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Abstract 
 

 

Atypical sensory reactivity has been included in the latest diagnostic criteria 

for Autism Spectrum Disorder (ASD). Compared to typically developing children, 

children with ASD are more likely to demonstrate atypical sensory responses, such 

as adverse reactions or indifference to sensations. An increasing body of literature 

has explored the connections between auditory processing and social engagement. 

Difficulty orienting towards a parent’s voice has been suggested to have a 

detrimental impact on a child’s ability to engage with the social world. Severe 

auditory processing difficulties can be disabling for a child and his or her family. A 

child with poor auditory filtering might not respond when being called, have 

difficulty following verbal instructions, and struggle with social engagement and 

interaction. Treatment options for auditory-based difficulties for children with ASD 

are, however, limited. For this reason, parents seek other therapies such as sound 

therapy to help their children.  

SAMONAS Sound Therapy (SST) is a sound therapy method that involves 

listening to electronically modified music through headphones over a period of time 

with the aim of improving listening skills. Evidence of the effectiveness of sound 

therapies with children with ASD is scarce and limited to studies examining 

language and behavior. There have not been any studies published on the impact of 

SST on children with ASD. 

This Singapore-based study aimed to investigate whether SST impacts social 

orienting, joint attention, and social interaction of children with ASD. Eleven Asian 

children between ages four and six years were recruited for the study. All children 

had severe ASD, difficulty focusing on the voices of their parents, and low 

cognitive, verbal, and adaptive functioning. Double-blinded randomised controlled 

trial with repeated measures was employed. The children, randomly allocated into 

SST and music listening groups, received a combination of clinic- and home-based 

treatments. Measurements were taken before and after a two-week clinic-based 

intervention, after an eight-week home program, and at three-month follow-up. 

Clinician-administered tests were supplemented with parent and teacher 

questionnaires, parent interviews, and observations of parent–child free play. 



 

	

iv 

Statistical analysis of standardized and non-standardised measures indicated 

a significant effect in favour of SST in some, but not all, clinician-administered 

measures. SST was more effective than music listening in improving joint attention 

and reciprocal social interaction in children with ASD. Treatment gains were 

maintained at three-month follow-up. There were, however, no differences between 

groups on social orienting. An important finding of this study was that the positive 

results achieved in the context of therapist–child interaction did not simultaneously 

generalise to parent–child interaction. Incorporation of parent training is 

recommended for SST treatment and future trials. These outcomes offer the first 

indication that SST may be a useful tool for children with severe ASD in particular 

areas of social engagement. 
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Chapter 1 

Introduction 

 
 This thesis begins with an introduction to what motivated me to undertake 

research on sound therapy. I begin by describing how my clinical work led me to the 

field of sound therapy. Taking a deeply personal perspective, I then briefly discuss 

my meeting (and eventual marriage to) the developer of SAMONAS Sound Therapy 

(SST), as well as, the impact of a strong personal bias in my clinical work and 

research. Switching from a personal to an impersonal point of view, I move on to 

present the aim, scope and significance of the study. The section concludes with a 

brief overview of the whole thesis. 

 
Encountering Sound Therapy 

My first encounter with sound therapy left such an impression that I still 

remember all the details: the music, the visible impact on children in the room, the 

quiet alertness among therapists. The year was 2000, and I was watching Patricia 

Oetter, a master occupational therapist from United States of America, as she treated 

children at a private clinic in Singapore. Through a skillful selection of music, she 

engaged the children in a way I had never seen done before. In a matter of just a few 

minutes, the children calmed down and became more alert and attentive. Most 

importantly, they began to engage with her and the activities at hand and had fun. 

 Originally from Finland, I had been living and working in Singapore since 

1996. In my work as an occupational therapist and music therapist, I had been using 

music in its active form, playing a variety of musical instruments. Except for 

relaxation music, receptive methods had not been a part of my training or clinical 

experience with children – this was something new. Furthermore, there was 

something different about the music used by Ms. Oetter. I could not tell what it was, 

but the music seemed very clear, alive, and inviting. 

 Soon after the treatment practicum, I found myself on a plane and on my way 

to USA for training. I entered the world of music modification and obtained 

certification in Therapeutic Listening, The Listening Program, and SAMONAS 

Sound Therapy. Teachers of these methods proposed that music modified through a 

technical process of gating, filtering, or spectral activation would have a positive 

impact on a child’s auditory system. Many of my young clients were highly 
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distracted by background noises, did not respond when being called, and had 

difficulty tolerating everyday sounds. Therefore, it was exciting to find tools that 

had the potential to address the auditory system. 

 Back at my practice in Singapore, I observed my clients’ responses to 

various sound therapy programs. Many children with ASD seemed to react strongly 

to modified music, either becoming more engaged and responsive in their 

interactions with their parents and myself; or worryingly, more distressed. 

SAMONAS Sound Therapy (SST) appealed to me the most because the method 

provided me with the largest selection of music to suit my clients’ needs. Unlike the 

music in other sound therapies, SST music was not distorted and sounded pleasing 

to the listener. The children enjoyed listening to SST recordings and did not display 

“side-effects” typically seen with other methods. However, none of the sound 

therapy methods, SST included, were well supported by research.  

 As a clinician, I was troubled by the fact that I did not know which children 

would benefit from sound therapy and how exactly the programs should be used to 

produce good outcomes. Each therapist seemed to be using their own way of 

administering sound therapy based on a generic set of guidelines, their experience, 

and intuition. Moreover, there was a part of me that found the whole idea of music 

modification rather controversial. Given how powerful non-modified music could 

be, was it necessary, or even right, to add something to it, particularly if the 

additional modification altered the sound of the music? I did not understand how 

listening to modified music could trigger the proposed changes in the auditory 

system, and found it difficult to explain sound therapy theory to parents. Parent 

questionnaires and videotapes of treatment sessions indicated positive changes after 

a period of sound therapy, but did SST make a positive difference because of the 

healing effects of music, the therapeutic relationship established during weekly 

therapy sessions, or my enthusiasm about sound therapy? Clearly, some research 

was needed to answer these questions. 

 

Meeting the Developer   

 I met Ingo Steinbach, the developer of SST, during an advanced training 

course in Germany in 2002. Enchanted by Ingo’s beautiful recordings I invited him 

to conduct a workshop for parents and professionals in Singapore. What started as a 
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professionally rewarding exchange developed into a close friendship and eventually, 

love. Ingo moved his practice to Singapore, and we got married. 

 Being married to the developer of a method I was using at work made things 

more complicated. As an ethical practitioner, I became acutely aware of my personal 

bias and became worried about being seen as a sales person of my husband’s 

product. As a result, I ensured transparency about our relationship, explained my 

reasoning behind choosing SST over other methods whenever I made the decision to 

do so, and gave parents plenty of time to decide whether they wanted to go ahead 

with my recommendation. I continued to receive criticism for using SST, but at least 

I knew I was open about my bias. 

   

Implications of my Personal Bias on my Research  

As discussed earlier, the desire to understand more about the method I was 

using in my clinical work triggered the need for this research. Two important 

reasons guided me towards quantitative methodology. First, my research question 

queried the effectiveness of SST. Second, I wanted to minimize my biases. I had 

planned to research a method that I believed in and used in my clinical work, but I 

was also intimately involved with the developer of the method. It was important to 

me to recognize these biases and attempt to adopt a standpoint of optimal 

objectivity. 

 Several steps were taken over the course of the study to address and 

minimize my personal bias. These steps included the following: 

1. Choosing a post-positivist philosophy and quantitative methodology, with an 

emphasis on objective measurements, rather than subjective experiences. 

2. Excluding my husband from research planning, theory building, and 

development of the treatment manual. Even though this decision meant 

largely ignoring his expertise in my research topic, I needed to feel that the 

work was all mine.  

3. Excluding myself and my husband from client work, and hiring research 

assistants to conduct pre- and post-assessments and administer treatment. 

4. Introducing “blinding” so that research assistants, clinic receptionist, parents, 

children, and I were not aware of group allocation. 
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5. Engaging an independent statistician, blinded to treatment condition, to 

conduct the data analysis. 

 

This thesis is my testimony of the learning and insights I have gained about 

auditory processing difficulties in autism, the impact of these challenges on social 

engagement, and how and why SST could be a useful tool for children with autism. 

 

Motivation for the Study  
 

Autism Spectrum Disorder. Autism advocacy groups report that in 

Australia, 1 in 63 children have been diagnosed with Autism Spectrum Disorder 

(Australian Bureau of Statistics, 2012; Autism Aspergers Advocacy Australia, 

2015). Autism Spectrum Disorder (ASD) is a developmental disorder that impacts a 

child’s ability to engage, interact, and communicate (American Psychiatric 

Association, 2013). More common than previously thought, the incidence of ASD 

has increased by an alarming 79% over a period of just three years (Australian 

Bureau of Statistics, 2012; Autism Aspergers Advocacy Australia, 2015). The high 

prevalence of this life-long disability poses a major public health challenge and 

places a tremendous strain on societies and families (Centers for Disease Control 

and Prevention, 2015).  

Compared to typical peers, children with ASD have a lower life-quality, 

poorer emotional and behavioural functioning, and weaker receptive language 

capacities (Randall et al., 2015). Even though the increase of ASD incidence has 

brought autism to public awareness (Hansen, Schendel, & Parner, 2015), 

challenging behaviours of children with ASD are still not well understood, and 

families report feeling a sense of shame in their communities (Kinnear, Link, Ballan, 

& Fischbach, 2016). The children’s complex profiles and challenging behaviours 

place a strain on their parents and affect the whole family’s wellbeing. Mothers of 

children with ASD report higher levels of stress (Hoffman, Sweeney, Hodge, Lopez-

Wagner, & Looney, 2009; Reed, Sejunaite, & Osborne, 2016) and higher rates of 

psychiatric disorders than mothers of typically developing children (Fairthorne, de 

Klerk, & Leonard, 2016). This results in a vicious cycle; raising a challenging child 

causes stress in parents, but parental stress, in turn, can counteract the impact of 

early interventions aimed to improve social, adaptive, cognitive and academic 
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functioning of the child (Osborne, McHugh, Saunders, & Reed, 2008; Vasilopoulou 

& Nisbet, 2016). Considering the negative impact of ASD on children and their 

families, it is of paramount importance that effective treatments are developed for 

children with ASD to help them learn to relate to others and live happy productive 

lives. 

 

Sensory processing difficulties in ASD. Recent research shows that atypical 

sensory processing may be a contributor to ASD symptoms and severity of autism 

(Brandwein et al., 2015; Kern, Garver, Carmody, Trivedi, & Mehta, 2007). Mainly 

ignored since the first descriptions of autism and auditory-based challenges in 

1940’s (Kanner, 1943), over the past decade, sensory processing difficulties in ASD 

have received more attention. Development of neurophysiological imaging methods 

and the inclusion of sensory reactivity in the latest diagnostic criteria for Autism 

Spectrum Disorder have contributed to an expanding body of sensory processing 

literature (American Psychiatric Association, 2013). Compared to typical peers and 

children with developmental delays, children with ASD are more likely to 

demonstrate atypical sensory responses, such as over-responsivity (adverse reactions 

to harmless everyday sensations), under-responsivity (indifference to sensations), 

and sensory-seeking behaviours (excessive seeking of a particular sensory stimuli) 

(Ben-Sasson et al., 2009; Lane, Dennis, & Geraghty, 2010; Smith Roley et al., 2015; 

Tomchek & Dunn, 2007; Tseng, Lin, & Hsiao, 2000). While all patterns may cause 

distress, anxiety, uncontrollable physiologic responses (e.g., fast heart beat), and 

arousal dysregulation (Kirby, Dickie, & Baranek, 2015; Klusek, Martin, & Losh, 

2013), under-responsivity is of particular interest because it has been linked to weak 

joint attention and low language capacities, possibly contributing to the core 

symptoms of ASD (Baranek et al., 2013). In their review article, Baum and 

colleagues (2015) ask an interesting question: 

Although little consensus exists…it should be clear from the above (review) 

that sensory features frequently accompany ASD, and that these sensory 

issues may play an important and underappreciated role in domains of 

dysfunction such as social communication. Stated a bit differently, if 

diminished sensory abilities contribute to higher-order differences in social 
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communication, could improvements in sensory abilities result in 

improvements in these domains? (p. 151) 

 

From a developmental viewpoint, information from sensory systems forms a 

foundation for social and cognitive learning (Baum, Stevenson, & Wallace, 2015). 

Out of the six sensory systems (auditory, visual, tactile, vestibular-proprioceptive, 

smell, taste), problems linked to the auditory function are most common in children 

with ASD (Baker, Lane, Angley, & Young, 2008; Tomchek & Dunn, 2007). In a 

large study of children with ASD (n = 281) and typically developing controls (n = 

281), 83.6% of children with ASD and 3.2% of typical children presented with 

severe sensory processing problems (Tomchek & Dunn, 2007). Furthermore, 

auditory-based difficulties (poor auditory filtering, i.e., difficulties filtering out 

background sounds to focus on the voice of a speaker) were identified in 77.6 % of 

children with ASD and only 3.1% of typical children (Tomchek & Dunn, 2007). 

Other researchers have reported similar, or higher numbers regarding the incidence 

of auditory processing difficulties among children with ASD (Baker et al., 2008; 

Lane, Young, Baker, & Angley, 2010; Ludlow et al., 2014). Findings from 

behavioural, neuroanatomical, functional MRI and auditory evoked potential 

research suggest that the range of auditory abnormalities found among individuals 

with ASD is vast (O'Connor, 2012). Deficient orienting towards sounds (Lepistö et 

al., 2005), difficulty filtering out background sounds (Tomchek & Dunn, 2007), and 

reduced auditory attention (Corbett & Constantine, 2006) are examples of auditory-

based difficulties that may interfere with social development. Consistent with the 

Neural Complexity Hypothesis – suggesting impaired processing of complex, but 

not simple sensations in autism – these abnormalities are particularly pronounced in 

relation to complex sounds, such as speech (Samson, Mottron, Boutheina, Pascal, & 

Ciocca, 2006). Dawson and colleagues postulated that difficulty orienting towards a 

voice of a parent has a detrimental impact on a child’s ability to engage with his or 

her social world and may lead to further delays in brain development (Dawson, 

Meltzoff, Osterling, Rinaldi, & Brown, 1998). Supporting this view, some 

researchers argue that atypical auditory processing contributes to social impairment 

in autism (Demopoulos et al., 2015). In a landmark study, Brandwein and colleagues 

(2015) found a significant correlation (p < 0.05) between neurophysiological 
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correlates of auditory processing and autism severity. Although not yet replicated, 

this correlation underscores the importance of developing a better understanding of 

the role and treatment of auditory-based difficulties in autism. Not much is known, 

however about auditory aspects of social engagement. 

Severe auditory processing difficulties can be disabling for a child and a 

source of stress for the whole family (Ruben, 2004; Stehli, 1991). A child who is 

scared of everyday sounds may have difficulty tolerating house cleaning, walking 

outdoors near traffic, using public toilets, and attending birthday parties; whereas a 

child with auditory under-responsivity and poor auditory filtering might not respond 

when being called, have difficulty following verbal instructions, and struggle with 

social engagement and interaction (Dawson et al., 1998; Kirby et al., 2015; Rogers, 

Hepburn, & Wehner, 2003; Wiggins, Robins, Bakeman, & Adamson, 2009). 

Treatment options for auditory processing difficulties are, however, limited; 

interventions aiming to improve general sensory processing typically target other 

sensory systems but do not directly address the auditory system (Case-Smith, 2013). 

For this reason, parents are seeking out sound therapies to help their children. Sound 

therapy involves listening to electronically modified music or sounds over 

headphones to improve listening skills (Sinha, Silove, Wheeler, & Williams, 2004). 

Only a small group of outcome studies have investigated whether sound therapies 

are effective in treating children with ASD, and none of these studies have employed 

the SST method. Focusing on language, communication, and behaviour (Al-Ayadhi, 

Al-Drees, & Al-Arfaj, 2013; Corbett, Shickman, & Ferrer, 2008; Neysmith-Roy, 

2001), studies have not yet examined the effectiveness of sound therapies in 

improving social engagement in children with ASD. Given that social engagement 

behaviours are at the core of autism symptomology (American Psychiatric 

Association, 2013), addressing and investigating this area is warranted (Maglione, 

Gans, Das, Timbie, & Kasari, 2012). 

 

Aim and Scope 

 
The aim of the study was to examine whether SAMONAS Sound Therapy 

(SST) has a positive influence on social engagement behaviours of children with 

ASD. Social engagement in this context refers to a child’s ability to orient to people 
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in his or her social environment (social orienting), share attention with another 

person (joint attention), and interact in a reciprocal manner (social interaction) 

(Landa, Holman, O'Neill, & Stuart, 2011; Wimpory, Hobson, & Nash, 2007). To 

achieve the research aim, SST was compared to a standard music-listening 

condition. 

The post-positivist research philosophy and a quantitative approach were 

employed for the study. Quantitative research has faced intense criticism for 

deviating from clinical practice by presenting rigid designs and discounting the 

value of each client’s subjective experiences (Aigen, 2015). Despite the limitations, 

quantitative methods and RCT designs are still embraced in evidence-based practice 

and present high-level evidence required for Cochrane reviews (Mesibov & Shea, 

2011; The Cochrane Collaboration, 2015). Procedures such as randomization, 

allocation concealment, and blinding of researchers and clients aim to eliminate 

biases (Bradt, 2012) – an important consideration in the current study where the 

student researcher had strong personal biases linked to SST. Furthermore, high-level 

evidence from RCT’s is the only type of research data embraced by national autism 

treatment guidelines in Singapore, where the trial took place (Ministry of Health 

Singapore, 2010). At the time the study was planned, these guidelines citing lack of 

proof of effectiveness, discouraged parents and professionals from using music 

therapy and sound therapy on children with ASD. As a result, parents either stopped 

all music interventions or continued to do so but chose not to disclose this to their 

child’s pediatrician. This study aimed to contribute to the discussion by providing 

locally produced, “gold standard” research data on the effects of SST for the benefit 

of parents, doctors, and therapists, to guide them in their decision-making. 

Bradt (2012) has argued that because of the number of resources required, 

RCT’s “should not be the first step in examining the benefits of a specific music 

therapy treatment” (p.123). Furthermore, Campbell and colleagues (2000) have 

discussed the challenges of evaluating the impact of complex interventions such as 

SST, before effective components of the intervention have been identified and the 

theoretical basis has been fully established (Campbell et al., 2000). These arguments 

had some relevance to this study because there were no existing studies on SST, and 

there also was no convincing theory base. Mixed method studies have been 

advocated to overcome limitations of quantitative methods (Bradt, Burns, & 
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Creswell, 2013). Two such studies by Kim, Wigram, and Gold (2008); and 

Thompson, McFerran, and Gold (2013), have in fact generated rich data on 

qualitative and quantitative aspects of joint attention in children with ASD. For 

reasons mentioned above, the student researcher did, however choose a purely 

quantitative research design. To make this possible, preliminary theory base for SST 

was established through a thorough review of related literature. Following this, 

possible effective elements were identified, and treatment procedures were defined 

and documented. Even though in traditional medical trials, the process of evaluating 

interventions is linear and sequential, a more iterative model was adopted for this 

study (Figure 1) (Campbell et al., 2000).  Following this iterative process, 

advancement from one phase to another was expected to be non-linear with each 

phase influencing the other. Data integration, rather than taking place at the end of 

the trial, was seen as a constant process (in the middle of the circle) (Campbell, et 

al., 2000). Implications for this study were that the effective elements of the 

intervention, and theoretical basis, might require re-examination after the trial, 

influencing the design of the next SST study. 

