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Abstract 

 The diagnosis autism spectrum disorder (ASD), and the assessment of its severity 

is impeded by the subjective nature of most diagnostic tools. Objective measurements are 

needed to assist diagnosis and treatment monitoring for ASD. This study investigates 

physiological responses of children with ASD compared to children who are developing 

typically, while completing tasks varying in social cognitive demands. The primary 

measure of interest is respiratory sinus arrhythmia (RSA), a measure of parasympathetic 

nervous system response to the heart. Parasympathetic influence on the heart promotes a 

calmer state in a given environment. When parasympathetic activity increases, heart rate 

decreases and variability between heartbeats increases. RSA is a measure of variability in 

heart activity within parameters of the heart’s natural oscillatory patterns due to 

breathing. An increase in RSA is beneficial in some contexts that require social 

interaction, such as a child playing with their caregiver. A decrease in RSA is beneficial 

in contexts that require an increase in attentional and cognitive resources, such as an 

executive functioning task.  

In individuals with ASD, RSA has been found to differ across social and 

cognitive contexts. RSA in both contexts has also been found to predict performance on 

measures of social adaptability, language ability, and ASD symptom severity. This study 

compared RSA in 12 children with ASD and 8 children with typical development 

between the ages of 5 and 8 years across five communicative and cognitive contexts. We 

also investigated relationships between RSA values in each context to performance on 

standardized measures of cognitive, language, and social functioning.  
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Children with ASD had significantly lower RSA in a speaking context, narrative 

language sample context, and executive functioning context than children with TD. For 

children with ASD, significant correlations were found between measures of RSA during 

the narrative and executive functioning contexts and expressive, receptive, and pragmatic 

language ability; ASD symptom severity; and parent reported measures of behavior and 

executive functioning abilities.  

The current study supports the view that RSA is a promising measure for use in 

assessment of ASD, and possibly a valuable tool for speech-language therapists working 

with this population.  More research is warranted in a larger sample of children with 

ASD.
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Chapter 1: Introduction 

Autism spectrum disorder (ASD) is a lifelong neurodevelopmental disorder that 

affects 1 in 59 children in the United States (Baio et al., 2018). Central to the disorder are 

the presence of social communication impairments and restricted or repetitive behaviors.  

The etiology of ASD is greatly unknown, and a definitive diagnostic test does not exist. 

Diagnosis of the disorder in children is typically based on parent report and clinical 

observation of the behaviors associated with ASD, specifically, social communication 

impairments and restrictive repetitive patterns of behavior (RRBs).  

According to the Diagnostic Statistical Manual-V (DSM-V; American Psychiatric 

Association, 2013), impairments in social communication and interaction are 

characterized as follows: deficits in social-emotional reciprocity, including abnormal 

social approach and difficulty with the back-and-forth of conversation; difficulty with 

nonverbal behaviors with poorly regulated verbal and nonverbal communication, eye 

contact, and use of gestures and facial expressions; and/or deficits in developing, 

maintaining, and understanding social relationships. Severity of ASD is based upon the 

frequency and intensity of social communication impairments and RRBs. These 

symptoms must be present in early childhood, and not better explained by developmental 

delay or intellectual impairment. Symptoms must cause clinically significant impairment 

in current functioning of the individual.  

Previous versions of the DSM (DSM-IV; American Psychiatric Association, 2000) 

included language delay as core criterion for ASD. Individuals with ASD have wide 

variation in their language ability, with a significant proportion of individuals never 

acquiring spoken language and some individuals having normal or superior language 
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ability (Eigsti & Fein, 2013; Fein et al., 2013; Tager-Flusberg, Paul, & Lord, 2005). 

Thus, language impairment was removed as a diagnostic marker in the newest edition of 

the DSM. Despite this, significant comorbidity of ASD and language delay or impairment 

remains, with estimates as high as 50% to 75% of individuals with autism having 

comorbid language impairments (Kjelgaard & Tager–Flusberg, 2001; Loucas et al., 

2008). Reasons for this high prevalence are unknown but are likely partly due to 

impairments in social interaction that hinder the child from learning language within their 

environment.  

The diagnosis of ASD and the assessment of its severity is impeded by the 

subjective nature of most diagnostic tools and significant heterogeneity in individual 

behavioral, cognitive, and language profiles. The current gold standard for diagnosing 

ASD includes administration of the Autism Diagnostic Observation Schedule-2 (ADOS-

2; Lord et al., 2012) which is a standardized behavior observation coding assessment. It is 

a semi-structured, play-based observation of social communication and restricted and 

repetitive behaviors associated with ASD. It consists of five modules; the module 

administered depends on the expressive language level of the participant, and typically 

requires 45 to 60 minutes to administer. During the assessment an examiner observes and 

scores 29 behavioral items related to communication, social interaction, imagination/play, 

stereotyped behaviors/restricted interests, and abnormal behaviors. The ADOS-2 has 

good psychometric properties, however extensive, time consuming training is needed to 

achieve reliability, which is rarely obtained in clinical settings. Objective measurements 

are needed to improve diagnosis and estimates of treatment monitoring for individuals 

with ASD with varying profiles. One measure that has the potential to serve as an 
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objective marker of ASD is respiratory sinus arrhythmia (RSA). RSA is a measure of 

physiological response that has been used as an indicator of cognitive effort, memory 

allocation, and stress response in typically developing (TD) populations, and has been 

associated with social communicative and language learning ability in children with ASD 

and children who are TD (Klusek, Fairchild, & Roberts, 2019; Klusek, Martin, & Losh, 

2013; Patriquin, Scarpa, Friedman, & Porges, 2011; Watson, Branek, Roberts, David, & 

Perryman, 2010; Whedon et al., 2018). Some researchers speculate that individuals with 

ASD do not regulate their physiological state as adaptively as their peers who are TD, 

which may account for social limitations, and in some, language delay and/or impairment 

(Patriquin et al., 2011; Porges, 2009; Van Hecke et al., 2009; Watson et al., 2010; 

Whedon et al., 2018). RSA may therefore have the potential to serve as an objective 

measure of social communicative and/or language impairments to aid diagnosis.  

Respiratory Sinus Arrythmia (RSA) 

 RSA reflects a naturally occurring rhythm in heart rate pattern that occurs at 

approximately the frequency of breathing. It is a continuous measure of variability 

between heartbeats due to parasympathetic output to the heart via the vagus nerve. It is 

measured by estimating the difference in time between heart beats (i.e., inter-beat 

interval) (Beauchaine, 2015; Porges, 1995, 2007, 2009). This vagal influence is believed 

to promote a calmer state when an environment is perceived as safe, which in turn 

promotes prosocial behavior. Failure to employ vagal stimulation causes sympathetic, or 

excitatory responses associated with increases in heart rate to promote fight or flight 

behaviors in response to a threat. This results in state of functioning that increases 

vigilance to the environment and hinders prosocial behavior (Porges, 1995; 2007; 2009). 
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Put differently, intrinsic heart rate without vagal intervention would be similar to a cart 

traveling on a system of rails. The speed of the cart would be faster and less variable if 

one did not deploy the brake. Using the brake allows one to control the cart so the 

individual can travel comfortably, akin to the way that the “vagal brake” promotes 

homeostasis. It results in a comfortable biologic state in which behaviors such as social 

interaction and reciprocity can occur. This is an adaptive response in certain contexts, 

including most social and resting contexts. It is not, however, an adaptive response in 

contexts that require a stress response, for example a task where cognitive load and 

attention are taxed.  

 Some studies have investigated between-group differences in RSA in cognitive, 

social or resting contexts, whereas other studies have investigated within-person changes 

in RSA, or a change in RSA from context A (e.g., resting baseline) to context B (e.g., 

social condition). Several study results suggest that children with ASD have differing 

resting levels (RSA-rest) and/or situational parasympathetic activity (RSA-change) 

resulting in a dyregulated physiologic state or reponse in safe or threatening 

environments (Cobert, Muscatello & Baldiner, 2019; Pellicano & Burr, 2012; Porges, 

2007). Furthermore, some researchers have found significant associations between RSA-

rest and RSA-change to positive cognitive, social, emotional, behavioral, and/or language 

performance (Bal et al., 2010; Jones et al., 2017; Klusek et al., 2019, 2013; Patriquin et 

al., 2011; Van Hecke et al., 2009; Whedon et al., 2018). These findings suggest that 

differences in regulation as measured by RSA could impact the ability of individuals with 

ASD to engage with their environment and possibly hinder their ability to develop 

appropriate social communicative behaviors and learn language. The following sections 
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provide an overview of RSA associations with different contexts, including cognitive, 

behavioral, and language contexts. Deep reviews of the research in each of these areas are 

provided in Chapter 2. 

RSA and Cognitive Contexts  

RSA can be used as an indicator of cognitive effort and memory allocation. For 

children who are TD, when completing a cognitive or executive function task that relies 

on skills such as attention, working memory, and inhibition (e.g., remembering sequences 

of numbers in reverse order), RSA suppression occurs in which vagal response is 

dampened. That is, RSA decreases when comparing levels at baseline to levels during the 

cognitive task (Blair, 2003; Overbeek, Van Boxtel, & Westerink, 2014; Smith, Thayer, 

Khalsa, & Lane, 2017; Staton, El-Sheikh, & Buckhalt, 2009). This RSA suppression 

(RSA-change) is associated with increased performance on attentional or executive 

functioning tasks (Christensen & Wright, 2014; Staton et al., 2009; Thayer & Lane, 

2009). This differs between some children with ASD and children who are TD, with 

children who are TD showing more decreases in RSA (RSA suppression) than children 

with ASD, although the literature base that directly compares the two populations is small 

(Guy, Souders, Bradstreet, Delussey, & Herrington, 2014). This could indicate that 

children with ASD do not engage as efficiently with the stimuli. Thus, in the current 

study, we examined RSA during an executive functioning task to determine if between-

group differences exist in RSA-change in the context of a cognitive task and examined 

within-person associations of RSA in cognitive and behavioral performance. 

RSA and Social Contexts 
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In contrast to cognitive contexts, for children who are TD, RSA during social 

contexts does not differ substantially from RSA recorded during a resting baseline 

context where the child sits quietly, is told to relax, and may watch a short video clip 

(Guy et al., 2014; Van Hecke et al., 2009). During social exchanges, the parasympathetic 

system is still active to promote a calm state. In individuals with ASD, some studies have 

found dampened vagal tone (RSA-change: lower RSA) in a social context compared to a 

resting context, indicating that sympathetic forces are more active. This could be 

hindering the child’s proclivity for social engagement. For example, a child with 

dampened vagal tone may be socially withdrawn, and less likely to initiate or engage in 

social exchanges. However, researchers have found the reverse response patterns for 

children with and without ASD when the social context included an evaluative 

component (e.g., provision of adult rating) (Corbet et al., 2019). Thus, the communicative 

context in which RSA is observed is an important factor to consider when comparing 

children with ASD to children with TD. In the current study we included two social 

contexts in which the children engaged with the examiner to determine if more or less 

reactivity was evident across communicative contexts. The social contexts included a 

conversational context, during which social responsivity requirements are relatively high 

(i.e., expectations for eye contact, turn-taking, topic shifts), but language requirements 

are reduced (i.e., acceptable to use short, incomplete sentences) and a narrative context, 

during which social responsivity requirements are relatively lower (i.e., child produces 

monologue in response to picture prompts rather than participating in social exchange), 

but the language burden remains relatively high (i.e., use of complex sentences, 

dialogue).  
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RSA Associations with Social Communicative Behavior and Language 

 For both children who are TD and children with ASD, positive associations have 

been found between RSA and social communicative competence and language ability. 

For example, Whedon et al. (2018) found that RSA during a social context of children 

who were TD playing peek-a-boo with their mothers at the age of 10-months predicted 

receptive language ability at 2 years of age. In another longitudinal study, Watson et al. 

(2010) found that 2-year-old children with ASD who had higher levels of RSA during a 

social interaction had better expressive language abilities and better social 

communicative skills at 4 years of age. In school-aged children with ASD, Patriquin et al. 

(2013) found that children between 4 and 7 years who had higher levels of RSA observed 

during a resting baseline activity had better social communicative competence and 

receptive language ability. In a study of older children with ASD or who were TD 

between the ages of 8-12 years, Van Heck et al. (2009) observed RSA while children 

viewed pictures of familiar and unfamiliar faces. Children with higher RSA had better 

social competence and fewer problem behaviors associated with ASD. Other studies 

investigating associations between RSA and language ability are sparse, however one 

investigation of older children (4 to 15 years) did not find significant associations 

between RSA and language ability in children who were TD or children with ASD 

(Klusek et al., 2013). They did, however, find that expressive and receptive vocabulary 

was related negatively to RSA in their sample of children with fragile X syndrome. This 

warrants further investigation into the relationship between RSA and language ability in 

older children, within a narrower age range. Thus, in the current study we included 
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school-age children with ASD or who were TD between the ages of 5 and 8 years, which 

is similar to the age range used in Patriquin et al. (2013). 

Summary 

Differences in RSA across contexts are evident in children with ASD, particularly 

in response to social stimuli. Deficits in social communicative behavior is a hallmark 

symptom of the disorder and social communicative deficits could be due in part to a 

dysregulated parasympathetic system. Both RSA-rest and RSA in a social context appear 

to be sensitive measures to predict future language abilities (Bazelmans et al., 2019; 

Patriquin et al., 2011; Watson et al., 2010; Whedon et al., 2018), ASD symptom severity 

(Klusek et al., 2019, 2013), and social adaptability (Bal et al., 2010; Patriquin et al., 

2011) in individuals with ASD. RSA in a cognitive context has also been associated with 

better on-task behavior in the classroom in children who are TD (Blair et al., 2003). RSA 

is believed to index the functioning of the social engagement system and may provide 

insight into the impaired social communicative behaviors of children with ASD 

(Patriquin et al., 2013) and serve as a biomarker to aid in diagnosis and language 

prognosis in this population. To better understand the relationship between RSA and 

social communicative behavior and language, the current study compared RSA responses 

of early school-age children with ASD to children who were TD while completing tasks 

varying in social and cognitive demands. The purpose of this investigation was threefold: 

(a) to determine the relationship between RSA and performance on social communicative 

and cognitive measures in children, (b) investigate differences in RSA in children with 

ASD compared to children who are TD, and (c) to further investigate how RSA is 

impacted by communicative context.    
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Chapter 2: Literature Review  

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized 

by impairments in social-communicative behavior and restricted and repetitive behaviors 

that significantly impact a person’s daily functioning (American Psychiatric Association, 

2013). Significant heterogeneity of the disorder, including wide variation in the language 

profiles impact the prognosis of the disorder. Further, diagnosis of ASD is based on 

behavioral observations, and while the behavioral profiles of individuals with ASD are 

well documented, diagnoses based on observations remain subjective. Identifying a 

biomarker or physiological correlate of ASD could increase objectivity. Emerging 

research has linked language ability to physiological measures in this population that 

could aid in diagnosis and progress monitoring. One promising physiological 

measurement is respiratory sinus arrythmia (RSA), which measures parasympathetic 

influence on cardiac function.  

