Improving Anxiety Assessment in Autism: A Potential Use for Heart Rate Variability and Heart
Rate

Ashley Muskett

Thesis submitted to the faculty of Virginia Polytechnic Institute and State University in partial
fulfillment of the requirements for the degree of

Master of Science
In
Psychology

Angela Scarpa-Freidman, Committee Chair
Thomas H. Ollendick
Bruce Friedman

December 8, 2017
Blacksburg, Virginia

Keywords: Autism Spectrum Disorder, Heart Rate Variability, Language, Anxiety



Improving Anxiety Assessment in Autism: A Potential Use for Heart Rate Variability and Heart
Rate
Ashley Muskett
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



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



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-1V criteria. In the newest iteration of the DSM
(i.e, the DSM-5) PDD-NOS has been subsumed into the ASD category (APA, 2013). Itis
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



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-1V 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



(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,



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 immaobilization (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



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
HRYV 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



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,



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:

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

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).
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
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 22 =.02), medium



10

(Cohens 22 = .15), or large (Cohens 22 = .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 (R? value) will be noted throughout where R2>.02=small effect,
R?>.15=medium effect, R*>>.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-NQOS, 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” (0=0.762), “disruptive/anti-social” (a. =0.905), “self-absorbed” (a. =0.855),
“communication disturbance” (o =0.806), and “social relating” (. =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-II1; Dunn & Dunn, 1997). The
PPVT-I1I 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.
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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, R?=.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, R?=.10. Adding PPV/T score to the regression model explained no additional
variation in anxiety, F (3,21) = .63, p =.60, R?=.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, R?= .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, R?>=.18).

Results indicated that child age did not contribute significantly to the regression model, F
(1,21) = 1.82, p=.19, R?=.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, R?=.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, R?= .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, R?= .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



17

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, R?>=.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, R?=.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, R?=.10. Adding PPVT score to the regression model
explained an additional. variation in anxiety F (3,21) =.64, p= .60, R?=.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, R?= .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 R?=.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, R?= .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, R?=.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, R?=.16. Finally, the addition of interaction terms to the regression
model explained an additional 4% of the variation in anger and this change in RZ square was not
significant, F (4,21) = 1.02, p= .42, R?>= .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
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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 (In(ms)2) 19.10 239.3 73.26  55.9
Receptive Languaege 50 129 88.36  27.37
Anxiety 10 98 6591 26
Anger 20 98 64.82 2443
Table 2

Correlations Between Descriptive Variables and Target Variables

1. 2. 3. 4, 5. 6. 7. 8. 9.
1. PPVT! Score 1
2. Age S1* 1
3. Gender -.04 -.19 1
4. Race A1 A3 A7 1
5. Family Income .25 .01 -14  -07 1
6. Baseline Heart Rate -49*  -46* -13 -35 -08 1
7. Baseline RSA? 42 31 .09 -18  -17 -54* 1
8. DBC?® Anger 37 .29 .36 20  -10 -.16 A7 1
9. DBC® 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 (In(ms)2); 3= Developmental Behavior
Checklist



Table 3
Regression of Anxiety on HRV

Step 1 .095

Age 31
Step 2 .00

RSA'! .03
Step 3 .00

PPVT? .02
Step 4 .043

PPVT 'xRSA? -.27

.10

.10

.10

14

F-value .68

Note. * p < .05, ** p < .01, *** p < .001.

R?>.02=small effect, R>>.15=medium effect, R>>.35=large effect
1= Respiratory Sinus Arythmia (In(ms)2); 2= Peabody Picture
Vocubaulry Test
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Table 4
Regression of Anger on HRV

AR? B

RZ

Step 1 .08

Age .30

Step 2 .01

RSA! .09

Step 3 .06

PPVT? 31

Step 4 .03

PPVT? X RSA! 22

.08

.09

A5

18

F-value .93

Note. * p < .05, ** p < .01, *** p < .001.

R?>.02=small effect, R>>.15=medium effect, R*>35=large effect
1= Respiratory Sinus Arythmia (In(ms)2); 2= Peabody Picture
Vocubaulry Test

Table 5
Regression of HR on Anxiety

AR? B

RZ

Step 1 10
Age 31
Step 2 .00
HR' .03
Step 3 .00
PPVT? .04
Step 4 .03
PPVT? xHR! 18

.10

.10

.10

A3

F-value .63

Note. * p < .05, ** p < .01, *** p <.001.
R?>.02=small effect, R>>.15=medium effect, R*>35=large effect
1= Heart Rate (bpm) ; 2= Peabody Picture Vocubaulry Test
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Table 6
Regression of HR on Anger

AR? B

RZ

Step 1 .08

Age .29
Step 2 .00

HR! -.03
Step 3 .07

PPVT? 33
Step 4 .04

PPVT? xHR! -.19

.08

.08

16

F-value 1.02

Note. * p < .05, ** p < .01, *** p < .001.
R?>.02=small effect, R>>.15=medium effect, R>>.35=large effect
1= Heart Rate (bpm) ; 2= Peabody Picture Vocubaulry Test

34



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—nheart 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.

