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ABSTRACT 

Anxiety is an area of documented challenge for people with Autism Spectrum Disorder (ASD). 

Despite this, some studies state that those with ASD and language deficits have lower reported 

anxiety than those without language deficits. This effect may be due to the complicated task of 

appropriately evaluating anxiety in those with compromised language. Using biomarkers of 

anxiety, such as reduced Heart Rate Variability (HRV) and increased Heart Rate (HR), may 

improve anxiety assessment but more research is necessary. Specifically, it would be helpful to 

understand if the relationship between HRV/HR and anxiety is moderated by language abilities 

in children with ASD, and whether HRV/HR can discriminate between anxiety and other 

emotions, like anger, in children with ASD. This study examined the relationship between 

baseline HRV/HR, language ability, and different emotional states (i.e., anxiety and anger) in a 

sample of 23 children with ASD. It was hypothesized that receptive language would moderate 

the relationship between decreased HRV/increased HR and increased anxiety but not the 

relationship between decreased HRV/increased HR and increased anger. Multiple regression 

analyses indicated that HRV and HR were not significant predictors of anxiety or anger, and 

language was not a significant moderator. Future studies may wish to take new approaches to 

determining the role of language in the relationship between HRV/HR and anxiety.  
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Improving Anxiety Assessment in Autism: A Potential Use for Heart Rate Variability and Heart 

Rate 

Introduction 

About 1 in 68 children is diagnosed with Autism Spectrum Disorder (ASD; CDC 2009). 

ASD is a developmental disorder which is comprised chiefly of deficits in communication and 

social skills and the presence of restricted interests and repetitive behaviors (Christensen, 2016). 

Although these are the primary deficits in ASD, individuals with ASD face struggles and 

challenges across many different areas of functioning. One such area of functioning is that of 

emotion regulation, particularly anxiety. Many studies suggest that people with ASD have more 

struggles with regulating their emotions than do typically developing individuals (Davis et al., 

2011; DeLussey, Herrington, Bradstreet, Guy & Souders, 2014; Garfinkel, Tiley, O'Keeffe, 

Harrison, Seth, & Critchley, 2016; Laurent & Rubin, 2004; Mazefsky et al., 2013). Increased 

anxiety in this population is one such manifestation of this difficulty. Kerns et al. (2014) found 

that the presence of an anxiety disorder in their ASD sample, however, was associated with 

stronger expressive and receptive language abilities. It is possible that anxiety is also heightened 

in those with ASD and language impairment, but perhaps this is not captured by current 

assessment tools. A possible way to improve this assessment for minimally verbal children with 

ASD (MV-ASD) may be to examine the use of biomarkers of anxiety to augment standard 

anxiety assessment procedures, such as heart rate (HR) and heart rate variability (HRV), which 

have been shown to be related to anxiety (i.e., increased HR and reduced HRV).  

There are challenges to this measurement, however; namely, that HR and HRV may be 

related to many different states and conditions. Heightened HR and reduced HRV, for example, 

have been found in ASD itself (Daluwatte, 2013; Ming et al., 2005) and have also been 
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associated with angry behaviors such as reactive aggression (Scarpa, Haden, & Tanaka, 2010).  

If HRV and HR are ever to be used as biomarkers for anxiety in ASD for those with MV-ASD, it 

would be important to understand more about the relationships between HRV, HR, language and 

anxiety within the ASD population. Additionally, it would be important to examine differential 

relationships of HR/HRV with other emotional states such as anger. To begin this line of 

research, the current study examined receptive language as a moderator between HR and HRV 

and the emotions of anger and anxiety.  

Difficulty with Anxiety Assessment in ASD 

Consistent with the findings that children with ASD often have difficulties with emotion 

regulation, anxiety disorders are one of the most common comorbidities with ASD. About 40% 

of children with ASD also experience anxiety concerns in the form of a traditional anxiety 

disorder (Kerns et al., 2014). Additionally, it is reported that between 11% and 84% of children 

with ASD experience some form anxiety that interferes with their daily life (White, Oswald, 

Ollendick & Scahill 2009).  

 Based on these findings, it seems important that there be reliable and valid measures for 

the assessment of anxiety and the diagnosis of anxiety disorders in ASD. Unfortunately, this does 

not always seem to be the case. Although Kerns et al. (2014) found a positive association 

between anxiety disorder and stronger expressive and receptive language abilities, it could 

simply be the case that stronger language capabilities facilitate the detection of an anxiety 

disorder. Interestingly, one study demonstrated that in TD children and in children with 

Pervasive Developmental Disorder- Not Otherwise Specified (PDD-NOS), poorer expressive 

language was correlated with increased anxiety (Davis et al., 2011). However, in this same study, 

poorer communication ability was correlated with decreased anxiety in children diagnosed with 
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autistic disorder PDD-NOS is a pervasive developmental disorder listed in the DSM-IV with 

features of autism that did not meet the full DSM-IV criteria. In the newest iteration of the DSM 

(i.e, the DSM-5) PDD-NOS has been subsumed into the ASD category (APA, 2013). It is 

unclear why the findings differ between PDD-NOS and ASD in this study, since PDD-NOS is 

now encompassed within the diagnosis of ASD in the DSM-5; more research may need to be 

done in this area. This seemingly contradictory result may be explained by inferring that TD 

children and children with PDD-NOS in this study were still be able to express anxiety in some 

way despite decreased overall communication ability, while children with the diagnosis of 

autistic disorder were not. The authors imply more severe communication difficulties in the 

autistic disorder group, stating that the communication deficits and increased likelihood of 

alexithymia present in autism may make it difficult in this population to evaluate anxiety 

symptoms as they are currently defined. It is also possible that some components of anxiety are 

more recognizable to parents than others (i.e. running away is more recognizable than a child 

feeling scared).  

This concern would be easier to address if all the ASD population had similar 

communication abilities or difficulties. However, expressive and receptive language and social 

communication are often notable deficits of children with ASD, and the presentation of this 

deficit is extremely variable. It is estimated that 30% of the total ASD population acquire very 

little language or never acquire any language at all (Davis et al., 2011); yet, there is surprisingly 

little work done on the relationship between language, ASD, and anxiety. One study reported 

findings in which groups with ASD and greater language abilities showed higher anxiety than 

control groups (Gillott, Furnis & Walter, 2001); however, this study only looked at children with 

no language impairments. Therefore, no conclusions may be drawn about children with language 
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impairment. Still others assert that greater levels of anxiety could potentially be a function of 

characteristics associated with ASD, including communication deficits such as reduced receptive 

and expressive language (Wood & Gadow, 2010). Still another study compared groups of 

children classified as having either “Autism”- the diagnosis more likely to be associated with 

reduced receptive and expressive language- or “Aspergers”- the diagnosis associated with no 

language delay- as per DSM-IV criteria and found no difference in caregiver reported levels of 

anxiety between the two groups (Kim, Szatmari, Bryson, Streiner, & Wilson, 2000).  

These variable findings demonstrate that currently the results are very mixed as to 

whether children with MV-ASD experience more, less or the same amount of anxiety as their 

more verbal peers with ASD.  However, considering the documented struggles with increased 

anxiety this population is known to experience and the challenges that compromised language 

(whether expressive or receptive) has on ability of clinicians to accurately diagnose anxiety, it 

seems important that more research be directed towards accurate assessment of anxiety in 

children with MV-ASD.   This paper will consider lower language ability as a potential risk 

factor for anxiety due to the nature of the difficulties created with understanding communication 

and communicating with others.  