Given the social communicative impairments evident in individuals with ASD, 

reduced social competence at early life stages could contribute to the high comorbidity of 

language impairment in this population. The relationship between language ability and 

parasympathetic nervous system (PNS) functioning has not received adequate attention. 

In fact, we know of only four studies to date that directly examine the relationship 

between expressive and/or receptive language ability and RSA (Bazelmans et al., 2019; 

Patriquin et al., 2011; Watson et al., 2010; Whedon et al., 2018). Findings from these 

studies have led investigators to posit that PNS functioning may contribute to impaired 

social communicative abilities in children with ASD and impact the children’s ability to 
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learn language and contribute to the wide heterogeneity of language abilities found across 

individuals with ASD. 

Language Ability in ASD 

 Missed speech and language milestones are the most common reason for 

assessment referral leading to a diagnosis of ASD in very young children, and language 

impairment is common in this population (Kjelgaard & Tager–Flusberg, 2001; Tager-

Flusberg et al., 2005). However, the language abilities of individuals with ASD vary 

greatly, falling in the normal range, superior range, severely impaired range, or anywhere 

in between. Language delay or impairment is therefore not included as a core criterion for 

ASD diagnosis, although such impairments are highly prevalent in this population. 

Evidence to support this comes from a longitudinal study of the language development of 

children with ASD beginning at 2 years of age. Pickles et al. (2014) found that 59% of 

the 192 children who participated in the study had a significant language delay by age 17 

years.  

 In the Pickles et al. (2014) study, children were evaluated at six timepoints 

occurring at the ages of 2, 3, 5, 9, 14, and 17 years. At each visit all participants 

completed the ADOS (Lord, Rutter, DiLavore, & Risi, 2000) and Autism Diagnostic 

Interview-Revised (Rutter, Le Couteur, & Lord, 2003). These two measures are widely 

used for diagnosing ASD. For a detailed description of the ADOS-2 see pages 2 in the 

Introduction and 43 in the Method sections of this paper. The ADI-R is standardized 

interview with parents and is also a gold standard measure for ASD diagnosis. It is a 

lengthy (~2 hours) interview asking parents questions regarding their child’s 

development in the domains of Language/Communication, Reciprocal Social 
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Interactions, and Repetitive Behaviors and Interests. Parents in the Pickels et al. (2014) 

study also completed the Vineland Adaptive Behavior Scales (Sparrow, Balla, Cicchetti, 

& Harrison, 1984; Sparrow, Cicchetti, & Balla, 2005). At age 2 years, only 10% of the 

children had near typical language ability. Across time, some groups did improve to near-

normal levels. For example, 22% of the children who began the study in the “marked 

delay” or “very low” groups caught up or presented with only mild delay by age 6 years. 

Conversely, 5% of children who started out in the “near typical” group progressively fell 

behind their peers, ending the study at age 19 with an average age equivalent of 8 years. 

The resulting percentages for the entire group that fell within typical development or mild 

delay was 32% by age 17.  

 Language impairment prevalence in the wider population is approximately 6% to 

8% in the United States (Tomblin, Nancy, Zhang, & Brien, 1997). Based on estimates 

from Pickels et al. (2014), children with ASD could have 4 to 5 times greater risk for 

language delay or impairment than children who are TD. It is possible that PNS 

dysregulation contributes to difficulties in language learning and accounts for the high 

comorbidity of language delay and impairment seen in children with ASD. RSA indexes 

PNS functioning, specifically vagal tone on the sinoatrial node of the heart. This chapter 

will provide an overview of the theory underlying RSA and how it is measured. This 

chapter will also provide a review of differences across groups of children in various 

contexts. These contexts are classified broadly as RSA-rest, RSA-nonsocial, RSA-

cognitive, and RSA-social. Associations between RSA measurements and social, 

language, and cognitive abilities will be discussed. Finally, studies that have identified 
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differences across populations of children in the associations between RSA and social, 

language, and cognitive abilities will be described.   

Polyvagal Theory and RSA 

From an evolutional perspective, three neural circuits have emerged to control 

cardiac response to environmental stimuli (Porges, 1995, 2007, 2009). The first and 

oldest supports freezing and death feigning behavior via the unmyelinated vagus which 

slows metabolic state. The next oldest circuit to evolve supports mobilization such as 

fight or flight behavior by activating connections from the amygdala to the dorsolateral 

and lateral periaqueductal grey area. This sympathetic response causes an increase in 

heart rate in response to a perceived threat in the environment. The most recent circuit 

originates in the nucleus ambiguous and parasympathetically inhibits intrinsic heart rate 

to promote homeostasis. When an environment is perceived as safe, efferent control via 

the myelinated vagus (cranial nerve X) of the parasympathetic nervous system slows 

heart rate controlled by brainstem nuclei and suppresses amygdalar fight or flight 

mechanisms. Through the course of human evolution, the circuit has become linked with 

muscles that control eye gaze, head turning, listening to the human voice, facial 

expression, and prosody. These systems are controlled by cranial nerves V, VII, IX, X, 

and XI and have centralized origins in the brainstem. Thus, visceral state may be 

connected to the system of muscles crucial to social engagement.  

According to Porges (1995, 2007, 2009), the nervous system continuously evaluates 

risk in the environment (known as neuroception) and matches physiologic response (i.e., 

heart rate) accordingly. When an environment is perceived as safe, defensive limbic 

structures that control basic emotion and instinctual responses are inhibited so that the 
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individual can engage with their environment. The peripheral nervous system (PNS), via 

the vagus nerve, mediates links between the prefrontal cortex and cardiovascular 

function. Cardiac vagal tone (inhibition signal via the myelinated vagus nerve) acts as a 

brake on sympathetic response which leads to a slower heartrate and a calmer state. 

Withdrawal of vagal tone increases vigilance to the environment and supports 

mobilization of fight or flight behaviors. Increased vagal influence on the heart supports 

social engagement behaviors, thus can promote or limit a range of adaptive social and 

emotional behaviors. If a person is in a state where the social engagement system is 

accessible (i.e., fight or flight response inhibited, physiological state is calm) prosocial 

interactions are likely when encountering another person. If a person is in a state of 

mobilization, the response to the same social interaction might elicit asocial responses 

such as withdrawal or aggression.  

Measures of Vagal Activity 

Vagal influence is reflected in variability between heartbeats (inter-beat intervals: 

see Figure 1). Specifically, the time between each R-peak (electrical activity measured in 

millivolts) is averaged across a sequence of time and passed through an algorithm to 

determine variability. See pages 57-58 for a detailed description of this procedure. 
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Figure 1 

Depiction of Interbeat Intervals (IBIs) 

 

Increased vagal influence results in lower heart rate and greater variability, and 

vagal withdrawal results in higher heart rate and less variability between beats. RSA 

suppression in response to stressful environmental stimuli as well as a higher resting RSA 

are both associated with positive emotional and social engagement performance (see 

Figure 2).  

Figure 2  

RSA, Heart Rate, Sympathetic and Parasympathetic Interactions  



 

15 

 

Basal RSA reflects RSA activity during resting conditions (RSA-rest). Under 

typical conditions, we expect a relatively high amount of parasympathetic activity to 

promote homeostasis. Observation of RSA-rest is considered the baseline, and is 

measured while an individual is sitting relatively still and quietly. Methods for evaluating 

baseline RSA vary across studies, but in young children or children with developmental 

disorders such as ASD, it usually involves the children watching age-appropriate video 

clips with instructions to sit quietly. RSA-rest represents functioning of the 

parasympathetic nervous system during typical rest conditions to promote a calm state. 

RSA regulation occurs when there is a change in the environment that requires regulatory 

behavior that causes parasympathetic activity to increase or decrease (RSA-change). A 

reduction in RSA, or RSA suppression, is believed to occur when stressors that require 

increases in attention (or more broadly, cognition) are introduced into the environment. 

An increase in RSA amplitude occurs to promote a “rest and digest” state, inhibiting 

sympathetic tone to achieve homeostasis, or a calm state (Porges, 1995; 2007). RSA-rest, 

therefore, is considered a baseline condition for PNS functioning, whereas RSA-change 

is viewed as PNS reactivity. Typically, to calculate RSA-change, RSA-rest is observed, 

followed or proceeded by an experimental condition (e.g., cognitive activity (RSA-

cognitive), social activity (RSA-social)). See Figure 3 for an overview of common 

experimental conditions used when measuring RSA. A change score is obtained by 

subtracting the experimental condition’s RSA from RSA-rest (see Figure 4). Both RSA-

rest and RSA-change have been associated with more positive behavioral, cognitive, and 

language abilities. For example, many studies have measured RSA during cognitive 

contexts and compare it to behavioral and cognitive outcomes (e.g., higher RSA-rest is 
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associated with more adaptive behavior). In summary, RSA is a measure of heart rate 

variability: Parasympathetic tone acts as a break on sympathetic forces to slow heart rate 

and oscillates naturally with spontaneous breathing. When we exhale, parasympathetic 

tone is high, inhibiting the sympathetic signal, and when we inhale, parasympathetic tone 

is low. When a stressor is introduced in the environment, we also see lower 

parasympathetic activity to promote attention and vigilance. This causes more or less 

variability between heart beats.  

 

Figure 3 

RSA Conditions 
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Figure 4 

RSA Change  

 

 
 

RSA and Cognitive Functioning in Typically Developing Children 

Table 1 provides a summary of the studies highlighted in this section and sections 

that follow. Positive associations have been found between RSA-rest and cognitive 

ability, with higher variability in RSA-rest being associated with better performance on 

tasks of sustained attention and working memory, and RSA suppression (RSA-change) 

being associated with better adaptive cognitive functioning (Blair, 2003; Overbeek et al., 

2014; Smith et al., 2017; Staton et al., 2009). For example, in a study by Stanton et al. 

(2009), 41 boys and girls who were developing typically between the ages of 6 and 13 

years were administered the Woodcock Johnson Tests of Cognitive ability (WJ-III; 

Woodcock et al., 2001) and performance was compared to RSA during a 2-minute resting 

baseline and during a reaction time task. The reaction time task required the children to 

remember a sequence of numbers, 1-6, then press one of two buttons if the digit 

presented on a screen occurred in the remembered number set. Reaction times were 

calculated from the onset of the presented stimulus to the button press. Higher RSA-rest 

was associated with better cognitive performance on the WJ-III Working Memory and 

Cognitive Efficiency subtests. RSA-change did not significantly account for additional 
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variance in children’s cognitive performance on the WJ-III. However, children with more 

pronounced vagal withdrawal during the reaction time task had a faster reaction time than 

children with less pronounced withdrawal.  

 In a study of younger children developing typically (n = 42) between the ages of 3 

and 5 years, Blair et al. (2003) found that RSA suppression during an executive 

functioning task was positively associated with performance on the task. RSA-change 

during a peg-tapping executive functioning task was measured. The peg-tapping task 

required the children to tap a peg once following two taps by the examiner and tap two 

times following one tap by the examiner. This required the child to inhibit the natural 

tendency of mimicking the examiner. In addition to greater RSA suppression being 

associated with better performance on the task, it was also positively associated with 

teacher-reported on-task behaviors in the classroom. Thus, RSA-change, specifically 

RSA suppression, as well as greater RSA-rest appear to be associated with increased 

performance on measures of cognition and behavior.  

 Additional evidence for this relationship comes from Patriquin et al. (2011). In a 

study of older children with ASD, Patriquin et al. investigated RSA-change in 23 children 

between the ages of 4 and 7 years. Children in the study completed a battery of cognitive 

and language assessments followed by experimental tasks during which RSA was 

measured. These included a 3-minute baseline resting condition where the child sat 

passively, and a 12-minute sustained attention task where the child listened to music or 

an audiobook of their choosing. The children with greater levels of RSA-rest showed 

greater suppression during a sustained attention task. The following sections will examine 
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group differences between RSA across contexts and examine associations between 

developmental and behavioral outcomes of children developing typically.  

RSA-rest  

RSA-rest represents basal RSA, or RSA measured under resting conditions. Some 

studies have found differences in RSA-rest in children with ASD compared to children 

with TD. 

ASD vs. TD  

The results of studies comparing RSA-rest in children with ASD to children with 

TD have been mixed. Several studies have found significant differences in RSA-rest 

levels between children with ASD and peers with TD. For example, Lory, Kadlaskar, 

Keehn, Fransic, & Keehn  (2020) found that children with ASD between the ages of 9 

and 15 years had significantly lower levels of RSA-rest compared to TD peers. 

Participants included 21 children with ASD and 21 children who were TD. For the rest 

activity the children sat quietly looking at a neutral screen for 5 minutes. In another 

study, Bal et al. (2010) investigated differences between 7- and 17-year-old children and 

adolescents with ASD and those who were developing typically (ASD: n = 33; TD: n = 

45). Bal et al. found that the ASD group had significantly lower RSA-rest levels than 

their typically developing peers during a baseline activity in which they sat quietly. 

Group differences remained even when accounting for age and IQ. In a study of children 

between the ages of 8 and 12 years with ASD (n = 19) and TD (n = 14), Van Heck et al. 

(2009) found that the children with ASD had lower RSA-rest levels than TD controls 

when sitting quietly. Ming et al. (2005) also found significant differences between 

children with ASD (n = 29) and their peer who were TD (n = 17) who were all between 



 

20 

 

the ages of 4 and 9 years. In this study researchers measured RSA-rest while the children 

were sitting quietly in a recliner chair. Study results indicated that the children with ASD 

had lower RSA-rest levels compared to their peers who were TD.   