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

Ill. 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. David W. Harrison, Ph.D., Chair
Graduate Student Human Subjects Committee
Psychology Department
Angela Scarpa, Ph.D. V|rg|n|a Tech
Associate Professor 540-231-4422
Department of Psycholo
P Willams Hall | dwh@vtedu

540-231-2615
ascarpa@vt.edu



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

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
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Appendix B

Peabody Picture Vocabulary Test, Fourth Edition

-. Lioyd M. Dunn, PhD
q T Douglas M. Dunn, PhD
- ——

Year  Month  Day

Name: Sex: [JF [OM D # TestDate
Address: Current Grade: Birth Date -
e Level of
City: Education Complesed Age™ _—
) Dot wound up.
State: Zip: Schoal/A v
NORMS USED: [J Age
Home Phone: Teacher/Covnselor: O Grade: Fall
[ Grade: Spri
Language Spoken at Home: Examiner:
Reason for Testing Score Summary
RAW SCORE
st s 1
. N Standard S
Graphical Profile e st 32 orm3) 1
A o Conficlence Interval [Deos Closs

s .

e T
Percentile
% (Table B.4)

- 22% | 136% | 841% | 341% | 1 2% T — e —
-280 =150 Avg. +180 +250 438D +48D MNormal Corve Equivaten (NCE) l:l
P P | L, | [ (Tabiz B.4)
o w0 o am e
SwndidScoe @2 om0 @ B wW RN _ L S I:I
Pecemile i HEEREEEEE L (bl nt)
- PR T S P S ) .
NCE T e & w @ » & W wm = Guowth Scale Ve (GSV) l:l
- T B (Table B.5 or B.6}
Stanine R R e —
o o Extramaty Low. 1Modsram\yl_ tow [ High | Moderatshy Extremely High Dlage Equivals D
siption 1 Age Equivalent
P Seore Low Seore Auerage Score | High Soore Score. u.u%;_s,l
[ Grade Equivalent \:l
Recommendations: (Table B}
Copyright & 1959, 1981, 1597, 2007
Wescana Limitad Partnership. All ights reserved.
Published and distributed excusively by NCS Pesrsen, Inc.
Proguct Number 30706 (25)
34708 (100)
S0aRvZEz T 1702 6T ET R ST i
Start Your Administration Here
I
Administering Items Calculating the Total Number of Errors ¥

The Training Ttems must be administered first.
Directions are listed on the training easel pages.

The Start Item s the first item in the age-appropriate

The Ceiling Set Rule is cight (8) or more errors in a
set. Stap testing after giving all items in the Ceiling Set

Recording Responses and Ervors

+ Record the examinee’s response {1, 2.3, or 4) on the
recard form by circling the corresponding number
after the stimulus word for each item. The correct
response is in red. See the example below,

# For each sel, record the mumber of errors in the box
labeled “Number of Errors.”

tem set. Start lems are listed in the right-hand colupn  CPAP1er 2 0f the marmal for further detalls the eascl.
on this page, and on the tabbed casel pages. e i
e Complete Set Rul head ; Sl sz set3 L il
he Comiplete Set Rule requires the administration: of Training Page A
all 12 items in the set in order, beginning with the first St . sas Seth 9 Pag
A1 boy 1 2 3 4 ¢
tem in the set 5
Seti ——  Set8 Serd #2. chair 1 2 3 a ¢
The Basal Set Rule is one (1) or zero (0) errors in a X
ser. Establish the Basal Set first. If necessary, administer Setl0 —  Selll e Sel12—— A3, puppy 12 3 a ¢t
carlier sets until the rule is met or unil et | is . et 14 - At bike 12 3 a ¢
completed. Then test forward by sets until a Ceiling Set
s obtained. Serl6 After the examinee responds correctly and wi