 

                                                 Explanatory Phase (III) 

 

 
  

                                    Observational Phase (IV/I) 

 

Figure 1.1. Iterative view of the development of randomised controlled trials of 

complex interventions (Campbell, et al., 2000, p.695). 

Figure from “Circle of four arrows”, Freepik, 2016 (http://www.flaticon.com) 

 

Pragmatic Phase 
(III/IV) 

Exploratory Phase 
(II) 
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Influenced by post-positivist worldview and reductionism, observable 

change in behaviour was measured in a quest to find a causal relationship between 

the treatment (SST) and outcomes (social engagement behaviours) (Creswell, 2014). 

Social engagement is used here as “an umbrella term” to include three distinct 

aspects of social behaviours: social orienting, joint attention, and social interaction. 

Each of these skills emerges early in typical development but is typically impaired in 

children with ASD (American Psychiatric Association, 2013; Mundy et al., 2003; 

Zwaigenbaum et al., 2015). Aside from their developmental importance, social 

engagement abilities were chosen as a target area for the following reasons. 

Representing an area of core disability in ASD, social engagement is an important 

area to address in autism interventions (Crowe & Salt, 2015), especially since social 

engagement predicts treatment outcomes (Billstedt, Gillberg, & Gillberg, 2007; 

Smith, Klorman, & Mruzek, 2015). Furthermore, there may be links between social 

engagement and the auditory system (Demopoulos et al., 2015), and hence, there is a 

possibility that SST, being an auditory intervention, may have an impact on social 

engagement.  

Social orienting deficits involve difficulty orienting towards sounds, 

particularly when these sounds are voices of other people such as family members 

(Dawson et al., 1998). SST is hypothesized to improve social orienting through two 

specific features of the method: spatial recordings that aim to establish a sense of 

one’s position in relation to sounds in the environment, and repeated listening to 

electronically enhanced high-frequency sounds that are claimed to improve sound 

discrimination (Steinbach, 1998). A hierarchy is proposed between the three social 

engagement constructs where joint attention and social interaction abilities are based 

on social orienting ability. If the hierarchy exists and SST does have an impact on 

social orienting, then improvement might cascade up into higher-level skills of joint 

attention and reciprocal social interaction.  

The reasons for poor social engagement among children with ASD are not 

known; however, several theories have attempted to explain these difficulties. 

Theory of Mind (Baron-Cohen, 1989), Social Motivation Theory (Chevallier, Kohls, 

Troiani, Brodkin, & Schultz, 2012) and Weak Central Coherence Theory (Frith & 

Happe, 1994) each have some value, however these theories do not account for large 

individual differences in ASD (Rajendran & Mitchell, 2007). Moreover, these 
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theories fail to explain multifaceted auditory difficulties. Relationship-based, 

psycho-dynamically oriented theories used in recent music therapy research (Kim, 

Wigram, & Gold, 2008; Thompson, McFerran, & Gold, 2013) likewise fail to 

account for the impact of sensory processing difficulties to social engagement. In 

this study, the theoretical foundation is built mainly on neuroscience theories. ASD 

is seen as a disorder of neural connectivity where “observed deficits (…) arise from 

poorly connected neural networks” (Hughes, 2007, p.21).  

Measuring outcomes of autism interventions is a demanding task. To start 

with, it is challenging to define an intervention that works well in such complex, 

heterogeneous group of children (Mesibov & Shea, 2011). This study attempted to 

overcome this hurdle by employing a strict intake criteria to find a group of children 

with ASD that was similar in terms of autism severity, language development, and 

cognitive level; and by developing flexible treatment procedures based on the 

Decision Tree technique (Shoemark, 2008). Finding valid outcome measures was 

also challenging, because there is an overall lack of consistency in measures across 

ASD studies, making it difficult to compare the studies and the measures (Bolte & 

Diehl, 2013). The student researcher, therefore, chose a multi-method approach 

combining standardized and non-standardised measures. This kind of approach is 

currently recommended in best-practice guidelines for autism research 

(Cunningham, 2012). 

Some deviations from real-world practice were necessary for this study. 

Driven by the need to control for any alternative explanations for improvement 

during the study, therapeutic interaction during treatment sessions was reduced to a 

minimum level (Creswell, 2014). This decision allowed for a more precise 

assessment of variables influencing outcomes. The disadvantage of eliminating the 

impact of the therapeutic relationship was that treatment provided during the study 

could not be considered music therapy. In clinical practice, the student researcher 

uses SST as a part of music therapy treatment provided; however, in this thesis, SST 

is presented as “just” a music intervention tool. 

 

Significance of the Study 

This outcome study is important for several reasons. First, given that 

auditory processing difficulties are relatively common and seen as a possible 
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contributor to ASD severity (Brandwein et al., 2015), there is now a sense of 

urgency to know more about the treatment of auditory-based difficulties in children 

with ASD. Second, researchers have studied sound therapies, but their scope has 

been limited to a handful of studies examining language and behaviour. Third, there 

have not been any studies published on the impact of SST on children with ASD. 

Fourth, high-level evidence about the effectiveness of SST will help families and 

professionals to make informed choices about the use of this method.  

In summary, the purpose of this experimental study was to examine the 

effectiveness of SAMONAS Sound Therapy (SST) in improving social engagement 

skills in children with ASD. Social engagement skills were divided into social 

orienting, joint attention, and social interaction. The study took place at a private 

clinic in Singapore and involved 11 children with severe ASD aged 4 years 0 

months to 5 years 11 months. 

 
Overview 
 
 This thesis consists of five chapters. The first chapter, Introduction, explains 

the motivation behind the study, its aim, and significance. 

 Chapter 2, Literature review, presents the theoretical underpinnings of the 

study. The chapter begins with a brief introduction to Autism Spectrum Disorder 

(ASD). The concept central to this study, social engagement, is introduced next with 

definitions of each of the three key constructs: social orienting, joint attention, and 

social interaction. The discussion then moves on to factors contributing to poor 

engagement in children with autism. Particular attention is given to auditory-based 

difficulties and differences in arousal regulation. 

 The second section of the literature review includes a critical review of 

music intervention literature for children with autism. Music interventions are 

divided into music therapy and sound therapy. Introduction to sound therapies 

focuses on the method used in this study, SAMONAS Sound Therapy (SST). A 

theoretical model of how and why SST might have an impact on social engagement 

behaviours in children with autism follows. The hypotheses of the study are 

presented at the end of the chapter. 
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Chapter 3, Method, introduces the research design employed. Tools to collect 

and analyse data are presented. A detailed description of each treatment condition 

ends the chapter. 

Chapter 4, Results, presents the results of the statistical data analysis 

separately for each outcome measure. 

Finally, Chapter 5, Discussion, contains the discussion of key findings in 

response to the hypotheses posed for the study. Limitations of the study are 

discussed in detail. Implications and recommendations are drawn to inform clinical 

practice. Finally, recommendations for future research are provided. 

 
 
 

Chapter 2  

Literature Review 

 

This chapter presents the theoretical framework of this study. The chapter 

consists of five main sections: Autism Spectrum Disorder (ASD), social 

engagement, auditory processing, factors contributing to social engagement 

difficulties in ASD, and music interventions for children with ASD.  

The literature review begins with an introduction to Autism Spectrum 

Disorder. Symptoms of ASD are explained based on the current diagnostic criteria, 

DSM-5. Structural and functional abnormalities have been found in the brains of 

individuals with ASD and as these anomalies have an adverse impact on these 

children’s ability to engage and interact, a brief summary of such abnormalities is 

provided in the section introducing causes and risk factors for ASD. The aim of the 

ASD review is to establish an understanding of ASD as a neurobiological disorder. 

The second section introduces the concept of social engagement. The 

literature in this area is vast, and the focus is constrained to constructs that have 

most importance to this study. Social orienting, joint attention, and social interaction 

that were investigated in this study are introduced and defined.  

The third section on auditory processing presents a description of how the 

auditory system works. This information is important because sound therapies such 

as SST are based on the premise that sound modifications improve auditory 

processing and enhance middle ear function. The structure and function of the 
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auditory system, particularly with regards to the middle ear and structures involved 

in sound localization is briefly introduced. Typical development of auditory 

processing skills is presented with an introduction to auditory processing difficulties 

in ASD.  

The fourth section presents selected factors that contribute to social 

engagement difficulties in ASD. An emphasis is placed on the impact of auditory 

processing difficulties.  

 The fifth and largest section presents interventions to improve social 

engagement in children with ASD. Following a brief overview of non-musical 

interventions, the music intervention section begins with a discussion on why music 

is a useful tool in treating children with ASD. Findings on the effectiveness of music 

therapy in improving social and communicative development are presented. The 

final section covers various elements of sound therapy. A historical perspective on 

the development of sound therapies starts with the pioneering works of Dr. Tomatis 

and Dr. Berard, followed by an introduction to SAMONAS Sound Therapy (SST). 

A discussion on the theoretical underpinnings of SST follows with a synopsis of 

music modifications used in sound therapies. The section concludes with an 

overview of sound therapy studies addressing children with ASD. 

 

Autism Spectrum Disorder (ASD) 

 Introduction. Autism spectrum disorder (ASD) is a neurodevelopmental 

disorder that is characterized by an impairment in social communication and social 

interaction (American Psychiatric Association, 2013). ASD was first brought to 

public awareness by Leo Kanner, an Austrian-born psychiatrist who undertook his 

life’s work in the United States. In the classic 1943 article, Kanner described eleven 

children with a fundamental impairment in their ability to relate to people. These 

children, previously labeled “idiots” or “schizophrenics”, shared a number of 

features that did not fit into any existing diagnostic categories. They presented with 

unusual “parrot-like” language, poor communication skills, excellent rote memory, 

strong resistance towards any change in routines, anxiety, and a characteristic 

Kanner called a  “profound autistic aloneness” (Kanner, 1943). Although this is not 

widely known, these children also suffered from a fear of ordinary sounds. “Loud 

noises are… reacted to with horror. Tricycles, swings, elevators, vacuum on 
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occasions bring about a major panic. One of the children was even afraid to go near 

the closet in which the vacuum cleaner was kept...” (Kanner, 1943, p.245). For 

decades, auditory-based difficulties received very little attention in autism literature. 

There has been an increased interest in sensory processing over the past decade and 

a large body of literature is now available to verify the presence of sensory 

processing difficulties in ASD (Baranek et al., 2013; Ben-Sasson et al., 2007; Ben-

Sasson et al., 2009; Dickie, Baranek, Schultz, Watson, & McComish, 2009; Kirby et 

al., 2015; Marco, Hinkley, Hill, & Nagarajan, 2011; Tecchio et al., 2003; Wiggins et 

al., 2009). In particular, evidence-base for auditory processing difficulties has grown 

over recent years. Current research suggests that the range of auditory impairments 

found among children with ASD is wide (O'Connor, 2012). It is now understood that 

atypical processing of sounds and language may contribute to the presence and 

degree of social impairment (Baranek et al., 2013; Liss, Saulnier, Fein, & 

Kinsbourne, 2006), as well as, the severity of ASD (Brandwein et al., 2015). In the 

next sections, ASD is explored in more detail. 

  

 Overview of ASD. ASD is fundamentally a severe social impairment 

(American Psychiatric Association, 2013). Although not usually diagnosed until the 

age of two-and-half or three years, studies show that children diagnosed later in life 

with ASD show early, if subtle, signs of abnormal development (Zweigenbaum et 

al., 2005). At six months of age, these children often go through a period of 

noticeable passivity with periods of extreme distress and a tendency to fixate on 

objects (Zweigenbaum et al., 2005). By the age of 12 months, children with ASD 

show delays in establishing eye contact, orienting to name, imitating their parents, 

returning social smiles, and developing receptive and expressive language (Veness, 

Prior, Eadie, Cini, & Reilly, 2012; Zweigenbaum et al., 2005).  

 For reasons that are not well understood, boys are more likely than girls to 

develop ASD (Parner et al., 2011; Xiang Sun et al., 2015). Studies suggest that male 

brains are more vulnerable and milder mutations are required for males to develop 

ASD (Jacquemont et al., 2014); however, there is also a possibility that ASD 

symptoms manifest differently in girls (The National Autistic Society, 2016). While 

the estimates for the boy/girl ratio vary, the gender ratio in most studies is four or 

five boys to one girl (Lai, Lombardo, Auyeung, Chakrabarti, & Baron-Cohen, 2015). 
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Overall, prevalence rates vary slightly between countries (Parner et al., 2011). 

Researchers estimate that on average, 0.95% to 2.5% of children worldwide have 

ASD (Blumberg et al., 2013; Lundström, Reichenberg, Anckarsäter, & Gillberg, 

2015; Randall et al., 2015; Xiang Sun et al., 2015). In Australia, an estimated one in 

63 children has ASD (Autism Aspergers Advocacy Australia, 2015). Although 

information about ASD incidence in Singapore has not been collected, autism 

workers believe that the prevalence rate is similar to the worldwide percentage 

(Autism Resource Centre Singapore, 2016). It is of concern that over the past 

decade, the number of children affected by ASD has been increasing (Lundström et 

al., 2015; Odom et al., 2003; Xiang  Sun & Allison, 2009). The reason for this 

increase is currently being debated. Some researchers are of the opinion that changes 

in diagnostic criteria, reporting practices, and referral procedures may have 

contributed to the fast increase in the incidence of ASD (Blumberg et al., 2013; 

Hansen et al., 2015). It is, however, unlikely that these factors alone explain the 

sudden change. The high ASD prevalence demands an urgency to develop and 

evaluate early intervention programs for children with ASD (Odom, Boyd, Hall, & 

Hume, 2010).  

 

 Diagnostic criteria. The definition of ASD has evolved from Leo Kanner’s 

first description in the 1940’s (Kanner, 1943) to current understanding of autism as a 

spectrum disorder. Following Kanner’s early reports, Lorna Wing similarly 

described a group of aloof, disengaged children whose responses to language and 

sounds were unusual when compared to typical peers (Wing, 1969). The triad of 

language, social reciprocity, and behavioural symptoms Wing described in the 

1980’s form the basis of the DSM diagnostic criteria for ASD (Prykanowski, Gage, 

& Conroy, 2015). Core diagnostic features have evolved over the past decades and 

the most recent change took place during course of this study (American Psychiatric 

Association, 1994, 2013). The current diagnostic criteria for Autism Spectrum 

Disorder consists of two main components:  

 

1. Persistent deficits in social communication and social interaction, including 

deficits in social-emotional reciprocity and non-verbal communicative behaviours; 

and developing, maintaining, and understanding relationships; and  
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2. Restricted, repetitive behaviours or interests, including stereotyped or repetitive 

motor movements, use of objects, or speech; insistence on sameness, inflexible 

adherence to routines, or ritualized patterns of verbal or non-verbal behavior; highly 

restricted, fixated interests that are abnormal in intensity or focus; and hyper- or 

hypo-reactivity to sensory input or unusual interests in sensory aspects of the 

environment (American Psychiatric Association 2013, pp.50 - 51).  

 

Symptoms present differently with age and developmental level but need to 

be severe enough to limit an individual’s functioning in daily life (American 

Psychiatric Association 2013). Recently, sensory processing difficulties such as 

over- and under-responsiveness to sounds were added to the diagnostic criteria 

(point two above) (American Psychiatric Association 2013). The children with ASD 

participating in this study belong to the unique subgroup presenting with abnormal 

sensory reactivity in the area of auditory sensory processing difficulties. ASD is 

characterized by unevenness of development (Lord et al., 2005). As the term 

“spectrum” suggests, children with ASD present with a broad range of intellectual, 

social, and linguistic abilities and impairments of varying severity (American 

Psychiatric Association 2013). The considerable variability in their responses to 

treatment is likely to arise from this heterogeneity in individual profiles (Dawson, 

2008).  

  

 Causes and risk factors. In Kanner’s view, children with ASD 

demonstrated social engagement difficulties from the time they were born (Kanner, 

1943). Bruno Bettelheim, an Austrian-born psychologist who was controversial, 

developed a different theory. Based on his observations of human behaviour at 

concentration camps during the Holocaust, Bettelheim believed that unusual 

behaviors of children with ASD were attempts to cope with the trauma of being 

brought up by cold and emotionally distant mothers (Meyer, 2010). This 

“refrigerator mother” theory was challenged by Bernard Rimland, who himself had 

an autistic son. Rimland, an American psychologist, and researcher, produced 

evidence suggesting that autism had a biological basis (Edelson, 2009). His work 
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has guided discussion about the etiology of autism toward our present understanding 

of ASD as a neurological disorder.  

 Considerable diversity of symptoms inherent to ASD poses some challenges 

to research into ASD etiology. The exact cause of ASD is not yet known; however, 

the presence of genetic, environmental, and neurological factors has been 

established through research (Hughes, 2008). Studies in genetics have been 

supported by the fact that ASD is heritable, and ASD traits are often present in 

family members (Pisula & Ziegart-Sadowska, 2015; Sandin et al., 2014). To date, 

anomalies in numerous genes and chromosomes and levels of certain hormones have 

been associated with ASD (Mills et al., 2007; Moretti et al., 2008; Vorsanova et al., 

2007; Warrier, Chee, Smith, Chakrabarti, & Baron-Cohen, 2015). Studies suggest 

that stress caused by environmental toxins, and neurological abnormalities such as 

early brain overgrowth and alterations in the development of white matter pathways, 

may precede an onset of ASD symptomology (Adams, Romdalvik, Ramanujam, & 

Legator, 2007; Herbert et al., 2004; Wolff et al., 2012). Recently, the role of early 

exposure to audio-visual materials such as TV, tablets, and smartphones has also 

been explored (Heffler & Oestreicher, 2015). Heffler and Oestereicher (2015) 

hypothesized that exposure to screen-based audio-visual materials in infancy could 

alter the development of social brain pathways and serve as one of many variables 

triggering the abnormal development observed in ASD. Other researchers found that 

reduced functional connectivity in the somatosensory cortices and weak white 

matter connectivity is associated with auditory sensory deficits, inattention, and poor 

social skills (Chang et al., 2014; Khan et al., 2015). Structural amygdala 

abnormalities and weak functional connectivity in the face-processing areas have in 

turn been linked to deficits in social engagement (Nickl-Jockschat  et al., 2015; 

Schumann, Barnes, Lord, & Courchesne, 2009). It seems most likely that a 

combination of genetic, neurological, and environmental factors; deficits of 

functional connectivity; and quality of early intervention services determine how 

ASD symptoms manifest in childhood (Heffler & Oestreicher, 2015). 

 Risk factors for ASD include advanced maternal and paternal age, pregnancy 

complications such as fetal hypoxia, and low birth weight  (Kolevzon, Gross, & 

Reichenberg, 2007). Importantly for this study, reduced social engagement may also 

act as a risk factor (Dawson, 2008). A child who lacks the ability to orient to people 



 

	

19 

(for example, due to auditory processing difficulties) will have less social 

opportunities to learn to understand facial expressions, the tone of voice, and other 

aspects of non-verbal and verbal communication (Dawson, 2008). This, in turn, may 

lead to delays in the development of brain functions, such as cortical specialization, 

that mediate social understanding (McPartland, Dawson, Webb, Panagiotides, & 

Carver, 2004). Overall, a number of findings suggest that just as children with ASD 

are different from each other, the etiology of ASD is likewise heterogeneous; and 

that children born with several vulnerabilities are more susceptible to risk factors 

that can trigger ASD symptomology (Kern & Jones, 2006). Much remains unknown 

about possible causes of ASD. 