Other studies have not found differences in RSA-rest between groups of children 

with ASD and those with TD. For example, Schaaf et al. (2013) compared RSA of  

children aged 6 to 9 years during a rest condition for which the children quietly. As 

another example, Hollocks et al. (2014) compared RSA of children 10 to 16 years while 

watching cartoons. Neither study indicated differences in parasympathetic activity 

between the ASD and TD groups during the rest condition used. In another study, 

Corbett, Muscatello, & Baldinger (2018) included children with ASD and those who 

were TD within a narrower age range of 10 to 12 years. They also found no differences in 

RSA-rest between children with ASD and TD; however, their rest condition was 

underspecified. The authors only noted that a 5-minute baseline signal was acquired but 

did not describe what the children were doing during that period. 

Another study by Klusek et al. (2013) compared RSA-rest in children with ASD 

to other groups of children with developmental delay. They investigated RSA-rest across 

a 10-minute baseline activity during which children watched a clip from an animated 

children’s movie. Their sample included children who were TD (n = 28), children with 

ASD (n = 40), and children with fragile X syndrome (FXS, n = 39) between the ages of 4 

and 15 years. There were not significant differences in RSA-rest across groups. 

Associations with Social Communication Outcomes 

Despite inconsistent findings across ASD and TD populations on measurements 

of RSA-rest, significant findings of associations between RSA-rest and social 
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communication outcomes have been found both within and between groups, but some 

inconsistences exist as well. In studies of children and adolescents with ASD, researchers 

have found positive associations between RSA-rest and social functioning and 

adaptability. For example, in the Bal et al. (2010) study, 7- to 17-year-old participants 

were presented with faces depicting different emotions, ranging from neutral to strong. 

The participants with ASD who had higher RSA-rest levels were faster at recognizing 

emotions. Van Hecke et al. (2009) also found that both children with ASD and those who 

were TD with higher RSA-rest had better social skills and fewer behavior problems than 

children with lower RSA-rest rates. Children in their study consisted of 19 children with 

ASD, and 14 children with TD between the ages of 8 and 12 years. The RSA-rest 

condition consisted of sitting quietly for 3 minutes in front of a blank screen. Social skills 

and behavior problems were measured using questionnaires completed by parents, 

including the Social Responsiveness Scale-2 (Constantino & Gruber, 2014). 

 Klusek et al. (2013) investigated RSA in 4- to 15-year-olds with ASD (n = 40), 

FXS (n = 39), and TD (n = 28) during a 10-minute baseline activity for which the 

participants watched a clip from an animated children’s movie. Within the TD group, 

ASD symptoms were significantly inversely correlated with RSA-rest, with lower levels 

of RSA associated with higher levels of ASD symptoms as measured by the ADOS-2. 

However, this relationship was not seen in the participants with ASD or with FXS. Lower  

RSA-rest was associated with poorer pragmatic ability as measured by the 

Comprehensive Assessment of Spoken Language (CASL; Carrow-Woolfork, 2017) for 

the participants with ASD or those with FXS.  
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Some studies have not found associations between social communicative abilities 

or ASD symptom severity and RSA-rest (Bazelmans et al., 2019; Lory et al., 2020). 

Bazelman et al. (2019) examined social skills and RSA-rest in younger children with and 

without ASD between the ages of 2 and 4 years. For the study, 71 children with ASD and 

66 children with TD watched four, 90-second videos of baby animals accompanied by 

classical music. Children were administered the Autism Diagnostic Observation 

Schedule-2 (ADOS-2; Lord et al., 2012), and parents completed a social-communicative 

inventory as part of the Vineland Adaptive Behavior Scales-II (VABS-II; Sparrow, 

Cicchetti, & Balla, 2005). Children’s scores on the VABS-II and ADOS-2 symptom 

severity were not associated with RSA-rest levels. Similarly, in the Lory (2020) study of 

children 5 to 17 years of age, RSA-rest did not predict performance on social measures 

and ASD symptom severity measured by the Social Responsivity Scale-2 (Constantino & 

Gruber, 2014) and ADOS-2 (Lord et al., 2012). 

Associations with Language Ability 

In addition to more positive social outcomes, Patriquin et al. (2011), found RSA-

rest to be positively correlated with language ability. Children with ASD aged 4 to 7 

years with higher RSA-rest levels had better social behavior and receptive language 

ability, with more positive social behavior and greater language ability as RSA-rest 

increased. For the RSA-rest activity, children watched a 3-minute nature video 

appropriate for 4- to 10-year-olds while sitting quietly. Receptive language and social 

behavior were measured using the Peabody Picture Vocabulary Test-III (Dunn, L.  M., & 

Dunn, 1997) and Social Interaction Communication Scales (SICS; Bazhenova, 2006), 

respectively. Although Bazelman et al. (2019) did not find significant relationships 
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between social outcomes in children aged 2 to 3 years, they did find that both children 

with ASD and those with TD with higher RSA-rest had significantly better expressive 

and receptive vocabulary when measured using the Preschool Language Scale (PLS-4) 

(Zimmerman, Steiner, & Pond, 2002). 

RSA-social and Social and Communication Outcomes in Children 

 Rather than comparing RSA-rest to social and communication outcomes, some 

studies have investigated associations with RSA within social communicative contexts 

(RSA-social). For example, in a study of very young children with ASD, Watson et al. 

(2010) found that RSA during child-directed speech was positively associated with 

language ability. Children in the study included 22 boys with ASD between the ages of 

22 and 35 months. Several measures of communication and social skills were combined 

to create aggregate scores of receptive and expressive language and social 

communicative abilities. These included the Preschool Language Scales-4 (PLS-4; 

Zimmerman, I., Steiner, V., & Pond, 2002), MacArthur Bates Communicative 

Development Inventory-Words and Gestures (Fenson, L., Dale, P., Reznick, S., Thal, D., 

Bates, E., Hartung, J., 1993), Mullen Scales of Early Learning (Mullen, 1995), and the 

Vineland Adaptive Behavior Scales (Sparrow et al., 2005). RSA was measured in a social 

condition during which the child was exposed to child directed speech for three minutes 

(RSA-social), and during a nonsocial condition in which the child watched a “Baby 

Bach” music video (RSA-nonsocial). RSA-social consisted of 4, 1-minute stimuli 

including a live puppet show, up to five name call trials, a video of an actor reading a 

story, and a video of an actor playing with and describing a novel toy. RSA-social was 

significantly correlated with receptive language at entry, and expressive language and 
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social communicative adaptive skills 12 months later. RSA-nonsocial did not predict 

performance on any language or cognitive measures at entry or across time. RSA-social 

also accounted for a significant amount of variance in follow-up expressive language and 

adaptive social communicative adaptive skills 12 months later, even when controlling for 

receptive language. These findings highlight that higher vagal activity during a social 

condition are related to early communication skills, and predict later communication 

skills. 

As part of the protocol used by Klusek et al. (2013) all children, including the 

children with typical development, were administered the Autism Diagnostic Observation 

Schedule (ADOS; Lord et al., 2000) which gave each participant an ASD symptom 

severity score that fell either below or within the ASD diagnostic range (higher score = 

greater symptom severity of ASD). Additionally, investigators measured RSA-social 

while children were engaged in a conversation with the examiner. In the TD group, 

decreases in both RSA-rest and RSA-social were associated with greater autism 

symptoms. There were no significant associations between RSA and ASD symptom 

severity for the ASD and FXS groups. However, lower RSA-social levels were associated 

with lower pragmatic language scores derived from the Comprehensive Assessment of 

Structural Language (CASL; Carrow-Woolfork, 2017)  and accounted for a significant 

amount of variance in pragmatic ability in the ASD and FXS groups. With groups 

collapsed, there was a trend for those with higher RSA-social to have greater pragmatic 

ability. The studies summarized above have identified associations between RSA levels 

and language ability early in life (Watson et al., 2010) and between RSA levels and 

pragmatic ability in childhood and adolescence (Klusek et al., 2013) when RSA is 



 

25 

 

measured during a social context such as a conversation with an unfamiliar person or an 

interaction with caregivers.  

RSA-change 

Another way to examine RSA apart from baseline or a social or cognitive context 

measurement as highlighted above, is to examine magnitude of change between RSA-rest 

and RSA-social or RSA-cognitive (see Figure 3). 

ASD vs. TD 

Studies investigating the differences in RSA-change from resting to social 

conditions in children with ASD compared to children with TD have yielded mixed 

findings. Some studies have found differences in RSA-change between groups. For 

example, the Van Heck et al. (2009) study found that children 8- to 12-year-olds with 

ASD had dampened vagal tone (lower RSA-change) in response to a video with 

unfamiliar social stimuli compared to the control TD group. Similar to the TD group, the 

children with ASD did not reduce vagal tone when the video featured a familiar person.  

 As another example, the Corbet et al. (2018) study investigated differences in 

response to two social interactions, the Trier Social Stress Test - Friendly (TSST-F; 

Wiemers et al., 2013) and the Trier Social Stress Test - Child Version (TSST; Buske-

Kirschbaum et al., 2003) by children with ASD and children with TD (aged 10 to 12 

years). The TSST-F involved a personal narrative, in which the participant described a 

themselves to a sympathetic listener. The TSST involved the expectation of social 

evaluation. For this task the participant delivered the ending to a short story to a panel of 

listeners who, the participants were told, would be judging their performance. The 

judges’ expressions remained neutral during the child’s presentation of the story. For 
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both groups there were no differences from a resting baseline to any of the four tasks of 

the TSST-F. For the TSST, only the TD group demonstrated differences from baseline to 

the stress condition. It was posited by the authors that the children with ASD failed to 

show an adaptive stress response (dampened—an increase in stress) to social evaluation. 

The ASD group’s blunted response could have been because they did not perceive social 

evaluation as threatening as would most other typically developing children.  

 Other studies have not found differences in reactivity across TD and ASD groups. 

For example, in the Klusek et al. (2013) study, while significant differences were found 

across groups in a conversational context, differences were not found in RSA when 

comparing conversation to baseline conditions.   

Associations with Social and Communication Outcomes 

 Several studies have indicated a relationship between changes in RSA (RSA-

change) from a baseline condition (RSA-rest) to an experimental task (RSA-social, RSA-

cognitive) and social communicative abilities, including speech and language measures. 

For example, in a study of otherwise typically developing 3- to 6-year-old children who 

stutter and do not stutter, Jones et al. (2017) found that RSA-change was significantly 

negatively associated with fluency rate during a spoken narrative task. Baseline 

measurement included viewing an automated screen saver of an aquatic scene. Following 

the baseline, children viewed two additional video clips, one that induced a positive 

emotional response, and one that induced a negative emotional response. The narrative 

condition included the children telling a story from one of three wordless picture books 

by Mercer Mayer (e.g., Frog Goes to Dinner; Mercer Mayer, 1974). The researchers 

found a negative association between RSA-change to the emotionally arousing video 
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clips and dysfluencies in both groups of children. Similarly, a more drastic decrease in 

RSA from baseline to the narrative task indicated a greater level of stress, presumably 

causing a higher rate of speech dysfluencies. This suggests that a narrative task elicits a 

reduction in RSA levels in typically developing children and children who stutter in order 

to allocate necessary resources for speech and language processing. Furthermore, for the 

children who stuttered, those who demonstrated lower executive functioning ability 

showed a stronger association between RSA-change and fluency. The researchers posited 

that executive functioning was impacted by physiological state, which in turn impacted 

fluency. The researchers also measured respiration rate in each participant and did not 

find differences between the speaking and nonspeaking tasks, suggesting that change in 

RSA from the speak to non-speak conditions could not be accounted for by changes in 

respiration. While this study investigated RSA in regard to speech fluency, other studies 

have also found associations between RSA-change and language abilities.  

 Whedon et al. (2018) investigated the relationship between early parasympathetic 

activity in infancy and expressive and receptive language ability later in life in children 

with typical development. This longitudinal study followed 297 children at four time 

points, starting at 10 months and then at 2 years, 3 years, and 4 years. RSA was measured 

during three separate tasks: baseline condition, social condition, and non-social condition. 

For baseline, the infants sat on their mothers’ laps while watching a research assistant 

manipulate a toy for 1 minute. For the social condition, the infants played peek-a-boo 

with their mothers for approximately 1 min 44 seconds. In the nonsocial condition, 

infants watched a 44-second cartoon music video from Sesame Street. At the 2-year-old 

visit, mothers completed the MacArthur Bates Communication Development Inventory 
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(MCDI; Fenson, L., Dale, P., Reznick, S., Thal, D., Bates, E., Hartung, J., 1993) as a 

measure of expressive language. At the 3-year-old visit children were completed the 

Peabody Picture Vocabulary Test-III (PPVT-III; Dunn, L.  M., & Dunn, 1997) as a 

measure of receptive language. Finally, at the 4-year-old visit, children completed the 

Dimensional Change Card Sort (DCCS; Zelazo, 2006) to measure their executive 

functioning, and mothers completed the Social Interaction Survey (SIS), a norm-

referenced tool for assessing socioemotional functioning developed from the Vineland 

Adaptive Behavior Scales (Sparrow et al., 2005). RSA-social and RSA-nonsocial were 

both associated with receptive vocabulary. PPVT-III scores were positively associated 

with RSA-change from baseline to the peek-a-boo task, but negatively associated with 

RSA-change from baseline to the nonsocial task. Expressive language was also 

associated with RSA-change, but only for the social task. MCDI scores were positively 

associated with RSA-change from baseline to the peek-a-boo task. Thus, influence on the 

heart during the social condition was related to better receptive and expressive language 

scores. Further, children who demonstrated better social competence at 4 years of age 

tended to have greater executive functioning abilities. The authors posited that an indirect 

relationship between parasympathetic nervous system (PNS) influence and executive 

functioning and social competence exist through their influence on expressive and 

receptive language. Specifically, RSA augmentation during social tasks foster positive 

engagement states in which the child can engage with and learn words from the people 

around them. 
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Table 1 

 

Summary of RSA Studies 

 

 

Study Ages Dx 

RSA-rest task 

description 

RSA-social task 

description 

RSA-Cognitive 

task description RSA-rest findings 

RSA-change 

findings 

Bal et al. 

(2010) 

7-17 

years 

ASD 

& 

TD 

2 min sitting 

quietly 

Dynamic Affect 

Recognition 

Evaluation: video 

stimuli of human 

subjects 

presenting facial 

expressions of 6 

emotions. 