) - Ttem would be 72, Subtract from the Ceiling Ttem Bl laghing 1 2 3 4
- Indicaie an exror {incorrect or na response) by drawing ipe vl number of exors made by the examinee
an ablique line through the E, as shown below: (o the Basal S throvgh dhe Cellig Se0). The 82 sleeping 1 2 3 4 &
Example: vesult is the Raw Score. See Chapter 2 of the manual B3 hugging 1 2 3 4 L
for further details B4, walling 1 2 3 4 I
¥ Start Ages
1. ball Ceiling [tem After the examinee responds correctly and without
2z dog Total Evtors — help to two Training Ttems, go to the appropriate
3 spoon - Start Tiem, and hegin 1esting,
oo rovsare [
e

Transfer the mumber of errors per set (0 the hoxes Training ltems
below, and add up the total errors. Be sure to use

All imstructions for meraducing the test and
the lowest Basal Set and the highest Ceiling Set. See

administering the Training ltems are located in

(0 two Training ltems, go o lem 1, and b
f

Set 17 Setl8 ___ Set19

Total Errors
Bawr ]

Calculating the Raw Score

Record the number of the Ceiling liem, which is
the Jast item in the Ceiling Set. For example, if the
examinecs highest Ceiling Set was Set 6, the Ceiling

Training Page B

Transler this Raw Score 10 the record form cover.

Age 1112 13 1416 1718 19=

Stark ftem| 102 | 121 133 | 145 | 157
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* Complete Set Rule: Aduunisier all 12 ems in the set * Basal Ses Rule: One (1) or z ) i
Complre St Rk, M) 12 s = One (1) or zero (0) errars in a set * Ceiling Set Rule: Etght {8) 01 more crrors i 1 se

7 SET ¥  Sturt Age 4 e
1. ball 12 3 4 £| | 13 penal 12 3 a4 & 25. dancing 12 3 4 ¢
| 2 dog 12 3 a4 k| 14 cookie 12 3 4 ¢ 26. whistle 12 3 a4 ¢
3. spoon P2 3 4 [ | 15 dum 12 3 4 ¢ 27 kicking 12 3 a
|4 foot 12 3 4 16 turtie 12 3 4 ¢ 28 lamp 12 3 a4 £
|5 duck 1 2 3 4 £ [17 12 3 a4 & 20 square 12 3 2 ¢
|6 banana 1 2 3 a4 ) [ 15 jumping 1 2 3 4 b 50 fence 12 3 a4 ¢
|7 shee 1.2 3 a £ 9 ana T 2 3 a ¢ » 31 empty [EERN
[78 ap 12 3 4 ¢ 20, reading 2 3 4 E| | 32 happy 12 3 4 F
7 eating 12 3 4 £| |20 we 12 3 4 ¢ 33 fire T2 3 4 ¢
10 bus 1 2 3 4 6| | 22 bt 12 3 4 £ | 31 e 12 3 a ¢
|11 Hower 12 3 4 f| |3y 12 3 4 & 35 squirrel 12z o4 ¢
12 mouth IR 3 12 a 36. throwing 12z 3 a4 ¢
Number of Errors | o
 Start Age's
2 12 3 4 ¢ 49, peeking 12z 3 4 ¢ 61. picking ENERN:
}ﬁ pengan 12 3 4 ¢ 50. ruler T 2 3 a4 ¢ 62 target 12 3 4 ¢
[ 32 gin 1 2 3 4 ¢ 51. tunnel 1 2 3 4 f 63. dripping 1 2 3 4 f
t‘io. feather T2 3 4 E_| 52. branch 1 2 3 a ¢ 64, knight i 2 3 4 F
|1 cobwen 12 3 & | 53. envelope 1 2 3 a4 ¢ 65. delivering 12 3 4 &
|42 etbow 1z 3 a4 ¢ 54. diamond iz 3 a4 ¢ 5. cacus 12 : 4 &
43, juggling 12 3 4 ¢ 55, calendar 12 3 4 ¢ 67, dentist 12 3 4 ¢
|44 tountain 1.2 3 4 E| | 5% budde 12 3 a4 ¢ 55._floating 12 3 4 ¢
|45 net 1.z 3 a _E‘ 57, sawing 12 3 4 ¢ 69 claw 1.2 3 a f
:L#a‘ shoulder 1.2 3 4 E| 58 punca 12 3 a4 ¢ 70. uniform 12 2 4 ¢
|47 dressing T2 3 a4 i 59. vest 1 2 3 4 f gigantic 1 2 3 4 F
roof T2 3 a4 ¢ 12 3 4 & furry 12 3 4 ¢
- Number of Errors L Naniber of Errors [l Number of Errors I

