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ABSTRACT

ASSESSING THE IMPACT OF A MUSIC THERAPY PROGRAM ON ATTENTION IN
CHILDREN WITH AUTISM USING BEHAVIORAL AND NEUROPHYSIOLOGICAL

MEASURES

Children with Autism Spectrum Disorders (ASD) are known to have difficulty with
auditory sensory processing. Music therapy is a common intervention approach for children with
autism to address numerous behavioral and sensory challenges using auditory stimuli. Auditory
processing capabilities have also been linked with attention skills and with attentional challenges
often observed in children with ASD. This study seeks to understand the differences between
children with ASD and their typically developing peers in auditory processing and attention. An
additional study goal is to evaluate impacts of a music therapy protocol on those constructs.

Baseline measurements were collected for 10 children with ASD using the Test of
Everyday Attention in Children (TEA-Ch) and EEG under a sensory registration paradigm.
These data were compared to those of age- and sex-matched typically developing peers (n = 10).
The children with ASD participated in biweekly music therapy over 5 weeks for a total of 10
sessions and then completed the same assessments during a post-test. The sensory registration
paradigm measured passive responses to four auditory tones at two different intensities (50 and
70 dB) and two different frequencies (1 and 3 kHz). The resultant event related potentials (ERPs)
were averaged into a waveform for each child at each tone and amplitudes and latencies were
calculated for N1, P2, N2 and P3 components. The TEA-Ch resulted in an overall attention score

and a score for each of three subdomains of attention: sustained, selective and switching.
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Results indicated that children with ASD performed more poorly on the TEA-Ch with
significantly poorer scores in overall attention, selective attention, and sustained attention. A
series of independent sample t-tests on ERP components revealed few significant differences but
a trend of increased latency at N1, P2, and N2 in children with ASD for each of the four tones.
Children with ASD had lower amplitude of N1 components and greater amplitude P2
components compared with the typically developing children. Following the music therapy
intervention, children with ASD improved significantly in selective attention and showed a trend
of improvement in switching and total attention compared to pre-testing scores. The music
therapy did not result in statistically significant changes in EEG results, but a trend of increased
latency was noted for N1, P2, and N2. Amplitude of the P3 component decreased following the
music therapy intervention in response to the high and loud tone when age was used as a
covariate. Some significant associations were found between the latency of N1, P2, and N2 and
sustained and selective attention in response to the 1kHz 70dB tone across all participants at
baseline (TD children and children with ASD before music therapy).

In conclusion, this study shows that children with ASD have different neural processing
of simple auditory tones and reduced performance in multiple domains of attention. The music
therapy intervention is a promising approach to improving attention skills. The intervention did
not appear to alter neural processing in the expected way of children with ASD performing more
like their typically developing peers. Further research at this foundational level of neural
processing may help clarify the differences in processing between children with ASD and their
typically developing peers and may provide a way of monitoring interventions which seek to

alter neural processing to target attentional skills and behaviors.
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CHAPTER ONE

Introduction

Overview of Autism Spectrum Disorder
Description and Prevalence

Autism Spectrum Disorder (ASD) is an increasingly well-known disorder and has grown
in prevalence in recent years. According to the Centers for Disease Control, in 2014
approximately 1 in 59 children were diagnosed with ASD compared to 1 in 150 in 2000 (Centers
for Disease Control and Prevention, 2019). It is more prevalent in males than females but does
occur in both sexes (Tick et al., 2016). The DSM-5 characterizes ASD through two main criteria:
(1) consistent challenges in social interaction/communication with other people across several
settings and (2) restricted, repetitive patterns of behavior, interests, and activities (American
Psychiatric Association [APA], 2013). ASD is considered a spectrum because it covers a wide
range of symptom severity levels (Autism Spectrum Disorder, 2018; Marco et al., 2011). In order
for a diagnosis of ASD to be applied, the symptoms must present in the early stages of
development, must cause a functional or occupational impairment and cannot be better explained
by a different developmental disorder. Social interaction challenges include inconsistent eye
contact, unusual facial expressions, not responding to their name being called, and tone of voice
that may be sing-song or flat and robotic (American Psychiatric Association, 2013). Restricted
behavior patterns manifest as repeating words, intense interest in one topic to the exclusion of
others, being upset by changes in routine and abnormal reactions to sensory input (American
Psychiatric Association, 2013). Sensory issues are a new addition from the DSM-IV to the DSM-

5 adding further relevance to studying sensory processing in the population of children with ASD



(Grapel et al., 2015). Sensory symptoms have long been associated with ASD, but the DSM-5 is
the first version to include them as diagnostic criteria (Brett, et al., 2016). These abnormal
responses to sensory input can include hyposensitivity, hypersensitivity, sensory attractions, or
sensory aversions across any or all sensory domains including auditory, visual, tactile, vestibular,
and proprioception (Marco et al., 2011).

Continued refinement of diagnostic criteria has paralleled continued research to
understand the origins of the disorder. Autism has been shown to be hereditary. A child with a
sibling with ASD is more likely to have ASD themselves (Tick et al., 2016). Twin studies have
demonstrated that monozygotic twins have a higher likelihood of both having ASD than do
dizygotic twins. While an environmental, non-genetic, component could be one factor, current
evidence points toward genetics being more significant (Tick et al., 2016). The specific genetic
etiology is far from fully understood.