Children  viewed 

videos of each 

emotion then 

pressed button 

indicating they 

recognized the 

emotion and 

labeled it 

-- ASD<TD,  ASD 

children with 

higher RSA-rest 

faster at 

recognizing 

conditions 

-- 
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Bazelmans 

et al. 

(2019) 

2-3 

years 

ASD 

& 

TD 

90 sec videos of 

baby animals 

accompanied 

with classical 

music 

  
ASD=TD,  not 

associated with 

socialization 

(VABS-II) or 

executive 

functioning skills 

(BRIEF-2), but  

higher RSA rest = 

better expressive 

and receptive 

vocabulary in both 

groups 

 

Blair 

(2003) 

3-5 

years 

TD Examiner read 

story to child for 

5 min 

-- EF tasks similar to 

Stroop Inhibition 

Tasks 

-- RSA-rest minus 

RSA-cog,: RSA 

decreases  during 

cognitive task. 

Negatively 

correlated with on 

task behavior in 

the classroom  

Corbett et 

al. (2018) 

10-12 

years 

ASD 

& 

TD 

Not described: 

"five minutes of 

baseline signal 

were acquired 

prior to each of 

the social stress 

paradigms" 

Trier Social 

Stressor Test 

(TSST) and 

TSST-friendly: 

TSST included 5 

minutes prep, 5 

minutes speech 

presentation 

followed by 

cognitive and 

debriefing tasks. 

3rd task of the 

TSST: serial 

subtraction 

ASD=TD ASD<TD 
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TSST-F modified 

TSST in which 

child talks about 

preferred topic 

and is encouraged 

by a peer of the 

same sex 

Hollocks 

(2014) 

10-16 

years 

ASD 

& 

TD 

Rest and 

recovery of the 

psychological 

stress paradigm: 

Sat quietly and 

watched 

cartoons 

3rd and 4th task of 

the psychological 

stress paradigm: 

10 minutes to 

prepare a speech 

followed by 5 min 

presentation in 

front of neutral 

adult listeners 

2nd task of the 

psychosocial 

stress paradigm: 

copy complex 

figure under timed 

conditions  

ASD = TD ASD=TD 

Klusek et 

al. (2013) 

4-15 

years 

ASD, 

TD, 

FX 

Watched 10 min 

of an animated 

film  

Conversational 

condition: 10 min 

conversation with 

examiner 

-- ASD=TD+ID, TD 

children with lower 

RSA-rest higher 

ASD symptoms 

(ADOS-2), for all 

children lower 

RSA-rest 

associated with 

poorer pragmatic 

ability (CASL) 
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Lory et al. 

(2020) 

9-15 

years 

ASD 

& 

TD 

Relaxed for 5 

min while 

looking at 

crosshair on 

computer screen 

-- Auditory-gap 

paradigm: move 

eyes to location of 

auditory tone 

High frequency 

HRV measured, 

results unchanged 

when converted to 

RSA. ASD<TD  

ASD=TD 

Ming 

(2005) 

4-9 

years 

ASD 

& 

TD 

Relaxed in 

reclined chair, 

preferred music 

or videos played 

if needed. 

Baseline state 

reached when 

there were no 

neck muscle 

contractions and 

breathing was 

smooth and quiet 

-- -- ASD<TD -- 

Overbeek 

et al. 

(2014) 

18-36 

years 

TD Participant 

viewed aquatic 

video 

-- Numerical 

working memory 

tasks, button push 

sustained attention 

task 

-- RSA-cog minus 

RSA-rest: RSA 

decrease from 

RSA-rest to RSA-

cog 
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Patriquin 

(2011) 

4-7 

years 

ASD Viewed age 

appropriate 

nature video for 

3 min  

-- Auditory attention 

task: 12 mi age 

appropriate 

audiobook, or 12 

min self-selected 

music 

Higher RSA-rest 

associated with 

more gestures and 

better sharing 

measured using 

SICS, and better 

receptive language. 

Not correlated with 

symptom severity 

measured by SRS  

RSA-rest minus 

RSA-cognitive: 

RSA suppression 

evident from 

RSA-rest to RSA-

cog, RSA-rest 

correlated with 

RSA-change: 

High RSA-rest 

associated with 

greater RSA-

change.  

Schaaf 

(2013) 

6-9 

years 

ASD 

& 

TD 

Sat quietly for 3 

min seated in a 

dim room 

-- -- ASD=TD Change condition 

was Sensory 

Challenge 

Protocol: 

presented with 

visual, auditory, 

olfactory, tactile, 

then movement  

stimuli. ASD<TD  

in RSA-change 

from one domain 

to the next (i.e., 

auditory -> visual 

-> olfactory -> 

tactile) 
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Stanton et 

al. (2009) 

6-13 

years 

TD No description: 

"2-minute 

baseline" 

-- Reaction time 

task: press button 

if number 

displayed on 

screen contained 

remembered 1-6 

sequence of 

numbers. 

Higher RSA-rest 

associated with 

better cognitive 

performance on 

working memory 

and cognitive 

efficiency 

measured by WJ 

III 

2-step HLM: hen 

RSA-rest 

controlled for, 

RSA-change did 

not predict unique 

variance in any 

WJ III scores, also 

associated with 

faster reaction 

time on the EF 

task 

Van Heck 

(2009) 

8-12 

years 

ASD 

& 

TD 

   
ASD<TD, both 

ASD and TD 

children with 

higher RSA-rest 

had better social 

skills (SRS) and 

fewer parent 

reported behavior 

problems 

 

Watson et 

al. (2010) 

28-42 

months 

ASD Considered 

nonsocial 

condion: video 

accompanied by 

moving toys and 

visual patterns  

Three, one-minute 

samples of child 

directed speech 

(CDS) including 

live puppet show 

by examiner, 

video of a woman 

reading a story, 

and a video of an 

actor playing with 

toys 

-- Not associated with 

social or language 

ability 

Moderate-to-

strongly correlated 

with entry 

receptive language 

ability and follow-

up expressive 

language ability 

and social-

communicative 

adaptive skills 
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Whedon et 

al. (2018) 

10 mo. 
 

At 10 months, 

ECG data 

collected for 1-

minute while 

infant sat on 

mother’s lap and 

watched research 

assistant 

manipulate a toy 

Infant played 

peek-a-boo with 

their mothers 

Infant watched 

brief video clip 

from Sesame 

Street 

-- Increase in RSA 

during social 

condition = 

greater expressive 

and receptive 

vocabularies later 

in life, decreases 

in RSA during 

non-social = 

greater receptive 

vocabulary later in 

life 
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Current Study 

Individuals with ASD appears to be a population in which parasympathetic 

regulation is abnormal, however findings across studies are mixed. Some studies have 

found differences between populations in RSA-rest conditions (Bal et al., 2010; Lory et 

al., 2020; Ming et al., 2005; Van Hecke et al., 2009), whereas others have not (Corbett et 

al., 2018; Hollocks, Howlin, Papadopoulos, Khondoker, & Simonoff, 2014; Klusek et al., 

2013; Schaaf, Benevides, Leiby, & Sendecki, 2013b). Similarly, some studies have found 

differences in RSA-change between resting and social conditions across populations 

(Corbett et al., 2018; Van Hecke et al., 2009), and other studies have not (Klusek et al., 

2013). Across all studies which found differences in RSA-change between children with 

ASD and peers who were TD, differences across groups were also evident during 

baseline. This may indicate that RSA regulation is overall dampened in this population. 

However, RSA-change also has been found to predict social and language abilities in 

children with ASD (Klusek et al., 2013; Patriquin et al., 2011; Watson et al., 2010), 

despite a lack of differences across TD and ASD groups. This suggests variability in RSA 

response within this population is an indicator of social communicative adaptability. 

Thus, two aims of my study were to further examine differences in RSA-rest and RSA-

change across groups of children with ASD and age-matched typically developing peers, 

and investigate the relationship between communicative ability and RSA-rest and RSA-

change. 

Evidence also suggests that the linguistic and social content of communicative 

tasks elicit different responses in children with and without autism. Jones et al. (2016) 

found that a decrease in RSA-change during a narrative task was associated with more 
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dysfluencies, in both children who stutter and children who do not stutter. This suggests 

that for children developing typically, narrative tasks elicit varying levels of stress across 

individuals. It is unknown if this pattern exists in other populations of children, such as 

children with ASD. Thus, the third aim of the study was to investigate differences across 

differing cognitive and communicative contexts. 

Mixed findings across previous studies may be for several factors, which we 

aimed to control in the current study. First, an important variable that has not been well 

controlled in previous studies is the speaking demand placed on the child during 

experimental tasks examining RSA. Previous research has found that RSA is affected by 

the act of speaking (Reilly & Moore, 2003). It is possible that the change found in RSA 

from a resting baseline to an experimental condition is the result of changes in respiratory 

pattern caused by speaking rather than parasympathetic activity. To address this, we 

utilized two baseline tasks: a conventional resting baseline, in which the child sits quietly 

and watches a short film (RSA-rest), and a speaking baseline, in which the child recites 

numbers in a fashion that mimics speech rhythm (RSA-speech). With this task we 

attempted to disentangle simple effects of speaking from targeted measures of 

parasympathetic activity. 

 Second, researchers have found that for children developing typically, as 

cognitive load of a task increases, such as an increase in working memory demand, RSA 

decreases (Thayer & Lane 2009; Christenson & Wright, 2014). It is possible that 

variability in RSA change measured in previous studies also may be due to different 

cognitive demands placed on the children across different tasks. We therefore included 

three different types of tasks including: (a) baselines, (b) cognitive tasks, and (c) 
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language tasks. We also included differing tasks within each domain. The first language 

task was a conversation with an examiner, which represented a relatively lighter language 

load but higher social load than the second language context, a narrative language 

sample, which represented a greater language load but potentially less social burden. 

Direct comparisons of the two language samples could help us disentangle the role that 

RSA plays in language and social development. We predicted that the more linguistically 

complex narrative language context would elicit a different response than the potentially 

less linguistically complex conversation language context. 

Third, methods across studies have used wide age-ranges in the sampled 

populations. Berry et al. (2018) completed a longitudinal study of RSA in children in 

infancy through early childhood and found the magnitude and direction of RSA-change 

was different across the developmental period. It is likely that RSA follows a 

developmental trajectory in which RSA in response to a certain task at one age could be 

different in response to the same task at a different time in development. Therefore, we 

included a relatively narrow age range of 5- to 8-year-old children, and examined RSA in 

two different language-based social communicative contexts and a cognitive context. All 

comparisons were made within and across groups of children who were TD and children 

with ASD. Primary research questions for the study were: 

1. When groups are combined and within the ASD and TD groups, are there 

differences from either RSA baselines (RSA-rest, RSA-speech) to an 

experimental task that includes either greater social communicative 

interaction or cognitive effort? 



 

39 

 

2. Between groups, are there differences in RSA-rest, RSA-speech, and/or 

RSA-change? 

3. Across groups, are any measures of RSA-rest, RSA-speak, and/or RSA-

change associated with measures of cognition, expressive or receptive 

language, or ASD symptom severity? 

Research Questions 1 and 2 address differences in measures of RSA across 

experimental conditions varying in social and cognitive demands within and across 

diagnostic groups. If abnormal parasympathetic activity underlies ASD, children with 

ASD may exhibit lower absolute values of RSA during resting, speaking, and 

conversational conditions. Based on findings by Klusek et al. (2013) and Colbert et al. 

(2019), we did not anticipate significant changes in RSA levels from a baseline to a 

conversational task for the children who were TD. However, if differences did exist, we 

predicted that RSA-change in this group would be less pronounced than for the children 

in the ASD group. For the children with ASD, we predicted that they would have blunted 

RSA in response to the conversational task. For both groups of children, we anticipated 

that RSA suppression would occur in response to an increase in cognitive load from 

resting baseline to the cognitive task, though perhaps would be more pronounced in the 

children with TD than the children with ASD.  

For Research Question 3, in addition to baseline and experimental tasks, children 

completed a battery of language and cognitive assessments. Because lower RSA in 

social-communicative situations (e.g., child directed speech, conversation) have been 

associated with an increase in ASD-like symptoms and decreases in social adaptiveness 

and expressive and receptive language ability (Klusek, Fairchild, & Roberts, 2019; 
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Klusek, Martin, & Losh, 2013; Patriquin, Scarpa, Friedman, & Porges, 2011; Watson, 

Branek, Roberts, David, & Perryman, 2010; Whedon et al., 2018), we predicted that 

lower RSA in conversation would be associated with lower language performance and 

higher ASD symptom severity. Because Jones et al. (2017) found that a narrative task 

resulted in a reduction in RSA in children who stutter and who do not stutter, we 

predicted that children in both groups would demonstrate a reduction in RSA in the 

narrative condition. Moreover, because Blaire (2003) found blunted RSA-change in 

response to cognitive tasks to be associated with better social adaptive behavior, we 

cautiously predicted that the children with ASD would have lower RSA-change in 

response to a cognitive task, and that for the entire sample, greater RSA-change in this 

context would be associated with better cognitive performance and flexibility. 

 In summary, this study investigated physiological responses of children with ASD 

compared to children who are developing typically while completing tasks varying in 

cognitive, social, and linguistic demands. The primary measure of interest was respiratory 

sinus arrhythmia (RSA), a measure of parasympathetic nervous system response. 

Previous studies examining RSA in children with ASD have yielded mixed findings 

regarding differences across diagnostic and control groups, and measures associated with 

RSA. We predicted that due to dysregulated parasympathetic activity associated with 

ASD, children with ASD would have different RSA levels at rest. Moreover, these group 

differences would be even greater in social communicative tasks. We also predicted that 

language ability and ASD symptom severity would be associated with lower RSA-rest 

and blunted RSA-response to social contexts, and possibly a cognitive context. Findings 
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will inform the potential use of RSA as a diagnostic marker, severity indicator, and a tool 

to aid in language treatment for language and social abilities for children with ASD.   
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Chapter 3: Research Method 

 

This study was approved by the University of Minnesota’s institutional review 

board for research involving human subjects. Participants were recruited from the 

Minneapolis, Minnesota region through flyers placed within the community, social media 

advertisements, word-of-mouth, and through a University-sponsored registry for families 

with children diagnosed with ASD interested in participating in research. Participants 

included 32 children, 19 with ASD, and 13 with TD between the ages of 5 and 8 years. 