+ Complete Set Rule: Administer all 12 tems in the set + Basal Set Rule: One (1) or zera (0) errors in a set + Ceiling Set Rule: Fipht (8) or more errors in 2 set.

i order, starting with the st item in dhe set

¥ Start A SET 7 ¥ Start Age 9 SET 8 ¥ start Age 10

w
o
3
®

73, violin i 2 3 4 85. hyena 12 3 4 F 97. pigeon 12 3 4
74, group 12 3 4 36, plumber 1 2 3 4 f 98, ankle 1 2 3 4 £
75. globe 1 2 3 a4 € 87. river 12 3 4 f 99. flaming 1 2 3 4
76. vehicle 1z 3 4 € 8. timer 12 3 4 F 100, wrench 12 3 4
77. chet 12 3 4 89. catching 12 3 4 [ 101, aquarium 12 3 4 &
78, squash 1 2 3 4 90. trunk 1 2 3 4 € 102, refueling 12 3 4
79 ax 1.2z 3 a4 F 91, vase 12z 3 4 € 103, sate 1.2 3 4 F
80. flamingo IERE 92. harp 12 3 4 ¢ 104, boulder 1 2 3 4 F
81, chimney 1 2 3 4 F 93. bloom 12 3 4 105, reptile 1 2 3 4 [
82, sorting 12 3 4 F 94 horrified 1 2 3 4 & 106, canoe 1 2 3 4
B3, waist 1 z 3 a4 ¢ 95. swamp 12 3 4 F 107, athiete 1.2 3 4
81, vegetable 1 2 3 4 F 96. heart 1 2 3 4 F 108, towing 12 3 4 f

Number of Errors

¥ Start Ages 11-12 SET 10 ¥ Stait Age 13 SET 1 W Start Ages T4-16

109, luggage 12 3 4 ¢ 121, interviewing 12 3 4 133. inhaling 12 3 4 €
110, directing 12 3 4 F 122, pastry 12 3 4 ¢ 134 links 1 2 3 4 F
1. vine 1 2 3 4 F 123. assisting 12 3 4 ¢ 135, palluting 1 2 3 4 F
112, digital 12 3 4 & 124. fragile 1 2 3 4 F 136. archaeologist i 2 3 4 ¢
113, dissecting 1 2 3 4 & 125, solo 12 3 4 F 137, coast 1 2 3 a4
114, predatory 1 2 3 4 ¢ 126. snarling 1 2 3 a4 ¢ 138. injecting i 2 3 4 F
115, hydrant 12 3 4 & 127, puzzled i 2 3 4 € 139 fern 12 3 4 F
116, surprised 1 2 3 4 & 128. beverage 12 3 4 f 140, mammial 1 2 3 4 F
117, palm 12 3 4 129, inflated 1 2 3 4 141 1.2 3 4
118, clarinet 1 2 3 4 & 130, tusk i 2 3 4 °F 142. isolation 1.2 3 4 F
119, valley i 2 3 4 F 131, trumpet 1 2 3 4 ¢ 143, clamp 1 2 3 4 F
120, Kiwi 2 3 4 F 132. rodent 1 2 2 4 f 144. dilapidated 1T 2 3 4 F

Number of Error

Number of Errors Number of Error
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* Complete Sei Rule: Administer all 12 items in the set
onder, starting with the first item in the set.

= Basal Set Rule: One (1) or zers (0} errors in a set.

* Ceiling Set Rule: Eight (8) o1 more errors ina set

182,

8

apparel

183,

talon

184,

cultivating

185,

wedge

186.

ascending

187.

depleted

188,

sternum

189.

mai

190.