 

Deficits of Social Engagement in ASD 

 Social engagement is a term used in this thesis to describe a child’s ability to 

orient to the social environment, share attention with another person, and interact in 

a reciprocal manner. Social engagement skills are developmentally necessary and 

emerge during the first year of life (Crais, Douglas, & Campblee, 2004). Typically 

developing infants have highly specialized auditory and visual systems; they are 

primed from birth to orient to and engage with their parents (Farroni et al., 2005; 

Spence & Freeman, 1996). In children with ASD however, development of social 

engagement is abnormal, and deficits in social orienting, joint attention, and 

reciprocal interaction are apparent in 12-month-old infants (Zwaigenbaum et al., 

2015). Often, young children with ASD fail to orient to and engage with the social 

input in their environments (Dawson et al., 1998). Instead, they engage with their 

parents in ways that lack affect sharing and reciprocity (Kasari, Sigman, Mundy, & 

Yirmiya, 1990). It is important to identify and address these deficits early because 

social engagement abilities have predictive value on overall treatment outcomes 

(Billstedt et al., 2007; Smith et al., 2015). Three social engagement constructs: social 

orienting, joint attention, and reciprocal social interaction are central to this research 

and are discussed in detail in the following section. A hierarchical, even if a partly 

overlapping relationship exists between the three notions. Social orienting can be 

seen as a precursor to joint attention and in turn, to form a basis for social interaction 

skills (Dawson et al., 2004). 
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 Social orienting. Social orienting refers to behaviours such as orienting to 

name, looking at faces, and sharing attention and enjoyment with another person 

(Maestro et al., 2005; Mosconi, Cody-Hazlett, et al., 2009). A relatively new 

concept, social orienting has been studied by researchers analysing first-year home 

videos and conducting experiments on how children with ASD orient to sounds 

(Dawson et al., 1998; Maestro et al., 2005; Maestro et al., 2002). Dawson and 

colleagues (1998) noticed that children who later received an ASD diagnosis failed 

to orient spontaneously to social stimuli during first-year birthday parties. 

Furthermore, those children who did orient to faces and parents’ voices typically 

responded slower than typical peers, demonstrating a delayed orienting response to 

social stimuli (Dawson et al., 1998). Examples of sound orienting deficits found in 

children with ASD include difficulty orienting towards speech sounds (Čeponiene, et 

al., 2003), mother’s voice (Klin, 1991), and name calling (Dawson et al., 1998). 

Rather than demonstrating a perceptual deficit, children with ASD seem to have 

difficulty processing the social elements of these sounds. Based on these findings, 

auditory orienting is a crucial element of social orienting. Therefore, it could be 

assumed that if a child cannot process auditory input normally and fails to respond 

when being called, the child is likely to present with an overall social orienting 

deficit. 

 Social orienting deficits are now considered one of the earliest impairments 

that distinguish typically developing children from children with ASD (Mosconi, 

Cody-Hazlett, et al., 2009; Mundy & Burnette, 2005). Early impairments in social 

orienting deprive the developing child of crucial social information. A child who is 

not able to orient towards people deprives himself of important experiences that 

shape normal brain development in infancy (Dawson, et al., 2004).  This early lack 

of social experiences is in turn hypothesized to lead to delays in multiple areas of 

social learning, such as joint attention, language development, and social 

competence, influencing long-term social outcomes and responsiveness to 

intervention (Mundy, 2003; Mundy & Newell, 2007; Mundy & Sigman, 2006). In 

other words, children who are born with a variety of risk factors for ASD are further 

disadvantaged by social orienting deficits that unless treated, can potentially disrupt 

brain development and derail the developmental pathway (Dawson, et al., 2004). 

(Figure 2.1.) 
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Figure 2.1. Social orienting impairment. 

 

The social orienting impairment is hypothesized to have a neurological basis. 

Amygdala alterations, impairments in selective attention, and disturbances in reward 

mechanisms of human interactions are possible contributors to impaired social 

orienting (Courchesne et al., 1994; Dawson, Osterling, Rinaldi, Carver, & 

McPartland, 2001; Mosconi, Cody-Hazlett, et al., 2009). To the knowledge of the 

student researcher, there are currently no standardised assessments to measure social 

orienting. The few non-standardised tools available have been developed for 

diagnostic purposes in laboratory-like settings and may, therefore, lack sensitivity to 

measure change over time.  

Definition of social orienting for this study. Social orienting is the earliest 

form of social attention. It includes behaviours such as turning body towards people, 

looking at faces, orienting to name, and smiling and vocalizing at caregivers. 

(Dawson et al., 2004; Maestro et al., 2002; Mosconi, Reznick, Mesibov, & Piven, 

2009) 

 

 Joint attention. While some researchers such as Mosconi and colleagues 

(2009) define joint attention as a wide range of skills that include social orienting, 
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other researchers define joint attention in a more specific way focusing on a smaller 

subset of skills (Swettenham et al., 1998). An agreement seems to exist that joint 

attention refers to a set of skills that involve sharing attention with a social partner. 

This attention sharing is done through pointing, showing, and alternating gaze 

between people and objects, as well as following or directing the attention of another 

person (Dawson et al., 2004; Kasari, Gulsrud, Wong, Kwon, & Locke, 2010). Joint 

attention may be dyadic, involving the child and a caregiver, or triadic, also 

involving an object (Leekam, Lopez, & Moore, 2000).  

 The capacity to engage in joint attention is a developmental skill that 

emerges in the context of caregiver interactions (Casenhiser, Shanker, & Stieben, 

2013). Joint attention initially transpires when a caregiver follows their infant’s 

attention to toys. It begins to expand when the infant develops the ability to 

coordinate his gaze between the caregiver and a toy and to use gestures such as 

pointing and showing (Kasari et al., 1990). Typically in children, this capacity 

develops between six and 12 months (Dawson et al., 2004). Joint attention takes 

several different forms and involves responding to joint attention as well as initiating 

joint attention with an interaction partner (Mundy, 2003; Mundy et al., 2007). 

Responding to joint attention involves a child’s ability to follow the direction of 

gaze, turn the head to look at a person or an object, and point to a play partner; 

whereas initiating joint attention refers to a child’s use of eye contact and gestures to 

initiate coordinated attention (Mundy, 2003).  

 In children with ASD, joint attention deficits are present from an early age 

(Osterling & Dawson, 1994). Difficulties in initiating joint attention and sharing 

experiences with others are usually pronounced (Mundy & Newell, 2007). 

Conversely, the ability to request for desired items and respond to initiations of 

interaction partners is typically less affected (Mundy & Newell, 2007). A 

disturbance of joint attention skills is a central feature of ASD and differentiates 

children with ASD from typical and developmentally delayed children (Leekam et 

al., 2000). Joint attention deficits are an important target area in ASD interventions, 

because joint attention is a prerequisite for language development, social interaction, 

and play (Dawson et al., 2004; Kasari et al., 2010; Mundy & Sigman, 2006). As 

such, a child with poor joint attention is likely to present with delays in language and 

reciprocal interaction. Aside from these two areas, the ability to engage in joint 
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attention has been linked to the intensity of social impairment, responsiveness to 

intervention, and long-term social outcomes in ASD (Mundy & Newell, 2007). 

Researchers attempting to find underlying reasons for joint attention deficits 

in ASD have identified a few possible explanations. Kasari and colleagues (1990) 

suggested that difficulty with affect sharing may result in a less frequent use of joint 

attention, while others have proposed links between joint attention deficits and low 

social motivation (Vaughan Van Hecke et al., 2007). Caregiver responsiveness 

(Goldsmith & Rogoff, 1997), attachment (Claussen, Mundy, Mallik, & Willoughby, 

2002), and cultural background (Chavajay & Rogoff, 1999) may also have an impact 

on a child’s joint attention abilities.  

There is not much research available to explore the connection between 

auditory processing and joint attention. Baranek and colleagues (2013), who 

investigated correlations between sensory and social processing, found some links 

between joint attention and auditory processing. Compared to typically developing 

children (n = 68) and children with developmental delays (n = 47), young children 

with ASD (n = 63) demonstrated more hypo-responsiveness to sensory and social 

stimuli. Significant correlations (p = 0.025) were found between hypo-

responsiveness to tactile, auditory, and visual input; and poor joint attention. 

(Baranek et al., 2013) 

 Definition of joint attention for this study. Joint attention involves 

a child’s ability to use non-verbal behaviours to share experiences with a 

social partner through looking, alternating gaze, pointing and showing, as 

well as, following or directing the attention of the other. (Kasari et al., 2010; 

Mundy, 2003). 

 

 Reciprocal social interaction. The literature on joint attention seems to 

define the concept fairly consistently; however, this is not the case for social 

interaction. The concepts of social interactive behaviour (Meirsschaut, Royers, & 

Warreyn, 2011), social initiation (Buggey, Hoomes, Sherberger, & Williams, 2011), 

social skills (Reichow & Volkmar, 2010) and social interaction (Owen-DeSchryver, 

Carr, Cale, & Blakeley-Smith, 2009) have been used interchangeably. Some 

researchers define social interaction as an “umbrella term” that includes various 

elements of joint attention, social orienting, and even behaviour regulation (Dykstra, 
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Boyd, Watson, Crais, & Baranek, 2012; Lord et al., 2000). In contrast, other 

researchers discuss social interaction as a skill mainly involving peer interaction 

(Owen-DeSchryver et al., 2009). Impairment of social interaction forms a core part 

of ASD diagnosis (American Psychiatric Association, 2013). Social interaction 

difficulties include deficits in social-emotional reciprocity and normal back- and-

forth conversation; abnormal social approach; reduced sharing of interests, 

emotions, or affect; and failure to initiate or respond to social interactions initiated 

by other people (American Psychiatric Association, 2013). 

Social interaction, just like joint attention, includes initiating and responding 

(Dykstra et al., 2012). Initiating social interaction involves the use of words, 

vocalizations, and gestures that a child self-generates and directs towards another 

person. This initiation may occur to gain the attention of another person; to be 

included in an activity; to seek comfort, assistance, or affection from another person; 

or to share an object with another person (Dykstra et al., 2012). Responding to social 

interaction, in turn, refers to the use of eye contact, gestures, and turn taking in 

response to interactions initiated by an interaction partner (Mundy et al., 2003). 

When evaluating a child’s capacity to interact in a reciprocal manner, the 

quality of social interaction needs to be taken into account (Casenhiser et al., 2013). 

For instance, how involved, engaged, or interested is the child during play? Does the 

child enjoy interacting with the caregiver? This qualitative difference is not present 

in the earliest form of social attention, social orienting. Social interaction, together 

with its precursor joint attention, is the most important way for children to learn a 

language  (Casenhiser et al., 2013).  

Social interaction deficits in ASD are pervasive, and if not treated, these 

deficits will continue to persist into adulthood (Billstedt et al., 2007). Individuals 

with high childhood intelligence who learned to speak before age five are more 

likely to present with better social interaction skills as adults (Billstedt et al., 2007). 

This information suggests that early intervention targeting various aspects of social 

engagement is crucial in supporting the development and quality of social 

relationships in individuals with ASD. 

 Auditory processing may have an impact on certain aspects of social 

interaction. Researchers using electrophysiological measures and auditory tests have 

identified various linguistic impairments (Lepisto et al., 2008) and links between 



 

	

25 

social and linguistic processing (Kuhl, Coffey-Corina, Padden, & Dawson, 2005) in 

children with ASD. Correlations have also been found between auditory processing 

and verbal and non-verbal communication skills (Bruneau, Bonnet-Brilhault, 

Gomot, Adrien, & Barthélémy, 2003). 

 Definition of reciprocal social interaction for this study. Reciprocal social 

interaction behaviours refer to a child’s ability to use non-verbal communication, 

such as eye contact, vocalizations, and gestures, as well as, verbal communication, 

to engage in playful, affective, reciprocal interactions with a play partner. Reciprocal 

social interaction involves both responding to and initiating interaction and may 

include turn taking and teasing the interaction partner. (Mundy, 2003) 

 

Auditory Processing and Development of Listening Skills 

 This section begins with definitions of auditory processing, auditory 

processing difficulties, and hearing and listening. Next, development and structure 

of the auditory system are introduced. Information about the structure of the ear and 

how sounds are being transmitted from the outer ear to the auditory cortex is 

relevant when discussing the theories on how SST works, and therefore, this 

information is presented here. As the auditory processing skills of children with 

ASD develop abnormally, typical development of auditory processing skills is 

included for comparison. The section ends with an overview of auditory processing 

difficulties in ASD, focusing on possible contributors to social engagement 

difficulties.  

 Auditory processing can be defined as “the efficiency and effectiveness by 

which the central nervous system (CNS) utilizes auditory information.” (American 

Speech-Language-Hearing Association, 2005, p.2). Auditory processing includes 

auditory mechanisms responsible for abilities such as sound localization, auditory 

discrimination, auditory pattern recognition, temporal aspects of audition such as 

temporal gap detection, and auditory performance with degraded or competing 

acoustic signals (American Speech-Language-Hearing Association, 1996, 2005). 

Auditory processes affect many areas of function, including speech and language, 

learning, and development of social skills (American Speech-Language-Hearing 

Association, 2005; Jansson-Verkasalo et al., 2003). Auditory processing capacities 
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are essential for listening and social interaction as well as early learning (Lindamood 

et al., 2005).  

 Auditory processing difficulties manifest as difficulty processing auditory 

information in the presence of normal hearing (Madell, 2005). The body of literature 

documenting the prevalence and type of auditory processing problems among 

children with ASD is growing. In a recent study, children with ASD scored 

significantly lower (p < 0.05) than typical children and children with sensory 

processing disorders on all items measuring auditory processing skills (Demopoulos 

et al., 2015). Importantly for the current study, Demopoulos and colleagues (2015) 

found significant correlations (r = -0.46; p < 0.05) between auditory deficits and 

social communication deficits (Demopoulos et al., 2015). This finding highlights the 

contribution of the auditory system to social engagement.  

 Hearing can be described as a passive, involuntary process (Berger, 2003), 

where sound waves travel from the outer and middle ears through the inner ear and 

further along to the auditory cortex (Salvi, Sun, & Lobarinas, 2007). “The brain 

hears even when it is not listening, “ and a large part of the vast incoming auditory 

information is discarded later as not relevant (Berger, 2003, p.79). Although hearing 

loss is more common in children with ASD (3.5%) than in typical children (0.1-

0.2%) (Rosenhall, Nordin, Sandström, Ahlsén, & Gillberg, 1999), children 

participating in this study had normal hearing. Their difficulty was not in hearing but 

listening. Listening requires active processing of auditory information, and it is 

partly dependent on attention, as the listener needs to pay attention to sounds to 

discriminate and interpret them for further use (Keith, 2007).  

 How sounds are being perceived: Structure of the auditory system. The 

structures of the ear can be divided into three components: the outer, middle, and 

inner ear (Bear, Connors, & Paradiso, 2007). The middle ear has particular 

importance to this study because researchers have identified problems in this area of 

the ear in children with ASD (Lukose, Brown, Barber, & Kulesza Jr, 2013; Smith, 

Miller, Stewart, Walter, & McConnell, 1988). Furthermore, one of the theories on 

the effectiveness of SST centers on the middle ear. The picture below (Figure 2.2.) 

illustrates the structure of the ear. 
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Figure 2.2. Structure of the ear.  

From “Structure of the ear”, by FreeColoringPages.Co.UK, 2015 

(www.freecoloringpages.co.uk). 

 

 Ear pinna, ear canal, and middle ear. Sound waves captured by the ear 

pinna are funneled to the 2.5 centimeters long ear canal that ends at the eardrum.  

The ear canal resonates and amplifies sound frequencies between two and seven 

kHz. These frequencies are important for the perception of human voice and speech 

(Shore, 1999). The membrane of the eardrum vibrates as the sound moves through 

the membrane. The movement of the eardrum, in turn, moves three small bones 

called ossicles (Bear, at al., 2007). The ossicles are located in the air-filled chamber 

of the middle ear. The main function of the middle ear is to transfer the sound 

pressure from the external ear to the fluid-filled inner ear (Shore, 1999). Several 

other functions have been identified. These include the attenuation reflex that 

protects the inner ear from loud sounds that can cause damage (Bear, at al., 2007). 

The attenuation occurs through contraction of the two middle ear muscles (tensor 

tympani and stapedius) that are attached to the ossicles. The attenuation reflex also 

plays a role in diminishing low-frequency sounds, a process that makes it easier to 

perceive higher frequency in a noisy environment. Also, middle ear muscles protect 

the person from self-generated internal sounds such as the sound of our voice (Bear, 
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at al., 2007). Problems with middle ear function (Lukose et al., 2013; Smith et al., 

1988) and difficulty filtering out background noise to focus on the voice of a speaker 

have been identified in children with ASD (Adamson, O'Hare, & Graham, 2006). 

Children participating in this study also had difficulty filtering out background 

noise. 

 The middle ear has connections with certain cranial nerves. The auditory 

nerve (CN VIII) is the most important of these nerves as it carries information from 

the cochlea to the auditory cortex (Cohen, 1999). The trigeminal nerve (CN V) and 

the facial nerve (CN VII) that innervate the middle ear muscles and control facial 

expressions (Cohen, 1999) are hypothesized to play a crucial role in non-verbal 

communication and social interaction (Oetter, Richter, & Frick, 2001). Similar roles 

and connections with the ear have been suggested for the vagus (CN X) and 

glossopharyngeal (CN IX) nerves (Oetter, Richter, & Frick, 2001). Some of these 

nerves have particular relevance to this study as they are involved in the Social 

Engagement System, which will be discussed in the upcoming section (p. 41) 

(Porges, 2001). 

Inner ear. Movement of the middle ear ossicles trigger the movement of a 

membrane covering a hole in the bone of the skull, located just in front of the inner 

ear, called the oval window (Bear, at al., 2007). The movement of this membrane 

moves the fluid in the cochlear stimulating the cochlear hair cells (Bear, at al., 

2007). The fluid is the primary medium to transfer sound vibration. Sound vibration 

is transmitted into the inner ear through the middle ear and bone conduction (Frick 

& Hacker, 2001). Bone conduction has some therapeutic application as it bypasses 

the control mechanisms of the middle ear (Frick & Hacker, 2001). SAMONAS 

Sound Therapy (SST), the method under investigation in this study, utilises 

headphones that offer both air conduction and bone conduction of sound. The 

cochlea, a pea-sized structure shaped like a spiral, is located in the temporal bone 

and forms the auditory part of the inner ear (Shore, 1999; Bear, at al., 2007). Figure 

2.3 below illustrates the processing of sounds through the ear. 
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Figure 2.3. Processing of sounds through the outer, middle, and inner ear. (Bear, at 

al., 2007, p.347). 