All parents completed the informed consent process and signed consent forms. Child 

participants completed oral and written assent procedures, which included the examiner 

reviewing a simplified version of the consent form and the child writing their name or 

initials. Families were compensated $60 for the study session. 

Participants  

Typically Developing Children  

Thirteen 5- to 8-year-old children who were native English speakers with no 

developmental history of ASD participated in the study. Initial screening during 

recruitment occurred via email or phone to rule out ASD, hearing loss, and other 

significant developmental delays or disorders based on parent report.  

Children with ASD 

Nineteen 5- to 8-year-old children with ASD who were native English speakers 

participated in the study. During the recruitment phase, parents were asked to confirm a 

diagnosis of ASD by a medical professional stating the date and place of diagnosis of 

ASD. Parents also reported any medications being taken by their child. Children taking 

medications to treat ASD behavioral symptoms such as serotonin reuptake inhibitors 
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were not excluded from the study but were flagged for “medication use” for subsequent 

data analyses. Two parents reported their child was taking behavioral medication. To 

participate in the study tasks, all children were required to be verbal and using at least 4-

word utterances. We lost a significant amount of data due to equipment malfunction 

(ASD: n = 6, TD: n = 4) and noncompliance/excessive movement (ASD: n =1). The 

resulting sample size was 12 children with ASD and 8 children with TD. See Tables 2 

and 3 for group characteristics. 

Table 2 

Summary Participant Characteristics 

 

 

 

ASD 

n = 12 

 

TD 

n = 8 

Gender   

Male:Female 8:4 6:2 

Age (years)   

Mean 7.5 6.5 

SD .92 1.25 

Range (min-max) 5.9-8.6 5.1-8.5 

Income   

$0-$50,000 3 1 

$50,001-$100,000 3 3 

$100,001-$150,000 3 2 

$150,001 or greater 3 2 

Education   

Some college 1 2 

Bachelor’s degree 5 2 

Graduate/professional 6 4 
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Table 3 

Participant Standardized Assessment Scores 

  

Subject  

ID 

ASD  

Severitya 

ASD  

Symptomsb 

Executive  

Functionc 

Behavior  

Regulationd 

Meta- 

cognitione 

Language  

Abilityf NVIQg 

Pragmatic 

Abilityh 

ASD ASD-001 12 64 62 67 58 87 113 92 

 ASD-002 32 80 76 79 72 82 100 82 

 ASD-003 9 64 61 65 58 111 116 139 

 ASD-004 9 80 76 71 76 102 84 100 

 ASD-005 11 59 62 66 57 75 69 83 

 ASD-006 20 78 68 65 68 82 108 76 

 ASD-007 25 81 78 75 76 44 100 63 

 ASD-008 14 74 72 73 69 108 129 95 

 ASD-009 9 69 81 80 77 114 105 109 

 ASD-010 10 85 85 84 82 81 121 82 

 ASD-011 10 78 76 68 78 102 115 119 

 ASD-012 15 75 72 63 74 60 83 94 

TD TD-001 -- 43 47 48 48 114 124 129 

 TD-002 -- 40 39 37 41 112 109 108 

 TD-003 -- 47 42 50 38 100 97 102 

 TD-004 -- 48 39 38 40 84 104 84 

 TD-005 -- 38 41 38 43 127 96 135 

 TD-006 -- 42 53 57 50 111 111 111 

 TD-007 -- 46 46 44 48 121 127 93 

 TD-008 -- 41 48 41 52 121 122 102 
aADOS-2 Overall Total: cutoff for Autism classification as 9, bSocial Responsivity Scale  T-scores with M = 50 and SD = 10, 

cBRIEF Global Executive Composite  T-scores with M = 50 and SD = 10, dBRIEF Behavior Regulation Index  T-scores with M 

= 50 and SD = 10, eBRIEF Metacognition Index  T-scores with M = 50 and SD = 10, fCELF-4 Core Language Score M = 100, 

SD = 10, gKBIT-2 Matrices subtest  M = 100, SD = 10, hCASL2 Pragmatic Judgement subtest M = 10, SD = 3 
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Procedure  

Initial Screening  

Prior to the study visit, an examiner asked parents to provide information 

regarding their child’s development, including whether they have been diagnosed with 

ASD or another developmental delay or disorder. The examiner also asked parents to 

report whether their child had normal/corrected vision and hearing. Parents were told in 

the initial screening that their child would be wearing electrodes that involve putting a 

small amount of gel on an electrode and then sticking the electrode on their child’s upper 

chest and abdomen. If they did not believe their children would tolerate this procedure, 

they were asked not to participate. Parents were also informed that their child would be 

having conversations with an examiner and were asked to provide topics that their child 

might be interested in talking about. Most sessions took place in one day, however 

parents were given the option to separate the visit into two sessions occurring a maximum 

of one week apart. 

Study Visit Overview 

During the visit, parents completed three questionnaires to gather information 

about the participant’s demography and development. Children completed all or a portion 

of three normative assessments to measure cognitive and language abilities. These 

occurred across two assessment blocks and were administered by one of three examiners 

that included two Ph.D. students and one Master-level student in the department of 

Speech-Language-Hearing Sciences. Children with ASD were also administered the 

ADOS-2 to confirm their ASD diagnosis at the beginning of the research session by a 

Ph.D. student who was research reliable in administration of the assessment. RSA data 
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collection occurred between two assessment blocks and included three experimental 

tasks. The session typically lasted 2 hours for typically developing children, and 3-4 

hours for children with ASD. The only difference in protocol for this study between the 

group with ASD and the group with TD was that individuals in the TD group were not 

administered the ADOS-2. Figure 5 depicts the flow of a typical session. 

Figure 5 

Study Visit Flow 

 

  

Assessment Block 2

CELF-4 (ASD) CASL-2

Experimental Task: Executive Functioning

NIH Toolbox

Experimental Task: Language Samples 

Conversation Narrative retell

Experimental Task: Baselines

Speaking Resting

Assessment Block 1 

ADOS-2 (ASD)
CELF-4 (TD)

KBIT-2

Figure 2: Procedure 
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Parent Questionnaires  

 Parents completed three separate questionnaires:  

Developmental history. This form was experimenter-designed and included a 

series of questions about family demographic variables regarding age; ethnicity; parent 

income, education and employment; and child developmental milestones, medications, 

and special services. This information was used to further categorize and describe our 

sample. Information obtained regarding age, ethnicity, income and gender were used as 

variables in later statistical analyses. The survey was designed in the computer software 

program, Qualtrics. Parents completed the questionnaire on an iPad. Following the visit, 

the a researcher dowloaded the responses as a .csv file which was merged into a larger 

database.  

Behavior Rating Inventory of Executive Functioning (BRIEF; Gioia, Isquith, 

Guy, & Kenworthy, 2000): The BRIEF is an 86-item questionnaire that assesses 

executive function behaviors in daily life in a manner that is not specific to any disorder 

or diagnosis. Parents report problem behaviors on a Likert scale of 1-3 with 1 = not 

usually, 2 = sometimes, and 3 = often. Higher raw and T scores indicate a greater degree 

of difficulty with executive function. Clinical scales from the BRIEF provide a measure 

of problem behaviors in eight domains of executive functioning. These include: Inhibit, 

which assesses the ability to resist an impulse; Shift, which assesses the ability to 

transition from one situation, activity, or aspect of a problem as the situation demands; 

Emotional Control, which assesses modulation of emotional responses; Initiate which 

assesses the ability to begin a task and independently generate ideas; Working Memory, 

which measures the child’s capacity to retain information for the purpose of completing a 



 

48 

 

task; Plan/Organize which assesses the ability to manage current and future-oriented task 

demands; Organization of Materials which assesses work/living environment orderliness; 

and Monitor, which measures whether a child assesses their own performance on tasks. 

These eight scales provide summary indices of Metacognition and Behavioral 

Regulation, and a Global Executive Composite. The Global Executive Composite score is 

a summation of all eight subscales for which an elevated score indicates executive 

functioning deficits in multiple areas. The Metacognition Index represents the child’s 

ability to manage and monitor performance on tasks. The Behavioral Regulation Index 

represents a child’s ability to demonstrate inhibitory control, modulate emotions and 

behavior, and shift cognitive set. All three scales produce T-scores with M = 50 and SD = 

10. Higher scores indicate elevated problems in that domain. The Global Executive 

Composite, Metacognition Index, and Behavioral Regulation Index were used in the 

current study to determine the children’s executive functioning as it relates to problem 

solving and self-control.  

Social Responsiveness Scale 2nd Edition (SRS-2; Constantino & Gruber, 2014): 

The SRS-2 is 65-item questionnaire used to assess symptoms associated with ASD. 

Parents report on a Likert scale of 1= “not true”, 2 = “sometimes true”, 3=  “often true”, 

and 4 = “always true” in the domains of social awareness, social cognition, social 

communication, social motivation, and restricted interests and repetitive behavior. Two 

subscales corresponding to the two symptom domains of ASD (social communication 

and restricted repetitive behaviors) and an overall score are provided. Performance is 

reported as T-scores with M = 50 and SD = 10. Scores that fall beneath 60 are considered 

within normal limits (not ASD), 60-65 are considered clinically significant and in the 
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mild range, 66-75 in the moderate range. T-scores above 75 are considered to be in the 

high-to-severe range in which deficiencies in reciprocal social behavior are strongly 

associated with a diagnosis of ASD and cause severe interference in everyday activity. 

For the current study, this score was used as an indicator of autism symptoms in both 

populations of children.   

Standardized Child Assessments 

The children completed all or a portion of three normative assessments to measure 

cognitive and language abilities. The children with ASD were also administered the 

Autism Diagnostic Observation Schedule (ADOS-2; Lord et al., 2012) 

Autism Diagnostic Observation Schedule, 2nd Edition (ADOS-2; Lord et al., 

2012). This normative assessment was administered during the first assessment block 

(see Figure 3) for children in the ASD group to confirm the diagnosis of ASD and 

determine level of severity. The ADOS-2 is considered the gold standard measurement of 

ASD diagnosis. It is an observation of social communication and restricted and repetitive 

behaviors associated with a diagnosis of ASD. It consists of five modules; the module 

administered depends on the expressive language level of the participant. In the current 

study, all participants received Module 3, which is designed for children who regularly 

use complex sentences and play with toys appropriate for up to 12 to 16 years of age. The 

ADOS typically requires 45 to 60 minutes to administer. During the assessment, the 

examiner observes and scores 29 behavioral items related to communication, social 

interaction, imagination/play, stereotyped behaviors/restricted interests, and abnormal 

behaviors. Scores range between 0 and 3, for which 0 indicates normal behavior and 3 

indicates abnormal functioning to a severe degree. Ten core behaviors occurring in the 
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domain of Social Affect (SA) and four core behaviors in the domain of Restrictive 

Repetitive Behaviors (RRB) are totaled on the ADOS-2 algorithm to yield an SA Total, 

RRB Total, and Overall Total. The Overall Total is used determine if the individual 

meets thresholds for ASD diagnosis with the cutoff for Autism classification as 9 and the 

cutoff of Autism Spectrum Disorder classification as 7. To be included in the ASD group 

for our study, children had to meet the threshold of 7 (Autism Spectrum Disorder 

classification). Overall Total scores were converted to a Comparison Score ranging from 

1 to 10 to establish level of ASD symptom severity. 1 indicates minimal-to-low ASD 

symptom severity, and 10 indicates high ASD symptom severity. 

Clinical Evaluation of Language Fundamentals-4th Edition (CELF-4; Semel, 

E., Wiig, E. H., & Secord, 2003). The CELF-4 was typically administered in the first 

assessment block for the group with TD and during the second assessment block for 

children with ASD. It is a norm-referenced clinical tool for the identification, diagnosis, 

and follow-up evaluation of language and communication disorders designed for 

individuals 5 to 21 years of age. The subtests of Concepts and Following Directions, 

Word Structure, Recalling Sentences, and Formulated Sentences were administered to 

obtain a core language score. Each subtest yields a norm-referenced subscale ranging 

from 1-19 (M = 10, SD = 3).The Concepts and Following Directions evaluates the child’s 

ability to interpret and follow spoken directions that increase in length and complexity. 

The Word Structure subtest evaluates a child’s ability to apply morphological rules to 

extend word meanings and use appropriate pronouns. The Recalling Sentences subtest 

evaluates a child’s ability to listen and repeat sentences increasing in length and 

complexity. The Formulated Sentences subtest evaluates the child’s ability to formulate 
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semantically and syntactically correct sentences using given words and contextual 

constraints. Together, these subtests probe receptive and expressive aspects of language. 

The CELF-4 typically requires 30 to 45 minutes to administer. All subscales were totaled 

to determine a standardized Core Language Score (M = 100, SD = 10). The Core 

Language Score was used to determine expressive and receptive language ability. 

Kaufmann Brief Intelligence Scale-2nd Edition (KBIT-2; Kaufman & Kaufman, 

2004). The KBIT-2 was typically administered during the first assessment block for both 

the ASD and TD groups. It is a norm-referenced test of cognitive ability apporpriate for 

adults and children between 4 and 90 years of age. The Matrices subtest was used to 

establish nonverbal IQ. It comprises of 46 multiple-choice questions in which an 

understanding of the relationships between the items presented are required to select the 

correct answer. For example, a picture of a rabbit and a carrot are presented next to each 

other followed by a picture of a dog and a blank space. The child is prompted to select 

from an array of 5 pictures the picture that goes best go with the picture of the dog 

(bone). The visual stimuli to begin with are meaningful, depicting people and real 

objects, but shift to abstract shapes and designs as the child progresses. Five multiple 

choice options are presented to minimize chance guessing. The Matrices subtest of the 

KBIT-2 typically requires 10 to 15 minutes to administer. The raw score of the subtest is 

converted to a nonverbal standard score (M = 100, SD = 10). For the current study, the 

standard score served as a measure of nonverbal IQ. 

Comprehensive Assessment of Spoken Language- Second Edition Pragmatic 

Language Subtest (CASL-2; Carrow-Woolfork, 2017). Participants completed this 

subtest in the second assessment block. It is a normative assessment of spoken language 



 

52 

 

ability appropriate for individuals 3 through 21 years of age. The Pragmatic Language 

subtest is designed to measure comprehension and application of rules and social 

expectations recognized by society to be appropriate in a given context, including 

following rules for conversation and adapting language based on situation or listener. 