Language and The Polyvagal Theory’s Social Engagement System 

 When considering a theoretical framework, it seems important to consider one that will 

connect both of these constructs- communication/language and anxiety- with underlying 

physiological processes. One theoretical explanation of HRV and HR as potential biomarkers of 

anxiety that also incorporates communication is Porges’ Polyvagal Theory (Porges, 2001; 2007). 

Concisely, this theory suggests that different portions of the vagus nerve control different aspects 

of the nervous system related to social communication, approach and avoidance behaviors 
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(Porges, 2007). Specifically, it states that three different physiological circuits support three 

different systems of behavior -- social communication, mobilization and immobilization (Porges, 

2007, 2001).In this theory the mobilization system is related to the sympathetic nervous system, 

while the parasympathetic nervous system is divided into two branches each related to a different 

portion of the vagus nerve. The ventral vagal pathway connects to the eyes, ears and other 

regions in the face used for social communication and this system is most engaged when the 

environment is perceived to be safe, thus an appropriate setting to engage in social behavior, and 

is called the social communication system. In the context of the polyvagal theory, children with 

ASD are often thought of as having a compromised social communication system; therefore, 

there should be some indication of this deficit in the corresponding physiological system. 

According to Porges, the Social Engagement System is comprised of portions of the cortex and 

brainstem, which innervate both somatomotor and visceromotor components via the myelinated 

portion of the vagus (Porges, 2001). In this model, cranial nerves control facial muscles essential 

for social communication such as the eyes (needed for eye contact), the middle ear muscles 

(needed to discern speech from background noise), and the larynx and pharynx (needed for 

expressive language). The myelinated vagus is also implicated as a cranial nerve that regulates 

HRV/HR by allowing for quick changes in HR to respond to internal and external demands 

(Applehans & Luecken, 2006).   

As an example of support for this theory and its relationship to language in the literature, 

Patriquin, Lorenzi, & Scarpa (2013) found that reduced resting Respiratory Sinus Arrhythmia 

(RSA), was a significant predictor of the likelihood of parents reporting that their child was 

nonverbal. RSA is a specific kind of vagally mediated HRV which takes into account the rate of 

respiration. This makes RSA a good index of parasympathetic regulation of heart rate.  As such, 
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it is possible that language difficulties would be related to anomalies in HRV as an index of the 

integrity of the social engagement system.  

Children with anxiety may show physiological markers in the systems of mobilization 

(the fight or flight response) and immobilization (freezing in response to a threat), which 

according to polyvagal theory exist to regulate responses to threat (Scarpa, 2015).   

HRV and HR as Potential Biomarkers for Anxiety in ASD  

Autonomic features such as HRV and HR have been hypothesized to be biomarkers for 

the presence of anxiety or even of the elevated levels of anxiety present in anxiety disorders 

(Chalmers, Quintana, Abbott & Kemp, 2014; Pittig, Arch, Lam & Craske, 2013; Yeragani et al., 

1993). It has been shown that compared to controls, people with anxiety disorders have 

significantly lower baseline HRV (Chalmers, Quintana, Abbott, & Kemp, 2014; Penninx, van 

Dyck, de Geus, Eco, & Licht, 2009; Pittig, Arch, Lam, & Craske, 2013). Increased HR is also 

indicative of many different heightened emotional states, one of which is anxiety (Watkins, 

Grossman, Krishnan, & Sherwood, 1998). However, it has also been shown that there may be 

some HR anomalies present as a function of ASD. For example, some studies find that those 

with ASD have a higher baseline HR than typical populations (Daluwatte et al., 2013; Kushki, 

Brian, Dupuis, & Anagnostou, 2014; Ming, Julu, Brimacombe, Connor, & Daniels, 2005).   

Increased HR is associated both with increased sympathetic and decreased 

parasympathetic nervous system activity, while HRV is partially vagally-mediated and is 

sometimes interpreted to reflect overall cardiac vagal activity (Penninx, van Dyck, de Geus & 

Licht 2009). More specifically, Respiratory Sinus Arrhythmia (RSA) refers to HRV that occurs 

as a function of respiration and is mediated by the vagus nerve, which is under parasympathetic 

influence. Many studies that examine the relationship of HRV to anxiety and ASD measure HRV 
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with RSA. (Beauchaine, 2015; Benevides & Lane, 2015). Moreover, most studies use resting 

RSA due to the increased influence of the vagus nerve during resting state (Benevides & Lane, 

2015).  

In contrast to some studies that have examined cardiac variables solely in relation to 

anxiety, Beauchaine (2015) noted relationships to anxiety and ASD as well as several other 

disorders, and refers to RSA as a transdiagnostic marker of emotional dysregulation. The general 

finding of reduced baseline HRV also has been shown across several different anxiety disorders 

including Panic Disorder, Generalized Anxiety Disorder, and Social Phobia (Friedman 2007; 

Pittig, Arch, Lam & Craske 2013).  

This body of research suggests that baseline HRV and HR may be promising biomarkers 

for anxiety in ASD, and some studies have even gone so far as to claim that results are 

demonstrative of this promise. For example, one study stated that reduced baseline HRV may be 

a promising biomarker for the many difficulties that may underlie problems with social approach 

behaviors, such as impaired stress regulation (Alvares et al., 2013).  Another study referred to 

HRV as “transdiagnostic,” but characterized it as a transdiagnostic biomarker of “worry” 

specifically (Chalmers, Quintana, Abbott, & Kemp, 2014). In order to make this claim more 

powerful, however, it seems important to not only examine the literature surrounding anxiety and 

autonomic biomarkers, but to also look at the literature related to other characteristics of ASD 

and autonomic activity. For example, some studies have shown that HRV is not specific to 

anxiety (Neuhaus, Bernier, & Beauchaine, 2014; Patriquin, Lorenzi, Scarpa, Calkins, & Bell 

2015), and that HRV anomalies, like HR anomalies, may be present as a feature of ASD itself 

(Daluwatte, 2013). Additionally, HRV and HR face challenges in terms of a paucity of 

knowledge with respect to its interactions with language ability.  Few studies have been 
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conducted to specifically test whether or not HRV and HR may discriminate between anxiety 

and other maladaptive states and behaviors.  

Goals of the Current Study 

 In order to consider the use of HRV/HR as biomarkers of anxiety in MV-ASD it would 

be helpful to have a better understanding of the relationship between baseline HRV/HR, anxiety 

and language. Significant relationships between any of these variables will likely impact the 

interpretation of HRV/HR anomalies in populations with language difficulties who are being 

assessed for anxiety.  It would also be helpful to better understand whether baseline HRV/HR 

can discriminate between different maladaptive states and symptoms or whether they are better 

suited as a transdiagnostic measure and may need to be combined with other measures as part of 

an assessment protocol. While many studies have shown decreased HRV and increased HR are 

related to increased anxiety it has been suggested that these are reflective of broad autonomic 

dysfunction, and this would make them of little use as an independent measure for specific 

symptomology. If HRV/HR are to be used as a biomarker for anxiety in ASD, it seems important 

to understand within an ASD sample if HRV and HR will show any discriminative relationships 

between elevated anxiety and elevations of other maladaptive behaviors such as reactive anger or 

social withdrawal. Specifically, the scale that was be compared to anxiety in this study was 

“disruptive/anti-social,” which includes irritability and reactive aggressive behaviors, and served 

as a proxy measure for anger. 