 

 The main function of the cochlea in the inner ear is to register sound 

frequencies and transfer sound signals into electrical impulses. Auditory receptor 

cells are located in the Organ of Corti that rests on the basilar membrane of the 

cochlear (Bear, at al., 2007). The receptors, called inner and outer hair cells, differ in 

their roles. Inner hair cells are “tuned” to respond to specific sound frequencies 

(Shore, 1999), while outer hair cells have a modulatory function because of their 

capacity to amplify certain sounds (Bear, at al., 2007). Input from fibers in the 

olivocochlear bundle in turn influence the modulatory capacity of the outer hair 

cells, resulting in an improvement in the capacity to extract human voice from 

background noise (Shore, 1999). The structure of the cochlear is complex (Bear, at 

al., 2007) and will not be discussed here in more detail.  

Cochlear hair cells synapse with auditory nerve fibers and electrical impulses 

generated are further transmitted through the auditory nerve into the brainstem and 

to the auditory cortex (Shore, 1999). Important to this research is the fact that the 

auditory nerve consists of ascending and descending branches (Shore, 1999). This 

suggests that information about sounds is transferred from the cochlea to the brain 

stem and back. Therefore, “input from the brain to the cochlea can regulate auditory 

sensitivity” (Bear, at al., 2007, p. 363). Having a two-way transfer of information 

also suggests that the auditory system is an active system that can be trained 

Movement	of	*luid	in	the	cochlea	causes	a	response	in	sensory	neurons	

Motion	at	the	oval	window	moves	*luid	in	the	cochlea	

Ossicles	move	the	membrane	at	the	oval	window	

Sound	wave	moves	the	tympanic	membrane	
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(Steinbach, 1998). Another important point is that various areas in the pons and 

midbrain are involved in sound localization and input from both ears plays a role in 

the process. Midbrain also participates in social orienting as the reflexive function of 

the inferior colliculus in midbrain triggers head turning towards a sound source 

(Shore, 1999). Localization of sounds occurs through binaural neurons detecting 

differences in timing and intensity of sounds (Bear, at al., 2007; Shore, 1999). 

Children with difficulty orienting towards sounds may have difficulty in this 

particular area. 

 Auditory cortex. The auditory cortex where the analysis of sounds occurs is 

located on the left and right temporal lobe, one cortex on each side of the head. Like 

the cells in the medulla and the midbrain, the cells in the auditory cortex also 

respond to input from both ears, registering differences between the ears and 

contributing to sound direction (Shore, 1999). Importantly, sound localization, 

therefore, occurs in every level of auditory processing through the outer ear, middle 

ear, and inner ear, and continues along the auditory pathways and the cortex. Having 

such a complex system in charge of sound localization highlights its importance for 

development and survival (Bear, at al., 2007). 

Functions of the auditory cortex are many and include a detailed analysis of 

sound frequencies and complex sounds involved in speech, analysis of novel stimuli 

and sound direction, discrimination of intensity differences between the two ears, 

and selective attention to specific sounds (Shore, 1999). Research conducted on 

animals has demonstrated that neurons located in the auditory cortex respond to 

auditory input in an “enhanced” and more stable way when animals are involved in 

tasks that require alertness and attention (Shore, 1999). Based on this information, it 

is important that children participating in this study remain alert and attentive during 

the SST intervention. 

According to Graven & Browne (2008, p. 191), “The (well functioning) 

auditory system must be able to receive and recognize small differences in 

frequency or pitch, differences in intensity or loudness, inter-aural differences in 

sound, sound patterns, and timing or rhythms. With these capabilities, humans can 

use language, hear and feel the music, and recognize meaningful sounds from the 

environment to avoid danger and manage the events and activities of daily living.” 
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Typical development of auditory processing skills. The foundation for 

social communication development is established very early through auditory 

experiences in the utero (Moon, 2011). To establish neural networks required for 

attachment (Moon, 2011) and development of language and social interaction 

(Kisilevsky & Davies, 2007), the auditory system is functional, albeit immature well 

before birth. Structural parts of the ear develop first (Hall, 2000) while functional 

capacities for processing sounds and listening take longer to develop. The structure 

of cochlea, located in the inner ear, is formed by week 20 post-conception, and 

differentiation and innervation of the cochlear hair cells occur from weeks 10 to 13 

of gestational age (Hall, 2000). The auditory system becomes functional from weeks 

26 to 28 of gestation when myelination of axons occurs (Moore, 2002). During this 

time, the fetus starts responding to sounds by moving the body (Luz, Vasconcellos, 

Kreling, Pacheco, & Chaves, 2009). The auditory cortex matures in the final weeks 

of gestation and continues to develop during the first years of life (Moon, 2011). It is 

currently not known if this process of maturation is typical or atypical in children 

with ASD. Furthermore, it is unknown if children with ASD who do not respond 

normally to sounds already show this difficulty in-utero. A typically developing 

fetus can hear a variety of sounds.  An experiment by Hepper (1991) demonstrated 

that newborns reacted to music played to them during pregnancy through body 

movement and changes in heart rate. The responsiveness is particularly evident in 

relation to social sounds from inside the womb (Smith, Satt, Phelan, & Paul, 1990) 

and from the outside environment (Graven & Browne, 2008). In an experiment of 

fetal voice processing that measured heart rate variability, the fetus was able to 

differentiate the mother’s voice from the voice of a female stranger (Kisilevsky et 

al., 2003). This suggests that the ability to discriminate between sounds and orient to 

familiar voices typical develops very early. If these abilities are dysfunctional in 

children with ASD from the time they are in-utero, their difficulties with social 

orienting may have its genesis earlier than previously thought.  

 A newborn infant is already able to alert to sound and respond to the 

caregiver’s voice (Interdisciplinary Council on Developmental and Learning 

Disorders, 2005). The ability to form an auditory connection with the caregiver is 

important for attachment. When an infant can orient to his mother’s voice, he can 

sense the connection over a distance even when the caregiver cannot be felt, 
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smelled, or seen (Moon, 2011). The child’s ability to engage in social interaction and 

construct language only emerges once the child has mastered a number of 

foundational developmental stages (Lindamood, et al., 2005). These stages include 

the ability to attend to sounds and self-regulate, engage in relationships by 

synchronizing vocalizations, recognise linguistic patterns, and engage in sustained, 

reciprocal interactions (Lindamood, et al., 2005). Table 2.1 details the main points of 

a typical development of auditory processing skills. 

 

Table 2.1. 

Typical Development of Auditory Processing Skills from Birth to Six Years of Age 

(Cawn et al., 2005, pp.135-151; Keith, 2007, p.352; Lindamood, et al., 2005, pp. 

175-176). 

Age of 

Onset 

Examples of Skills 

0-3 months - Reacts to sound and can turn head to caregiver’s voice. 

- Attends to speech sounds of caregiver, such as thrill sounds and tongue 

clicking. 

- Responds to the interaction of others, e.g. smiling, gazing. 

- Alerts to sounds from the environment, e.g. distracted by sound while 

nursing. 

2-7 months - Emerging capacity to discriminate tonal variation and vowel sounds with 

synchronous consonant sounds. 

- Responds to the name by cooing. 

- Can localise sounds from further away by turning the head. 

- Is interested in sounds of objects (seven months). 

- Attends to sounds around him. Is comforted by caregiver’s voice. May be 

comforted by music. May be distressed by loud sounds. 

8-12 months - Responds to intonation, other forms of affective variation, facial expression 

and gestures. 

- Responds to a few words or phrases in familiar contexts. Responds to name. 

- Localizes caregiver’s voice. Localizes sounds. 

- Attends to loud and soft sounds. May be distressed by loud sounds. Attends to 

and responds to speech and non-speech sounds. 
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- Recognizes caregivers’ voices. 

- Recognizes intonation and tone of voice, e.g. happy, angry (“No”). 

- Attends to auditory stimuli for about 15 minutes. 

12-18 months - Beginning comprehension of spoken language. 

- Responds to familiar verbal and nonverbal bids for interaction. 

- Responds to intonation. Responds to a variety of familiar words and phrases 

in everyday contexts, e.g. object names, person names, body parts, action 

words. 

- Responds to name. 

- Responds appropriately to loud and soft sounds. 

- Attends and responds to familiar and unfamiliar speech and non-speech 

sounds. 

- Recognizes and responds to a caregiver’s voice. 

- Identifies some familiar objects using auditory cues alone. 

- Attends to but may be distressed by unfamiliar sounds.  

- Attends to soft sounds. 

- Attends to auditory information consistently. 

- Can be distracted from play when called. 

18-24 months - Able to comprehend the cues of others in a continuous flow of back and forth 

interaction that is sustained. 

- Responds to others’ intentions to regulate behaviour (e.g. “Don’t touch”) and 

to draw attention to themselves (“Come give me a hug”) or objects (e.g. looks 

at what caregiver shows him). 

- Begins to form visual images for word meanings. 

- Increasing comprehension of spoken language: Understands a growing 

number of words and phrases in everyday contexts. 

- Understands and responds to routine forms of “who,” “what,” and “where” 

questions. 

- Comprehends a variety of instructions with two to three words (e.g. “Get your 

shoes”). 

- Understands word combinations with meaning and understands “me/ mine.” 

- By the age of 24 months, understands words and phrases and identifies 

objects without significant contextual cues (i.e. only words). 

- Not overwhelmed by sensory reactivity. Attends to soft and unfamiliar sounds 

although may be distressed by unfamiliar sounds. 
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- Can be distracted from playing when called. 

24-36 months 

and beyond 

- Responds to words and gestures during talking, social interaction, and play 

around a range of emotional themes.  

- Perceives the parts/ whole concepts of sound patterns in words (e.g. syllables) 

receptively. 

- Responds to a range of intentions expressed by others. Responds to requests 

for information, confirmation, or clarification to repair communication. 

- Responds to peer’s social bids to plan and negotiate. Able to take turns (at 31-

36 months). 

- Understands a growing number of words (from several hundred to several 

thousand words) and phrases that are not in the “here and now.” 

- Understands a greater range of “who,” “what,” “where”-questions and simple 

“why”-questions. 

- Comprehends more complex instructions with several steps. 

- Identifies familiar pictures, objects, body parts using auditory cue alone. 

- Consistently attends to sound. 

- Responds when called from a distance. 

- Responds when called when there is competing noise. 

- Can participate in a conversation when there is competing noise. 

48-72 months - Begins to connect sounds (duration, pitch). 

- Identifies sounds and letters of the alphabet. 

- Begins to integrate awareness of auditory, visual and motor components of 

speech sounds and place and manner of articulation. 

 

 The role of experiences in auditory development. In the fluid environment 

of the womb, the fetus hears predominantly through skull bone vibration, a 

mechanism that is called bone conduction (Sohmer, Perez, Sichel, Priner, & 

Freeman, 2001). Meaningful auditory experiences in the womb shape the auditory 

system, as in-utero experiences and stimulation are required for normal auditory 

development (Graven & Browne, 2008). The cochlea and auditory cortex are most 

affected by the auditory environment, because exposure to meaningful sounds, such 

as voices, is necessary for fine-tuning of cochlear hair cells and their neural 

connections (Graven & Browne, 2008). Sounds from the environment, such as 

speech of the caregiver, increase the activation of the auditory nerve (Moore, 2002). 
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Animal studies on ferrets suggest that in-utero auditory experiences have a direct 

impact on neurons of the auditory cortex (Mrsic-Flogel, King, Jenison, & Schnupp, 

2001). However, it is not clear how well this applies to humans.  

 It is not just positive experiences that shape the auditory system: negative 

auditory experiences have an adverse impact on a child’s development. Exposure to 

intensive (> 80 dB) low frequency sounds emanating from the room, machinery, or 

music is damaging to a developing auditory system, and children exposed to such 

noise have been born with delayed language skills (Graven & Browne, 2008) (see 

Table 2.2 for an explanation of decibel levels.) Noise exposure interferes with the 

“tuning process” of cochlear hair cells; these hair cells are shaped to respond to 

specific sound frequencies (Graven & Browne, 2008). Consequently, the newborn 

with a history of noise exposure will lack auditory capacities needed to recognize 

phonemes, speech patterns, pitch, and characteristics of caregivers’ voices (Graven 

& Browne, 2008). 

 Given that difficulty tuning into the voice of the caregiver is characteristic of 

the children in this study, it would be interesting to know if immaturity in the 

development of cochlear hair cells has anything to do with the delay, and if living in 

a big noisy city like Singapore could have contributed to their auditory-based 

difficulties. To the knowledge of the student researcher, no papers have been 

published on this topic to date. Overall, the information about auditory experiences 

suggests that the auditory system does not develop in isolation from environmental 

influences, but it can be shaped. This has implications for auditory training methods 

such as SST. The concepts of neural plasticity and auditory plasticity (Tremblay & 

Kraus, 2002) are discussed further in the upcoming sections. 

 

Table 2.2. 

Decibel Levels of Everyday Sounds 

Decibel Level 
(dB) 

Description Example of a Sound 

30  Faint Whisper, quiet library 

40 Moderate Quiet room 

50  Moderate rainfall 
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60  Typical conversation 

70 Very loud Busy traffic, vacuum cleaner 

80  Blow dryer, food processor 

90 Extremely loud Subway, passing motorcycle 

100  Hand drill  

110  Maximum input of some MP3 players, 

chainsaw 

120 Painful Jet plane takeoff, siren 

130  Jackhammer 

140  Fireworks, jet engine 

Note. An increase of 10 decibels means that the sound is 10 times more intense, or twice as loud  
(American Speech-Language-Hearing Association, 2015). 
 
 
 Auditory processing difficulties in ASD. As mentioned earlier, unusual 

responses to sounds have been linked to ASD since 1943, when Kanner first 

identified ASD as a distinct condition. It had taken 70 years before auditory sensory 

difficulties were formally recognized as part of ASD diagnosis (American 

Psychiatric Association, 2013). For reasons that are not yet fully understood, in 

children with ASD, the development of auditory processing skills evolves differently 

from typically developing peers (Foster et al., 2016). As a result, many children with 

ASD have difficulties such as those described in the above-mentioned table. Based 

on the literature available, it could be hypothesized that functional (rather than 

structural) brain problems contribute to these difficulties. However, given the lack of 

investigation into this area, it is premature to make any conclusions at this point. 

Research on auditory processing difficulties in ASD is extensive, albeit relatively 

recent (O'Connor, 2012). Examples of auditory challenges identified in children with 

ASD include difficulty filtering out irrelevant auditory input (Tomchek & Dunn, 

2007), orienting to speech sounds (Lepistö et al., 2005), tracking speech syllables 

(Tharpe et al., 2006), understanding emotional content in speech (Korpilahti et al., 

2007), and reduced auditory attention (Corbett & Constantine, 2006). In a recent 

study where children with ASD were compared to children with sensory processing 

problems and typically developing children, only children with ASD demonstrated 
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difficulties with auditory discrimination, dichotic listening (selective attention to 

sounds through right and left ears), and temporal patterning of pitch differences 

(Demopoulos et al., 2015). Importantly, these deficits correlated significantly with 

parent-reported social communication difficulties (r = -0.46, p < 0.05) (Demopoulos 

et al., 2015). Links have also been proposed for auditory problems and deficits of 

social engagement (Kuhl et al., 2005), joint attention (Baranek et al., 2013), and 

social orienting (Dawson et al., 1998; Dawson et al., 2004). These findings suggest 

that children with impaired auditory functioning may be at greater risk for 

difficulties with social communication and social engagement. Different types of 

auditory-based difficulties, chosen based on their relevance to this study, are 

discussed in the following section. 

 

Factors Contributing to Poor Social Engagement in Children with ASD  

 The exact reasons for poor social engagement in children with ASD are not 

known; however, several theories attempting to explain the origin of these 

difficulties have emerged. Children with ASD are a heterogeneous group (Gerrard & 

Rugg, 2009) who show high variability in their responses (Downs, Schmidt, & 

Stephens, 2005). This diversity suggests that a variety of factors may contribute to 

social engagement difficulties and further, to problems with auditory processing. 

This section describes the proposed links between social engagement behaviours, 

auditory processing, and regulation of arousal levels, exploring their roles as 

potential contributors to social engagement difficulties in children with ASD. Figure 

2.4 below illustrates the connection between auditory- and arousal-related factors 

with social engagement. 
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Figure 2.4. Factors contributing to poor social engagement in children with ASD. 

  

 Auditory-based contributions. Hypo-responsiveness. Hypo-responsiveness 

refers to the lack of orienting to sensory stimuli (Baranek et al., 2013). Origins of 

hypo-responsiveness remain unclear; it is not known whether it is linked to attention 

and arousal (Stroganova et al., 2013), sensory processing problems such as sensory 

over-reactivity, or social withdrawal (Ben-Sasson et al., 2009). While both hyper- 

and hypo-responsiveness patterns have been identified in children with ASD 

(Leekam, Nieto, Libby, Wing, & Gould, 2007), hypo-responsiveness seems most 

prominent and distinctive (Ben-Sasson et al., 2009). Hypo-responsiveness occurs in 

a higher percentage of children with ASD than among typical children or children 

with developmental delays (Ben-Sasson et al., 2007). A social context often involves 

complex, unpredictable sensory input occurring simultaneously across several 

sensory channels (Ben-Sasson et al., 2007; Marco et al., 2011). A child who is hypo-

responsive to sounds might be likely to “ignore” speech, not respond when being 
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called, or avoid social situations, particularly those involving language (Liss et al., 

2006). Hypo-responsiveness to social and non-social sensory input correlates with 

joint attention deficits in children with ASD (Baranek et al., 2013). Overall, the 

findings on sensory responsiveness patterns are relatively inconsistent, perhaps 

reflecting the heterogeneous nature of ASD. 

Cortical speech processing difficulties. A substantial body of literature on 

cortical speech processing difficulties in children with ASD suggests that abnormal 

cortical activation patterns may play a role in linguistic aspects of social engagement 

(Boddaert et al., 2004; Gervais et al., 2004; Oram Cardy, Flagg, Roberts, & Roberts, 

2005). Studies employing neurophysiological measurements such as auditory 

evoked potentials suggest that abnormal measurements correlate (r = 0.55, p < 0.03) 

with the severity of auditory sensory difficulties in ASD (Stroganova et al., 2013). 

Examples of auditory processing problems with a cortical origin identified by 

neurophysiological studies, include slow orienting to sound (Stroganova et al., 

2013); failing to orient to name (Werner, Dawson, Osterling, & Dinno, 2000); 

difficulty processing speech prosody (Kujala, Lepistö, Nieminen-von-Wendt, 

Näätänen, & Näätänen, 2005); abnormal speech in noise perception (Groen et al., 

2009; Russo, Zecker, Trommer, Chen, & Kraus, 2009); and difficulty orienting to 

sound changes in speech (Lepistö et al., 2005). In contrast to these findings, two 

groups of researchers identified a subgroup of children with ASD that demonstrated 

superior sound discrimination skills (Heaton, Williams, Cummins, & Happé, 2008; 

Lepisto et al., 2008). Nevertheless, a child who cannot make sense of the language 

he hears, or who has difficulty perceiving sounds in the presence of background 

noise, may find it challenging to engage with his caregivers. 

Middle ear problems. Problems may also occur at the level of the middle ear. 