Examinees are given various social scenarios in which they are asked to respond how the 

person in the scenario should respond. This subtest has been found to be sensitive to 

social communicative deficits seen in children with ASD (Burgess & Turkstra, 2010). 

The subtest raw score was converted to a standardized subscale ranging from 1-19 (M = 

10, SD = 3). This measure was used as an indicator of pragmatic language ability for 

children in both the ASD and TD groups. 

Scoring and Data Entry 

All assessments were administered, scored, and entered into a database by one of 

three trained research assistants. This included two Ph.D. students and one Master-level 

student in the Department of Speech-Language-Hearing Sciences at the University of 

Minnesota. A trained undergraduate student also assisted with data entry and scoring of 

the parent questionnaires. All assessments and questionnaires were double scored by a 

second individual who did not administer or partake in the first round of scoring. If 

discrepancies occurred between the first and second scorer, a third independent scorer 

was used to establish a final score. Discrepancies past the third scorer did not occur.  

RSA Measurement Protocol 

After the initial assessment block, children were connected to the BioSemi 

ActiveTwo Electrocardiogram (ECG) System for the experimental tasks to collect 

interbeat-intervals (IBIs). This equipment uses four electrodes: two located on the chest 
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just below the collar bones and two located on the abdomen above the hip bone. Children 

were not required to remove any items of clothing to apply the electrodes. The examiner 

asked the child to shift their clothing at the appropriate places for the electrodes. Initially 

during the experiment, the examiner pushed a time-marker button on the Biosemi 

software indicating when each activity began and ended, however after doing this for 13 

of the 32 participants, we were advised to start a new data file for each task. This was the 

procedure used for the remaining 29 participants.  

Randomization of experimental activities 

Participants completed three experimental conditions: Baseline Tasks, Language 

Sample Tasks, and Executive Functioning Tasks. Each condition contained two activities 

for a total of 6 activities, the order of which were quasi-randomized. RSA data was 

collected during each of the tasks. The language sample tasks always occurred as either 

the second or fourth activity so that they would be separated by an unrelated task. The 

order of language sample tasks was randomized using the random numbers function in a 

Microsoft Excel Spreadsheet. The first, third, and fifth activity was either the resting 

baseline activity, speaking baseline activity, or executive functioning tasks. The 

executive functioning tasks always occurred together (flanker task followed by 

dimensional card sort task). The order of activities in the first, third, and fifth positions 

were also randomized using the random number function in Microsoft Excel Spreadsheet.  

See Figure 6 for schema of order of experimental activities.  
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Figure 6 

Randomization of Experimental Activities 

 

 

Experimental Condition 1: Baseline Activities  

RSA-rest. The child sat quietly for 5 minutes watching a short movie (RSA-rest). 

The movie was a Pixar® Short called La Luna (Casarosa, 2011). It is a cartoon in which a 

young boy his father, and his grandfather go to the moon. There is no spoken language in 

the movie, only nonverbal communication such as shouts, facial expressions, and hand 

gestures.  

RSA-speak. This task required approximately 5 to 7 minutes. The child listened 

to a recording of a person counting up to 6 (1 token) 4 to 5 times (1 sequence). Between 

each token, the speaker took a breath, with 4 to 5 breaths occurring in each sequence. For 

example, a token might be 1-2-3-4, followed by the next token 1-2, followed by 1-2-3-4-

5-6. The child listened to each sequence two times then repeated the sequence with the 
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aid of a visual. The child did this 3 times for 5 unique sequences for a total of 15 

sequences. See Appendix A for all unique sequences and example visual used for the 

speaking task. 

Experimental Condition 2: Language Samples  

Conversation. The examiner engaged in a conversation with the child for 10 

minutes. The examiner first introduced a specific topic which parents informed the 

examiner would be a topic of interest prior to the study visit. After approximately 3 

minutes, broad topics of discussion such as day-to-day activities at school, pets, friends, 

and vacations were introduced. The examiner followed a script with various prompts to 

use depending on the level of engagement by the child, and how to introduce each topic. 

This protocol is similar to that used by Abbeduto, Benson, Short, and Dolish (1995) and 

Klusek et al. (2013).  

Narrative story retell. The child told a story from the picture book, Frog Goes to 

Dinner (M. Mayer, 1974) for approximately 7 to 10 minutes. This book does not contain 

written words. The child first looked through the book page-by-page while the examiner 

turned the pages. The examiner instructed the child not to speak, just look at the pictures. 

The examiner made a silent count of 10 before turning each page. After the first pass, the 

examiner then went back to the beginning of the story and instructed the child that it was 

their turn to tell the story. The examiner used standardized prompts such as “tell me what 

else is happening” and “what was the frog doing?” to encourage the child if they were 

reluctant to start. The examiner controlled when each page turn occurred, allowing for 5 

seconds of silence before the page was turned. This is a similar protocol to that used by 

Abbeduto et al. (1995) and Jones et al. (2017). 
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Experimental Condition 3: Executive Functioning Tasks 

Two attention and executive functioning constructs of the NIH Toolbox® (Slotkin 

et al., 2012) for Assessment of Neurological and Behavioral Functioning were 

administered via an iPad.  

Flanker Inhibitory Control and Attention Task. In this task, for each stimulus 

set the child was presented with a row of five arrows, either all facing the same or 

different direction. Below the row of five arrows there was a left arrow button on the left, 

and a right arrow button on the right. The child was required to push the button with an 

arrow that matched the direction to which the middle arrow was pointing. Before each 

presentation the child was prompted visually and aurally with the word “MIDDLE”. This 

task was used to assesses the executive functioning, specifically allocation of one’s 

limited capacities to deal with an abundance of environmental stimulation.  

Dimensional Change Card Sort. In this task, the child was presented with a 

stimulus in the middle of the iPad screen that was one of two shapes (i.e., ball or truck), 

and one of two colors (i.e., yellow or blue). The child was also given two selection 

options below that picture that matched the stimulus on either shape or color, but not 

both. For example, a yellow ball and blue truck or a yellow truck and blue ball. The child 

was instructed to select the option that matched the stimuli item by either shape or color, 

prompted visually and aurally with the word written and spoken just before the 

presentation of each stimuli. For example, before seeing a yellow ball in the center of the 

screen the child saw and heard the prompt “COLOR”. Upon presentation of the yellow 

ball, they would then need to select a yellow truck instead of a blue ball. If the child saw 

and heard the word “SHAPE” and was presented with a yellow ball, the child would need 
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to select a blue ball. This task was used to assess executive functioning ability, 

specifically the capacity to plan, organize, and monitor the execution of behaviors that 

are strategically directed in a goal-oriented manner.  

RSA Data Processing 

Upon completion of the experiment, the examiner converted all IBI files from .bdf 

to .csv files and inspected the data visually using MATLAB (Mathworks INC, 2019). The 

child’s IBI data was cleaned using CardioEdit software (Brain-Body Center, 2007). This 

software is used to manually remove artifact, or aberrant arrhythmias in the data, caused 

by faulty detection of an RR-wave. Data processing was completed with 

CarioBatch (Brain-Body Center, 2007a) software which implements the Porges-Bohrer 

method (Porges & Bohrer, 1990). This program specifies parameters specific to infants, 

children, adolescents, and adults. With the Porges-Bohrer method, RSA estimates are 

calculated over 30 second epochs which produces multiple estimates that are averaged. 

This is done to minimize the effect of brief aberrations in the amplitude of RSA. Each 

epoch estimate is transformed by its natural logarithm to ensure that distributions of RSA 

estimates are normal. Further, variance heart period time series associated with 

vasomotor and blood pressure oscillations (low frequency and aperiodic trends) are 

removed (Porges & Bohrer, 1990). Thus, for the current study, the ECG equipment 

produced a raw data file of interbeat intervals (IBIs) reflected in a time stamp when an R-

wave is detected (i.e. the heart beats). The Porges-Borer procedure was applied to the raw 

data from each condition via CarbioBatch with the following procedure: (a) periodicities 

in the IBI file were de-trended by applying a moving polynomial algorithm to remove 

oscillations slower than RSA, (b) heart rate variability was extracted by applying a 
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bandwidth filter at the frequency associated with breathing in children (.24-1.04 hz), and 

(c) the natural log of specified heart period variability of 30-second epochs was 

calculated and RSA estimates were derived scaled as ln(ms)2. 

Data Analysis 

 Due to the small sample size, all statistical tests conducted were nonparametric. 

We completed paired Wilcoxon Signed Rank Tests within the ASD group and TD group, 

and with groups collapsed across conditions. Comparisons included the following: RSA-

rest vs. RSA-speak, RSA-rest vs. RSA-conversation, RSA-speak vs. RSA-conversation; 

RSA-rest vs. RSA-narrative, RSA-speak vs. RSA-narrative; RSA-rest vs. RSA-cognitive, 

RSA-speak vs. RSA-cognitive. Independent 2-group Wilcoxon Signed Rank tests were 

completed to compare ASD vs. TD groups in RSA-rest, RSA-speak, and RSA-change for 

five experimental contexts. We also computed change scores from the RSA-rest/speak to 

RSA-conversation/narrative/cognitive (RSA-change) and compared RSA-change 

between the ASD and TD groups. For each comparison, effect sizes were calculated 

using Cliff’s delta, 𝛿 (Cliff, 1993). This test for effect size was used because the 

statistical analyses used were nonparametric and assumptions of normality were violated, 

thus the more common effect size measurement of Cohen’s d was inappropriate. Cliff’s 

delta is recommended for use on ordinal data such as results yielded from a signed-rank 

test, and measures how often values in one group’s distribution is larger than values in a 

second group. It does not require any assumptions about the shape or spread of the data. 

(Wilcox, 2003; 2018). Cliff’s delta effect sizes are as interpreted as δ = 0.2, 0.5, and 0.8 

corresponding to small, medium, and large effect sizes, respectively (Wilcox, 2018). 
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Kendall’s rank correlations were used to measure the degree of association 

between language, pragmatic, cognitive ability, behavioral profiles, and ASD symptoms 

to RSA-rest and RSA-change. This test is appropriate for non-normal sample sizes. 

Spearman’s rho was considered, however this test does not take into account ties in ranks. 

Kendall’s tau yields p-values that take into account ties in ranks. Ties existed in the data, 

thus Kendall’s tau was the more appropriate test. Language ability was measured using 

the CELF-4 Core Language Score (Semel, E., Wiig, E. H., & Secord, 2003), pragmatic 

language ability was measured using the Pragmatic Language subtest of the CASL-2 

(Carrow-Woolfork, 2017), and cognitive ability was measured by the Matrices Subtest of 

the Kaufman Brief Intelligence Test (Kaufman & Kaufman, 2004). Behavior 

characteristics were classified using the Global Executive Composite, Behavior 

Regulation Index, and Metacognition Index of the Behavior Rating Inventory of 

Executive Functioning (BRIEF; Gioia, et al., 2000), and ASD symptom severity was 

measured using the symptom severity score of the Autism Diagnostic Observation 

Schedule (Lord et al., 2012) and the overall standardized score of the Social 

Responsiveness Scale 2nd Edition (SRS-2; Constantino & Gruber, 2014). Due to the 

exploratory nature of the study, p-values were not adjusted. Results were considered 

significant at p = .05. 
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Chapter 4: Results 

Research Question 1:Within Group Comparisons of RSA Across Conditions 

Within group comparisons and comparisons with the groups combined were used 

to determine the existence of differences across contexts. Theses analyses were used to 

address Research Question 1, which asked if within the ASD and TD groups and when 

groups were combined, there were differences between either RSA baselines (i.e., RSA-

rest, RSA-speech) and an experimental task that included either greater social 

communicative interaction or cognitive effort. Figure 7 depicts RSA across conditions 

within participants. Table 4 includes each participant’s RSA values by condition. 

Figure 7 

 

Individual Trends Across Conditions and Groups 
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Table 4 

Participant RSA Values by Condition 

 Subject ID Baseline Speak Conversation Narrative Cognitive 

ASD ASD-001 5.804858 NA NA 5.75954 5.472449 

 ASD-002 5.261234 5.046114 4.762099 NA 4.762099 

 ASD-003 5.30708 4.734809 5.154127 5.575533 5.542103 

 ASD-004 6.013304 5.210227 5.639224 4.988527 5.562344 

 ASD-005 6.021234 5.751681 5.488727 5.526084 5.91431 

 ASD-006 6.244384 5.530072 5.843007 5.735033 5.866966 

 ASD-007 6.574544 NA NA 5.361002 NA 

 ASD-008 8.030558 6.413551 6.097239 7.075085 6.448332 

 ASD-009 7.217286 NA NA NA NA 

 ASD-010 5.518028 4.8736 4.809373 4.483576 4.543567 

 ASD-011 6.877552 5.497523 NA 5.274447 5.595177 

  ASD-012 6.245885 5.557741 NA 5.424441 5.461051 

TD TD-001 7.423559 6.750511 6.95148 6.817554 7.248394 

 TD-002 8.555299 8.488941 8.291651 8.409748 8.47582 

 TD-003 8.011115 8.124918 8.005842 8.192239 8.157637 

 TD-004 6.900132 5.763871 5.372549 5.831095 6.463206 

 TD-005 7.195254 NA 5.761585 NA 5.556605 

 TD-006 5.46065 5.413002 5.369468 5.705093 6.004662 

 TD-007 5.805868 5.653189 5.533617 5.85403 5.659095 

 TD-008 NA NA NA 8.313118 8.030965 

Note. NA indicates data was lost due to excessive artifact, faulty equipment, or 

noncompliance. 

 

The first comparison made was between baseline contexts: RSA-rest and RSA-

speak. When groups were combined, significant differences were found with a 

corresponding large effect size between RSA-rest and RSA-speak (V = 117, p < .001, 𝛿 = 

.93). Within groups, children with ASD had significantly lower RSA during the RSA-

speak condition versus the RSA-rest condition with a corresponding large effect size (V = 

45, p =.004, 𝛿 = .96). There were not significant differences across the two contexts for 
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children with TD (V = 18, p = .156, 𝛿 = .58). Effect size for this comparison was 

medium. See Figure 8 for RSA-rest and -speak comparisons. 