Hypotheses 

While some studies suggest that HRV/HR anomalies are broad markers of emotional 

difficulties or transdiagnostic (Neuhaus, Bernier, & Beauchaine, 2014), others suggest that they 

may be able to mark specific elevations in the domain of anxiety (Alvares, 2014; Chalmers, 
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Quintana, Abbott, & Kemp, 2014). This leaves uncertainty in the research as to the nature of 

these measures and how they may best fit in to the future of assessment.  

In this study we hypothesized that, if the existing research of HR/HRV as a marker of 

anxiety is supported, there would be differences between HRV/HR as a predictor of anxiety vs. 

anger. Additionally, language ability would play a moderating role in anxiety, but not in anger.  

In this study it was hypothesized that:  

I. Decreased baseline HRV would be predictive of increased anxiety (i.e., 

significant main effect of HRV on anxiety) but this relationship would not exist 

for anger; and 

II. The strength of this relationship between HRV and anxiety would increase as 

receptive language decreased (i.e., significant moderating effect of receptive 

language on the relationship between HRV and anxiety, but not for anger).  

III. Increased baseline HR would be predictive of increased anxiety (i.e., significant 

main effect of HR on anxiety), but this relationship would not exist for anger; and  

IV. The strength of this relationship between HR and anxiety would increase as 

receptive language decreased (i.e., significant moderating effect of receptive 

language on the relationship between HR and anxiety, but not for anger).  

 

Methods 

Power Analyses 

  Moderation was tested by using multiple regression analyses with three predictor 

variables, based on the methods of Cohen, Cohen, West, and Aiken (2003). Power analyses were 

conducted to determine minimum sample size needed to detect small (Cohens f^2 =.02), medium 
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(Cohens f^2 = .15), or large (Cohens f^2 = .35) effects, with power = .8 and p =.05. A sample 

size of n = 311 was required to detect a small effect, n = 43 to detect a medium effect, and n = 20 

to detect a large effect. The current sample size was sufficient for detecting a large effect. Due to 

the small sample size, effect size (R2 value) will be noted throughout where R2>.02=small effect, 

R2>.15=medium effect, R2>.35=large effect. 

Participants  

The archival data reported here are derived from a larger protocol designed to assess 

participant’s autonomic responses to different auditory stimuli (music vs. an audiobook) 

(Patriquin, Scarpa, Friedman, Porges, 2013). The laboratory sessions described below were 

conducted at a university clinic in Southwest Virginia. A phone screen was conducted with 

parents prior to the session to determine eligibility. In order to participate it was required that 

children be able to tolerate the sensation of the LifeShirt® on their skin for the 38 minutes of 

physiological data collection. Additionally, it was required that children’s abdomen’s measure at 

least 20 inches around and that their chest measure at least 21 inches around in order to ensure a 

proper fit of the LifeShirt®.  

Participants consisted of 23 children (n males = 18, n females = 5). Children were ages 4 

years 3 months to 7 years 9 months and had a prior DSM-IV diagnosis of an ASD (i.e., Autism, 

n = 12; Asperger’s Disorder, n = 10; PDD-NOS, n = 1) and no severe tactile hypersensitivities 

(because of the use of adhesive electrodes on the skin). Participants were sampled from the 

Southwest Virginia area and were recruited through the Virginia Tech Autism Clinic, electronic 

autism listservs, emails sent out to local autism organizations, and parent support groups. Each 

received $20 compensation for completing the experimental session, although some participants 

did not receive compensation as funding was received after their participation.  

Measures   
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The following measures were used to obtain demographic information and assess for 

sensory issues, communication and language skills, fear, anxiety, and autonomic responses. All 

measures were from a larger existing data set that includes other measures not described here.   

Demographic Survey (Appendix A). This demographic survey obtained information about 

the parent (e.g., education level, relation to the child, income), the child (e.g., age, race, 

education level), the child’s current diagnosis, and the child’s current symptoms.  

Developmental Behavior Checklist, Parent Version (DBC-P; Einfeld & Tonge, 1992, 

1995, 2002). The DBC is a questionnaire consisting of 96 Likert scale items. Each description of 

behavior was scored either 0 = “not true as far as you know,” 1 = “somewhat or sometimes true,” 

or 2 = “very true or often true.”  The DBC was completed by parents reporting for individuals 

with development and/or intellectual disabilities, aged 4 - 18 years old, for problems over a six-

month period. T-scores were used for each of the 6 different scales. These subscales include 

“anxiety” (α=0.762), “disruptive/anti-social” (α =0.905), “self-absorbed” (α =0.855), 

“communication disturbance” (α =0.806), and “social relating” (α =0.732). All scales showed 

acceptable internal consistency. This measure has shown good reliability and validity (Einfeld & 

Tongue,1995; 2002). In the original paper it is recommended that the cut-off for each of the 

subscales be determined by the either the sensitivity or specificity called for the by the treatment 

setting. For maximum sensitivity, a cut-off of 34 is recommended. For maximum specificity a 

cut-off score of 68 is recommended (Einfeld & Tongue,1995). This study utilized a cut-off score 

of 65, as this is one standard deviation from the mean and is often used as a clinical cut-off. 

About half of the children were above the clinical cut-off for anxiety (N=11) and anger (N=11) 

(although these were not the same 11 children). 
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Peabody Picture Vocabulary Test, Third Edition (PPVT-III; Dunn & Dunn, 1997). The 

PPVT-III measures receptive language skills (understanding and comprehension of spoken 

words) in a format that is conducive to measuring language skills in children with ASD. The 

examiner orally presented a stimulus word with a set of pictures, and the participant selected the 

picture that best represented the words’ meaning.  The PPVT-III is significantly correlated to the 

Vocabulary Comprehension Index on the Wechsler Intelligence Scale for Children, Third 

Edition, r = 0.75, p < .01 (Tannenbaum, Torgesen, & Wager, 2006). The PPVT-III score was 

calculated by subtracting the number of errors the child makes from a total ceiling score. The 

raw score was converted into a standard score. The standard score (M = 100, SD = 15), which is 

a measurement of relative standing among chronologically aged peers. The PPVT has been used 

in experimental studies to assess receptive vocabulary in children with autism (e.g., Badawi, 

2006) and has demonstrated good psychometric validation (Williams & Wang, 1997). The scores 

obtained from the PPVT and used in these analyses are standard scores.  

LifeShirt! (Vivometrics). The LifeShirt! is an ambulatory physiological monitoring 

system. In the current study, the LifeShirt! was used to measure autonomic functioning (i.e., HR, 

HRV, and respiration). The study required that the participants must be without severe tactile 

hypersensitivities since adhesive electrodes were used to monitor cardiac functioning. There are 

many benefits of using LifeShirt! over typical laboratory physiology measurement systems. 