As discussed in the earlier section, the middle ear is a part of a very complex 

auditory system, and its primary function is to transfer sound pressure from the 

external ear to the fluid-filled inner ear (Shore, 1999). The attenuation reflex that 

protects the inner ear from damaging loud sounds also diminishes low-frequency 

sounds, making it easier for people to perceive high-frequency sounds such as 

speech in noisy environments (Bear, et al., 2007). An abnormal acoustic reflex 

(Lukose et al., 2013; Thomas, McMurry, & Pillsbury, 1985) and abnormal middle 

ear pressure (Smith et al., 1988) have been found in children with ASD when 
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comparing their middle ear function to typically developing peers. Abnormal 

acoustic reflex and deficient auditory processing have been linked to poor social 

responsiveness (Takahashi, Komatsu, Nakahachi, Ogino, & Kamio, 2016) and 

speech difficulties (Attoni, Quintas, & Mota, 2010), while middle ear muscle tone, 

in turn, has been tentatively linked to listening and language development (Lewis, 

Stanfill, Zageris, Davila, & Porges, 2011) and social engagement problems (Porges 

et al., 2014; Porges et al., 2013). These links seem possible as middle ear muscles 

play a role in dampening transmission of low frequency background sounds (Bear et 

al., 2007; Liberman & Guinan, 1998), facilitating the ability to focus on speech 

frequencies (Borg & Counter, 1989) and dampening the person’s own voice while 

protecting the inner ear from loud sounds (Vurma, 2014). Chin and colleagues 

postulated that abnormalities of the middle ear could aggravate maladaptive 

behaviours seen in children with ASD (Chin, Moran, & Fenton, 2013). Exploring 

this further, Porges and colleagues hypothesized that depressed neural regulation of 

the stapedius and tensor tympani muscles in the middle ear would make it 

challenging for a child with ASD to focus on voices in social situations (Porges & 

Furman, 2011), and that distorted feedback from the middle ear to the cortex would 

result in inaccurate discrimination of speech sounds. Further, they postulated that 

faulty feedback provided back to middle ear muscles from the cortical regions would 

further deteriorate a child’s ability to listen (Porges et al., 2014; Porges et al., 2013). 

What is meant by depressed neural regulation and what might be causing it remains 

unclear.  

Overall, literature on middle ear function in children with ASD is scarce and 

mainly based on theories of a small number of researchers. Links between middle 

ear problems and engagement are not yet firmly established. The incidence of 

middle ear problems in children with ASD is not yet known, and more empirical 

studies are needed to support the theory of middle ear dysfunction in ASD.  

The middle ear is not the only structure involved in orienting to sounds 

against background noise. The role of efferent olivocochlear tracts has been 

acknowledged in literature among other regions involved in the process (Borg, 1973; 

May, Budelis, & Niparko, 2004; Sanches & Carvallo, 2006). Nevertheless, the role 

of the middle ear seems particularly interesting because of its links to other 

structures involved in social engagement. Porges and colleagues have proposed the 
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existence of a Social Engagement System that allows a person to contract the middle 

ear muscles to focus on speech, turn the head and look at others, make vocalizations 

and regulate levels of arousal in social situations (Porges, 2003; Porges & Furman, 

2011). The system functions from birth and allows the muscles involved to function 

collectively to support social interaction (Porges, 2003). Deficits in all areas of the 

Social Engagement System are common in children with ASD (Porges et al., 2013). 

The structures involved in this system are presented in Table 2.3 below. 

  

Table 2.3.  

Social Engagement System: Muscles, Nerves, and Functions (Porges et al, 2013; 

Oetter, Richter & Frick, 2001) 

Muscles Cranial Nerves Functions Features 

Middle ear 
muscles 
 

V Trigeminal 
VII Facial 
 

Listening - Hyperacusis 
- Auditory processing 
deficits 
- Language delays 

Facial 
 

VII Facial 
 

Facial expressions 
 

- Poor gaze 
- Flat affect 

Laryngeal & 
pharyngeal 
 

IX Glossopharyngeal 
X Vagus 
 

Vocalization, 
prosody 
 

- Difficulties in 
coordinating sucking, 
swallowing, breathing, 
vocalizing 
- Lack of prosody 

Neck 
 

XI Accessory 
 

Head movement 
(turn, nod) 

- Lack of head gestures, 
e.g. turn towards person 

Mastication V Trigeminal Ingestion - Ingestive disorders 
 

 Cognitive abnormalities. Cognitive abnormalities contributing to poor social 

engagement include reduced auditory attention.  Selective auditory attention helps a 

child to determine which sounds to focus on and which ones to exclude (Strait & 

Kraus, 2011). The findings in this area are somewhat contradictory: Corbett and 

colleagues (2006) identified significant deficits in auditory attention in children with 

ASD, while Hoeksma and colleagues (2006) did not confirm these results. The 

concepts here overlap to a degree, as hypo-responsiveness to sounds, difficulty 

focusing on speech due to middle ear abnormalities, and difficulty processing 

sounds at a cortical level would all be expected to impact auditory attention. 
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Typically, children attend to people from a very early age (DeCasper & Fifer, 

1980; Farroni et al., 2005), whereas children with ASD do not show this behaviour 

(Kuhl et al., 2005). One theory links this difficulty to social motivation (Chevallier 

et al., 2012). As connectivity between voice-selective cortex and reward circuits in 

the brain is weak, the proposed difficulty with social motivation may be linked to 

deficient cortical auditory processing (Abrams et al., 2013). Social interaction may 

not be internally rewarding for children with ASD, which may further lead to a lack 

of “bias” to seek and maintain social bonds (Chevallier et al., 2012). While this 

theory sounds compelling, it does not take into account the possibility that an 

underlying difficulty processing social information or a sensory deficit, such as 

hypo-responsiveness to sounds, might reduce a child’s motivation to orient to social 

stimuli. 

 

 Arousal regulation difficulties.  Many researchers have investigated the 

arousal mechanisms in children with ASD. Results of the studies are partly 

contradictory when describing the type of arousal problems experienced in ASD. 

While an agreement seems to exist that the arousal system is unstable in ASD (Hutt, 

Hutt, Lee, & Ounsted, 1964; Klusek, Roberts, & Losh, 2015; Liss et al., 2006), some 

researchers have identified patterns of over- or hyper-arousal (Liss et al., 2006), 

while others have suggested the presence of under- or hypo- arousal (McDonnell et 

al., 2015), or both (Schoen, Miller, Brett-Green, & Hepburn, 2008). Moreover, one 

study that measured over-arousal found that on physiological measures, children 

with ASD were not different from typically developing children (Nuske, Vivanti, & 

Dissanayake, 2014). A stressful test situation and differences in recording methods 

may explain some of the variation in results. Difficulties in arousal regulation are 

problematic because a child may become so over- or under-whelmed that he/ she 

will not be able to respond appropriately to sensory and social input from the 

environment (Mathersul, McDonald, & Rushby, 2013; McDonnell et al., 2015). 

 Some links have been proposed between arousal regulation and auditory, 

language, and social processing. Studies suggest that faulty arousal pathways may 

contribute to atypical cortical responses to auditory input (Orekhova & Stroganova, 

2014), while poor arousal regulation seems to predict language impairment (Klusek 

et al., 2013). The connection between arousal regulation and social abilities has also 
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been established (Klusek et al., 2015). Difficulty regulating arousal level has been 

associated with weak non-verbal gesturing (Patriquin, Scarpa, Friedman, & Porges, 

2013), disengagement in social situations (Abbott, 2011; Levine et al., 2012; 

Shahrestani, Stewart, Quintana, Hickie, & Guastella, 2014), and reduced social 

motivation (Corbett et al., 2014). The evidence available suggests that the ability to 

regulate physiological arousal is an underlying foundational capacity required to 

support social orienting and social engagement in children with ASD. 

 

Other contributing factors. A number of other factors related to structural 

and functional brain differences and neuropeptides may also contribute to social 

engagement difficulties in children with ASD.  The most relevant structural and 

functional factors include abnormalities found in Cerebellum (Kern, 2002), 

dopamine homeostasis (Hamilton et al., 2013), mirror neuron functioning (Oberman 

& Ramachandran, 2008), and face processing (Magrelli et al., 2013; Sasson et al., 

2007). It is not expected that SST will have an impact on mirror neuron functioning 

or face processing in the short-term, and therefore, these areas will not be discussed 

further. Cerebellum and dopamine abnormalities are discussed in more detail in the 

upcoming music therapy section. 

 

Non-musical Interventions to Improve Social Engagement in ASD 

 Studies on early brain development in ASD suggest that a child’s interaction 

with the social environment is a two-way process (Dawson, 2008). Not only do 

structural and functional brain abnormalities impact the way in which children with 

ASD engage with the social environment, engagement with parents and other 

interaction partners also shapes brain pathways and alters neural responses (Dawson, 

2008; Sullivan, Stone, & Dawson, 2014). As children’s brains are “plastic”, 

interventions targeting social engagement have the potential to develop new 

connections, refine pathways involved in the processing of social information, and 

normalize atypical patterns of brain activity (Dawson, 2008; Sullivan et al., 2014). 

Hence, effective interventions can moderate core ASD symptoms, reduce their 

severity, and have long-term positive effects on a child’s development (Mundy & 

Newell, 2007). 
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 Research into interventions aiming to improve social engagement in children 

with ASD demonstrates that while social engagement is a primary deficit and an area 

of severe impairment in ASD, it is also an area that can be improved with 

intervention (Chiang, Chu, & Lee, 2016; Goods, Ishijima, Chang, & Kasari, 2013; 

Kim et al., 2008; Thompson et al., 2013). Interestingly, studies show that social 

engagement interventions may improve other areas, such as language and 

inappropriate behaviour, even if these skills are not specifically targeted (Rogers, 

2000). This suggests that social engagement is “a pivotal response, a skill that leads 

directly to increased attainment of other important skills without the need for direct 

programming.” (Rogers, 2000, p.406).  

 Studies on social engagement show considerable variability in methodology, 

approach, intensity, and duration of treatment, indicating that children with ASD are 

responsive to a variety of methods. Most non-musical interventions employ a 

methodology based on applied behavioural analysis, ABA (for example, Rocha, 

Schreibman, & Stahmer, 2007; Vismara, Colombi, & Rogers, 2009; Whalen, 

Schreibman, & Ingersoll, 2006). ABA-based interventions focus on teaching a child  

(Goods et al., 2013; Kaale, Smith, & Sponheim, 2012; Whalen et al., 2006) or parent 

(Chiang et al., 2016; Kasari et al., 2010; Rocha et al., 2007) the skills needed for 

shared attention and engagement. Typically these skills are repeatedly practiced until 

the child or parent achieves mastery and can demonstrate the skill without prompts 

(Vismara et al., 2009). Skills targeted have included looking at faces, sharing 

attention around an object, sharing positive affect, imitating adults, pointing, using 

non-verbal communication, engaging with an adult, and taking turns (Landa et al., 

2011; Schertz, Odom, Baggett, & Sideris, 2013; Vismara et al., 2009; Whalen et al., 

2006). In general, these approaches seem effective as positive results have been 

reported by most authors in a variety of measures of joint attention and social 

interaction (Kaale et al., 2012; Kasari et al., 2010; Landa et al., 2011; Rocha et al., 

2007; Schertz et al., 2013; Whalen et al., 2006). 

 The behavioural approach is in contrast to the findings of Wimpory and 

colleagues (2007). When investigating adult behaviours that facilitated a child’s 

ability to engage, share attention and interact, they found that certain behaviours 

were more and others less helpful in supporting social engagement (Wimpory et al., 

2007). The findings of Wimpory and colleagues (2007) indicate that using cognitive 
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activities (puzzles, blocks, books, matching, and colouring materials) and redirecting 

a child either verbally or physically (to change the child’s focus of attention or his 

actions), resulted in a reduced number of episodes of social engagement.  

Conversely, musical activities such as songs, games, rhymes, and playing musical 

instruments; imitating a child’s actions, body language or vocalizations; and 

following a child’s lead (rather than directing his focus of attention), increase the 

frequency of social engagement events (Wimpory et al., 2007). Developmental, 

relationship-based approaches follow these ideas and advocate more naturalistic 

ways to facilitate children’s learning (Greenspan & Wieder, 1997b; Wieder, 2003). 

As an example of a play-based approach to improving social engagement, Goods 

and colleagues (2013) examined the effects of joint attention intervention (JASPER) 

in a group of 15 children with ASD aged three to five years. Following the twice-

weekly, six-month-long intervention, the children in the JASPER group increased 

the time they spent engaged with an adult and displayed a wider variety of play 

skills (Goods et al., 2013) at the end of the RCT. However, there was no difference 

in the children’s ability to initiate joint attention or behavioural requests with an 

adult. In another RCT, Casenhiser and colleagues (2011) investigated the 

effectiveness of a DIR-Floortime-based MEHRIT program. The 51 children with 

ASD, aged two to four, were randomised into two groups for the duration of a 12-

month trial. The MEHRIT group received two hours per week of collaborative 

parent coaching. In addition, feedback was provided on videotaped parent–child 

play sessions. Sessions included techniques to help a child stay calm and alert, 

engage, share attention, interact, and solve problems during social interactions. 

Significant differences (p < 0.01 to p < 0.05) were found between groups on 

different measures of social interaction. An approach based on creative movement 

was investigated by Chiang and colleagues (2016), who employed a quasi-

experimental design and recruited 34 children with ASD aged two to four for a 20-

session, twice-weekly intervention. The intervention included mirroring a child’s 

intentions, movements, or emotions, focusing on affective attunement (Chiang et al., 

2016). A significant difference (p < 0.05) was found between the groups at three-

month follow-up.  

 In summary, findings of non-musical interventions suggest that both 

behavioural and developmental, relationship-based interventions can be effective in 
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improving social engagement in children with ASD. Outcome measures included a 

combination of standardized and non-standardized measures. The overall quality of 

the studies was high. With the exception of three case studies (Rocha, et al., 2007; 

Vismara, et al., 2009; Whalen, et al., 2006) sample sizes (15- 75, average 43) were 

impressive considering that the trials involved a group of children with a severe 

disability and who were thus not easy to assess.  Although not all researchers 

included follow-up measures, those who did, reported good maintenance of 

treatment gains at three, six, or twelve months after the end of the trial. Given that 

the method under investigation in this study is music-based, the next section 

explores music and sound-based interventions for children with ASD in more detail. 

 

Music Interventions for Children with ASD 

 This section presents an overview of music-based interventions for children 

with ASD. Although some systematic reviews present music and sound-based 

interventions together (Accordino, Comer, & Heller, 2007), in most reviews these 

two fields of study have been separated into music therapy (Gold, Wigram, & 

Elefant, 2006) and sound therapy (Sinha et al., 2004). The latter procedure will be 

followed here. This division also helps to highlight the differences between the two 

methods. 

Music can greatly impact children with ASD, and the first section begins 

with a discussion on why music is a useful tool for this group of children. First, 

musical abilities of children with ASD are described, together with the value of 

music in addressing dopamine and cerebellum dysfunction present in ASD. Then, 

research evidence is presented from systematic music therapy reviews and outcome 

studies with the focus on receptive music techniques. The second, larger part focuses 

on sound therapy. Development of sound therapy is introduced with a brief 

description of most prominent sound therapy methods. This is followed by an 

introduction of SAMONAS Sound Therapy, or SST, the method under investigation 

in this study. Theories on how SST might work are explained. The section concludes 

with a description of music modification methods in sound therapy and a review of 

outcome studies assessing the effectiveness of sound therapies in treating children 

with ASD.  
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 Value of music in treating children with ASD. Musical strengths. 

Literature indicates that despite severe impairments, children with ASD are 

responsive to music (Wigram & Gold, 2006). In many areas, their musical abilities 

are equal or superior to those of typically developing same-age peers (Bhatara, 

Quintin, Fombonne, & Levitin, 2013; Brown et al., 2003). Bhatara and colleagues 

found that children with ASD demonstrated similar skills than typical peers in 

musical ability, musical memory, creativity, reproduction, interest, and emotional 

responsiveness to music (Bhatara et al., 2013). Whipple and colleagues (2015), who 

investigated the ability to recognize emotions in music, similarly found that children 

with ASD were at par with typical peers in this area. While both studies involved 

high-functioning individuals with ASD, musical abilities have also been found in 

more severely affected individuals. Bonoldi and colleagues (2009) described a 

cognitively delayed woman with severe ASD, who demonstrated high levels of 

creativity in playing the piano and composing her own music. These findings 

suggest that auditory processing difficulties, common in a large number of 

individuals with ASD (Tomcheck & Dunn, 2007), do not seem to interfere with their 

perception and enjoyment of music. Self-expression and interaction through musical 

activities do not require advanced language skills (Alvin & Warwick, 1991). This 

non-verbal aspect makes the therapeutic use of music particularly well suited to 

children with severe ASD, such as those in the current study, who present with 

auditory processing and language delays.  

Aside from demonstrating non-affected musical abilities, some individuals 

with ASD display superior pitch perception. Studies suggest an association between 

ASD and perfect pitch  (Brown et al., 2003). Furthermore, researchers have found 

superior abilities in pitch memory (Heaton, 2003), identification of pitch changes in 

melody (Mottron, Peretz, & Ménard, 2000), pitch identification and discrimination 

(Jones et al., 2009), and discriminating between sounds (O'Riordan & Passetti, 

2006) in individuals with ASD. The intense interest towards small “local” details 

over big-picture “global” details, a typical way to perceive auditory and visual 

stimuli in ASD, may explain these unique abilities (Mottron, Dawson, Soulieres, 

Hubert, & Burack, 2006; Mottron et al., 2000). The findings of superior pitch 

perception have, however, not been supported by all researchers. For example, Boets 

and colleagues found an impaired pitch discrimination skill in teenagers with ASD, 
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while Bhatara and colleagues discovered impaired frequency discrimination at the 

highest frequencies (4,000 Hz) in the ASD group, but not in the group of typical 

peers (Bhatara, Babikian, Laugeson, Tachdjian, & Sininger, 2013; Boets, Verhoeven, 

Wouters, & Steyaert, 2015). The difficulty with high-frequency perception has some 

significance to this study. Although not interfering with musical enjoyment, poor 

high-frequency perception could impair speech perception (Stelmachowicz, Lewis, 

Choi, & Hoover, 2007) and have a negative impact on a child’s social engagement. 

Overall, perceiving sound frequencies in music is a complex skill, and identifying 

where the breakdown occurs in individuals with ASD is not yet understood. 

 Neurological impact. Listening to music can be a pleasant experience, 

stimulating reward circuits in the brain and triggering a release of dopamine (Menon 

& Levitin, 2005). Dopamine is a neurotransmitter that is involved in mediating 

attention (Dang, O'Neil, & Jagust, 2012), memory (Bloemendaal et al., 2015), social 

functioning (Kabitzke, Simpson, Kandel, & Balsam, 2015), and pleasure 

(Salimpoor, Benovoy, Larcher, Dagher, & Zatorre, 2011). Studies suggest that 

individuals with ASD have an abnormal dopamine system (Hamilton et al., 2013; 

Kriete & Noelle, 2015; Nguyen et al., 2014; Staal, Krom, & Jonge, 2012). The role 

of dopamine in ASD is multifaceted and much remains unknown; however, certain 

genes associated with ASD also regulate the activity of dopamine receptors (Nguyen 

et al., 2014). Importantly, unlike typical children, children with ASD show poor 

connectivity between dopamine pathways and cortical areas in charge of speech 

processing (Abrams et al., 2013). This finding suggests that children with ASD may 

not derive pleasure from listening to voices. It is perhaps unlikely that lack of reward 

value is the only reason children with ASD fail to orient towards voices. 

Nevertheless, this is an important finding and suggests that music intervention that 

stimulates dopamine circuits may have some value for children with ASD. 