Several studies have demonstrated evidence of physiological and structural abnormalities
in the brains of children with ASD (Ha et al., 2015). These studies demonstrate that ASD has a
neurological basis and point toward specific treatment approaches to support children with ASD
(Silva, et al., 2013). Structural magnetic resonance imaging (MRI) and functional MRI (fMRI)
have been common tools used to show structural abnormalities and changes in the blood
oxygenation level dependent (BOLD) response in the brain during some tasks, respectively
(Salmond et al., 2003). There are volumetric and morphological differences between the brains
of individuals with ASD and neurotypical controls (Ha et al., 2015). Electroencephalogram
(EEG) studies already provide information about neurophysiology in the brains of individuals
with ASD in response to stimuli (Dinstein, et al., 2012; Marco et al., 2011). Continued research

using EEG will broaden our understanding of neurological responses to auditory stimuli.



Sensory Processing in ASD

Sensory processing refers to the neurological events that take place in the mind as a
person perceives a sensory stimulus, organizes it, categorizes it, and decides what to do about it
(Tomcheck & Dunn, 2007). Early sensory integration frameworks include a linear continuum
from over-responsiveness to under-responsiveness (Schaaf & Davies, 2010). However, the linear
model fails to capture the true diversity of sensory processing. Further research is warranted to
add additional subtypes and further understand sensory processing in clinical populations (Lane,
2020). Those within the scholarly community of occupational therapy can continue to lead the
investigation of sensory processing by “being systematic, rigorous, and open minded” in the
approach (Schaaf & Davies, 2010, p. 365).

Each sensory system contributes to an individual’s understanding of the world around
them and their position within it (Dunn, 2001). Auditory sensory processing is composed of
hearing the auditory stimulus in the ears, registering the stimulus in the brain and subsequent
processing of the stimulus (Marco et al., 2011). Due to the constant bombardment of sensory
information coming into the various sensory receptors on the body, the nervous system is also
responsible for modulating responses by balancing inhibition and excitation (Dunn, 2001). Many
factors influence how the brain modulates sensory input and how successful and functional the
modulation is. Factors include genetics, experience, and environment (Dunn, 2001). Genetic
differences underlie brain structure and function at base level. Experience and practice in
modulating sensory responses develop over time and with exposure to ranges of sensations.
Environments vary in regard to variety and intensity of input across the domains. Individual

variations to sensory experiences are expected, but the presence of neurological and



neurodevelopmental disorders can create maladaptive processing patterns that impact daily
functioning (Weitlauf et al., 2017).

The common feature of ASD relevant to this research is atypical reactions to sensory
stimuli (LaGasse et al., 2019; Lane, 2020; Liss et al., 2006). Commonplace auditory stimuli,
such as the sound of a vacuum cleaner, can provoke strong behavioral reactions (Liss et al.,
2006; Marco et al., 2011 ). Research has established that individuals with ASD have altered
processing of stimuli at the neural level (Brett, et al., 2016; Kown et al., 2007; Marco et al.,
2011; Whitehouse & Bishop, 2008). One functional impact of these abnormalities could be in
relation to language development delays common to children on the autism spectrum (Marco et
al., 2011). One study using event-related potentials (ERPs) discovered an atypical neural
activation response to speech sounds in children with ASD but reactions to non-speech sounds
did not appear abnormal (Whitehouse & Bishop, 2008). There is mixed evidence from EEG
studies looking at latency of various components in response to auditory stimuli (Marco et al.,
2011). The wide range of symptoms, severity levels, ages and cooccurring disorders of research
participants likely contribute to such inconsistencies. Furthermore, different paradigms used by
these researchers contributes to the mixed findings (Marco et al., 2011).

It is essential to understand more about sensory processing contributions to the symptom
cluster of ASD (Lane, 2020). For occupational therapists treating children with ASD, sensory
deficits are often a priority due to the impact on daily functioning especially performance in
school, social difficulties, and language acquisition (Weitlauf et al., 2017). Hypersensitivity is
correlated with overfocused and overselective attention (Liss et al., 2006). Meaning children

with ASD often are unable to shift attention off a particular stimulus or attend to a cuing stimulus



in the presence of other distractors. In Liss et al. (2006)’s research, overfocusing traits
cooccurred with more severe social deficits.

Research remains limited in the efficacy of various sensory interventions by occupational
therapists (Lane, 2020). There remain no clear guidelines for which types of sensory
interventions will be most effective for various clinical populations. The body of evidence for
interventions targeting sensory dysfunction in children with autism can be strengthened by using
well defined and replicable interventions, incorporating standardized measurement tools, and
discussion of possible harms as well as benefits of interventions (Weitlauf et al., 2017). Such
research would benefit multiple clinical populations including children with ASD as well as
other diagnoses such as sensory processing disorder.

Sensory processing disorder (SPD) shares some features with ASD but lacks the social
and behavioral components. Children with SPD do show similar brain abnormalities in areas
associated with sensory processing compared to children with ASD (Chang et al., 2014). The
two groups also show similar behaviors in reactivity to sensory stimuli (Chang et al., 2014).
Thus, it is reasonable to draw on sensory processing research from both populations to inform
further studies. However, Lucker (2013) found that hypersensitivity to auditory stimuli in
children with ASD was not based in the auditory system but rather was a conditioned behavioral
response. Children with ASD were less able to tolerate the loudest sound range compared to
children without ASD who were identified as having hypersensitivities to sounds. The result of
this study may indicate that for children with ASD, a behavioral response to avoid loud sounds is
an emotional response more so than it is in children with SPD. Combined with work in the
neurophysiological field the behavior patterns seen in children with ASD in response to auditory

stimuli may be a mixture of underlying neural abnormalities, conditioned responses, emotional



responses, and environmental influences (Crasta, et al., 2016; LaGasse et al., 2019; Lincoln et
al.,1995; Lucker, 2013; Marco et al., 2011).
Sensory Dysfunction Implications for Daily Performance