Specifically, the LifeShirt! is worn like a vest or shirt and hides electrodes, electrode wires, and 

respiration straps. Especially for children with ASD, this system of measurement was a more 

familiar and comfortable way to collect data. Additionally, the LifeShirt! provides a strong 

ability to measure ambulatory autonomic response (Heilman & Porges, 2007). This allowed the 

child to move freely during the semi-structured play and listening periods of the study. Heilman 
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and Porges (2007) compared the LifeShirt® to the Biopac MP35 (Biopac Systems, Goleta, CA, 

USA), a frequently used physiological monitoring system; they found that the LifeShirt! is both 

accurate in the detection of R-waves and in the timing of R-R intervals (Heilman & Porges, 

2007). For the purposes of this study, HR was measured in beats per minute (bpm) and HRV was 

measured using baseline Respiratory Sinus Arrhythmia (RSA). As stated in the introduction, 

RSA is a measure of HRV that takes respiration into account and there are many metrics for 

quantifying RSA. While RSA is a good index of parasympathetic regulation of heart rate, it 

should be noted that this does not necessarily generalize to all parasympathetically mediated 

functions. Data were analyzed using the CardioBatch software (Brain-Body Center, University 

of Illinois at Chicago). CardioBatch is a program that utilizes algorithms, specifically the Porges-

Bohrer method, to extract the heart rate variance within the frequencies of spontaneous breathing 

to determine the amplitude of RSA (Porges, 1985; Porges & Bohrer, 1990). For more details of 

the calculation of RSA refer to Patriquin, Lorenzi, & Scarpa, 2013 and Patriquin, Scarpa, 

Friedman & Porges, 2013. Several past studies have utilized Porges method which filters out 

slower vacillations and leaves only the fast frequencies that are considered to be vagal 

(Applehans & Luecken, 2006).  

Procedure   

Upon arrival at the clinic parents were given an informed consent form. The study and 

consent details were explained to the parent and consent to participate was obtained. Child assent 

was obtained from the child when possible in regard to the child’s verbal abilities. After consent 

the parent was given the above stated questionnaires to complete while their child completed the 

audio task. The parent was able to watch their child from behind a mirror.  

http://onlinelibrary.wiley.com/doi/10.1002/dev.21002/full#bib23
http://onlinelibrary.wiley.com/doi/10.1002/dev.21002/full#bib34
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Before completing the audio task, the LifeShirt® was carefully put on the child. The 

child then watched a 3-minute baseline video. This video consisted of a 3-minute section of 

National Geographic’s Animal Holiday, a nature video intended for children 4 - 10 years old. 

After completing this baseline task, the child completed an audio task, in which the child was 

randomly assigned to listening to either self-selected songs on an Apple iPod or to an excerpt of 

a self-selected audiobook on an Apple iPod. During the duration of the audio task, the 

experimenter remained in the room and the child colored quietly at a table. After the audio task 

children completed a recovery task consisting of 3 minutes of watching National Geographic’s 

Animal Holiday. After this, the LifeShirt® was removed and any questions the parent or child 

had were answered. The total session time was approximately 90 minutes.  

 Results 

Descriptive Statistics. Descriptive statistics were conducted to examine each of the relevant 

variables (see Table 1). The results of these analyses indicate that the mean for this sample on the 

DBC anxiety subscale (n=65.91, SD=26) was above the determined clinical cut-off 

demonstrating that overall this sample has significant parent-reported anxiety. Additionally, the 

PPVT scores (n=88.36, SD=27.37) indicate that overall this sample had language in the average 

range, although there was some variability. This suggests that in terms of the distribution of 

language scores this sample was well suited to this research question.  

Correlations. Bivariate correlations were conducted between all demographic variables and 

variables of interest (see Table 2). There was a significant correlation between age and PPVT 

score (r=.51, p<.05), as well as between age and baseline HR (r=-.46, p<.05). For this reason, 

age was included as a covariate in the regression analyses. Additionally, there was a significant 
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correlation between baseline HR and PPVT score (r=-.49, p<.05). Finally, the DBC subscale 

scores for anxiety and anger were significantly correlated (r=.50, p<.05).  

Hypothesis testing. Resting RSA and HR data were collected over a 3-minute baseline 

period and averaged over the three minutes. Prior to hypothesis testing, all variables of interest 

were centered to reduce collinearity.  

Anxiety and HRV (Table 3): A four-step hierarchical multiple regression was conducted 

with baseline RSA and PPVT score as the independent variables and DBC anxiety subscale score 

as the dependent variable. Child age in years was entered at step 1 of the regression to control for 

age, baseline RSA was entered at step two, PPVT score at step three, and their interaction term at 

step four. The overall model was not significant, and the effect was small (F= 1.02, p=.61, 

R2=.14).  

At step one of the hierarchical multiple regression, child age did not contribute significantly 

to the regression model, F (1,21) = 2.11, p=.16, R2=.10, and accounted for 9.5% of the variation 

in anxiety score. Introducing baseline RSA explained no additional variation in anxiety score, F 

(2,21) = 1.01, p=38, R2=.10. Adding PPVT score to the regression model explained no additional 

variation in anxiety, F (3,21) = .63, p =.60, R2=.10. Finally, the addition of interaction terms to 

the regression model explained an additional 4.3% of the variation in anxiety; however, this 

change in R² was not significant, F (5,21) = .68, p= 0.61, R2= .14.  

Although the results of this analysis were not significant, the direction of the interaction was 

examined as an exercise to inform future research questions because the interaction effect size 

was close to medium. This analysis was conducted by dividing the sample in half, creating a high 

and low language group, and examining the slopes that resulted from graphing the two sets of 

data points. For the high-language group, the slope of the regression line was negative suggesting 
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that resting HRV decreased as anxiety increased. However, for the low-language group the slope 

of the regression line was positive suggesting that for these children resting HRV actually 

increased as anxiety increased (Figure 1).  

Anger and HRV (Table 4):  Similarly, a four-step hierarchical multiple regression was 

conducted with baseline RSA and PPVT score as the independent variables and DBC disruptive 

subscale score as the dependent variable. Child age in years was entered at step 1 of the 

regression to control for age, baseline RSA was entered at stage two, PPVT score at step three, 

and their interaction term at step four. The overall model was not significant, and the effect was 

medium (F= .93, p=.47, R2=.18).  

Results indicated that child age did not contribute significantly to the regression model, F 

(1,21) = 1.82, p=.19, R2=.08, and accounted for 8.4% of the variation in anger score. Introducing 

the baseline RSA explained an additional 1% of variation in anger score and this change in R² 

was not significant, F (2,21) = 0.92, p=.41, R2=.09.  Adding PPVT score to the regression model 

explained an additional 6.2% of the variation in anger and this change in R² was also not 

significant, F (3,21) = 1.08, p =0.38, R2= .15. Finally, the addition of interaction terms to the 

regression model explained an additional 3.2% of the variation in anger, and this change in R² 

square was not significant, F (4,21) = .93, p= 0.46, R2= .18.  

Although the results of this analysis were not significant, the direction of the interaction was 

examined as an exercise to inform future research questions because the effect size of the 

interaction was medium. This analysis was conducted by dividing the sample in half, creating a 

high and low language group, and examining the slopes that resulted from graphing the two sets 

of data points. For the high language group, the slope of the regression line was positive, 

suggesting that for children with more language, resting HRV increased as anger increased. For 
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the low-language group the slope of the regression line was negative, suggesting that for children 

with less language, resting HRV decreased as anger increased (Figure 2).  

Anxiety and HR (Table 5): The same analyses were repeated using HR instead of HRV. A 

four-step hierarchical multiple regression was conducted with baseline HR and PPVT score as 

the independent variables and DBC anxiety subscale score as the dependent variable. Child age 

in years was entered at step 1 of the regression to control for age, baseline HR was entered at 

step two, PPVT score at step three, and their interaction term at step four. The overall model was 

not significant, and the effect was small (F= .69, p=.65, R2=.13). 