Finally, some researchers have suggested that music may be able to restore 

autonomic nervous system activity (Ellis & Thayer, 2010) and cerebellum 

functioning (Boso, D'Angelo, & Barale, 2013) in individuals with ASD. A recent 

study investigating physiological responses to music found that participants with 

ASD were more responsive than typical peers to preferred music (Hillier, Kopec, 

Poto, Tivarus, & Beversdorf, 2015). The finding of higher skin conductance levels, 
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suggesting heightened physiological responsiveness, was not repeated with non-

preferred music (Hillier et al., 2015). 

 Cerebellum, in particular, is of interest to ASD researchers because MRI and 

autopsy studies on individuals with ASD have identified significant abnormalities in 

the cerebellum (Kern, 2002). The cerebellum plays a role in pitch discrimination 

(Petacchi, Kaernbach, Ratnam, & Bower, 2011) and many other auditory tasks 

(Baumann & Mattingley, 2010) such as modulation of auditory sensory input 

(Crispino & Bullock, 1984). Given its importance in enhancing and depressing 

sounds and thereby helping an individual notice or ignore auditory information 

(Kern, 2002), cerebellum may play a role in social orienting and social engagement. 

The cerebellum is also involved in the processing of timbre (Alluri et al., 2012; 

Toiviainen, Alluri, Brattico, Wallentin, & Vuust, 2014) and temporal aspects of 

music such as timing (Ivry & Keele, 1989; Ivry & Spencer, 2004). Boso, D’Angelo 

and Barale (2013) proposed that music, with its inbuilt rhythmicity, may be able to 

restore rhythmicity of cerebellum, something that is altered by poor connectivity in 

individuals with ASD (Boso et al., 2013). Improved rhythmicity may, in turn, help 

with social interaction, because enjoyable social interactions include rhythmical 

cycles of listening and talking, or initiating and responding (Warner, Malloy, 

Schneider, Knoth, & Wilder, 1987).  

In summary, this information suggests that music may be a helpful tool for 

children with ASD. Because of their musical strengths, children with ASD can 

accurately perceive various elements of music, such as pitch (Jones et al., 2009) and 

emotional content  (Whipple et al., 2015).  Moreover, music intervention may 

stimulate dopamine circuits  (Menon & Levitin, 2005) and regulation of 

physiological arousal (Hillier et al., 2015), as well as, have a beneficial impact on 

cerebellum functioning (Boso, D’Angelo & Barale, 2013).  Importantly, the type of 

music makes a difference; the positive impact of music is stronger when an 

individual enjoys the listening experience (Hillier et al., 2015). More research is 

needed before we can be conclusive about these links.  

 

 Research on effectiveness of music therapy. Evidence from systematic 

reviews. Music therapy has been recognized as a useful tool in assisting children 

with ASD in their social and communicative development (Whipple, 2004). To date, 
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five systematic reviews investigating the effectiveness of music therapy in children 

with ASD have been found. Although mainly positive, the evidence from these 

reviews is mixed highlighting the need for more research in this area. 

The first Cochrane review in 2006 focused on randomised controlled trials 

and controlled clinical trials comparing music therapy to standard care, placebo, or 

no treatment (Gold et al., 2006).  The reviewers included three studies examining the 

effectiveness of daily sessions provided over a period of one week. Receptive, 

behaviourally oriented techniques were used in all studies while one study also 

included active music making. Standardized mean differences (SMD) were used in 

data analysis to compare different scales and to facilitate interpretation of effect 

sizes. A medium sized effect was found for non-verbal communication (SMD 0.50, 

CI 0.22 to 0.79) and verbal communication (SMD 0.36, CI 0.15 to 0.57). The results 

indicate that music therapy was more effective than placebo; however, the short-

term nature of the interventions and a narrow range of the intervention techniques 

are important limitations in this review. 

Stronger evidence was provided by an updated review (Geretsegger, Elefant, 

Mössler, & Gold, 2014). This time, 10 studies employing a variety of music therapy 

methods were included. Treatment times ranged from one week to eight months. 

Authors reported that music therapy was effective in improving social interaction, 

verbal and non-verbal communication, and social- emotional reciprocity. The 

difference between groups was 0.71 SD higher for social interaction, 0.48 SD for 

non-verbal communication, 0.30 SD for verbal communication, 0.73 SD for 

initiating engagement, and 2.28 SD for social-emotional reciprocity in favour of 

music therapy. In addition, quality of parent-child relationship improved and scores 

were 0.82 SD higher in groups receiving music therapy over standard care. These 

results offer the strongest evidence so far of the positive impact of music therapy on 

children with ASD. The authors concluded that the overall quality of evidence was 

moderate for social interaction and initiating behaviour and low for communication 

skills and social-emotional reciprocity. As the sample size of all studies was small, 

authors recommended that future trials include larger samples. Other 

recommendations included employing parallel designs instead of cross over designs, 

choosing relevant outcome measures and including long-term follow-up 

assessments.  
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Whipple’s meta-analysis included ten quantitative studies representing a 

broad range of methods from the fields of music therapy, occupational therapy, 

psychology, and education (Whipple, 2004). The studies addressed social behaviour, 

communication, or cognitive skills and compared music to no music conditions. 

Recorded and live music was used in the form of social stories, background music, 

sung instructions, picture identification, and music therapy sessions. Interestingly, 

the majority of the methods represented the receptive use of music. Whipple’s 

analysis yielded an overall effect size of d =0 .83, suggesting a large effect and a 

significant difference favouring music interventions (Whipple, 2004). All music 

interventions regardless of method or professional field were found to be effective in 

treating children and adolescents with ASD. Although a majority of the studies were 

from unpublished sources, and the review does not differentiate between different 

ways of using music for therapeutic purposes, this review has value as the first meta-

analysis from the field. 

The positive results of other systematic reviews were not replicated by 

Accordino, Comer, and Heller (2007). Their narrative review included twenty music 

therapy and sound therapy studies published from 1973 to 2000 (Accordino et al., 

2007). The review covered a larger number of studies that involved a variety of age 

groups, music therapy techniques, and research designs including case studies. 

Sound therapy studies were limited to Auditory Integration Training, AIT. Social, 

behaviour, and communicative abnormalities, or a combination of them, were 

addressed. The majority of the studies reviewed had small numbers of participants, 

no control groups, no blinding of assessors and no statistical analysis performed. 

Given the evidence available, the researchers concluded that empirical support for 

music therapy was still limited. 

A more recent narrative review was initiated by Simpson and Keen (2011). 

As in the review by Whipple (2004), their selection criteria was not limited to music 

therapy but included all music intervention studies with experimental designs. Case 

studies and AB designs comprising a no-intervention baseline and an intervention 

phase were excluded. The review included twenty studies addressing 

communication, socialization, and behaviour using a variety of music techniques 

from improvisational music therapy to structured music sessions, songs, and sound 

therapy techniques (The Tomatis Method). Similarly to Accordino and colleagues 
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(2007) and in contrast to Whipple (2004) and Gold and colleagues (2006), 

researchers concluded that evidence was limited to support the effectiveness of 

music interventions (Simpson & Keen, 2011).  

Overall, the systematic reviews on the use of music interventions on children 

with ASD to support social and communication skills provided positive, albeit 

somewhat mixed evidence. The effect of music seemed mainly positive, but the 

quality of studies included in the reviews varied greatly. The reviews covered a 

broad range of music techniques, many of them receptive; however, only two 

methods of sound therapy (none of them SAMONAS Sound Therapy) were 

represented. Moreover, while several studies addressed various aspects of social 

communication, not many targeted aspects of social engagement. Given the shortage 

of research in this area, medical databases were searched manually for individual 

studies. These studies are presented in the following section.  

 Outcomes of controlled studies. Eight additional music intervention studies 

targeting social engagement and social communication in ASD, not included in the 

systematic review studies presented above, were found through a systematic search. 

The studies have employed a variety of receptive and active music techniques on 

children and teenagers aged three to 21 years. The section will begin with a detailed 

discussion of the two receptive studies (Preis, Arnon, Silbert, & Rozegar, 2015; 

Schwartzberg & Silverman, 2013), followed by a review of the main findings of the 

active music studies. The table below synthesises the key points of the studies (Table 

2.4).  

 

Table 2.4.  

Music Interventions for Children with ASD Targeting Social Engagement and Social 

Communication 

Author 
(Year) 

Method  
 

Target 
behavior  

Intervention 
& intensity 

Design 
(n) 

Partici-
pants 

Findings  

Dezfoolian, 
Zarei, 
Ashayeri & 
Looyeh 
(2013) 

Orff 
method 

Social 
interaction, 
verbal 
communi-
cation & 
repetitive 
behaviour 

Three phases 
of total five 
months.  
Each phase 
of 20 
sessions took 
20 min, 

Single-
case 
design  
(n=5) 

Three 
years to 
four years 
nine 
months, 
Autistic 
Disorder 

Significant 
improvement was 
found in social 
interaction and 
verbal 
communication. 
Reduction in 
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thrice a 
week. 

repetitive behaviour 
was also observed. 

Edgerton 
(1994) 

Improvi-
sational 
MT 
(Nordoff- 
Robbins) 

Communi-
cation 

30 minutes 
once a week, 
10 weeks 

Single-
case, 
reversal 
design 
(n=11) 

Six to 
nine 
years, 
mild to 
severe 
ASD 

An increase in 
communicative 
responses was 
observed during the 
intervention phase. 

Finnigan & 
Starr (2010) 

Improvi-
sational 
MT 
(Nordoff- 
Robbins) 

Social 
responsi-
veness 

15 minutes 
four times a 
week for 
eight weeks 
(29 sessions) 

Single-
case, 
alterna-
ting 
treatment 
(music vs. 
non-
music) 
design  
(n=1) 

Three 
years 
eight 
months 

Improvement in 
social 
responsiveness (eye 
contact, imitation, 
turn-taking) and a 
decrease in 
avoidance 
behaviours were 
observed during the 
intervention phase. 

LaGasse 
(2014) 

Structured 
group 
music 
therapy 
(playing 
musical 
instruments 
and 
singing) 

Joint 
attention, 
communi-
cation and 
eye gaze 

Music group 
versus non-
music social 
skills group, 
50 minutes 
twice a week 
for five 
weeks. 

RCT 
(n=17) 

Six to 
nine 
years, 
ASD  

Significant 
improvement in 
joint attention and 
eye gaze towards 
persons was found 
following the MT 
group. No 
differences were 
found between 
groups in initiation 
of communication 
or responding to 
communication. 

Preis, Arnon, 
Silbert & 
Rozegar 
(2015) 

Receptive 
(back-
ground 
music) 

Expressive 
language 
and 
engagement 

Background 
music of 
various 
genres 
(classical, 
children’s 
music, 
reggae) was 
played for 30 
minutes 
during play 
in the 
classroom for 
28 weeks 

Single-
case 
alterna-
ting 
treatments 
design 
(n=5) 

Four 
years 
three 
months to 
six years, 
ASD, 
cognitive 
abilities 
varied 
from 
below to 
above 
normal 
limits 

No difference was 
noted in the 
frequency of 
spontaneous 
verbalizations to a 
peer or an adult and 
engagement 
between music and 
no-music 
conditions. A slight 
difference was 
noted favouring 
classical and reggae 
over children’s 
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music or no music. 

Schwartz-
berg & 
Silverman 
(2013) 

Musical 
social 
story 

Social 
skills 

50 minutes 
daily for 
seven days 

RCT with 
six groups 
(social 
story read 
or sung) 
(n=30) 

Nine to 
21 years 

No significant 
differences noted 
between groups in 
social skills. 
Anecdotal evidence 
favoured sung 
social stories over 
read ones. 

Vaiouli 
(2015) 

Improvi-
sational 
MT 

Joint 
attention  

Weekly 30-
minute MT 
session 
followed by 
a 10-minute 
instruction 
with a 
teacher, 21-
22 sessions 

Single-
case, 
multiple 
baseline 
design  
(n=3) 

Five to 
seven 
years, 
ASD 

All children 
improved in their 
joint attention skills 
(focusing on faces, 
initiating joint 
attention, 
responding to joint 
attention) although 
variability in data 
was observed. 

Wimpory, 
Chadwick & 
Nash (1995) 

Musical 
inter-
action 
therapy 

Social and 
symbolic 
develop-
ment 

20 minutes 
twice-
weekly, 
seven 
months. 
Follow up at 
20 months 

Single-
case 
design, 
ABC 
(n=1) 

3y 3m, 
ASD 

Social 
acknowledgement, 
eye contact, and 
interaction 
improved during 
the intervention. 
Positive changes 
were maintained at 
follow-up. 

 

 Two of the studies presented in the above table employed receptive 

techniques in treating children with ASD. Schwartzberg and Silverman (2013) 

investigated the effectiveness of musical social stories on social skills, while Preis, 

Arnon, Silbert, and Rozegar (2015) investigated the effect of background music on 

engagement and spontaneous language in children with ASD. There were no 

differences between treatment and control groups in either study. The study by 

Schwartzberg and Silverman (2013) presented a larger number of participants (n = 

30) and a stronger design. During the trial, participants listened to social stories in 

the form of songs or written stories to address three general themes linked to social 

skills. Outcome measures included The Autism Social Skills Profile (ASSP), filled 

in by parents pre- and post-intervention, and a non-standardised Comprehension 
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check (a five-item yes/no checklist), filled in five times before, during, and after the 

intervention. Statistical analysis yielded mixed results. A three-way repeated 

measures analysis of variance (ANOVA) on the Comprehension check revealed a 

significant result (p = 0.028) with time as a within-subjects variable, while 

Bonferroni adjustments for multiple comparisons showed significant differences 

between participant scores on days one and two with post-tests (p = 0.031; p = 

0.011). Results were non-significant on pre-test and day three scores when compared 

with post-tests. For results on the ASSP, a four-way repeated measures ANOVA 

yielded a significant result (p = 0.001) on within-subjects factor for social story 

subcategory; however, all other results were non-significant. The study presented 

some weaknesses that may have contributed to the results. The large age range (9-21 

years) of participants is problematic, because younger children are expected to make 

faster gains than teenagers, and their gains may have been masked by less progress 

in the older age group (Sinha et al., 2004). Other limitations included the short 

duration of the intervention (seven days) and the use of non-standardised outcome 

measures with missing validity and reliability data. These limitations may have 

contributed to the negative results. Furthermore, lack of individualization may have 

reduced the effectiveness of the intervention. Other researchers have demonstrated 

that social stories are more effective when individualised to meet the needs of each 

child (Brownell, 2002).  

 A lack of significant main effects was also reported by Preis, Arnon, Silbert, 

and Rozegar (2015). In their case study of five children, the frequency of 

spontaneous utterances and disengagement was counted during guided 30-minute 

play sessions with or without background music. Background music was chosen 

from three genres: classical (Mozart), children’s music, and reggae. No measurable 

difference was found between any of the conditions in the frequency of 

disengagement, and while four out of five children displayed more utterances during 

music condition, some of these children were also more verbal during no-music 

sessions. No difference was noted between the genres and overall the background 

music appeared to have little or no effect on the children’s ability to interact. As in 

the study by Schwartzberg and Silverman (2013), the musical input was generic and 

not individualised for each child. While there is no research to date to demonstrate 

this, it can be hypothesized that highly aroused and active children may need 
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different types of music than drowsy, under-responsive children. Furthermore, 

during intervention the children in the study were expected to play with toys, listen 

to the music, and talk at the same time. Multi-tasking is demanding for children with 

ASD who typically tend to focus their attention on a single task (Liss, et al., 2006). 

The demands placed on attention shifting may have impacted the children’s ability 

to listen to the music playing in the background. 

The remaining six studies utilized a variety of active music methods to 

address social engagement and communication in children with ASD. One study 

(LaGasse, 2014) employed a randomised control trial design, while the rest were 

case studies. All studies reported positive findings in the areas of social 

responsiveness (Finnigan & Starr, 2010; Wimpory, Chadwick & Nash, 1995), joint 

attention (LaGasse, 2014; Vaiouli, et al., 2015), and communication (Dezfoolian, et 

al., 2013; Edgerton, 1994).  

The biggest effects were reported by the author who also employed a robust 

design. As recommended by best practice guidelines for autism research 

(Cunningham, 2012), LaGasse (2014) use a combination of standardized and 

observational outcome measures. A significant effect (p < 0.05) was reported on 

social responsiveness (Social Responsiveness Scale, SRS) while other results were 

non-significant. Least convincing was the study by Dezfoolian and colleagues 

(2013). Presenting a single case design with five participants, no control group and 

baseline measures, they reported significant improvement on social interaction (p < 

0.001) and verbal communication (p < 0.05). Outcomes were measured on the 

Autism Diagnostic Interview (ADI-R), which is a diagnostic measure. While most 

music intervention studies employed videotaped behavioural measurements or 

standardized outcome measures, expected to be sensitive to small increments of 

change over time, Dezfoolian and colleagues (2013) used diagnostic tools to 

measure change. The use of such tools, unless they are validated as outcome 

measures raises some questions about validity and reliability of the results 

(Cunningham, 2012). Other limitations of the study by Dezfoolian and colleagues 

(2013) included the choice of statistical methods. The use of the t-test on such a 

small sample of children typically presenting as a highly heterogeneous group is 

questionable because it is unlikely that the necessary parametric assumptions for t-

tests were met (Todman & Dugard, 2001).  
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Some inaccuracies were also identified in the statistical reporting by 

Wimpory and colleagues (1995). They employed a binomial test to analyse changes 

pre- and post-intervention on just one child, reporting the results as p-values. The 

use of just descriptive statistics and visual graphs, which they also used, instead of 

p-values might have been more appropriate on a single case study (Todman & 

Dugard, 2001). In other studies, the use of statistical tools was appropriate 

considering the sample and variables measures. 

 The final point involves the inclusion of follow-up measures. Only five of 

the eight studies presented above included a follow-up assessment. In four cases the 

follow-up period was between one week and one month, while in one case it was 

twenty months. The study with the strongest evidence (LaGasse, 2014) did not 

include follow-up measures. Lack of follow-up assessments is a concern because 

without this data it is not known whether treatment effects lasted beyond the end of 

the trial. Similar concerns were raised by Cochrane reviewers (Geretsegger et al., 

2014). Given that ASD is a pervasive condition and children with ASD have 

difficulty generalizing and maintaining treatment gains, it is important for 

researchers to implement follow-up measures to assess how well treatment gains are 

being maintained (Cunningham, 2012). 

 In summary, some evidence is available to support the use of music 

interventions to address social engagement with children with ASD. While the 

quality of the studies available was variable, the recent Cochrane review 

(Geretsegger et al., 2014) and an outcome study by LaGasse (2014) presented 

statistically significant results in favour of music therapy. It was of concern that not 

many studies included follow-up measures, and those who did, rarely extended the 

measurements beyond four weeks post-intervention. Although the use of receptive 

techniques is widespread in clinical practice (Kern, Rivera, Chandler, & Humpal, 

2013), only two of the recent studies reviewed above employed receptive techniques 

(Preis et al., 2015; Schwartzberg & Silverman, 2013). Neither of the studies was 

able to produce evidence of effectiveness. More research on the effectiveness of 

receptive techniques is urgently needed. Studies should employ robust research 

designs, sensitive outcome measures, appropriate methods of statistical analysis, and 

follow-up assessments to build a solid evidence base in this area (Geretsegger et al., 

2014). 
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 Sound therapy. This section begins with an introduction to sound therapy. 

Different types of sound therapies are then introduced, with the main focus placed 

on SAMONAS Sound Therapy (SST), which is the method under investigation in 

this study. The section concludes with an overview of sound therapy research.  