Abnormalities in sensory processing and reaction to sensory stimuli have significant
implications for daily functioning. For individuals without sensory processing difficulties, the
brain can register environmental inputs, appropriately attend to ones that are important and
disregard those that are irrelevant without interrupting functional activities (Chang, et al., 2014).
Noises that are loud, unique, or unexpected may receive conscious attention. Sounds that are
mundane or are part of background noise can be ignored without distracting from task
performance. However, some typically developing children do demonstrate abnormal sensory
reactions. For example, across a sample of typically developing school-aged children, hyper-
reactivity to various sensory modalities including auditory was associated with anxiety and with
selective eating patterns (Lane, 2020). Although, in individuals with atypical sensory processing,
there may be overreactions, underreactions, or other unusual responses to sensory inputs (Dunn,
2001).

Children with ASD may be overall overresponsive or under-responsive to stimuli (Liss et
al., 2006). They often struggle to filter out background noise or to attend to novel noises that are
important. Children who are overresponsive to auditory stimuli may avoid certain noises or react
poorly in noisy environments. These children may also avoid or dislike speech which may
further delay social skill acquisition and remove them from various other learning contexts
(Cromwell et al., 2008). Evidence suggests that children with ASD do not process language via
the same neural pathways or at the same speed as neurotypical children (Silva, et al., 2013).

Language development is an essential part of early childhood. Children learn language through



hearing, repeating, and striving to communicate orally with others. A disinterest or aversion to
hearing language may stunt development in multiple realms (Whitehouse & Bishop, 2008).
Sensory Processing and Attention

Impaired sensory processing abilities affect multiple kinds of cognitive performance
including attention (Bailliard & Whigham, 2017; Schauder & Bennetto, 2016). Attention is the
ability to orient and stay attended to specific stimuli in appropriate patterns (Marco et al., 2011).
Three kinds of attention are relevant to this research: selective, sustained, and switching (Heaton
et al., 2001). Selective attention is the ability to focus on a target stimulus among an array of
distracting stimuli. Sustained attention is the process of maintaining focus on a target over an
extended period of time. Switching attention involves fluidly moving focus from one stimuli to
another as needed by the task and environmental demands. In order to complete a task, neural
resources must be recruited and used for cognitive processing (Liss et al., 2006). In a typical task
environment, there are external stimuli from multiple domains constantly activating sensory
receptors in the nervous system: the feel of clothing on skin, the slight flicker of a light, the
steady hum of appliance, the smell or someone eating lunch nearby, or the chatter of other
people. Appropriate attention involves filtering unnecessary environmental inputs while
attending to ones that are relevant — a complex neural process (Marco et al., 2011).

An inability to filter stimuli, or a maladaptive pattern of neural response to stimuli may
detract from the brain’s ability to stay attended to a task. As of yet there is a lack of definitive
linkage between abnormal auditory sensory processing and attentional skills deficits in
individuals with ASD (O’Connor, 2012). However, it is known that attentional difficulties and
sensory processing are both frequently observed in children with ASD (Butera et al., 2020;

Crasta et al., 2020). Individuals with ASD may overfocus on a single stimulus to the exclusion of



others which could lead to difficulty in shifting attention from one task to another (Liss et al.,
2006). Liss and colleagues (2006) found that overreactive, overselective, and overfocused
attention traits correlated with one another in a study of children with mild ASD.

Music Therapy: History and Overview with ASD

Music therapy (MT) began in the 1940’s as part of a shift toward a holistic treatment
model for individuals with ASD (Reschke-Hernandez, 2011). Evidence for the efficacy of music
therapy for children with ASD is limited but promising (LaGasse et al., 2019; Simpson & Keen,
2011). Small scale studies have reported a positive impact of MT on some symptoms of ASD
such as communication and social interaction (Geretsegger et al., 2012). MT has been used to
address a variety of skills including socialization, sensory exploration, behavioral management,
self-expression, rapport building, attention, and body awareness (Reschke-Hernandez, 2011).
Improvisational MT, developed in the late 1970’s, is a more flexible approach which
accommodates a child’s individuals needs and strengths (Reschke-Hernandez, 2011). In public
schools, MT is a sanctioned treatment for ASD drawing on principles from speech language
pathology, psychology, and special education (Reschke-Hernandez, 2011).

Current findings from research into ASD and MT indicate that children with ASD engage
longer with musical auditory stimuli than with stimuli from other sensory domains (Simpson &
Keen, 2011). Two challenges of current research are the generalizability of study conditions and
whether the benefits of of MT persist over time (Reschke-Hernandez, 2011). There is also a need
to establish physiological measurements that can complement behavioral measures to evaluate
efficacy of MT interventions for children with ASD (LaGasse et al., 2019; Pasiali et al., 2014).
Electroencephalography (EEG) is emerging as one such physiological measure (LaGasse et al.,

2019; Pasiali et al., 2014).



Electroencephalography: An Introduction

Electroencephalography (EEG) are recordings of voltage variation in the brain as read
through electrical leads placed on the scalp (Coles & Rugg, 1995). EEG has excellent temporal
resolution allowing researchers to monitor brain processing in milliseconds following a stimulus
(Remijn et al., 2014). This approach enables researchers to understand individual brain
processing and make comparisons between groups of individuals with certain demographics or
backgrounds. However, EEG has poor spatial resolution and does not indicate which brain
structures are creating the response, nor how many structures might be involved. EEG is
therefore, best used to understand the timing and sequence of processing.