The hierarchical multiple regression determined that at step one, child age did not contribute 

significantly to the regression model, F (1,21) = 2.11, p=.16, R2=.10, and accounted for 10% of 

the variation in anxiety score. Introducing the baseline HR explained no additional variation in 

anxiety score, F (2,21) = 1.01, p=.38, R2=.10. Adding PPVT score to the regression model 

explained an additional. variation in anxiety F (3,21) =.64, p= .60, R2=.10. Finally, the addition 

of interaction term to the regression model explained an additional 3% of the variation in anxiety 

and this change in R² square was not significant, F (4,21) = .63, p= .64, R2= .13.  

Anger and HR (Table 6): Similarly, a four-step hierarchical multiple regression was 

conducted with baseline RSA and PPVT score as the independent variables and DBC disruptive 

subscale score as the dependent variable. Child age in years was entered at step 1 of the 

regression to control for age, baseline HR was entered at step two, PPVT score at step three, and 

their interaction term at step four. The overall model was not significant, and the effect was 

medium (F= .76, p=.42 R2=.19).  

The hierarchical multiple regression determined that at step one, child age did not contribute 

significantly to the regression model, F (1,21) = 1.82, p=.19, R2= .08, and accounted for 8% of 
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the variation in disruptive scale score. Introducing baseline HR explained no additional variation 

in anger score, F (2,21) = .87, p=.43, R2=.08. Adding PPVT score to the regression model 

explained an additional 7.2% of the variation in anger and this change in R² was also not 

significant, F (3,21) =, p=.37, R2=.16. Finally, the addition of interaction terms to the regression 

model explained an additional 4% of the variation in anger and this change in R² square was not 

significant, F (4,21) = 1.02, p= .42, R2= .19.  

Although the results of this analysis were not significant, because the effect size was 

medium the direction of the interaction was examined as an exercise to inform future research 

questions. This analysis was conducted by dividing the sample in half, creating a high and low 

language group, and examining the slopes that resulted from graphing the two sets of data points. 

For the high-language group the slope of the regression line was negative, suggesting that resting 

HR increased as anger decreased. For the children with low-language, the slope of the regression 

line was positive suggesting that as anger increased resting HR also increased (Figure 3).  

Discussion 

ASD is a developmental disorder which, besides several core deficits, is associated with 

struggles and challenges across many different areas of functioning. One such area of 

functioning is that of emotion regulation, specifically anxiety. Several studies have suggested 

that people with ASD have more struggles with regulating their emotions than do typically 

developing individuals (Davis et al., 2011; DeLussey, Herrington, Bradstreet, Guy & Souders, 

2014; Garfinkel, Tiley, O'Keeffe, Harrison, Seth, & Critchley, 2016; Laurent & Rubin, 2004; 

Mazefsky et al., 2013). Increased anxiety in this population is one such manifestation of this 

difficulty. However, there is conflicting evidence as to the relationship of language ability and 

anxiety in ASD (Kerns et al., 2014). This study sought to examine this relationship with the use 
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of physiological data that may facilitate the identification of potential biomarkers for anxiety. In 

our study, HRV and HR did not significantly predict anxiety or anger. Further, receptive 

language did not significantly moderate the relationship between anxiety and HRV, anxiety and 

HR, anger and HRV or anger and HR.  

There could be several explanations for the lack of significant findings in this study, 

despite previous research suggesting the hypothesized relationships. First, the low power of this 

study was a major limitation of the analyses and likely effected the findings. It is worth noting 

that while none of the results of the analyses were statistically significant, results in the four 

models ranged from small to medium effect sizes. As the power in this study was only sufficient 

to detect a large effect, these results suggest that some of the moderate effects in our sample may 

not have been detectable with this level of power.  

Besides the limitation of low power there is significant research to support that children 

with ASD may experience more anxiety than their same age peers (White et al., 2013), this is 

consistent with the mean of this sample, which is in the clinical range. However, the role of 

language deficits complicates this picture. This study’s hypothesis was predicated on the notion 

that lack of expressive and receptive language is a risk factor for anxiety. However, if this is not 

the case, and instead if the mixed findings in the literature are solely a result of reporting 

difficulty or inconsistency in children with expressive and receptive language deficits, then the 

reporting biases could explain the non-significance of these findings. In other words, if parents 

simply cannot recognize or report emotions in their children, then it would not be possible to 

detect differences between parent-reported anxiety.  

Analyses performed with anger as the predictor had slightly larger effect sizes; however, 

overall, there did not seem to be any major statistical differences when the analyses were 
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conducted with anger as the outcome variable instead of anxiety. There are several possible 

explanations for this lack of distinction between anger and anxiety.  Similar to above, an 

explanation may be parents may have had difficulty reporting on anxiety vs. anger and reported 

many of the same behaviors in both categories, for example a “meltdown” could be attributed to 

anger or anxiety by a third-party observer. Although this sample size was too small to conduct an 

exploratory factor analysis, some literature that suggests that the anger and anxiety constructs 

may not be separate in a population this young (Achenbach, 2009).  

Although the findings were not significant, medium effect sizes were probed as an 

exercise to inform future research questions. In the first analyses examining the relationship 

between anxiety and resting HRV, the results were as expected for the children with higher 

receptive language, with resting HRV decreasing as anxiety increased. However, the children 

with lower-receptive language had the opposite of the expected effect, with resting HRV 

increasing as anxiety increased.  

In the analysis examining the effect of anger on resting HRV, in the high language group the 

slope of the regression line was positive, suggesting that resting HRV increased as anger 

increased. This is contrary to what existing research would suggest. For the low-language group 

the slop of the regression line was negative, suggesting that for children with less language 

resting HRV decreased as anger increased. Had this result been significant, it would be supported 

by the research that implicates HRV as a transdiagnostic biomarker, or at least of the research 

suggesting that HRV is not solely related anxiety.  

Finally, in the analysis examining the effect of anger on resting HR, for the high-language 

group the slope of the regression line was negative, suggesting that resting HR increases as anger 

decreases. For the children with low-language, the slope of the regression line was positive 



21 
 

suggesting that as anger increased resting HR also increased. Of these two results, only the 

second, if significant, would be in line with what would be suggested by the research on HR as a 

transdiagnostic biomarker.  

Overall, had these effect sizes been significant, their interpretation would be variable. It is 

important to note, that of all analyses run the ones in which anger predicted HRV/HR had the 

largest effect sizes, which seems contradictory to the idea that HRV/HR are best conceptualized 

as a biomarker of anxiety. With this in mind, future research utilizing larger sample sizes may 

wish to concentrate their efforts on HRV/HR as a marker of anger or, consistent with the 

suggestion of Beauchaine (2015), HRV/HR as a transdiagnostic marker of distress.  

Although the patterns in this paper were not replicated with anxiety, there is still a large 

body of research suggesting the hypothesized relationships with anxiety. Consequently, there 

may be two important take aways from this. One may be that, in light of existing evidence in the 

literature, future researchers may wish to continue researching the relationship of HRV and HR 

to anxiety but be mindful that the relationship of these variables to anger should not be ignored 

in these research projects. The second is that it is notable that if the findings of this paper would 

have been significant, then at least in this sample, HRV/HR are related to anger expressions 

more so than anxiety expressions in children with low language. This notion might also align 

with the idea that angry behavior is easier for parents to see and identify. 