Sound therapy involves listening to pre-recorded, electronically modified 

music or sounds delivered through headphones (American Speech-Language-

Hearing Association, 2004). In contrast to music therapy, sound therapy provides 

passive auditory stimulation that is believed to have a beneficial impact on the 

listener. Sound therapy programs aim to help clients to “learn to listen” (Steinbach, 

1998, p.10) and “re-educate and re-train the ear” (Berard, 1993, p.81). When the 

client follows a sound therapy program over a period of time, beneficial changes in 

auditory processing skills, such as auditory discrimination, memory and sequencing 

are expected (Ross-Swain, 2007). Authors propose that sound therapy may also help 

with social engagement (Abbott, 2011), social skills (Bazyk, Cimino, Hayes, 

Goodman, & Farrell, 2010), language and communication (Bazyk et al., 2010; 

Gerritsen, 2010), self-stimulatory behaviour (Gee, Thompson, & St John, 2014), and 

sensory over- and under-responsivity, such as sensitivity to sounds (Brockett, 

Lawton-Shirley, & Kimball, 2014). Sound therapies can be provided by a range of 

professionals including occupational therapists, speech therapists, music therapists, 

and psychologists. Additional training is required to administer sound therapy on 

clients. 

A range of sound therapy methods is currently available. Methods include 

The Tomatis Method (Tomatis, 1991), Auditory Integration Training (Berard, 1993), 

SAMONAS Sound Therapy SST (Steinbach, 1998), Therapeutic Listening (Frick & 

Hacker, 2001), and The Listening Program (Advanced Brain Technologies, 1999). 

Each of these methods involves listening to modified music but differ in some other 

aspects. The methods vary in the method of delivery, the role of music and its 

modification process, duration of treatment, the flexibility of treatment protocols, 

and the role of the therapist (Gee, Devine, Werth, & Phan, 2013). Also, types of 

technical equipment, headphones, and music files vary between the methods.  

Initially, music was provided on cassette tapes, then CD’s (Thompson & Andrews, 

2000), and currently the music is increasingly provided as electronic music files  
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(Steinbach, 2010). Modification of the music is based on the technology developed 

by Tomatis (1991) and Berard (1993) in the 1950- 1960’s. Further elements have 

been added by Steinbach (1998) and Advanced Brain Technologies (Jeyes & 

Newton, 2010). Types of modification and their proposed significance will be 

discussed in a further section.  

 The Tomatis Method. All modern sound therapies are based on the 

pioneering work of Dr. Alfred Tomatis (1920-2001); a French ear, nose, and throat 

specialist (ENT) and a professor of psycholinguistics (Tomatis, 1991). In his 

autobiography The Conscious Ear (1991), Tomatis described his childhood, 

coloured by illness and learning difficulties that eventually led him to develop a new 

field of sound therapy.  

 A son of a French opera singer, Tomatis was exposed to classical music from 

an early age, and came to appreciate the healing, energizing effect of music through 

his experience (Tomatis, 1991). In the 1940’s and 1950’s when working as an ENT 

doctor with opera singers who had damaged their voices, Tomatis learned something 

that completely changed his treatment methods. He discovered that all of the singers 

were suffering from an unusual type of high-frequency hearing loss that seemed to 

be connected to the loss of their singing ability (Tomatis, 1991). Striving to 

understand how to restore the hearing and help the singers, Tomatis studied voice 

recordings of a famous opera singer, Enrico Caruso (Tomatis, 1991). Unlike other 

opera singers whose voices weakened with age, Caruso’s voice appeared richer and 

more expressive towards the end of his career. Tomatis hypothesized that a facial 

operation might have damaged Caruso’s Eustachian tube (the narrow tube that 

connects the middle ear with the back of the nose), causing a partial hearing loss that 

surprisingly improved his singing (Tomatis, 1991). “It was as if Caruso had 

benefitted from a sort of filter which allowed him to hear, essentially, high-

frequency sounds rich in harmonics as opposed to low-frequency fundamental 

sounds” (Tomatis, 1991, p. 53). It is not clear whether Caruso’s low-frequency 

hearing loss was truly related to the operation; however, this assumption led Tomatis 

to discover the importance of high-frequency sounds in voice quality. To test his 

hypothesis on the importance of low-frequency filters, Tomatis asked his patients 

(opera singers with damaged voices) to wear headphones and hear their own voices 

through a set of filters that blocked out low frequency sounds. Hearing their voices 
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in a particular way, the singers were able to recover their singing ability (Tomatis, 

1991). As a single exposure to the Tomatis device (“Electronic Ear”) was not 

sufficient to maintain the beneficial effect, Tomatis offered repeated training 

following the principles of Pavlovian conditioning (Tomatis, 1991). “The voice can 

only produce what the ear hears,” (Tomatis, 1991, p.53) became the cornerstone of 

Tomatis’s subsequent theories and treatment methods. 

Apart from the importance of high frequencies and repeated auditory 

training, the third observation by Tomatis has relevance to this study. During the 

listening sessions, Tomatis observed improvement in not just listening skills but also 

in attention, body posture and a general sense of well being (Tomatis, 1991). The 

hypothesized connections of the auditory system with the entire body, as well as, 

cortex and subcortical structures of the brain form the basis of the Tomatis method 

and other sound therapies (Ross-Swain, 2007).  

 Music selection. Tomatis tested his new treatment ideas on a variety of client 

groups and found beneficial effects among individuals with autism, dyslexia and 

other learning difficulties (Tomatis, 1991). While the singers had used their own 

singing to improve listening skills during treatment sessions, Tomatis used pre-

recorded classical music channeled through his filtering device to treat the non-

singers. His choice of music focused entirely on recordings of Mozart and Gregorian 

chants (Tomatis, 1991). No explanation has been found for the limited repertoire 

except that Tomatis’s experiments showed that the music of Mozart was “easy to 

take in” and that Mozart and Gregorian chants seemed to “produce good results” 

(Tomatis, 1991, pp.148, 150). Given that he treated a broad range of clients with 

varying needs, an individualized music selection might have been more helpful 

(Sakamoto, Ando, & Tsutou, 2013). As an ENT doctor and not a musician himself, 

Tomatis’s knowledge of music analysis may have been limited.  

The Tomatis Method and ASD. Perhaps guided by his own premature birth 

and challenging childhood, Tomatis was interested in the role of early experiences 

on the development of social communication (Thompson & Andrews, 2000). He 

was among the first to investigate hearing in-utero and demonstrate that the fetus 

could indeed hear it’s mother’s voice, heartbeat, and other sounds from the 

environment (Thompson & Andrews, 2000; Tomatis, 1991). Tomatis hypothesized 

that since the development of listening skills begins in-utero, any difficulties 
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experienced during this time listening to a mother’s voice could have an adverse 

impact on the developing fetus (Thompson & Andrews, 2000). These discoveries 

guided him in his work with children with ASD. Tomatis observed that while 

children with ASD in his study were able to hear well, they seemed to have 

difficulty in listening (Tomatis, 1991). He attempted to “awaken an autistic child’s 

desire to listen by means of the mother’s voice, heard as the fetus hears it, that is, by 

means of filtered sounds,” (Tomatis, 1991, p.217) and reported positive results in 

60% of the children who used his techniques (Tomatis, 1991). Tomatis’s 

understanding of ASD as a psychological disorder (Tomatis, 1991) is now grossly 

outdated; however, at the time it was in line with prevailing autism theories (Meyer, 

2010). Given its outdated theory basis, it is unclear how the Tomatis method could 

help children with ASD. Nevertheless, the Tomatis Method has played a major role 

in the development of all sound therapies including SAMONAS Sound Therapy 

(SST).  

Before introducing SST in more detail, it is necessary to explore another 

method of sound therapy, Auditory Integration Training (AIT). While Tomatis lay 

the groundwork for the development of sound filtering techniques, the developer of 

AIT pioneered the understanding of sound therapy as a tool to remediate specific 

auditory processing difficulties.  

 

 Auditory Integration Training (AIT). Paralleling the shift of autism 

theories from psychological to neurophysiological theories (Edelson, 2009), Dr. Guy 

Berard (ENT doctor) developed another method of sound therapy, which 

emphasized the physiological basis for listening difficulties (Autism Research 

Institute, 1991). In his view, auditory problems were not caused by lack of desire to 

listen or poor communication but by deficient sound perception (Berard, 1993). He 

argued that perceptual difficulties such as painful hearing could affect a child’s 

auditory experience and lead to behavioural and emotional challenges (Berard, 

1993). Based on the ideas of Tomatis, Berard developed his own electronic filtering 

machine, Audio Kinetron (Berard, 1993). Following administration of an audiogram 

to identify any areas of abnormalities in hearing, filters of the Audio Kinetron were 

set to “attenuate the traumatizing frequencies” to help the listener to improve 

tolerance of all sounds (Berard, 1993, p. 82). During the listening sessions, Berard 
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used a broad range of music. Based on the literature available, it appears that no 

particular criteria were used and any music was accepted for use. Unlike Tomatis, 

who emphasized the importance of a therapeutic relationship and included 

counseling in all his sessions (Tomatis, 1991), Berard presented auditory issues as 

physiological problems to be fixed solely through the use of the Audio Kinetron. 

Perhaps following in Berard’s footsteps, most subsequent sound therapies have been 

developed as forms of passive sound stimulation with no therapeutic interaction 

included in the program.  

 

 SAMONAS Sound Therapy (SST). Moving on from the work of Tomatis 

(1991) and Berard (1993) to the method under review in this study, this section 

introduces the principles of SST. The section begins with a historical review of the 

development of the method, discussing the development of SST sound modification 

and recording techniques, and the reasons for the use of headphones. The section 

concludes with the details of the clinic and home-based treatment. 

 What is SST. SAMONAS Sound Therapy (SST) involves listening to 

individually chosen classical or contemporary music or nature sounds through high-

quality headphones, while engaged in play or other meaningful activities with the 

therapist or parent (Steinbach, 2010). Ingo Steinbach, the developer of the SST, 

argues that children who do not develop adequate listening skills through normal 

daily interactions may benefit from enhanced listening experiences, provided 

through modified sounds (Steinbach, 2000). Like all sound therapies, SST is based 

on the premise that electronically modified sounds may have a positive impact on a 

person’s listening skills (Steinbach, 1998). 

In his first book, SAMONAS Sound Therapy - The way to health through 

sound (1998), Ingo Steinbach, a German sound engineer, physicist, and musician 

wrote about his first experience with sound therapy in the 1980s. By coincidence, he 

came across a set of cassette tapes containing music filtered by Tomatis’s Electronic 

Ear (Steinbach, 1998). These tapes were produced by Patricia Joudry, a Canadian 

writer, who had found a way to make Tomatis’s therapy portable and suitable for 

home-based listening (Steinbach, 1998). Steinbach was intrigued by Tomatis’s ideas 

but found the music poorly recorded and unappealing, with loud hissing and 

crackling sounds disturbing the listening experience (Steinbach, 1998). This 
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encounter inspired Steinbach to create his own form of sound therapy he was to call 

SAMONAS, an abbreviation for Spectrally Activated Music of Optimal Natural 

Structure (Steinbach, 2000). His aim was to produce high-quality recordings that 

were not audibly distorted, as was the case in Joudry’s cassette tapes. He believed 

that that music had to be beautiful, for the client to enjoy the listening experience 

and want to listen to it on a regular basis (Steinbach, 1998). He argued that the 

quality of the music was an essential ingredient in successful sound therapy 

(Steinbach, 1998).  

Development of spectral activation. Production of aesthetically pleasing 

sound therapy recordings required refinement of the filtering and gating processes 

created by Tomatis (Steinbach, 1998). With the help of new technology, Steinbach 

built an electronic device called the Envelope Shape Modulator (Steinbach, 1998). 

The device modulates the intensity of natural harmonics to enhance their dynamic; 

this is done through spectral activation, which is a technical process (Steinbach, 

1998). (The technical details of spectral activation are described in a section titled 

Role of music modifications in sound therapy, p. 78). An important benefit of 

spectral activation for children with ASD is that the intensity of the sound 

modification can be adjusted. Children who have sensory sensitivities, such as 

sensitivity to sound, can be provided with a gentle level of spectral activation; while 

those with hypo-responsivity can be given a high level of spectral activation 

(Steinbach, 2000). The children in the current study presented with a variety of 

sensory profiles and therefore, matching the musical intensity to their profile might 

be helpful in meeting their sensory needs and promoting the ability to stay calm and 

alert (Wakeford, 2013). The option to grade the intensity of sound modification is 

not available when using Tomatis or AIT methods because the modification used in 

their methods (gating) is either on or off and cannot be adjusted. Yet, it is known that 

sensory input that is too intensive by nature may cause over-stimulation and distress. 

Research suggests that stress caused by sensory over-stimulation impairs attention, 

memory, spatial orientation, and hearing (Goble, Møller, & Thompson, 2009; Olver, 

Pinney, Maruff, & Norman, 2015). Graded intensity offered by spectrally activated 

SST may, therefore, offer a valuable alternative to children with ASD. 

Spatial recordings. Aside from refining the sound modification technology, 

Steinbach developed a system of specific recording techniques (SONAS = System 
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of Optimal Natural Structure) “to transfer both therapeutic and emotional effects of 

the music” to the recording (Steinbach, 1998, p.156). This was a new development 

in the field of sound therapy, as neither Tomatis nor Berard had discussed the 

importance of the music recordings used. In contrast to their view, suggesting that 

the possible impact of sound therapy was mainly based on the music modification 

process, Steinbach valued the therapeutic elements of music and chose a range of 

compositions to meet various therapeutic needs (Steinbach, 1998; 2000). His 

recordings aimed to preserve the overtone structure of sounds, and spatial qualities 

of the recording venue and instrument setup, as well as, the energy and emotional 

quality of interaction between the musicians (Steinbach, 1998). Steinbach argued 

that spatial recordings were an essential invention because orientation in the 

surrounding environment and the ability to localize sounds in space were important 

functions of the auditory system (Steinbach, 1998). The importance of spatial 

hearing is supported by research (Trapeau & Schonwiesner, 2015). The deficit in 

sound localization has been found in adults with ASD (Teder-Sälejärvi, Pierce, 

Courchesne, & Hillyard, 2005), and many children with ASD orient poorly towards 

sounds (Dawson et al., 1998; Stroganova et al., 2013). Authors suggest that 

difficulty with spatial hearing may interfere with social interaction, particularly 

when interaction takes place in noisy environments (Teder-Sälejärvi et al., 2005). 

This finding has relevance to the current study, which is located in Singapore. Being 

a large tropical city, children are constantly surrounded by the noise of air-

conditioners, fans, and traffic. Based on the research available, it can be 

hypothesized that the noisy environment may aggravate any existing difficulty with 

orienting towards sounds. 

Delivery through headphones. As in all sound therapies, clients receiving 

SST wear headphones during the listening sessions. In SST, the headphones are 

expected to transmit sound up to 24 kHz to cover a sufficient range of high sound 

frequencies (Steinbach, 2000). Headphones have two main benefits. First, unlike a 

loudspeaker setup that confines the listener to a particular spot between the speakers, 

headphone use allows for movement around the room while still delivering equal 

input for both ears (Steinbach, 1998). This is particularly beneficial for young, active 

children, like those in the current study. Hearing the sounds equally well with the 

left and the right ear is important for the client to experience the “auditory space” the 
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way it was intended during the recording process (Steinbach, 1998, p.141). Second, 

headphone use allows for the use of bone conduction transmission. SST headphones 

include two vibrating bone conduction elements placed behind the ear to rest on the 

mastoid bone (Steinbach, 1998). A similar placement of bone conduction elements is 

used in audiological hearing tests (Roeser, Valente, & Hosford-Dunn, 2007). The use 

of bone conduction headphones was pioneered by Tomatis, who observed that 

singers heard themselves not just through air conduction (sound waves traveling 

through the ear canal), but also through bone conduction (sounds were also heard 

internally through the bones of the skull) (Tomatis, 1993). Sounds heard through 

bone conduction are processed faster, as bone conduction sounds are transferred 

directly to the inner ear, bypassing the middle ear and possible associated pathology 

that is observed in some children with ASD (Chin, Moran, & Fenton, 2013; Roeser, 

Valente & Hosford-Dunn, 2007). The bone conduction elements attached to the 

headphones have therefore been argued to intensify the effects of the listening 

(Tomatis, 1993).  

Headphone use required some modifications to the recording technique. 

Dynamics of the music, spatial arrangement of the music recording, weighting of 

different frequency ranges, and filtering of low-frequency sounds was adjusted to 

accommodate for headphone use (Steinbach, 1998). Low frequencies below 100 Hz 

were attenuated to highlight the higher frequencies and high frequency sounds up to 

20,000 Hz were preserved through the SONAS recording techniques (Steinbach, 

1998). The proposed importance of high-frequency sounds is discussed in a 

subsequent section (Pathways to change, p.74). 

Home- or clinic-based therapy. SST can be provided at a Samonas Centre or 

home, supervised by a trained therapist (Steinbach, 2000). Treatment is not restricted 

to any specific diagnosis. The clinic-based form of SST involves 10 one-hour daily 

appointments over a period of two weeks. In clinical practice, children with ASD 

attend listening sessions with a parent. During listening, the child plays with the 

parent while wearing headphones fitted with bilateral bone conduction elements. 

Home-based therapy is delivered through high quality open-ear headphones (with no 

bone conduction elements for practical reasons), a portable device (an iPod Touch, 

iPad or iPhone), and a set of SST music files chosen individually for each client 

(Samonas International, 2008; Steinbach, 2010). In contrast to other home-based 
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methods such as Therapeutic Listening (Hall & Case-Smith, 2007) and The 

Listening Program (Jeyes & Newton, 2010) that use compressed MP3-music files, 

the SST home program music is provided in a non-compressed AIFF (.wav)- format 

to ensure high quality (Steinbach, 2010). 

The client is expected to listen to the SST music over a period of time on a 

daily basis to achieve desired results (Steinbach, 1998, 2000). To date, no published 

studies have been found on SST in children with ASD or any other client group. 

Moreover, the mechanisms of change have not been clearly explained in SST 

literature. According to Steinbach (1998), SST “enables the damaged ear and 

weakened body to relearn how to experience the reviving effects of sounds by means 

of an intensive micro-massage (to the middle ear muscles and bones)” (pp. 149, 

153). How this micro-massage might happen and why it could be beneficial remains 

unclear. 

 As mentioned earlier, the pervasive auditory processing difficulties common 

in children with ASD are hypothesized to hinder the children’s ability to relate and 

communicate (Interdisciplinary Council on Developmental and Learning Disorders, 

2005). Hypothesizing further, remediating auditory processing might thus result in 

improvement in social interaction. However, since clinical SST programs combine 

play with parents with listening to SST recordings, it is unclear whether the 

improved social orienting and relating to others, anecdotally reported by parents is a 

direct result of SST or the daily intensive play between the child and the parent. 

Research on SST should try to eliminate or reduce the impact of interaction to 

answer this question. 

 

Pathways to change. To the knowledge of the student researcher, no credible 

explanations have been put forward to date as to how any of the sound therapies 

might work (Sinha et al., 2004). Therefore, to establish a theoretical basis for the 

intervention, it is important to explore the mechanisms of SST in more detail 

(Campbell et al., 2000). Based on the theory generated for this study, the potential 

effectiveness of SST is grounded on the principles of neuroplasticity and auditory 

training. These two concepts are introduced at the beginning of the upcoming 

section. Following this introduction, three possible pathways of effectiveness 
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involving arousal regulation, middle ear functioning, and high-frequency perception 

are discussed. 