In response to an external or internal stimulus, neurons change their electrical potential
and when clusters of similar neurons change together, electrical potentials can be detected in the
running EEG recorded at the scalp (Coles & Rugg, 1995). In order to reduce the noise and isolate
the signal — the neural response of interest — a researcher can conduct multiple trials and average
the results to generate an averaged event-related potential (ERP) representing the neural response
to the specific stimulus (Remijn et al., 2014). Background neurological noise which is not related
to the stimulus response averages to zero. The resultant ERP waveform following the stimulus is
composed of components representing the brain processing phases in response to that specific
stimulus (Otten & Rugg, 2005; Polich, 1993). Remijn et al. (2014) defines an ERP as a “scalp-
recorded activity generated by a specific neural or physiological process, which in turn produces
a certain polarity, latency, and scalp distribution” (p. 35). ERP components can be measured by
their polarity (positivity or negativity), amplitude (degree of deviation from baseline) and latency
(time between the onset of the stimulus and the peak of the component). Peak-to-peak amplitude

is a measure of the difference from the previous peak to the peak of interest. An ERP in response



to a sensory stimulus results in a series of peaks that correspond to different phases of sensory
processing. The components of stimulus response occur at unique latencies, so researchers can
compare an atypical response to a typical response and discriminate between difficulties
registering the stimulus, or evaluating the stimulus, or deciding what action to take in response to
the stimulus (Otten & Rugg, 2005).

Certain components have been identified and named (Polich, 1993). These components
can be compared across various studies and used to understand the origin of the component
(Otten & Rugg, 2005). Components are conventionally named by a P or N to denote positivity or
negativity and the approximate latency of the peak of the component or the order in which it
occurs; the first positivity is then the P1, the second negativity is the N2 (Polich, 1993). Some
sources name the components with the typical latency at which they occur so the N1 is named
the N100, the P2 is called the P200, etc.

Components that are more sensitive to changes in stimulus quality are considered
exogenous because they are related to external processes (Chennu, et al., 2013). Components that
are representative of internal cognitive processing are termed endogenous (Chennu, et al., 2013).
In general, earlier components are more exogenous and later components are more endogenous.
However, this dichotomous categorization is overly simplistic, and most components are
combinations of both types of processing. Early ERPs which are more exogenous tend to have
more consistent latencies across the neurotypical populations (Remijn et al., 2014). Later, more
endogenous ERPs show greater variability in their latency because cognitive processing is
unique to individuals and the variability compounds with each subsequent component (Remijn et

al., 2014).
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EEG Paradigms and the Sensory Registration Paradigm

EEG studies of auditory processing use various paradigms or presentations of specific
stimuli in specific patterns with or without an associated response task or attention direction. The
use of standard paradigms allows for better comparisons between studies and aggregation of
findings. Three auditory paradigms will be discussed here: the oddball paradigm, the sensory
gating paradigm, and the sensory registration paradigm, the latter being the paradigm used in this
study.

The Oddball Paradigm. The oddball paradigm consists of a specific tone that is
repeated regularly with random intrusions of a stimuli that differ in pitch or duration or intensity
(Remjin et al., 2014). This paradigm has passive variations, where the subject is not asked to
make any response, and active variations where a response is required to the oddball or target
tone. In a classic oddball paradigm, there are two stimuli: a frequent/standard stimulus and a
rare/oddball/target stimulus. The oddball paradigm is often used to elicit a strong P3 component
for the rare/oddball/target stimulus that corresponds to changing mental representation of the
stimulus environment (Polich, 1993).

The Sensory Gating Paradigm. The sensory gating paradigm measures the ability to
suppress the neural response to repeated stimuli (Cromwell et al., 2008). Sensory gating is a
critical process to protect the brain’s sensory processing capacities from being overwhelmed by
constant input of sensory stimuli (Davies et al., 2009). Pairs of stimuli (often clicks) are
presented with the two clicks separated by 500ms. Pairs are separated by 8 to 10 seconds. Robust
sensory gating is observed when the neural response to the second stimulus is reduced compared
to the response to the first stimulus. When sensory gating occurs typically, a person is able to

filter out irrelevant sensory information allowing the brain to devote processing resources to
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more important stimuli (LaGasse et al., 2019). Functional sensory gating enables selective
attention by preventing a person from being distracted by background stimuli (Freedman, 1987).

The Sensory Registration Paradigm. The study described here used a sensory
registration paradigm based on Lincoln et al. (1995). In this paradigm, tones of two different
frequencies and two different intensities (four total tones) are presented randomly while subjects
listen passively (Lincoln et al., 1995). The resulting EEG recordings and ERP component
latencies and amplitudes can be examined for differences between subject groups, between
responses to the frequencies and between responses to the intensities or any combination of those
factors. The ERP components of interest, the P1-N1-P2-N2-P3 complex (discussed below), is
known to be sensitive to the pitch and volume of a tone. The N1, P2, N2 component complex
corresponds to the sensory processing of an auditory stimulus in the auditory cortex (Polich,
1993). The P3 component represents the beginning attentional engagement with the stimulus
(Remjin et al., 2014). Previous studies have shown mixed results about the differences in
amplitude and latency of the peaks between subjects with ASD and typical controls (Marco et
al., 2011). Individuals with ASD do show higher variabilities in peak latencies (Lincoln et al.,
1995).
ERP Components in the Sensory Registration Paradigm

The following are components of the ERP resulting from an auditory stimulus in the
sensory registration paradigm. The P1 is the first positive peak following the stimulus onset.
Delays in the P1 can indicate a processing deficit (Polich, 1993). P1 is primarily an exogenous
component.