Figure 8 

RSA-rest vs. RSA-speak 

 

RSA-rest Comparisons 

We next compared the RSA-rest condition to the three social and cognitive 

contexts: RSA-conversation, RSA-narrative, and RSA-cognitive for the full sample 

combined. RSA-rest was significantly higher than RSA-conversation with a large effect 

size (V = 105, p  <. 001, 𝛿 = .99), RSA-narrative with a large effect size (V = 103, p  = . 

012, 𝛿 = .90), and RSA-cognitive with a small effect size (V = 132, p  =. 007, 𝛿 = .20).  

Within the ASD group, RSA-rest was significantly higher for all three conditions 

(RSA-conversation: V = 28,  p = .016, 𝛿 = .64; RSA-narrative: V = 53,  p = .005 .012 , 𝛿 

= .55; RSA-cognitive: V = 53,  p = .006, 𝛿 = .47) with medium effect sizes for all.  

For the TD group, RSA-rest was significantly higher than RSA-conversation with 

a medium effect size (V = 28,  p = .016, 𝛿 = .35), but was not significantly different from 

RSA-narrative (V = 13,  p = .688 , 𝛿 = .15) or RSA-cognitive (V = 20,  p = .375 , 𝛿  

<.001) with small effect sizes. See Figure 9 for all RSA-rest comparisons. 
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Figure 9 

RSA-rest Comparisons 

  

RSA-speak Comparisons  

We next compared the RSA-speak condition to the three social and cognitive 

contexts: RSA-conversation, RSA-narrative, and RSA-cognitive, including the full 

sample of children in the ASD and TD groups. Significant differences were not found 

and effect sizes were small between RSA-speak and each of the three contexts 

(Conversation: V = 51, p = .735, 𝛿 < .01; Narrative: V = 48, p = .808, 𝛿 = .19; Cognitive: 

V = 24, p = .041, 𝛿 = .20).  

Within groups, RSA-speak was not significantly different from RSA-conversation 

for either the ASD group (V = 11,  p = .688 , 𝛿  < .01) or the TD group (V = 16,  p = .313 

, 𝛿 = .24). RSA-speak was also not significantly different from RSA-narrative for the 
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ASD group (V = 19,  p = .945, 𝛿 = .19) or the TD group (V = 4,  p = .219, 𝛿 = .29) 

Finally, RSA-speak was not significantly different from RSA-cognitive within the ASD 

group (V = 13,  p = .301, 𝛿 = .20) or the TD group (V = 2,  p = .094 , 𝛿 < .01), with both 

comparisons yielding effect sizes. See Figure 10 for all RSA-speak comparisons. 

Figure 10 

RSA-speak Comparisons 

  

Research Question 2: Between Group Comparisons of RSA 

Research Question 2 asked if there were differences between groups based on 

RSA-rest across all conditions, and based on RSA-change from baselines to RSA-

conversation, RSA-narrative, and RSA-cognitive.  
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Between Groups by Condition  

Nonparametric unpaired Wilcoxon Signed Rank Tests were used to compare 

contexts between groups for the five conditions: RSA-rest, RSA-speak, RSA-

conversation, RSA-narrative, and RSA-cognitive. Between groups there were not 

significant differences between RSA-rest (W = 22, p = .151, 𝛿 = .43) and RSA-

conversation, (W = 13, p = ..169, 𝛿 = .42)  although this comparison yielded a medium 

effect size. The TD group had significantly higher RSA-speak (W = 8, p = .026, 𝛿 = .70), 

RSA-narrative (W = 6, p = .005, 𝛿 = .81), and RSA-cognitive (W = 9, p = .005, 𝛿 = .78) 

than the ASD group. All effect sizes were considered large for the TD group comparisons 

with RSA-speak. Figure 11 shows the significant differences between the two groups. 
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Figure 11 

Significant RSA Differences Between ASD & TD Groups 

 

Between Groups: RSA-change 

We next calculated change scores to determine if differences in the magnitude of 

change from the baselines (i.e., RSA-rest, RSA-speak) to the language sample and 

cognitive conditions (i.e., RSA-conversation, RSA-narrative, RSA-cognitive). This was 

done by subtracting each of the cognitive and language sample conditions from the RSA-

rest or RSA-speak condition. This resulted in six RSA-change scores: rest-conversation, 

rest-narrative, rest-cognitive, speak-conversation, speak-narrative, speak-cognitive. 

Finally, we calculated an RSA-change score for the conversational to narrative condition 

(RSA-change: conversation-narrative) for a total of 7 RSA-change scores.  

We first examined differences from RSA-rest to the other conditions. There were 

not significant differences between groups for RSA-change for rest-conversation (W = 

32,  p = .383, 𝛿 = .31), rest-narrative (W = ,  p = .272, 𝛿 = .37), or rest-cognitive (W = 50,  
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p = .16, 𝛿 = .42). Effect sizes for these comparisons were small to medium. We next 

examined differences in RSA-speak to the other three conditions. Again, there were not 

significant differences between speak-conversation (W = 17,  p = .628, 𝛿 = .19), speak-

narrative (W = 31,  p  = .414,  𝛿 = .29), or speak-cognitive (W = 33,  p = .529, 𝛿 = .22), 

and effect sizes were small. Finally, when directly comparing the two language samples, 

there were not significant group differences in RSA-change from conversation to 

narrative conditions and the effect size was small (conversation-narrative; W = 23,  p = 

.485, 𝛿 = .28).  

Research Question 3: Relationships Between RSA and Standardized Assessment 

Scores 

Research Question 3 asked if RSA across any condition and/or RSA-change was 

associated with performance on measures of cognition, language, behavior, or ASD 

symptom severity within groups. The nonparametric Kendall’s rank tau was used for all 

correlational analyses. 

RSA-rest and RSA-speak associations.  

There were not any significant correlations between RSA-rest and any language, 

cognitive, ASD symptomology, or behavioral measures (all ps > .01) within the ASD and 

TD groups. For the TD group, there were no significant associations between RSA-speak 

and any cognitive or language scores, ASD symptoms, or behavioral measures (all ps > 

.01). There were, however, significant negative associations in the ASD group between 

RSA-speak and language ability, with scores on the CELF-4 Core Language scores being 

negatively associated with RSA during the speaking condition (τb = -.76, p = .006) and 

pragmatic language as measured by the CASL-2 ((τb = -.76, p = .006). There were also 
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not significant associations between RSA-rest or RSA-change and age across groups (all 

ps > .01).  

RSA-conversation, RSA-narrative, and RSA-cognitive associations  

There were no significant correlations between RSA-conversation and any 

assessment measures within the groups with ASD and TD (all ps > .01). RSA-narrative 

was positively associated with ASD symptom severity in the ASD group as measured by 

the ADOS-2 Overall Score (τb = .61, p = .033) and Inhibition as measured by the BRIEF 

(τb = -.74, p = .008). No other significant associations were found across test measures 

and the three RSA contexts (all ps > .01). 

RSA-change associations 

RSA-change scores were calculated for each condition by subtracting RSA values 

during the condition (e.g., RSA-narrative) and subtracting it from RSA-rest and RSA-

speak conditions. The following change scores were significantly associated with test 

measures within the ASD group: RSA-change: rest-narrative, RSA-change: rest-

cognitive. Executive functioning ability was significantly associated with RSA-change: 

rest-narrative on the BRIEF subtests of Global Executive Composite (GEC; τb = .93, p < 

.001) and Metacognition Index (MI; τb = .86, p = .004). RSA-change: rest-cognitive was 

also significantly correlated with the GEC and MI scores (τb = .76, p = .002; τb = .75, p = 

.004) measured by the BRIEF. There were no significant associations between RSA-

change and the assessment measures in the TD group. See Figure 12 for illustrations of 

the significant correlations. 
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Figure 12 

Significant Correlations Between RSA and Standardized Assessment Measures in ASD 
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Chapter 5: Discussion 

Previous investigations have linked RSA to a variety of developmental processes, 

including cognitive performance, language ability, and social competence. Further, 

differences have been found between individuals who are typically developing and 

individuals with ASD, and these differences have been associated with ASD 

symptomology and deficits in the some of the developmental processes mentioned above. 

The current study compared RSA across conditions varying in linguistic and cognitive 

demands and investigated associations between RSA across these conditions to 

development in children with ASD and TD.  

Conditions included a resting baseline (RSA-rest) in which linguistic, social, and 

cognitive demand was low, and a quasi “speaking” baseline (RSA-speak) in which 

linguistic, social and cognitive demand were believed to be low, but included simple 

speech output to mimic the respiratory patterns of talking. The RSA-rest baseline 

consisted of the children sitting quietly and watching a Pixar® Short. The RSA-speak 

baseline consisted of the child listening to sequences of numbers up to 5 then reciting 

them in a pattern that mimicked talking, with breaths in between sequences and the use of 

a visual aid (see Appendix A). Three experimental conditions were compared to baselines 

that included a conversational task, during which the child visited with the examiner for 

10 minutes (RSA-conversation), a narrative task in which the child told a story from a 

wordless picture book (RSA-narrative), and an executive functioning task for which the 

child completed the NIH Toolbox® (Slotkin et al., 2012) Flanker and Dimensional Card 

Sort assessments (RSA-cognitive).  
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We first examined differences across contexts using paired Wilcoxon Signed 

Rank Tests (Q1), then compared differences between the two groups using unpaired 

Wilcoxon Signed Rank Tests (Q2), and finally investigated associations between the 

RSA measures and measures of cognitive language, and social/behavioral development 

using Kendall’s tau (Q3). The nature of the study is exploratory, thus numerous 

comparisons were made. We acknowledge that the large number of analyses increases the 

chances of making a type I error, and interpreted results with caution.  

Research Question 1: RSA Differences Across Conditions 

We compared RSA-rest to RSA-speak, RSA-rest to each experimental condition, 

and RSA-speak to each experimental condition for the groups combined, within the ASD 

group, and within the TD group. This yielded 7 comparisons for each group and 7 

comparisons for the collective sample (21 total).  

RSA-rest vs. RSA-speak 

 The RSA-rest and RSA-speak comparisons directly examined the two baselines 

across (groups collapsed) and within groups. There were significant differences in RSA-

rest and RSA-speak when groups were collapsed, as well as within the ASD group, with 

effect sizes for both being quite large (both were greater than .9). The TD group did not 

differ significantly in RSA-rest and RSA-speak with a corresponding medium effect size. 

The medium effect size with an insignificant p-value could reflect a true difference that 

was not detected due to insufficient power in the sample of children with TD (type II 

error). Across groups, the data suggests that the two baselines indeed elicited different 

RSA responses. This could be due to the change in respiratory pattern that occurs when 

speaking versus sitting quietly. This was explored further in comparisons across 
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conditions. There were no significant differences and effect sizes were small between 

RSA-speak and each of the three contexts, however there were significant differences 

between conditions from RSA-rest. 

RSA across conditions 

 With groups collapsed, all three experimental conditions were significantly 

higher for RSA-rest than RSA-speaking. This pattern held for children in the ASD group, 

such that the RSA-rest condition was higher across all conditions with corresponding 

medium effect sizes. The effect size from the collapsed-group analyses increased from 

small to medium for the ASD group for RSA-cognitive, and decreased from large to 

medium for the RSA-conversation and RSA-narrative. Within the TD group, RSA-rest 

was significantly higher for RSA-conversation, but not for RSA-narrative or RSA-

conversation. Effect sizes from the collapsed group analysis decreased from large to 

medium (RSA-conversation) to small (RSA-narrative, RSA-cognitive). When comparing 

RSA across conditions, it appears that children with ASD demonstrate lower RSA during 

social interactions as well as during cognitive tasks. The lack of difference between RSA-

rest and RSA-narrative in the ASD group (medium effect size) could be due to a type II 

error because of a lack of power, but other reasons should be considered. Perhaps the 

children with ASD are showing an appropriate stress response to executive functioning 

tasks (RSA suppression) whereas the TD group is not. Further, the RSA-narrative task 

required more complex language, thus reduced RSA may be more appropriate for this 

task.  

For the TD group, we did not expect a stress response in conversation, thus we 

did not expect differences from RSA-speak to RSA-conversation because respiratory 
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influence from speaking was controlled for. In this case, RSA-speak could be considered 

as a baseline. This prediction was partially borne out in the results. There were no 

significant differences between RSA-speak and RSA-conversation across groups. 

However, there also were not significant differences between RSA-speak and RSA-

cognitive which does not involve speaking across groups. This could be because RSA-

cognitive requires a stress response reflected in RSA similar to RSA values resulting 

from speech-breathing. It could also be because the RSA-speak condition does not serve 

as a baseline and actually taps into similar executive function domains and the RSA-

cognitive condition.  

Reilly & Moore (2003) investigated differences in RSA in adults with typical 

development and found that RSA was significantly higher when participants were 

reading text aloud than when sitting or reading silently, and there were no differences 

between rest and silent reading conditions. The sample from the current study exhibited 

the opposite pattern: RSA tended to be higher in the rest condition than the speaking 

baseline condition. Because of the age range and diagnostic status of the sample, 

comparing a silent reading task and reading aloud task was not feasible. Instead, we 

attempted to disentangle the effect of speaking on respiratory patterns by creating a 

simple rote counting task. It was predicted that sufficient modeling and practice and the 

use of a visual aid would reduce the attentional and working memory load and 

disentangle the effect of speech on respiratory pattern, and thereby RSA. It is likely that 

an interaction occurred between respiratory pattern changes and changes in cognitive 

load which impacted RSA. For this reason, we concluded that the speaking paradigm 
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developed for this study cannot serve as a baseline to compare to other contexts that 

involve speaking (i.e., conversation task).  

In other studies of children with typical development, researchers have generally 

found that when RSA is measured during an executive functioning task, participants’ 

RSA levels are lower than when measured at rest (Blair, 2003; Overbeek et al., 2014; 

Staton et al., 2009). In Blair’s (2003) study, the primary executive functioning domain 

considered was inhibition, whereas Overbeek et al. (2014) and Stanton et al. (2009) 

tapped into working memory, sustained attention, and inhibition. The speaking task in the 

current study, while presumably easier than the tasks completed in other studies, still 

potentially required proficiency in all three of those domains. Specifically, the children 

had to maintain attention to the task (sustained attention), inhibit the prepotent response 

of continuing to count (e.g., stop at 1-2-3-4 rather than continuing on to 5-6-7...; 

inhibition), and potentially store the auditory prompt sequences into working memory 

despite the visual aid. In fact, the visual aid itself could have elicited an unknown 

response because the children were “reading” the numbers. RSA during reading tasks 

such as these has not been studied.  