incarcerating

191,

dejected

Wow e W W W W

192,

quintet

ENETY ] ) PRy I S R DS U BN
NIN|N NN (N8 NN e N

w

ber of Errors

Blh blalalh e e ais e

B R E R A P P e P P

Continue an page &

Start Ages 17-18 ¥ Start Ages 19-Adult SET 14
145, pedestrian 1 3 4 f 157. primate 1 2 4 F 169. 1 2 3 &
148, interior 1 3 4 13 158, glider 1 2 3 4 E 170. pentagon 3 2 3 4 E
147. garment 1 3 4 159. weary 1 2 3 4 ¢ 171. appliance T2 3 4 ¢
148, departing 1 3 4 F 160. hatchet 12 2 4 ¢ 172 poultry 1 2 3 4
149, feline 1 3 4 F 161, transparent Tz 3 4 F 173 cornea 1 2 3 4 F
150. hedge 1 3 4 E 162. sedan 1 2 3 4 E 174. peninsula 1 2 3 4 £
151, citrus 1 3 4 F 163. constrained 1 2 3 a4 F 175, porcelain 1 2 3 4 ¢
152 florist 1 3 4 F T64. valve 1 2 3 4 £ 176. detonation 1 zZ 3 4 3
153. hovering 1 3 4 E 165. parallelogram 1 Z 3 4 3 177, cerebrai 1 2 3 4 E
154, aquatic 1 3 4 E 166. pilar 1 2 3 4 E 178. perpendicular T 2 i 4 I3
155, reprimanding 1 3 4 F 167. consuming 1T 2 3 4 fF 179. 1T 2 3 4
156. carpenter 1 3 4 ¢ 168, currency 1 z 3 4 ¢ 180, syringe 1 2 £

= Complete Set Rule: Administer all 12 iwms in the set
i arder. starting wirh the first item in the seL.

* Basal Set Rule: Oue (1) or zexe (1) errors ina set.

= Ceiling Set Rule: Fight {(8) or more errore in a set ‘

i P . SET 17

e SR g
205, wildebeest iz 3 a4 ¢ {217 legume 2 3 4 ¢

Number of Errors _

Key
ay~long 8 = shortu o0 atin soot | eectonge iy =long |
g=hardg oy as In o oh=longo | s=softc k= hard <
uhe 35 in cicle 3=sona owasinlwd | irasincher o= short e v as in low ayr as In chair
i=short | o in foat o ssinswrs | o= sharto

Mote: CAPS within pronunciation irdicate primary stress.

Number of Ervars '

193, incandescent 12 3 4 €
[ ki 555 wir] L dun berst] i [LE gyoam)

194, confiding T 2 3 4 F 206. coniferous 1 2 3 4 ¢ 218, cairn 1 2 3 4 F
Tt FYD i) ko NIF uh ] | [

185, mercantile 1 2 3 4 ¢ 207. timpani 1 2z 3 4 ¢ | 219, arable 1 2 3 4 F
[MUR ki e [T gt ree) | amung

196. upholstery 1 2 3 4 £ 208 pilfering 1 2 3 4 (| | 220 supine 1 2 3 4
[uhg HOHL stuh res] | [Pl it ing] L { s PYN]

197. filtration 1 2 3 4 F | 209. pestle 1 2 3 4 ¢ | 221. vitreous 1 2 3 4
I TRAY sinub] PEsuhll 141 tree uhs]

198, replenishing 1 2 3 4 F | 210. reposing 1 2 3 4 ¢ 222. lugubrious 1 2 3 4 F
[l FLEnish ing] L i [l POHZ ing}) [l GO0 bree,uhe]

199, trajectory 1 2 3 4 EJ 21 cupoln 102 3 4 ¢ 223, caster 1 2 3 4 F
O (KOG puh luh] [KAS b

200, perusing 1 273 a4 E| 212 derrick 1 2 3 4 ¢ 224, terpsichorean 12 3 4 ¢
[puh FOOZ g i [DER ] [tuhrp sik uh REE un]

(201, barb 172 3 a4 F 213 convex 12 3 4 f 225. cenotaph T 2 3 4 F
[pass] [kon VEKS] { [SEM uh ta]

202, canverging T 2 3 a4 £ | 214 embossed 12 3 4 ¢ 226, calyx 12 3 4 F
e VL) ] | i BT L

203. honing 1 3 4 F {215, torrent 1 2 2 4 E | 227. osculating 1 2 3 4 ¢
fHOHN lng] | [TOHR uhnt | [0S kyuh layt ing] ]

204, angler T 2 3 a £ | 216 dromedary 1 2 3 4 f 278 tonsorial 1 2 3 4 E
(AN ghiv] i [DROW L diyr 2] ton SOHR 28 LN
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C!asi_fkati?.n by Part of Speech for the Peabody Picture Vocabulary Test, Fourth Edition (PPUT"™—4), Form A Gl