The N1 is the first significant negativity after the onset of an auditory stimulus. It is

thought to represent selective attention (Polich, 1993). It typically has a peak latency of 50 to 150
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ms (Remijn et al., 2014). It is often evoked by a sudden change in auditory environment such as
a new tone. The N1 is thought to be affected by the suddenness of the stimulus onset and the
intensity of the sound (Remijn et al., 2014) and may be connected to attention switching during
passive listening (LaGasse et al., 2019). Although considered a sensory component, the N1 can
change depending on if a person is directing conscious attention to the task. N1 can be
considered endogenous and exogenous due to the mixed nature of the component (Remijn et al.,
2014).

The P2 occurs approximately 200 ms after stimulus onset and follows the N1 (Remijn et
al., 2014). The P2 typically indicates registration of the stimulus. It is the brain beginning to
categorize and define the stimulus. It reliably occurs across individuals and varies with
characteristics of the sound’s intensity and frequency (Remijn et al., 2014).

The N2 is a negative deflection that typically appears between 180 and 325 ms (Remijn
et al., 2014). The N2 has subcomponents including the mismatch negativity which arises when a
stimulus differs from the background context (Coles & Rugg, 1995). It can be sensitive to the
intensity and other characteristics of a sound having a larger amplitude with a greater intensity
sound.

The P3 is the third positive deflection and occurs between 250ms and 500ms after
stimulus onset (Polich, 1993). It is thought to be linked with memory updating due to changes in
the stimulus environment such as when a different tone is presented (Polich, 1993). Others have
characterized it as reflecting “attentional engagement” with a stimulus (Remijn et al., 2014, p.
232). The difference between the current stimulus and the prevailing or previous stimuli can
impact the P3 especially in an oddball paradigm (Remijn et al., 2014). The P3 is commonly

studied because, as a later occurring component, it is more closely associated with higher level
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thinking and is thought to reflect voluntary or involuntary attentional engagement to a stimulus
(Remjin et al., 2014). It is also a large peak compared to some earlier components which can be
easier to study (Luck, 2005). In children with ASD, the inability to control attention shifts to a
stimulus can be a cause of challenging behaviors (Marco et al., 2011). Most of the studies using
the P3 have shown a decrease in amplitude for children with ASD compared to neurotypical
controls.
EEG Results in Children with ASD

EEG has been used to study various sensory related disorders including sensory
processing disorder and autism spectrum disorder (Davies & Gavin, 2007; O'Connor, 2012).
Behavioral measures can show evidence of external change following interventions for such
populations; EEG can show neural changes. When simple auditory stimuli are presented,
previous EEG studies have revealed atypical latencies for early ERP components in children
with ASD (Marco et al., 2011). The P3 has also received significant attention from previous
literature (Ferri, et al., 2003). Ferri et al., (2003) found that N1 had a shorter latency in
adolescent boys with ASD in response to a variety of stimuli at different frequencies compared
to age-matched controls and that the mismatch negativity — which occurs in the same timeframe
as N2 — had a larger (more negative) amplitude in boys with ASD compared to typical controls
(Ferri, et al., 2003). An earlier study for ERPs related to auditory stimuli also reported shorter
latencies for P1, N1, P2, and P3 and greater amplitude of the P3 to a habituation series of tones
(Martineau et al., 1984). In contrast, other studies have shown increased latency of the N1
(Roberts, et al., 2010). The mixed evidence tends to show differences between control groups
and groups with ASD however, the direction of that difference is not conclusively established.

These inconsistent results may be a consequence of varied paradigm approaches and the
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heterogeneity of ASD which encompasses numerous presentations and severities of symptoms.
Additionally, children with ASD are known to fall along a spectrum from hyporesponsive to
hyperresponsive to auditory input which may predict a range of above average to below average
ERP amplitudes and latencies. Averaging results may obscure the unique responses of
individuals with ASD.
Previous Feasibility Studies

A previous study established feasibility of this study protocol (LaGasse et al., 2019).
Recruitment of children with ASD is difficult but possible. Retention for repeated EEG and
treatment sessions was good. Furthermore, the protocols of this study are suited to children with
ASD (LaGasse et al., 2019). Children with ASD can become more anxious in novel situations
such as those of a research laboratory. Care must be taken to reduce a child’s anxiety so stress
does not contribute to changes in the physiological data (Gavin & Davies, 2008). The
Brainwaves Research Lab has had success managing clinical populations of children through
EEG testing procedures (Crasta et al., 2016; Davies & Gavin, 2007; Davies et al., 2010; LaGasse
et al., 2019). EEG can differentiate between children with sensory processing disorder (SPD) and
children without SPD using the registration paradigm (Davies et al., 2010). Given some
similarities between the auditory processing in children with SPD and children with ASD
(Chang, et al., 2014), it is reasonable to attempt a similar comparison in the latter group.

Purpose of the Study

The purpose of the present study is to investigate auditory processing in children with and
without autism spectrum disorder as it relates to attention in comparison with typically
developing children. The study also evaluates the impact of a music therapy intervention on

attention and auditory processing in children with ASD. This study examined neural differences
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that may underly dysfunctional behavioral responses that characterize autism. A secondary aim
evaluated this specific music therapy treatment protocol for its impact on neural processing as
measured by electroencephalography.