Overall, we concluded that the lower RSA-speak levels found in the current study 

likely represents a stress response appropriate to the task. This is an interesting point, 

considering the ASD group demonstrated greater differences in RSA than the TD group 

(in fact, the TD group’s differences were not significant). This task perhaps taxed the 

children with ASD’s cognitive system more so than the TD children. This is further 

supported in analyses completed for Research Question 2, which directly examined 

differences across groups. There were significant differences between the ASD group and 



 

75 

 

the TD group, in RSA-speak with a corresponding medium effect size. Group differences 

across contexts will be discussed in the following section.  

Research Question 2: Between Group Differences in RSA 

Analyses to address Research Question 2 examined differences in RSA conditions 

between the ASD and TD groups. In addition to differences between groups during RSA-

speak, the children with ASD also showed significantly lower RSA during the RSA-

narrative and RSA-cognitive conditions, with large effect sizes for both. Overall, the 

group of children with ASD tended to have lower RSA values than children with TD, and 

much less variability. However, there were not significant differences in RSA-rest or 

RSA-conversation between groups. This finding is contradictory to our predictions that 

children with ASD would have lower RSA-rest and RSA-conversation than children with 

TD based on findings by Bal et al. (2010), Lory et al. (2020), Ming et al. (2005), and Van 

Heck et a. (2009). In these studies, children with ASD had lower RSA levels at rest than 

children with typical development.  

Our research findings are more congruent with studies by Bazelmans et al. (2019), 

Corbet et al. (2018), Hollocks et al. (2014), Klusek et al. (2013), and Schaaf et al. (2013) 

in which differences in RSA-rest were not found across groups of children with ASD and 

TD. In our sample, it appears the children with ASD demonstrated similar stress 

responses and resting baseline functioning RSA as the TD group. Thus, the hypothesis 

that children with ASD would demonstrate suppressed RSA compared to children with 

TD due to an inappropriate stress response was not confirmed. Furthermore, for the 

current study, we predicted that all of the children would show reduced RSA in RSA-
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narrative and RSA-cognitive, and that this difference would be more pronounced in the 

TD group.  However, findings were contradictory.  

For typically developing children, when RSA is measured in executive 

functioning tasks is compared to RSA-rest, research indicates that RSA is reduced, and 

this trend is associated with better cognitive, behavioral, and social skills (Blair, 2003; 

Overbeek et al., 2014; Smith et al., 2017; Staton et al., 2009). Thus, we expected the 

children with ASD to show less of a response to this task than the children in the TD 

group given the social and behavioral difficulties that are a hallmark of the disorder. 

However, the more linguistically complex (RSA-narrative) and cognitively taxing (RSA-

cognitive) conditions yielded more of a stress response in children with ASD than 

children with TD. This again could be due to our very small sample size of children with 

TD, and the large amount of variability in their RSA levels. The range of the RSA values 

for children with typical development in this condition ranged from 5.56-8.48 for 8 

children, compared to 4.54-6.45 for 10 children with ASD. It is possible that we were 

able to capture the predicted response from the ASD group, but not the TD group due to a 

lack of power in that sample.  

We also calculated change scores by subtracting the experimental condition from 

the baseline condition. This measure reflects reactivity within an individual from one 

situation to the next. When base level RSA is taken into account, RSA-change did not 

differ significantly across samples. This could mean that RSA does not vary across 

groups, situational contexts, or experimental conditions. However, effect sizes were in 

the medium range for most of the comparisons across groups. Thus, the lack of statistical 

significance was most likely due to the small sample sizes.  
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Research Question 3: Association Between RSA and Developmental Characteristics 

Analyses for the final research question examined associations between the RSA 

measures and measures of cognitive, language, and social/behavioral development within 

groups. Language ability was measured using the CELF-4 Core Language Score (Semel, 

E., Wiig, E. H., & Secord, 2003), pragmatic language ability was measured using the 

Pragmatic Language subtest of the CASL-2 (Carrow-Woolfork, 2017), and cognitive 

ability was measured using the Matrices Subtest of the Kaufman Brief Intelligence Test 

(Kaufman & Kaufman, 2004). ASD symptom severity and behavioral characteristics 

were measured using the symptom severity score of the Autism Diagnostic Observation 

Schedule (Lord et al., 2012) and the overall standardized score of the Social 

Responsiveness Scale 2nd Edition (SRS-2; Constantino & Gruber, 2014), and executive 

functioning/behavioral characteristics were classified using the Global Executive Control, 

Behavior Regulation Index, and Metacognition Index scores of the Behavior Rating 

Inventory of Executive Functioning (BRIEF; Gioia, et al., 2000). The total number of 

developmental variables were 8. Kendall’s signed rank correlations were conducted for 

each developmental variable and RSA values across the five contexts, as well as RSA-

change scores from RSA-rest to the three experimental conditions (i.e., RSA-

conversation, RSA-narrative, and RSA-cognitive), and from RSA-speak to the three 

experimental conditions. This resulted in 9 RSA measures for a total of 45 comparisons.  

We considered only conducting correlations for RSA measures that were 

statistically significantly different between the ASD and TD groups, however previous 

investigations have found significant associations between developmental variables and 

RSA-change despite lack of significant findings between groups on these measures. We 
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acknowledge that it is unusual to do such a large number of comparisons, however due to 

the exploratory nature of the study, and the small sample size which reduced the types of 

statistical analyses that could be completed, we decided this procedure was appropriate. 

Interestingly, of the significant correlations that emerged, most were between measures 

for which there were significant differences between the ASD and TD groups based on 

the between-group analyses conducted to address Research Question 2.  

RSA-speak in the ASD group was significantly negatively correlated with CELF-

4 core language scores, and CASL-2 pragmatic language scores, with lower RSA in this 

condition resulting in lower overall language ability and pragmatic language ability. 

RSA-narrative in the ASD group was positively correlated with ASD symptom severity, 

with higher RSA in this condition resulting in higher symptom severity. Finally, RSA-

change from RSA-rest to RSA-narrative and RSA-rest to RSA-cognitive were positively 

correlated with the Global Executive Composite score and Metacognition Index of the 

BRIEF. An increase in RSA from rest to the narrative condition was associated with 

poorer outcomes in these areas. There were no significant correlations between RSA and 

any developmental variables in the TD group. We posited that this was likely in part due 

to the small sample size of the TD group. However, it could also be that RSA responses 

in this group were “typical”, thus appropriate stress responses were shown in each task 

for every participant and differences were small and associations, therefore, were 

negligible.  

Summary 

In summary, for the ASD group, the following developmental variables were 

associated with RSA (decrease in parasympathetic signal, lower RSA): overall 
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expressive/receptive language and pragmatic language when RSA was measured during 

the RSA-speak conditions. This measure was also statistically significantly lower in the 

ASD group from the TD group. ASD symptom severity increased as RSA levels 

increased during the RSA-narrative condition (i.e., increase in parasympathetic signal, 

higher RSA). RSA-narrative was also statistically significantly lower in the ASD group 

than the TD group. When change scores between RSA-rest and RSA-narrative were 

calculated, RSA-change was associated with poorer parent reported executive functioning 

and cognitive flexibility based on the BRIEF, specifically when RSA increased. 

Contrary to our predictions, RSA-rest and RSA-conversation did not differ across 

the groups, and neither were associated with any developmental measures.  

However, RSA-narrative and RSA-speak differences between groups were significant. 

These tasks appear to elicit a different response in RSA in children with ASD, which 

were also associated with core language ability, pragmatic ability, and ADOS-2 symptom 

severity. We had predicted that language ability and ASD symptom severity would be 

associated with lower RSA-rest and blunted RSA-response to social contexts, and 

possibly a cognitive context. RSA-rest and RSA-conversation were not associated with 

any developmental variables, however RSA-speak and RSA-narrative were. It is likely 

that the latter two require a decrease in RSA to allocate appropriate attentional and 

cognitive resources required in those situations. It seems that shifts in RSA from a resting 

condition to a social condition in which the system’s executive functioning resources are 

not as heavily taxed do not differ across our populations of children with ASD and those 

with TD. Reactivity and response in those conditions are not related to measures of 

language development, social capability, cognitive ability, nor ASD symptoms.  
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Reactivity to narrative or executive functioning tasks do appear to differ across 

our sample of children with ASD, and were associated with language ability, social 

competence, and ASD symptoms.  

Clinical Implications and Future Directions 

 Early ASD diagnosis and intervention is associated with better long-term 

developmental outcomes in individuals with ASD (Estes et al., 2015; Pickles et al., 

2016). The assessment process for diagnosing ASD is hindered by the extensive training 

requirements for professionals and due to significant heterogeneity intrinsic to the 

disorder. Further, in addition to significant social communicative impairments in this 

population, children with ASD are at a greater risk for language impairments and are 

frequently referred to speech-language pathologists for expressive and receptive language 

assessment and treatment. In the current study, RSA measured during a narrative 

condition was related to ASD symptom severity and pragmatic language ability, and RSA 

measured during a speaking task was associated with expressive and receptive language. 

It is therefore a promising biomarker for ASD, and potentially useful for speech-language 

pathologists. Further investigation of its clinical utility is warranted. For example, it may 

be worth examining if the inclusion of RSA measures in an ASD assessment that also 

current gold standard instruments (e.g., ADOS-2, ADI-2) improves diagnostic sensitivity 

and specificity. This could be feasible by measuring RSA during the ADOS such that 

RSA-narrative could be collected during the narrative portion of the ADOS-2. RSA-

speak would be an easy 5-minute task to incorporate into the study, given the current 

findings that it was associated language ability and differed across the ASD and TD 

groups. Under the parameters of the current study it is difficult to say which systems were 
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influencing RSA-speak: cognitive (executive functioning) or physiologic (breathing) 

factors, but we believe that it was likely a combination of the two. Comparisons with a 

more robust sample that include executive functioning tasks could help parse these 

differences. Thus, future studies should also include executive functioning tasks during 

which RSA can be measured. A sufficiently powered sample is of primary importance to 

detect differences across groups and complete more sophisticated statistical analyses.  

In regard to early diagnosis, more data is needed from very young children, 

perhaps as early as 3 months of age. RSA responses change in magnitude and direction 

depending on age (Berry et al., 2018). It is possible that differences in RSA values reflect 

different stress responses due to different attentional demands. Early in development 

when children are learning language, perhaps a stress response during a social interaction 

would be appropriate because the child needs to attend to sounds and words and connect 

meaning, putting an increase on their cognitive load. Due to these potential differences at 

different periods of development, a longitudinal evaluation of RSA across contexts is 

needed. 

 Finally, RSA should be investigated in children with ASD undergoing current 

behavior and language treatment to evaluate its utility in progress monitoring. It is 

unknown if interventions associated with positive outcomes would also be reflected in 

RSA. If changes were evident it could be a valuable tool for speech-language pathologists 

to monitor response-to-intervention, in addition to behavioral measurement that would be 

more objective and stable. Currently there is mobile RSA monitoring equipment 

available, and as technology advances they are becoming less intrusive and cheaper. If a 

speech-language pathologist had access to such equipment and clear benchmarks of RSA 
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were established, they would be able to examine behavioral and physiological outcomes 

to determine how an individual was responding to treatment and make adjustments in 

therapy as needed. 

Limitations 

We identified several significant limitations related to the data, including a very 

small sample size, age differences across groups, and a large number of statistical 

comparisons. Because the sample size was very small, especially for the TD group, we 

recognize that type II errors due to lack of power are likely. Cliff’s delta effect sizes were 

calculated for the Wilcoxon tests, which may help interpretation, recognizing true 

differences between groups or contexts despite insignificant p-values.  

The mean age of the group of children with ASD was on average older than the 

group of children with typical development. Berry et al. (2018) demonstrated that RSA 

responses can change in magnitude and direction depending on age. It is possible that 

differences in RSA values and responses in the current study’s sample is due to 

differences in age rather than differences based on diagnosis. However, age was not 

significantly correlated with RSA measured in any conditions. Additionally, the TD 

group of children had greater variability in their RSA values overall.  

We attempted to mitigate some of these limitations by using nonparametric tests, 

reporting and interpreting effect sizes, and calculating change scores for each participant 

to control for individual variability in overall RSA levels. Despite this, results should still 

be interpreted with caution and further study is needed with larger sample sizes of a 

homogenous and perhaps narrower age-range. 
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 We also acknowledge that we lost a significant amount of data due to equipment 

malfunction (ASD: n = 6, TD: n = 4) and noncompliance or excessive movement (ASD: 

n =1). Once the faulty equipment was discovered and an electrode replaced, data 

collection was more stable, with data collected on the remaining individuals successful. 

ECG electrodes were affixed to the children for approximately 45 minutes, and the 

children tolerated it well. This could signify that in this population of children with ASD, 

specifically, those with a range of ASD symptom severity but relatively intact and normal 

or only mild-to-moderately delayed language will tolerate RSA data collection and it 

could be utilized clinically. The one participant who did not tolerate the ECG electrodes 

was the participant with the highest ASD symptom severity, which suggests it may not be 

appropriate for all children with ASD. 

Conclusion 

In individuals with ASD, RSA has been found to differ across social and 

cognitive contexts compared to individuals without ASD. RSA in both contexts has also 

been found to predict performance on measures of social adaptability, language ability, 

and ASD symptom severity. This study compared RSA in 12 children with ASD and 8 

children with typical development between the ages of 5 and 8 years across five 

communicative and cognitive contexts. We also investigated relationships between RSA 

values in each context to performance on standardized measures of cognitive, language, 

and social functioning. Children with ASD had significantly lower RSA in a speaking 

context, narrative language sample context, and executive functioning context than 

children with TD. For the children with ASD, significant correlations were found 

between measures of RSA during the narrative and speaking contexts and expressive, 
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receptive, and pragmatic language ability; ASD symptom severity; and parent reported 

measures of behavior and executive functioning abilities. The current study supports that 

RSA is a promising measure for use in assessment of ASD, and possibly a valuable tool 

for speech-language therapists working with this population.   
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