Directions: Circle the item numbers of the lowest and highest PPVT~4 items administered. For Incorrect Tesponses, draw a line thiough the open mmm
box Lo the right of the frem number. Tally and st each categary colurn. Then, wite the twtals by cacegery for # Taken and # Incotrect
i the sunumary box to the right

o

&
T
=

Attribute
Attribute

Noun
Verb

Moun
Verb

J Attribute
| Attribute

| Attribute

Comparison of PPVT™-Ill and PPVT-4 Scores Over Time

Edition and Form Standard Score
PPVT:II PEVT-4

Raw Score G5V

Norms Score*

Administration Date

[m 0oes F OA Oos O Age [ Grade: Fall  [J Grade: Spring

Oa 0Os | OA OB | OAge [JGrade Fall [ Grade: Spring

Oa Os Oa Os O age [ Grade: Fall [ Grade: Spring

Oa Os | Oa OB O Age O Grade: Fall  [J Grade: Spring

Oa Os Oa Os O Age [ Grade: Fall [0 Grade: Spring

Oa @Os | OA Os OAge [0 Grade: Fall [ Grade: Spring o
[Table 8.7

PPVTIH and PPVT-4 scales). GSV scores may be compared across editions.

Using G5V Scores to Measure Change

() » o ow s0 E] L T T T R P P P R T

The GSV (growth scale value) score is designed for ! ta the GSV when eval g change. If Touse the GSV “yardstick” Lo show changes in
measuring change over time. Like a raw score, the an examinee’ siandard scores are the same on both performance over time. complete the fallowing steps:
GV score is an indicator of absolute, not seluive, - oscaskons, ther the exaninee’s vossbulry perfomIanG: | g
perfnrmznce‘ Il an examinee’s »-ocabu]zry‘incre;\ses‘ has increased at the average rate for that age. If the of each PPVT-IIT and PPVT-4 admministiarion you
his or her G5V scare will increase. The GSV scale standard score declines from the first testing to the nes, entered on this page. starting with 1 for the earliest
Is like a yardstick, and plotring GSV scores over the examinee still may have improved in vocabulary administradon.

time cen reveal how the examinee’s vocabulary Inowledge fas shown by a higher GSV), but the rate of 2. Matls the points on the GSV yardstick
perlormance has changed grovith was below average, corresponding to each GSV scare

The standard score serves a different purpose, which Reler to Appendix G in the FEVT—4 Manual for further 3. Write the comesponding administration sequence
is to ell how the examines’s score compares with Information en interpreting change in GSV scores number next o each mark on the GEV yardstick

the average score ot a partieular age. 1L is a helpful

PsychCarp is an imprint of Pearson Clinical Assessment.
PEAR Pearson Executive Office. SS01 Green Valiey Driva. Bloominoton, M 55437 §00.627.7271 waew Poych @ PsychCorp
Wizrning: No per of this publication may be reprduced or transmitad it sy form or by 3Ny means, eisciranic ar mochankcal, including phatacepy, recording, o sry infarmation

sterage and i system, Inwriting from awner,
Pearson, e PSI logo, and PsyehCorp ar= trademarks in the L5, ndiar ntner cautiies of Rearson Education, Inc, ar its aMiiste(s].
PPVT is & radariark of the Wasiana Limited Partrershic,
Printed In the Unitsd Statas of Anerica,

161718192021 22 23 34 ABC D E




Appendix C
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DEVELOPMENTAL BEHAVIOUR CHECKLIST

(DBC-F)

Some children with developmental delay have problems with their emotions and behaviour. These can

sometimes be a problem for their carers,

By completing this checklist, you will help us learn more about these problems. This will assist us to

know how the person might respond to help,

Subject #:

Date Completed:
Is the Child: (please circle) Unable o see / unable to hear
Unable w wse arms 'x.gs

PFlease describe:

What does he/she do bast?

What do other people like about himTer?

What are hisher favourite activities?

Is there anything you feel hedshe does as well or berber than athers?

Unable 1o speaks speaks very little

Subpect o other serious medical comdition

Hawve you sought help for any behaviour or emotional problems, apart from slow development, of the child or teenager

in your carg? Yes /Mo

If S0, frorm whom?

Please continue over the page =

Office Use Omly
Developmenial Level {circks one only)

Profound  Severe Moderate Mild  Uskeown

THPS
—
Fage 7
Page 3
Faged
Toml
Tz Bfrewart L. Einfeld, Brucs 1. Tonge, 1989

Instructions B1981 T.M. Achenbach. modified. with permission

Contact Person

Codde Mumber:

Hevised subscales 2002
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o

Many of the following behavieurs may not apply 1 the child or teenager in your care. For each item that does desciibe
the persan m wour care, now or within the past six moaths, plesse circle the 2 if the dtem is very (rue or often froe.
Circle Lif the itemn 5 somewhat or sometimes true of your child, 1fthe item 15 not true of your child circle the 0.