The sensory registration paradigm will be used in this study and is a passive listening task
to 4 tones of high/low frequency and loud/soft volume. This paradigm allows for examination of
early neural responses to sensory input without any task demands which helps establish
foundational differences of auditory processing in children with ASD compared to their typically
developing peers. Previous neurophysiological studies have shown that with simpler tasks,
individuals with ASD can perform at the same speed and accuracy as typically developing
individuals but the neural processes are different. When the tasks increase in difficulty, the
individuals with ASD perform more poorly than the typical peers (Marco et al., 2011). Although
the sensory registration paradigm is not a functional task performance, it does reveal information
about different neural processing to simple tasks which may underly functional difficulties to
more challenging tasks.

Attention will be measured by the Test of Everyday Attention in Children (TEA-Ch)
(Manly et al., 2001). Attentional scores at baseline will be compared between the children with
ASD and their TD peers. Attentional scores will also be compared before and after the MT
intervention in children with ASD. Neurophysiological measures will include the ERP
components: P1, N1, P2, N2, and P3. The music therapy intervention is an individualized
protocol administered by a board-certified music therapist (LaGasse et al., 2019).

Previous studies have provided promising results of the impact of music therapy on
sensory differences and attentional deficits in children with ASD (LaGasse et al., 2019). LaGasse

and colleagues examined data from the sensory gating paradigm which evaluates the ability of
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the brain to filter out irrelevant stimuli. The addition of the sensory registration paradigm will
further increase our understanding of the neurophysiological differences and potential changes
after a music therapy intervention by expanding the phases of brain processing (N1, P2, N2, P3)
that might be affected in children with ASD. Comparing ERP results with performance on an
attention task will also strengthen the link between observable behavior and neural processing.
Research Questions and Hypotheses
Question 1: How will children with ASD before the music therapy intervention compare to age
and sex matched TD children on the attention task?
Hypothesis 1: Children with ASD will have poorer scores on the attention task compared
with TD children at baseline.
Question 2: How do scores on the attention task compare in children with ASD before and after
a music therapy intervention?
Hypothesis 2: Children with ASD will have improved scores on the attention task after a
music therapy intervention compared to before the music therapy intervention.
Question 3: How do ERP component magnitudes and latencies compare between children with
ASD before the music therapy intervention and typically developing children?
Hypothesis 3.1: Children with ASD will have delayed latencies in N1, P2, N2, and P3
compared to TD children
Hypothesis 3.2: Children with ASD with have reduced amplitudes of N1, P2, N2, and P3

compared to TD children.
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Question 4: How do ERP components N1, P2, N2, and P3 from the sensory registration
paradigm compare in children with ASD before and after a music therapy intervention?
Hypothesis 4: Children with ASD post music therapy will more closely resemble TD
children compared to the pre music therapy scores in amplitude and latency of N1, P2,
N2, and P3.
Question 5: How do scores on the attention task associate with variations in EEG magnitude and
latency in the sensory registration paradigm in children with ASD and TD children?
Hypothesis 5: Amplitude measures of N1, P2, N2, and P3 components in the sensory
registration paradigm to high frequency tones will be significantly associated with

attention scores.
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CHAPTER TWO

Autism Spectrum Disorder, Sensory Processing, and Attention

Autism Spectrum Disorder (ASD) is a common developmental disorder affecting
approximately one in 59 children as of 2014 (Centers for Disease Control and Prevention, 2019).
The DSM-5 characterizes it through two criteria: (1) consistent challenges in social interaction/
communication with other people across several settings and (2) restricted, repetitive patterns of
behavior, interests, and activities (American Psychiatric Association, 2013). Sensory symptoms
have long been associated with ASD, but the DSM-5 is the first version to include them as
diagnostic criteria as a form of restricted behavior patterns (Brett, et al., 2016; Grapel et al.,
2015). Several studies have demonstrated physiological and structural abnormalities in brains of
children with ASD and point toward neurologically informed research approaches to enable
children with ASD to succeed (Ha et al., 2015; Silva, et al., 2013). Electroencephalogram (EEG)
studies are one way to study sensory processing in individuals with ASD (Dinstein, et al., 2012;
Marco et al., 2011).

Sensory processing is the neurological events which occur as a person perceives a
sensory stimulus, organizes it, categorizes it, and decides what to do about it (Tomcheck &
Dunn, 2007). A common feature of ASD is atypical behavioral reactions to sensory stimuli
(LaGasse et al., 2019; Lane, 2020; Liss et al., 2006). Such children may have overreactions,
underreactions or other unusual responses to sensory inputs (Dunn, 2001). Sensory processing
deficits are a priority treatment area for children with ASD due to the impact on daily
participation especially related to school, social difficulties, and language acquisition (Weitlauf

et al., 2017). Research remains limited in the efficacy of various sensory interventions used by
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OTs (Lane, 2020). The evidence for interventions targeting sensory dysfunction can be
strengthened by using well defined and replicable interventions, incorporating standardized
measurement tools, and discussion of possible harms as well as benefits of interventions (Schaaf
et al., 2014; Weitlauf et al., 2017).