Had these interactions been significant there would also have been interesting implications 

for the role of language in this model. All of the slopes examined had opposite directions, which, 

had the results been significant, would have suggested a potential moderating role of language in 

the relationship of anxiety and anger to HRV/HR. It is also noticeable that in this sample there 

was a significant and large, though insignificant, correlation between HRV and PPVT score and 
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HR and PPVT score, respectively. This finding has already been examined and discussed further 

in Patriquin, Lorenzi, & Scarpa (2013) and Patriquin, Scarpa, Friedman & Porges (2013), 

however, it does lend support to the connection between language and HR/HRV and suggests 

that more studies should consider examining this relationship. Additionally, this finding suggests 

the issue of clinical vs. statistical significance. Despite the large correlation between HR and 

receptive language, the finding was not statistically significant. This may be important to keep in 

mind for interpretation of future results in studies of this sample size as large correlations, or 

effect sizes, may have some clinical significance even when not shown statistically. Future 

research utilizing a larger sample size may wish to examine this relationship again or potentially 

new models to explain the role of language. For example, it may be interesting to utilize a 

curvilinear regression to see if there is a non-linear relationship between these three variables. 

This may be especially important as connection between language and HR/HRV could lend to 

support and contribute to the evidence base surrounding the polyvagal theory (Porges, 2007). 

Limitations 

The chief limitation of this study is the small sample size which was only sufficient to 

detect a large effect. For this reason, the smaller effects indicated in our sample may have been 

undetectable. Additionally, the study would have benefitted from a measure of expressive as well 

as receptive language.  

Future Directions 

 These results suggest several possible directions for future research. Although the results 

of this study were not significant there is still a large body of research suggesting the 

hypothesized relationships. Given the limitations of this data set, more research should be 

dedicated to this topic in the future that addresses some of the limitations of this study. 
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Additionally, future research may wish to take different approaches to furthering our 

understanding of what anxiety looks like in MV-ASD. While this study was not successful in 

clarifying the role of language in the relationship between anxiety and ASD, it is still an 

important and relevant question and there are many novel approaches to studying this question 

that were not explored in this study. Additionally, in this sample only about half of the children 

were above the clinical cut-off for anxiety (N=11) and anger (N=11) (although these were not the 

same 11 children). future studies may wish to seek to recruit at the outset a sample of children 

with clinically significant anxiety or anger difficulties and examine how results in these 

populations may look different than in this sample.  
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Table 1 

Descriptive Statistics  

 Minimum Maximum Mean Standard Deviation 

Heart Rate (bpm) 80.05 124.3 102.43 12.88 

Resporatory Sinus Arythmia (ln(ms)2) 19.10 239.3 73.26 55.9 

Receptive Languaege 50 129 88.36 27.37 

Anxiety 10 98 65.91 26 

Anger 20 98 64.82 24.43 

 

 

 

 

Table 2                  

Correlations Between Descriptive Variables and Target Variables    

 1. 2. 3. 4. 5. 6. 7. 

  

8.  

 

9. 

1. PPVT1 Score 1          

2. Age .51* 1         

3. Gender -.04 -.19 1        

4. Race .11 .13 .17 1       

5. Family Income .25 .01 -.14 -.07 1      

6. Baseline Heart Rate -.49* -.46* -.13 -.35 -.08 1     

7. Baseline RSA2 .42 .31 .09 -.18 -.17 -.54* 1    

8. DBC3 Anger .37 .29 .36 .20 -.10 -.16 .17 1  

9. DBC3 Anxiety .18 .31 -.02 -.24 .08 .12 -.12 .50* 1 

Note: *p < .05, **p < .01, ***p < .001. 
1= Peabody Picture Vocabulary Test; 2= Respiratroy Sinus Arythmia (ln(ms)2); 3= Developmental Behavior 

Checklist 
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Table 3 

Regression of Anxiety on HRV 

 

    

 ΔR2 β R2 

Step 1 .095   

Age  .31 .10 

Step 2 .00   

RSA1  .03 .10 

Step 3 .00   

PPVT2  .02 .10 

Step 4 .043   

PPVT 1xRSA2  -.27 .14 

F-value .68  

Note. * p < .05, ** p < .01, *** p < .001. 
R2>.02=small effect,  R2>.15=medium effect,  R2>.35=large effect 

1= Respiratory Sinus Arythmia (ln(ms)2); 2= Peabody Picture 

Vocubaulry Test 
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Table 4 

Regression of Anger on HRV 

 

   

 ΔR2 β R2 

Step 1 .08   

Age  .30 .08 

Step 2 .01   

RSA1  .09 .09 

Step 3 .06   

PPVT2  .31 .15 

Step 4 .03   

PPVT2 X RSA1   .22 .18 

F-value .93  

Note. * p < .05, ** p < .01, *** p < .001. 
R2>.02=small effect,  R2>.15=medium effect,  R2>.35=large effect 

1= Respiratory Sinus Arythmia (ln(ms)2);  2= Peabody Picture 

Vocubaulry Test 

 

Table 5 

Regression of HR on Anxiety 

 

   

 ΔR2 β R2 

Step 1 .10   

Age  .31 .10 

Step 2 .00   

HR1  .03 .10 

Step 3 .00   

PPVT2  .04 .10 

Step 4 .03   

PPVT2 xHR1   .18 .13 

F-value .63  

Note. * p < .05, ** p < .01, *** p < .001. 
R2>.02=small effect,  R2>.15=medium effect,  R2>.35=large effect 

1= Heart Rate (bpm) ; 2= Peabody Picture Vocubaulry Test 
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Table 6 

Regression of HR on Anger 

 

   

 ΔR2 β R2 

Step 1 .08   

Age  .29 .08 

Step 2 .00   

HR1  -.03 .08 

Step 3 .07   

PPVT2  .33 .16 

Step 4 .04   

PPVT2 xHR1   -.19 .19 

F-value 1.02  

Note. * p < .05, ** p < .01, *** p < .001. 
R2>.02=small effect,  R2>.15=medium effect,  R2>.35=large effect 

1= Heart Rate (bpm) ; 2= Peabody Picture Vocubaulry Test 
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Figure 1: Anxiety and HRV Interaction 
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Figure 2: Anger and HRV Interaction  
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Figure 3: Anger and HR Interaction  
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Appendix A 

 
Parental Information Form for:  

 
The Effect of Music on Autonomic Response in Children  

with Autism Spectrum Disorders – Phone Interview 
 

I. Purpose of this Research Project  
The purpose of this study is to research the physiological effects of music on children with Autism 
Spectrum Disorders (ASDs). Since ASDs are characterized primarily by a lack of social understanding 
and social development, we hope to find one potential explanatory mechanism (i.e., autonomic 
response—heart rate and heart rate variability) of these deficits. Research has suggested that children 
with ASDs have elevated physiological state to unfamiliar people and therefore we are using music or a 
book-on-tape to soothe an elevated physiological state. Through this soothed state, social engagement 
behaviors will hopefully increase. For this study we are collecting data from twenty-four children aged 4-7 
years old, all previously diagnosed with ASDs.  

 
II. Procedures 
During the phone interview, the experimenter will confirm your child’s diagnosis, size of their abdomen, 
and administered a Short Sensory Profile.  

 
III. Risks 
There are no more than minimal risks related to the phone interview.  
 

IV. Benefits 
There are no direct or indirect benefits to you or your child to participate in the phone interview.   
 

V. Extent of Anonymity and Confidentiality 
All data related to you and your child will be de-identified with an identification number, including all phone 
interview data. All consent forms will be stored in a locked cabinet separate from all other data. In 
addition, during the laboratory session, the researchers will videotape my child doing the play tasks. The 
video of your child and all other data (e.g., Short Sensory Profile from the phone interview) will be labeled 
with his/her participant identification number and will be placed in a locked cabinet separate from the 
consent form so the data can not be identified.  
 