0= ot true a5 far a5 you know 1= somewhat or sometimes true 2 = very troe or often true

16 your child is unable w perform an item, circle the 0. For example, if vour child has no speech, then for the item "Talks
o much or o0 fast” circle the b

CHiflee Please Circle
Use: Dy

L& il 1
1 [ 2
1D L] 1
4 1] 1
5 @ il rd
L] I 2
14 i 2
f o 1] 1
G D 1] 2
po G0 il 2
1. @ L} FJ
I2 1] 2
1@ 1] 2
[N ] 2
15 i 1
16 @ i 2
17, & 0 2
15 @ i 2
14 1] 1
o, (I o z
21, @ [} z
.8 i 2
2.8 i 2
24, & il 1
5@ o 1
26, &) i 2
. @ il r
& 1} ]
FLr] 0 1
0. & 1] 2

Underline any you are particularly concerned about

Appears depressed, downcast or unhappy
Avoids eye contact. Won't look you straight in the cye.

Aloof, in ls'her own warld,
Abusive, Swears a2 others,

Arranges objects or routing in a sirict onder,
Pleasc describe:

Bangs head.
Becomies over-cxeibed.

Blites cahers,
Cannol attend 10 one activity for any lepgth of time, poor atbention span.

Chews or mouths ohjecis, or hody parts,
Cries ensily for no reason, or over smill upsets

Cowers cars or is distressed when hears particular sounds.
Please describe:

Confuses the use of pronouns ¢.g. uses "you" instead of "[".
Dcliberately runs away.

Delusions: has a Grmly beld belied or idea that can't possibly be true.
Please describe:

[Distressed about being alone
Deesn’t show affection

Docsn't respond to others' feclings, c.g. shows no response if a family member is crying.
Easily distracted from his'her task, e.g. by noises.

Easily led by cihers,
Eats non-food ilems ¢.g. diri. grass, seap.

Excessively distressed if separaied from familiar person.
Fears particular things or situations, c.g. the dark or insects.
Please describe:

Faceal twitches or grimaces.
Flicks, faps, twirls objects repeatedly.

Fussy catcr or has food fads.
Giorges food. Will do anyithing 10 get food e g. takes food ot of garbage bins o steals food,

Ciets obsessed with an idea or activity.
Please desenbe:

Grinds tecth,
Has nighimarcs, night temers or walks in sleep.

Please be sure you have answered all items
Continue next page =¥

Tiflea Ulee Miml

Hiharalos



3-
0 = not true as far as you know | = somewhat or sometimes true 2 = very true or often true
Underline any you are particularly concerned about

Offee Please Circle
Ui Only
3O 0 1 2 Hastemper fantrums, e.g. stamps feet, slams doors.
R0 0 1 2 Hides things.
35.@ 0 1 2 Hits scif or bites self,
34.@ 0 1 2 Hums, whines, grunts, squeals or makes other non-speech noises.
35. @ 0 1 2 [Impatient
36, 0 1 2 [Inappropriate sexual activity with another,
7.0 0 1 2 [Impulsive, acts before thinking.
3 @ 0 1 2 lmitable
3. @ 0 1 2 Jealous
40 O 0 1 2 Kicks, hits others.
41.© 0 1 2 Lacks self<onfidence, poor self-esteem.
29 0 1 2 Laughs or giggles for no obvious reason.
AR0] 0 1 2 Lightsfires.
4@ 0 1 2 Likestohbold or play with an unusual object, e.g. string, twigs; overly fascinated with

something, e.g. water.

Pleasedescbes . _—
45 @ 0 1 2 Lossofappetite
4. @ 0 1 2 Masturbates or exposes self in public.
41 Q@ 0 1 2 Moodchanges rapidly for no apparent reason.
4.0 0 1 2 Movesslowly, underactive, does little, e.g. only sits and watches others,
49, @ 0 1 2 Noisy or boisterous.
.02 | 0 1 2 Overactive, restless, unable 1o sit still.
51. @ 0 1 2 Overaffectionate.
2.0 0 1 2 Overbreathes, vomits, has headaches or complains of being sick for no physical reason.,
53.® 0 1 2 Ovely attention-secking.
54, @ 0 1 2 Overly interested in looking at, listening to or dismantling mechanical things
c.g lawnmower, vacuum cleaner.
55. @ 0 1 2 Poorsense of danger,
56. @ 0 1 2 Prefers the company of adults or younger children, Doesn't mix with his/her own age group.
7.6 0 1 2 Prefersiodo things on hisher own. Tends o be a loner.
58 @ 0 1 2 Preoccupied with only one or two particular interests,
Please descnibe:
59. @ ¢ 1 2 Refuses 1o go to school, activity centre or workplace.
60, @ ¢ 1 2 Repeated movements of hands, body, head or face e.g. handflapping or rocking.
61 @ 0 1 2 Resists being cuddled, touched or held.
62. @ 0 1 2 Repeats back what others say like an ccho,
633 0 1 2 Repeats the same word oz phrase over and over.
64, @ 0 1 2 Smells, tastes, or licks objects.
63 0 1 2 Scraiches or picks msther skin.
66, @ 0 1 2 Screamsalot
Please be sure you have answered all items
Continue over the page =%
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not true as far as you know 1 = somewhat or sometimes true 2 = very true or often true
Underline any you are particularly concerned about