Impaired sensory processing abilities affect multiple kinds of cognitive performance
including attention (Bailliard & Whigham, 2017). Three kinds of attention are relevant to this
research: selective, sustained, and switching (Heaton et al., 2001). Selective attention is the
ability to focus on a target stimulus among an array of distracting stimuli. Sustained attention is
the ability to maintain focus on a target over an extended period. Switching attention is fluidly
moving focus from one stimulus to another as demanded by the task. An inability to filter
stimuli, or a maladaptive pattern of neural response to stimuli may detract from the brain’s
ability to stay attended to a task (Liss et al., 2006). Currently, there is a lack of definitive linkage
between abnormal auditory sensory processing and attentional skills deficits in individuals with
ASD (O’Connor, 2012). However, it is known that attentional difficulties and sensory processing
are both frequently observed in children with ASD, so a link is suspected (Butera et al., 2020).
Music Therapy: History and Overview with ASD

Music therapy (MT) for ASD began in the 1940’s as part of a shift toward a holistic
treatment model (Reschke-Hernandez, 2011). Evidence for the efficacy of music therapy for
children with ASD is limited but promising (Geretsegger et al., 2012; LaGasse et al., 2019;
Reschke-Hernandez, 2011; Simpson & Keen, 2011). Music is engaging to children with ASD
and previous studies have shown that engagement with music improves attention control and
selective attention (Pasiali et al., 2014). Physiological measurements to complement behavioral

measures to evaluate MT interventions will add more and novel evidence for the efficacy of MT
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(LaGasse et al., 2019; Pasiali et al., 2014). Electroencephalography is emerging as one such
physiological measure (LaGasse et al., 2019; Pasiali et al., 2014).
Electroencephalography (EEG)

EEG is a recording of voltage variation in the brain as read through electrical leads
placed on the scalp (Coles & Rugg, 1995). EEG studies of auditory processing use various
paradigms or presentations of specific stimuli in specific patterns with or without an associated
response task or attention direction. The sensory registration paradigm used in this study is a
passive presentation of four tones of high/low intensity and high/low frequency (Lincoln et al.,
1995). Multiple responses to the same tone are averaged to reduce background noise and create
an event related potential (ERP). The ERP components of interest, the P1-N1-P2-N2-P3 complex
(discussed below), correspond to sensory processing in the auditory cortex and early
categorization/recognition of the tones (Polich, 1993).

The N1 is thought to represent selective attention and is often evoked by a sudden change
in auditory environment (Polich, 1993). It is thought to be affected by the suddenness of the
stimulus onset as well as the intensity of the sound and may be connected to attention switching
(LaGasse et al., 2019; Remijn et al., 2014). The P2 varies with sound intensity and frequency and
typically indicates registration of the stimulus as the brain begins to categorize and define the
stimulus (Remijn et al., 2014). The N2 is also sensitive to sound characteristics like intensity
(Remijn et al., 2014). The P3 is linked with memory updating due to changes in the stimulus
environment such as when a different tone is presented (Polich, 1993). Others have characterized
it as reflecting “attentional engagement” with a stimulus (Remijn et al., 2014, p. 232).

Individuals with ASD have altered processing of stimuli at the neural level (Brett, et al.,

2016; O’Connor, 2012; Crasta et al., 2020; Kown et al., 2007; Marco et al., 2011; Whitehouse &
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Bishop, 2008). Results, however, are inconsistent and do not create a clear picture of neurologic
sensory processing. These inconsistent results may be a consequence of varied paradigm
approaches and heterogeneity of ASD which has diverse symptom presentations and severities.
In response to simple auditory stimuli, children with ASD have atypical latencies for early ERP
components (Marco et al., 2011). Ferri et al. (2003) found a shorter N1 latency in boys with ASD
and a larger amplitude mismatch negativity compared to typical controls. A different study
reported shorter latencies for P1, N1, P2, and P3 and greater amplitude of the P3 to a habituation
series of tones in children with ASD (Martineau et al., 1984). In contrast, some studies have
shown increased latency of the N1 (Roberts, et al., 2010). The mixed evidence shows differences
between children with ASD and typical controls, however, the degree and direction of those
differences are not established. Therefore, the purpose of this study is to continue adding to
understanding of neural auditory processing in children with ASD as it relates to attention and
examining the impact of a music therapy intervention on both auditory neural processing and
attention.
Previous Feasibility Studies

A previous study established feasibility of this study protocol (LaGasse et al., 2019).
Recruitment of children with ASD was possible; retention for repeated EEG and treatment
sessions was satisfactory; the protocols are suited to children with ASD (LaGasse et al., 2019).
Children with ASD can be anxious in novel situations such as those of a research laboratory, but
adjustments can reduce a child’s anxiety so stress does not impact physiological or behavioral
data (Gavin & Davies, 2008). The Brainwaves Research Lab has success managing pediatric
clinical populations during EEG testing (Crasta et al., 2016; Davies & Gavin, 2007; Davies et al.,

2010; LaGasse et al., 2019). EEG can differentiate between children with sensory processing
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disorder (SPD) and children without SPD using the registration paradigm (Davies et al., 2010).
Given some similarities between the auditory processing in children with SPD and children with
ASD (Chang, et al., 2014), it is reasonable to attempt a similar comparison in the latter group.
Research Questions
Question 1: How will children with ASD before the music therapy intervention compare to age
and sex matched TD children on the TEA-Ch.
Question 2: How do scores on the TEA-Ch compare in children with ASD before and after a
music therapy intervention.
Question 3: How do ERP magnitudes and latencies compare between children with ASD and
typically developing children?
Question 4: How do ERP components N1, P2, N2, and P3 from the sensory registration
paradigm compare in children with ASD before and after a music therapy intervention?
Question 5: How do measures of attention on the TEA-Ch scores associate with variations in
EEG magnitude and latency in the sensory registration paradigm in children with ASD and TD
children?
Methods

Participants

A total of ten children ages six to twelve years with mild ASD were recruited for this
study. Children with ASD having additional diagnoses such as down syndrome, epilepsy,
hearing loss, or psychological disorders were excluded from the study. A convenience sample of
typically developing children were recruited from the community. From the group of typically
developing children who completed the sensory registration paradigm and behavioral testing, age

and sex matched peers were selected to compare with the children with ASD (Table 1). Parents
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provided consent and children were asked to assent to the study procedures prior to data
collection. Children were compensated with a commemorative T-shirt, mug, option for a $15
cash and parents were given $25 in cash for travel expenses.