VI. Compensation 
You will not receive compensation for my participation in the phone interview.   
 

IX.  Parent/Guardian’s Permission 
You were explained confidentiality procedures of this study for the phone interview data and you verbally 
consented to participate in the phone interview and administration of the Short Sensory Profile 
 
Should you have any questions about the protection of human research participants regarding this study, 
you may contact:  
 
 
 
Michelle Patriquin, B.S.      
Graduate Student 

 

 Angela Scarpa, Ph.D. 

Associate Professor 

Department of Psychology 

331 Williams Hall 

540-231-2615 

ascarpa@vt.edu 
 

David W. Harrison, Ph.D., Chair 

Human Subjects Committee 

Psychology Department 

Virginia Tech 

540-231-4422   

dwh@vt.edu 
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David Moore, Ph.D. 

Chair, Virginia Tech IRB for the Protection of Human 

Subjects 

Office of Research Compliance 

2000 Kraft Drive Suite 2000 (0497) 

Blacksburg, VA 24060 

540-231-4991    moored@vt.edu 

 

 

 

 

 

 

 

 

 

 

Department of Psychology 
109 Williams Hall 
540-998-3414 
mpatriq@vt.edu     

 
 

 
 
 
 
  

mailto:moored@vt.edu
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Appendix B 
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Appendix D 
Parent Subject Consent Form for: 

 
The Effect of Music on Autonomic Response in Children  

with Autism Spectrum Disorders 
 

I. Purpose of this Research Project  
The purpose of this study is to research the physiological effects of music on children with Autism 
Spectrum Disorders (ASDs). ASDs are characterized primarily by a lack of social understanding and 
social development; we are investigating one potential explanatory mechanism (i.e., autonomic 
response—heart rate and heart rate variability) of these deficits. Research suggests that children with 
ASDs have an elevated physiological state to unfamiliar people and therefore we are using music or a 
book-on-tape to soothe an elevated physiological state. Through this soothed state, social engagement 
behaviors should increase. For this study we are collecting data from twenty-four children aged 4-7 years 
old, all previously diagnosed with ASDs.  

 
II. Procedures 
For this experimental session you will sign and agree to the participation of your child in the study at the 
Virginia Tech Autism Clinic. Then, you will be asked to fill out a measure of ASD severity for your child, 
fear, temperament, and anxiety scales for my child and a demographic questionnaire. After you have 
been explained the questionnaires, your child will be brought into the experiment room. You will be 
allowed to watch the experimenter and your child interact throughout the entire session behind a one-way 
window while you complete the questionnaires. It will take approximately 30 – 40 minutes to complete all 
questionnaires. 

 
III. Risks 
There are no more than minimal risks related to this study and your participation. However, electrode 
removal may be uncomfortable (similar to the pain of removing a band-aid) for your child. The 
experimenter, in removing these electrodes, will make particular caution. The experimenter will warn your 
child at the beginning of the study of the potential discomfort associated with the electrodes and that it 
may “hurt like a band-aid” when they are removed. In addition, before removal the experimenter will ask if 
your child would like to remove the electrodes him/herself, have his/her parent remove them, or have the 
experimenter remove them. Additionally, electrode gel can cause a localized allergic reaction where the 
electrode was placed.  
 

IV. Benefits 
There are no direct or indirect benefits to you. There are societal benefits of understanding the anxiety, 
fear, temperament, ASD severity correlates to your child’s social engagement and physiology. No 
promise or guarantees of benefits have been made to encourage you to participate.  
 

V. Extent of Anonymity and Confidentiality 
VI. All data related to you and your child will be de-identified with an identification number. All 

consent forms will be stored in a locked cabinet separate from all other data. In addition, 
the video of your child and all other data will be labeled with his/her participant 
identification number and will be placed in a locked cabinet separate from the consent 
form. The only people with access to this cabinet will be designated research personnel. 
The video will be viewed by two trained undergraduate research assistants in order to 
code the structured play situation that your child engaged in. They will be given no 
identifying information about your child, only your child’s participant identification number. 
It is possible that the Institutional Review Board (IRB) may view this study’s collected 
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data for auditing purposes. The IRB is responsible for the oversight of the protection of 
human subjects involved in research. Data will be destroyed 2 years past publication of 
the results. If you or your child express any child abuse, or the intent to harm or kill 
yourselves or someone else, the researchers are legally obliged to inform an 
authority. 

 In this case, you will be informed of the need to do so, and am encouraged to contact with the 
researchers the Psychological Services Center (540-231-6914) or other counseling agency. 
However, any outside counseling sought by the you for yourself or your child will be at your 
expense, as neither the researchers, nor Virginia Tech, have money set aside for such purposes. 
 
 

VI. Compensation 
You will not receive compensation for my participation in this study.  
 

VII.  Freedom to Withdraw     
This project has been explained to you and you have been allowed to ask questions about it. You 
understand that you do not have to fill out the questionnaires or participate in any way if you do not want 
to and no one will treat us badly. You can stop part way through or withdraw at any time, if you choose.  
 

VIII. Parent (or Guardian) /Subject’s Responsibilities  
You voluntarily agree to participate in this study. You are willing to answer questions asked on the 
questionnaires. you understand, however, you may withdraw at any point and you do not have to answer 
any questions that you are not comfortable answering.  
 

IX.  Parent/Guardian’s Permission 
You have read the Parent Subject Consent Form and the conditions of this project. You have had all your 
questions answered. You hereby acknowledge the above and give your voluntary consent for yourself to 
participate in this study.  
 
 
Parent/Guardian Signature: ________________________________________ Date: 
__________________ 
 
Should I have any questions about the protection of human research participants regarding this study, I 
may contact:  
 
Michelle Patriquin, B.S.      
Graduate Student 
Department of Psychology 
540-998-3414 
mpatriq@vt.edu     
 
David Moore 
Chair, Virginia Tech IRB 
Office of Research Compliance 
2000 Kraft Drive 
Suite 2000 (0497) 
Blacksburg, VA 24060 
540-231-4991  moored@vt.e 
 

Angela Scarpa, Ph.D. 

Associate Professor 

Department of Psychology 

540-231-2615 

ascarpa@vt.ed 

David W. Harrison, Ph.D., Chair 

Human Subjects Committee 

Psychology Department 

Virginia Tech 

540-231-4422   

dwh@vt.edu 

 

mailto:moored@vt.e
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Appendix E 
Parental Permission for child to participate in: 

 
The Effect of Music on Autonomic Response in Children  

with Autism Spectrum Disorders 
 

I. Purpose of this Research Project  
The purpose of this study is to research the physiological effects of music on children with Autism 
Spectrum Disorders (ASDs). ASDs are characterized primarily by a lack of social understanding and 
social development; we are investigating one potential explanatory mechanism (i.e., autonomic 
response—heart rate and heart rate variability) of these deficits. Research suggests that children with 
ASDs have an elevated physiological state to unfamiliar people and therefore we are using music or a 
book-on-tape to soothe an elevated physiological state. Through this soothed state, social engagement 
behaviors should increase. For this study we are collecting data from twenty-four children aged 4-7 years 
old, all previously diagnosed with ASDs.  