Please Circle
0 1 2 Sleepstoo little, Disrupted sleep.
0 1 2 Starcs at lights or spinning objects,
0 1 2 Sleeps too much.
0 1 2 Soilsoutside toiket though toilet irained. Smears or plays with facces.
0 1 2 Speaks in whispers, high pitched voice, or other unusual tone or rhythm.
0 1 2 Switches lights on and off, pours water over and over; or similar repetitive activity.
Please describe:
0 1 2 Stalk
0 1 2 Stubbom, disobedient or unco-operative.
0 1 2 Shy
0 1 2 Stipsoff clothes or throws away clothes,
0 1 2 Sayshe'she can do things that he/she is not capable of.
0 1 2 Stands too close 1o others.
0 1 2 Sees hears, something which isn't there. Hallucinations.
Please describe:
0 1 2 Talks about suicide,
0 1 2 Talks oo much or too fast.
0 1 2 Talksto sclf or imaginary pcople or objects
0 1 2 Tells hes.
0 1 2 Thoughis are unconnecied. Diffcrent ideas are jumbled together with meaning
difficult to follow.
0 1 3} Tense, anxious, worried.
0 1 2 Throws or breaks objects.
0 1 2 Trics to manipulate or provoke others,
U 1 1 Uad&nssdts 10 phii,
0 1 2 Unrcalistically happy or elated.
0 1 2 Unusual body movements, posture, or way of walking.
Pleaoe deoerilre:
0 1 2 Upsetand distressed over small changes in routine or environmeat.
Please describe:
0 1 1 Unnaies outside toilet, although toilet tramed.
0 1 2 Verybossy.
0 1 2 Wanders aimbessly.
0 I 2 Whinesor compliuns a lot,
Please write in any problems your child has that were not Iisted above
o 1 2 o
0k X =4 S R RS e
6 1 2 e ——a
0 1 2 Overall,do you feel your child has problems with feelings or behaviour, i addition

to problems with development? It not, please circle the 0. If so, but they're minor,
please circle the 1. If they're major problems, please circle the 2,
Pleage he sure you have answered all items

Are there any other comments you would hke to make?

THANK YOU
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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.

Il. 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
guestionnaires.

lll. 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.

VIIl. Parent (or Guardian) /Subject’s Responsibilities

You voluntarily agree to participate in this study. You are willing to answer questions asked on the
guestionnaires. 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
guestions answered. You hereby acknowledge the above and give your voluntary consent for yourself to
participate in this study.

Parent/Guardian Signature: Date:

Should | have any questions about the protection of human research participants regarding this study, |
may contact:

Angela Scarpa, Ph.D.

Michelle Patriquin, B.S. .
g Associate Professor

Graduate Student

Department of Psychology Department of Psychology
540-998-3414 540-231-2615

mpatrig@vt.edu ascarpa@vt.ed

Davi_d M_oo_re_ David W. Harrison, Ph.D., Chair
Chair, Virginia Tech IRB Human Subjects Committee

Office of Research Compliance
2000 Kraft Drive T
Suite 2000 (0497) Virginia Tech
Blacksburg, VA 24060 540-231-4422
540-231-4991 moored@vt.e dwh@vt.edu

Psychology Department


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.

Il. 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.

lll. 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.

VIIl. 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
guestions 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 | have any questions about the protection of human research participants regarding this study, |
may contact:

Angela Scarpa, Ph.D.
Associate Professor
Department of Psychology
540-231-2615
ascarpa@vt.edu

Michelle Patriquin, B.S.
Graduate Student



Department of Psychology
540-998-3414
mpatrig@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!”

Il. 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/grandpaletc] can help you take them off.”

VIl. 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 | 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
mpatrig@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

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
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