Table 1.

Age and sex of study participants

Children with ASD Paired TD Children
Age (years) Sex of pair Age (years)
4.63 Male 5.09
5.42 Male 5.74
6.51 Male 6.75
6.92 Female 7.37
8.40 Male 8.47
9.56 Female 9.42
10.09 Female 10.30
11.38 Male 9.30
11.48 Male 9.85
12.61 Male 10.50
Procedures

All procedures were approved by the IRB of Colorado State University. Children with
ASD participated in two pretest and two posttest testing sessions including behavioral measures
(TEA-Ch) and neurophysiological measures (EEG recordings). All children with ASD
participated in an individual music therapy intervention between the pre and post testing sessions
(described below). TD children participated in a single data collection session for the behavioral
and EEG measures and did not participate in the music therapy intervention. The TD children
served as a comparison group.

Data collection occurred at the Brainwaves Research Lab at Colorado State University.
Behavioral measures and EEG testing was conducted by Brainwaves Research Lab faculty and
research assistants representing members from the Occupational Therapy department, music

therapy program, and neurosciences program at Colorado State University. Each of the testing
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sessions lasted two hours. During testing sessions, the child performed passive listening activities
for EEG data to be gathered lasting about one hour and completed behavioral testing lasting
about one hour. The first music therapy intervention occurred within two weeks of the pre-
testing sessions. The music therapy intervention occurred biweekly over five weeks for a total of
ten sessions. After completion of the music therapy program, children returned for an additional
two testing sessions.
Music Therapy Intervention

The music therapy intervention (ten 35-min sessions biweekly for five weeks) was
designed and conducted by a board-certified music therapist. Parents were present for music
therapy sessions but did not participate. The protocol was based on a neurodevelopmental
framework to target neural networks involved in attention. Sessions included musical activities
targeting attentional skills focusing on selective attention and switching attention. Children
played instruments while ignoring distracting stimuli to target selective attention.
Switching/attention control was targeted with activities that required the child to continue with
melodic sequence while attending to other stimuli and by playing different sequences in response
to changes by the music therapist. Each session was adjusted by the interventionist to be
appropriate for the child’s age and cognitive abilities and adjusted to actively engage the child.
Sessions progressed in difficulty throughout the intervention to maintain a ‘just-right challenge’.
Despite alterations to the specific activities, the goals and principles were held sufficiently
consistent by the interventionist for fidelity to the study protocol.
EEG Set Up

During EEG data collection, the child was briefed about the EEG recording process.

Research assistants applied the EEG cap. Water based gel is used to conduct electrical signals

25



from the brain through metal sensors in the EEG stretch cap. Research assistants ensured proper
conductance through each channel before proceeding. Children were fitted with in-ear
headphones. Children were positioned in a chair in front of the computer. The chair height was
adjusted to an appropriate height for each child. Footstools were used to support the child’s feet
in a comfortable position. Research assistants provided children strategies to reduce movement
and blinking and thus reduce artifacts during the recording. Children practiced staying still while
watching the EEG tracing to better understand how to reduce unwanted artifact.

A silent video of Wallace and Gromit played during the listening activities to help the
child stay calm and quiet. Children participated in two passive listening paradigms: sensory
registration and sensory gating. Each paradigm lasted approximately twenty minutes and was
followed by a three minute break. The sensory registration paradigm data are addressed in this
paper. The sensory gating paradigm data were written up in a previous publication from the
Brainwaves Research Lab (LaGasse et al., 2019).

Measures
Sensory Registration Paradigm

The sensory registration paradigm used in this study is adapted from Lincoln et al. (1995)
and previous work by the Brainwaves Research Lab (Davies et al., 2010; Davies & Gavin,
2007). The registration paradigm aims to examine neurological reaction to stimuli of varying
frequency and intensity. This paradigm is a passive listening activity in which four total tones are
presented through in-ear headphones in random order. The auditory stimuli were presented with
E-prime software (Psychological Software Tools, Pittsburgh, PA, USA) in both ears. A total of
four blocks of stimuli were presented with 100 stimuli per block. Interstimulus interval (ISI) was

two seconds. Stimulus duration was 50-ms with 10-ms rise and fall times. The four tones were 1
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kHz at 50 dB SPL, 1 kHz at 70 dB SPL, 3 kHz at 53 dB SPL and 3kHz at 73 dB SPL. Each
block of 100 stimuli lasted 3.4 minutes. Participants were given a 30 second rest between blocks
to blink and shift in the chair.
EEG Data Acquisition

EEG recordings were obtained with BioSemi Active Two EEG Acquisition system.
Thirty-two Ag-AgCl sintered electrodes were placed based on the American
Electroencephalography Society guidelines (American Electroencephalographic Society, 1994).
The common mode sense (CMS) and the driven right leg (DLR) electrodes were used to generate

a reference voltage (http://www.biosemi.com/fag/cms&drl.htm). Flat electrodes were placed on

the left and right earlobes, left and right outer canthus of the eye — for horizontal
electrooculograms (EOGs), and left supraorbital and infraorbital regions — for vertical EOGs.
Data were sampled at a rate of 1024 Hz.
ERP Component Analysis and Scoring

Raw data from the EEG recordings was processed with the Brain Vision Analyzer
software. The average channels on the earlobes were used for the off-