 
II. Procedures 
For this experimental session your child will be video-taped throughout the entire experimental session, 
except for adhesion and removal of the LifeShirt®. This experimental session takes place at the Virginia 
Tech Autism Clinic and will last approximately 90-minutes. The procedures of the experimental session 
are as follows:  
 
The following are the procedures for the study, for your child. He/she will be:  

 Verbally assented.  
 Brought into the experiment room  
 Given a measure of receptive vocabulary for 10-15 minutes.  
 Assisted by the experimenter in putting on the LifeShirt®. The LifeShirt® is a 

physiological monitor that fits like a vest and measures heart rate and respiration. The 
electrodes used with the LifeShirt® have a mild adhesive designed particularly for 
younger children.  

 Instructed to watch at 5-minute nature video created for children 4-10 years old entitled, 
National Geographic’s Animal Holiday.  

 Participating in a 10-minute structured play session with the experimenter.  
 Selecting 5 songs or 1 book-on-tape that they would like to listen to during a listening 

period of 12-minutes.  
 Listening to the music while they do whatever they would like in the experiment room 

(e.g., play with toys, do a puzzle, sit).  
 Participating in another 10-minute structured play session with the experimenter. 
 Watching another portion of National Geographic’s Animal Holiday.  
 Helped by the experimenter in removing the LifeShirt® and electrodes.  

 
III. Risks 
There are no more than minimal risks related to this study. However, electrode removal may be 
uncomfortable (similar to the pain of removing a band-aid). The experimenter, in removing these 
electrodes, will make particular caution. The experimenter will warn your child at the beginning of the 
study of the potential discomfort associated with the electrodes and that it may “hurt like a band-aid” when 
they are removed. In addition, before removal the experimenter will ask if your child would like to remove 
the electrodes him/herself, have his/her parent remove them, or have the experimenter remove them. 
Additionally, electrode gel can cause a localized allergic reaction where the electrode was placed. All 
other aspects of the study should be familiar to your child and will hopefully be enjoyable.  
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IV. Benefits 
There are no direct or indirect benefits to your child or you. There are societal benefits of understanding 
the physiological mechanisms that may be associated with social deficits in children with ASDs. No 
promise or guarantees of benefits have been made to encourage your child or you to participate.  
 
 

V. Extent of Anonymity and Confidentiality 
All data related to you and your child will be de-identified with an identification number. All consent forms 
will be stored in a locked cabinet separate from all other data. In addition, the video of your child and all 
other data will be labeled with his/her participant identification number and will be placed in a locked 
cabinet separate from the consent form. The only people with access to this cabinet will be designated 
research personnel. The video will be viewed by two trained undergraduate research assistants in order 
to code the structured play situation that my child engaged in. They will be given no identifying 
information about your child, only your child’s participant identification number. It is possible that the 
Institutional Review Board (IRB) may view this study’s collected data for auditing purposes. The IRB is 
responsible for the oversight of the protection of human subjects involved in research. Data will be 
destroyed 2 years past publication of the results. If you or your  child express any child abuse, or the 
intent to harm or kill ourselves or someone else, the researchers are legally obliged to inform an 
authority. In this case, you will be informed of the need to do so, and am encouraged to contact 
with the researchers the Psychological Services Center (540-231-6914) or other counseling 
agency. However, any outside counseling sought by the you for yourself or your child will be at 
your expense, as neither the researchers, nor Virginia Tech, have money set aside for such 
purposes. 
 

VI. Compensation 
You will not receive compensation for your child’s participation in this study.  
 

VII.  Freedom to Withdraw     
This project has been explained to you and your child and we both have been allowed to ask questions 
about it.  You understand that your child or you do not have to fill out the questionnaires or participate in 
any way if you do not want to and no one will treat us badly.  You or your child can stop part way through 
or withdraw at any time, if you choose.  
 

VIII. Parent (or Guardian) /Subject’s Responsibilities  
You voluntarily agree for your child to participate in this study. Your child may participate in a 
structured-play, watch a video, have his/her physiology monitored, and listen to music or books-
on-tape. You understand, however, that you or your child may withdraw at any point and you both 
are not required to complete any of these activities.  
 

IX.  Parent/Guardian’s Permission 
You have read the Parental Permission Form and conditions of this project. You have had all my 
questions answered. You hereby acknowledge the above and give your voluntary consent for your and 
your child to participate in this study.  
 
 
Parent/Guardian Signature: ________________________________________ Date: 
__________________ 
 
Should I have any questions about the protection of human research participants regarding this study, I 
may contact:  
 
Michelle Patriquin, B.S.      
Graduate Student 

Angela Scarpa, Ph.D. 

Associate Professor 

Department of Psychology 

540-231-2615 

ascarpa@vt.edu 
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Department of Psychology 
540-998-3414 
mpatriq@vt.edu     
 
David Moore 
Chair, Virginia Tech IRB 
Office of Research Compliance 
2000 Kraft Drive 
Suite 2000 (0497) 
Blacksburg, VA 24060 
540-231-4991  moored@vt.edu 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

David W. Harrison, Ph.D., Chair 

Human Subjects Committee 

Psychology Department 

Virginia Tech 

540-231-4422   

dwh@vt.edu 
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Appendix F 
Child Verbal Assent Document/Script: 

To be verbally reviewed with the child participant prior to any data collection and/or the child entering the 
experiment room. 

 

 
The Effect of Music on Autonomic Response in Children  

with Autism Spectrum Disorders 
 

I. Purpose of this Research Project  
“Some children have a hard time meeting people or children they don’t know. This may be because their 
hearts beat way to fast and they can only feel their hearts beat and can’t talk to and or play with other 
person or child. So, we will be measuring how your heart beats to talking and playing with a person you 
don’t know.  You will also get to watch a movie and listen to either music or a book on tape that you pick 
out so we get to know how your heart beats to that, too!” 
 

II. Procedures 
“To measure your heart, we will use something that looks like a lifevest. Have you ever used one of those 
in the water before? It is pretty neat! This vest is different from a lifevest—it has little stickers that attach to 
it, that then attach to your skin. Two stickers are placed by your heart and one is placed on your stomach. 
These stickers help us measure your heart—pretty cool, huh! You will wear this vest for about an hour 
while we play and when you listen to music or a book-on-tape. Your [mom/dad/grandma/grandpa/etc] will 
be watching you the whole time through a window we have in this room [point to room], they will be here 
the whole time.  When we take off the electrodes, they may be a little sticky and it can feel like a band-aid 
to take off. But, [experimenter name] will let you take them off yourself if you want, or your  
[mom/dad/grandma/grandpa/etc] can help you take them off.” 
 

VII.  Freedom to Withdraw     
“If you do not want to do anything in the study just let [experimenter name] know, and you don’t have to 
do it! You only should do what you want to do, and if you are scared or would like your 
[mom/dad/grandma/grandpa/etc] to come in the room, just let [experimenter name] know.  
 

IX.  Child’s Verbal Assent 
“Do you have any questions about what I told you? Do you want to do the study?” [Experimental 
session will be commenced only if child agrees to participate] 
 
 
Michelle Patriquin, B.S.      
Graduate Student 
Department of Psychology 
540-998-3414 
mpatriq@vt.edu    
 
David Moore 
Chair, Virginia Tech IRB 
Office of Research Compliance 
2000 Kraft Drive 
Suite 2000 (0497) 
Blacksburg, VA 24060 
540-231-4991  moored@vt.edu 

David W. Harrison, Ph.D., Chair 

Human Subjects Committee 

Psychology Department 

Virginia Tech 

540-231-4422   

dwh@vt.edu 

 

Angela Scarpa, Ph.D. 

Associate Professor 

Department of Psychology 

540-231-2615 

ascarpa@vt.ed 
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