 Neuroplasticity. Neuroplasticity refers to the brain’s ability to change and 

reorganize itself in response to experiences (Stegemoller, 2014). Neuroplasticity 

manifests itself on the level of an individual neuron but also in larger areas of the 

brain (Stegemoller, 2014). It includes the ability to form new connections between 

neurons and prune connections that are no longer used. The brain’s ability to adapt 

forms the basis for therapeutic interventions from physical rehabilitation (Cadman, 

2015) to music therapy (Stegemoller, 2014).  

Research suggests that repeated exposure to music promotes neuroplasticity 

and leads to changes in neural responses to sound and language (Sheikhi & Saboory, 

2015; Tierney, Krizman, & Kraus, 2015). One such change is a cortical 

representation of sounds. Repetitive listening to a certain sound increases the 

amount of neurons that tune into that particular sound  (Xiong, Zhang & Yan, 2009). 

Much of the latest research on neuroplasticity has been conducted in the field of 

cognitive neuroscience using the Mismatch negativity (MMN) index (Yi, Liu, & 

Gao 2015). Certain musical elements such as timbre, sound-source location, rhythm, 

intensity, and pitch elicit the MMN, even when the listener is engaged in a non-

musical task (Yi, Liu, & Gao 2015). This finding has relevance to sound therapy. 

Clinical experience of the student researcher suggests that it is difficult for children 

with ASD to just sit, listen to the music, and maintain attention to the sound during 

the whole listening session. Following the arguments of Yi, Liu and Gao (2015), 

neuroplastic changes may take place even when the child plays toys during music 

listening.  

The concept of auditory plasticity (Tremblay & Kraus, 2002) is rooted in 

neuroplasticity and the role of experiences in auditory development. As discussed in 

the auditory processing section (p. 31), meaningful auditory experiences in the 

womb and early childhood shape the auditory system and form the foundation for 

social communication (Moon, 2011). To develop normally, the auditory system 

requires optimal stimulation (Graven & Browne, 2008). Listening to meaningful 

sounds (for instance, speech as opposed to noise) fine-tunes the cochlear hair cells 

and their neural connections (Graven & Browne, 2008); increases activation of the 

auditory nerve (Moore, 2002); and triggers functional changes in the neurons of 
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auditory cortex (Jääskeläinen & Ahveninen, 2014). This body of research implies 

that the auditory system is an active and highly malleable system (Chandrasekaran, 

Skoe, & Kraus, 2014). Experience-related auditory plasticity (Kilgard et al., 2001; 

Tremblay & Kraus, 2002) is one of the concepts underlying auditory learning 

(Kraus, 2012) and effectiveness of auditory training. 

Auditory training. The potential for change in the auditory system due to 

neural plasticity suggests that the auditory system can be trained. Indeed, there is 

evidence that remediation of auditory processing deficits may be possible through 

auditory training (Hayes, Warrier, Nicol, Zecker, & Kraus, 2003; Menning, 2000; 

Moore, 2012; Russo, Hornickel, Nicol, Zecker, & Kraus, 2010; Tremblay & Kraus, 

2002). Auditory training, such as SST, involves listening to enhanced, electronically 

processed auditory input (music, speech sounds, or words) (Tremblay & Kraus, 

2002) at certain intensity on a regular basis for a period of time. 

Some overlap seems to exist between the concepts of auditory training and 

sound therapy. In SST literature, listening to modified music to improve auditory 

function is called sound therapy (Steinbach, 1998), while in Auditory Integration 

Training (AIT) literature the term auditory training is being used (Bettison, 1996).  

Most often, auditory training refers to the use of speech sounds or words, while 

sound therapy refers to the use of music to improve auditory function. Sound 

therapies such as SST can be however considered to be methods of auditory training. 

Based on the available literature, the relation between duration and frequency 

of auditory training and benefits achieved remains unclear (Moore, Halliday, & 

Amitay, 2009). In addition, it is currently not known whether methods of auditory 

training work because they improve auditory perception (Song, Skoe, Banai, & 

Kraus, 2012), neural synchrony in the auditory brainstem (Russo, Nicol, Zecker, 

Hayes, & Kraus, 2005), selective attention (Cameron & Dillon, 2011; Strait & 

Kraus, 2011), or other skills needed in auditory learning. Given that auditory 

training methods vary from the use of words or speech sounds (Russo et al., 2010) to 

pure tones (Menning, 2000) and music listening (Brown, 1999), different methods 

may well work in different ways. Much remains unknown about auditory training, 

particularly with regards to how it works on children with ASD. 
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In the following section, three possible pathways to change are described. In 

the theory generated by the student researcher for this study, SST may lead to 

improvement in social engagement behaviours in children with ASD through 

mechanisms that improve regulation of arousal and alertness, the function of the 

middle ear, or perception of higher harmonics of sounds. Some of the effects of SST 

may be based on the music itself, while others may be caused by modifications of 

the music. Each of these pathways is described briefly in the following section. Even 

though presented as separate from each other, it is likely that these pathways, 

illustrated in Figure 2.5 below, also impact on each other. 

 

 
Figure 2.5. How SST might improve social orienting, joint attention, and social 

interaction in children with ASD. 

 

Impact on arousal regulation. There is some evidence that an optimal level 

of arousal and alertness is a prerequisite for auditory learning (Moore et al., 2009), 

and attention plays an important role in the processing of sounds (Jääskeläinen & 

Ahveninen, 2014). A state of hyper- or hypo-arousal, experienced by many children 
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with ASD (Klusek et al., 2015; McDonnell et al., 2015; Schoen et al., 2008), may 

compromise their ability to attend to social situations that present with many 

opportunities for auditory learning. The child needs to be calm to attend to the 

complex social environment. 

Out of all elements of music, rhythm may be the most effective element in 

addressing physiological regulation (Schneck & Berger, 2006). Vocal and orchestral 

crescendos (Bernardi et al., 2009) and tempo (Bernardi, Porta, & Slight, 2006) may 

also play a role. When listening to music, listeners instinctively attend to the music 

and unconsciously synchronize their physiological rhythms, such as heart rate and 

breathing, with the pulse of the music. This process is called entrainment (Berger & 

Schneck, 2003). Active music making is not necessary for a person to experience 

entrainment; entrainment response can also be triggered by music listening (Trappe, 

2012). Continued rhythmic stimulation over time has been hypothesized to influence 

physiological regulation (Berger, 2003). Insufficient evidence exists at this point to 

show how much and what type of rhythmical music is beneficial in improving 

regulation of children with ASD. In addition, it is not known if entrainment effects 

are long lasting.  

Some researchers have investigated the value of rhythmicity and its 

therapeutic applications (Thaut, Kenyon, Schauer, & McIntosh, 1999). Boso and 

colleagues suggested that in individuals with ASD, natural rhythmicity of the 

cerebellum could be restored through music (Boso et al., 2013). Other researchers 

have not yet replicated their results, and it may, therefore, be too early to conclude 

that cerebellum abnormalities contribute significantly to regulatory difficulties in 

children with ASD, or that rhythmic music can improve cerebellum functioning. It is 

however suggested that various rhythmical components of SST music may assist the 

children in reaching an optimal state of alertness and arousal and improve their 

availability for social interaction.  

The rhythm-theory does not explain why non-rhythmical SST tracks also 

seem to have a calming and settling impact on children in clinical practice. 

Steinbach (2000) argues that spectrally activated sounds are more intensive than 

non-modified sounds, and therefore these sounds have the power to capture a child’s 

attention, impacting on a child’s ability to stay calm and alert. There is no literature 

to date to support this statement. Another potential explanation for improved arousal 
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regulation might be the therapeutic interaction between the two dyads: child and 

therapist, and child and parent, during listening sessions. Researching the use of SST 

without the interaction component could help to address this question. 

Addressing the arousal system alone is not sufficient if a child also presents 

with specific difficulties processing auditory information. However, in cases where a 

child has poor engagement because his impaired arousal regulation system does not 

support the ability to listen, improving arousal regulation through SST might be 

enough to make a positive change. A recent study by Porges and colleagues (2013) 

offers some support for this theory. In their study, children with ASD improved in 

state regulation and auditory processing following a music-based auditory 

intervention (Porges et al., 2013). 

 

 Impact on middle ear functioning. Aside from arousal regulation, an SST 

intervention might also have an affect on the middle ear. Figure 2.6 below illustrates 

the proposed process. 
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Figure 2.6. Impact on the middle ear. 

  

Since the era of Tomatis and Berard, sound therapies have focused their theories on 

the middle ear and the need to exercise the middle ear muscles through modified 

sounds (e.g. Berard, 1993, Tomatis, 1991). Based on literature available, the reason 

that the middle ear needs to be addressed, and how the musical middle ear exercises 

should be done remains unclear. Porges and colleagues have developed a theory that 

is of relevance because it links the middle ear directly to social engagement (Porges, 

2003; Porges et al., 2014; Porges et al., 2013) (Figure 2.6 above). Porges argued that 

addressing any middle ear deficits is important because the low neural tone in the 

middle ear muscles would interfere with the ability to focus on speech frequencies 

(Porges, et al., 2013). Moreover, he proposed that the middle ear forms a part of the 

Social Engagement System (p.42) and that addressing the middle ear through 

modified music might, in turn, improve social engagement (Porges, et al., 2003, 

2014). His theory suggested that middle ear could be used as a gateway to the whole 

Social Engagement System (Porges, 1997; Porges et al., 2014). There have not been 

any published studies to date offering support or critique for this theory.  

Modifications of vocal music used in the intervention created by Porges and 

colleagues have been defined as “dynamic filtering” of  “temporally modulated” 

frequency bands that were increased progressively to “amplify the features of vocal 

prosody” (Porges, et al., 2013, p.264). Further details were not discussed, and no 

rationale was provided for the frequency and intensity (one hour daily over five 

days) of the intervention. Some authors have proposed that dynamic crescendos and 

decrescendos of music can elicit the middle-ear reflex (Berger & Schneck, 2003), 

suggesting that the impact on the middle ear could be achieved without music 

modifications. However, insufficient literature is available to substantiate this claim. 

Some literature is available to support the role of the middle ear in filtering 

out background sounds, to help a child tune into speech frequencies (Borg & 

Counter, 1989; Liberman & Guinan, 1998). Studies suggest that some children with 

ASD have an abnormal middle ear function (Lukose et al., 2013; Thomas et al., 

1985). However, Porges and colleagues did not measure middle ear functioning in 

their studies (Porges, et al., 2013, 2014), and the link between the middle ear and 
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social engagement in ASD remains hypothetical at this point. Furthermore, not all 

children with ASD have middle ear abnormalities. Apart from the middle ear, 

abnormalities in other structures such as brainstem or cortex may also contribute to 

auditory processing difficulties in ASD (Hitoglou, Ververi, Antoniadis, & Zafeiriou, 

2010). Given the proposed links between the middle ear and social engagement, this 

theory is nevertheless worth further exploration. 

Based on the intervention introduced by Porges and colleagues, it could be 

hypothesized that the melodic, modified music of SST might have an exercising 

effect on the middle ear muscles, similar to what Porges and colleagues claimed to 

achieve (Porges, et al., 2013, 2014). The work by Porges and colleagues suggest that 

music needs to be modified to have this effect; however, the reason as to why this 

may be the case remains unclear (Porges, et al., 2013, 2014). Melodic contours of 

music could be seen as parallels to speech prosody (Berger & Schneck, 2003), and 

the dynamic way of modifying the sounds in SST through spectral activation can be 

likened to amplifying a melody in a way that mimics natural speech prosody. The 

proposed improvement in the neural tone of middle ear muscles might lead to an 

improved perception of sounds against background noise and better listening skills 

(refer to Figure 2.5, p.69, horizontal and diagonal arrows in the middle). Further, 

activation of the middle ear could also engage the Social Engagement System. An 

improved ability to turn the head towards the sound, establish eye contact, and 

contract the middle ear muscles to focus on voice, can then lead to improvements in 

social engagement behaviours. Following this process, the children with ASD would 

be more able to orient to the voice of their caregiver, establish joint attention, and 

eventually engage in reciprocal back and forth interaction. Given that no exact 

details were provided of Porges’ intervention, and that some of their outcome 

measures were either screening instruments (Porges, et al., 2013) or non-

standardised measures (Porges, et al., 2014), it is difficult to make further 

assumptions. Moreover, some differences exist between the methods used by Porges 

and colleagues and SST. More research is required on both methods to validate this 

theory. 
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 Impact on perception of high-frequency sounds. The third and final pathway 

involves the potential impact of SST on high-frequency perception. Figure 2.7 below 

illustrates the proposed contributions of high frequencies to social engagement. 

 

 
 

 

Figure 2.7. Impact on high frequencies. 

 

Speech comprehension has been linked to an ability to perceive specific 

sound frequencies (Hornsby & Ricketts, 2003). Different forms of auditory training 

have used different frequency ranges that have mainly focused on frequencies of 

10,000 Hz and below. Based on a reference (Kryter, 1962) used in their article to 

determine frequency ranges, it seems that Porges and colleagues emphasized lower 

and mid frequencies and used frequency bands up to 6,100 Hz in their modified 

music intervention (Porges, et al., 2013). In Tomatis sessions, frequencies up to 

10,000 Hz are delivered through the Electronic Ear (Ross-Swain, 2007), while AIT 

focuses on the frequency range between 125 Hz – 8,000 Hz (Berard, 1993). This 
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range was at the time considered to be the frequency range of human speech. Recent 

research suggests that this information is outdated. It is now known that sounds 

between 8,000 and 16, 000 Hz are important for speech localization, and most 

listeners notice changes in high-frequency range of 16, 000 Hz in singing and speech 

(Best, Carlile, Jin, & van Schaik, 2005; Monson, Hunter, Lotto, & Story, 2014). This 

information suggests that it may be helpful to increase the frequency range of sound 

therapy music above 10,000 Hz as has been done in SST (Steinbach, 2010).  Given 

that localizing speech and turning towards the voice of the caregiver are important 

aspects of social orienting in children with ASD, the impact of high-frequency 

sounds and remediation of any assumed deficits in high-frequency perception are 

worth further exploration. 

Spectral activation of SST is proposed to enhance higher harmonics of 

sounds and intensify high frequencies (Steinbach, 2000). Research on high-

frequency sounds is relatively recent. As special equipment is required to measure 

high frequencies and to record and transmit these sounds, technical difficulties in 

doing this may account for the paucity of information in this area (Monson et al., 

2014). The literature currently available presents consistent support for the 

importance of the ability to perceive high-frequency sounds in accurate speech 

perception. Monson and others have suggested a link between an ability to perceive 

high-frequency sounds and communication abilities in noisy environments (Apoux 

& Bacon, 2004; Baer, Moore, & Kluk, 2002; Hornsby & Ricketts, 2003; Monson et 

al., 2014). Other researchers have suggested that high frequencies are important for 

perception of certain speech sounds such as “s” and “z” (Stelmachowicz et al., 

2007), and that speech is clearer (Fullgrabe, Baer, Stone, & Moore, 2010), more 

intelligible (LeGendre, Liss, & Lotto, 2009), and more natural (Moore & Tan, 2003) 

when high-frequency sounds are included. Perception of high sound frequencies is 

also important in sound localization (Best et al., 2005; Langendijk & Bronkhorst, 

2002) and in learning new words in childhood (Pittman, 2008). There is not much 

known about high-frequency perception in children with ASD. Only one study has 

been found to date to investigate this area. In a study by Bhatara and colleagues 

(2013), adolescents with ASD presented with an impaired perception of high 

frequencies (4,000 Hz), while typically developing peers did not have this difficulty. 
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 There is some evidence available to suggest that speech perception can 

improve as a result of non-speech based auditory training (Shafiro, Sheft, Gygi, & 

Ho, 2012). Music may be a good option for auditory training; in contrast to speech, 

music has slower transitions that give a child more time to process auditory 

information at hand (Zatorre, Belin, & Penhune, 2002). Out of various musical 

elements, timbre may contribute to speech perception (Kong, Mullangi, Marozeau, 

& Epstein, 2011). It has been suggested that timbre activates the auditory system to 

discriminate, identify and interpret sounds; and that discrimination of timbre plays a 

role in verbal communication abilities (Berger, 2003). There has been no research to 

date to link timbre or instrumentation directly to social engagement behaviours, and 

it is unclear how much timbre contributes to the effectiveness of SST. 

Spectrally activated sounds may be more (or equally) important than timbre 

in improving sound discrimination. Given the importance of perception of high-

frequency sounds in localizing and orienting to voices (Best et al., 2005; Langendijk 

& Bronkhorst, 2002) and in understanding speech sounds (Stelmachowicz et al., 

2007), it is hypothesized that enhanced high-frequency sounds and spatial recordings 

of SST could improve a child’s ability to orient to voice and perceive speech sounds 

and prosody. Subsequently, through this process SST might have the potential to 

improve a child’s attention, interest, motivation, and ability to attend to social 

communication events.  

 In summary, a conceptual framework was presented to establish a theoretical 

foundation for SST. Central concepts of auditory plasticity and auditory training 

were introduced together with possible pathways leading to change in social 

engagement skills of children with ASD. The concept of neural plasticity (Sheikhi & 

Saboory, 2015; Tierney, Krizman & Kraus, 2015), which underlies the effectiveness 

of auditory training methods (Baharav, 2008), is well supported by the literature. 

Based on the information available, it seems appropriate to describe SST as a 

method of auditory training that takes advantage of neural plasticity to make 

changes in auditory processing skills. Definition of potentially active ingredients of 

SST that could lead to improvement of social engagement skills in children with 

ASD is a more challenging task (Campbell et al., 2000). It is currently not known 

whether music modifications make sound therapy interventions such as SST more 

effective than unmodified music. ASD is a complex disability and children with 
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ASD show high variability in their responses to auditory and social input (Downs et 

al., 2005). Given the heterogeneity of ASD, it may be realistic to assume that the 

children have various types of impairments that contribute to their difficulties with 

social engagement (Gerrard & Rugg, 2009). Therefore, a single theory alone would 

not sufficiently explain changes observed in all children with ASD in clinical SST 

practice. For this reason, a three-pathway model was developed. 

Out of the three pathways discussed, the possible impact of SST on arousal 

regulation is best supported by the literature. Several studies have demonstrated that 

rhythmical entrainment through music can influence physiological regulation 

(Berger & Schneck, 2003; Luciano Bernardi et al., 2006). The presence of arousal 

regulation difficulties in ASD is well established and links have been found between 

arousal regulation and social abilities (Adolphs, 2003; Cohen et al., 2013; Corona, 

Dissanayake, Arbelle, Wellington, & Sigman, 1998; Hutt et al., 1964; Klusek et al., 

2015; Liss et al., 2006; Shahrestani et al., 2014). Improvement in arousal regulation 

as a result of rhythmical SST music can be hypothesized to lead to positive changes 

in social abilities in children with ASD. The developer of SST suggests that spectral 

activation has an impact on arousal regulation (Steinbach, 2010); however, there is 

currently no evidence in published literature to support this statement. 

Less support is currently available for the middle ear theory proposed by 

Porges and colleagues (2003, 2014). Shortage of research in this area is surprising, 

as traditionally, the middle ear has been the focus of sound therapy interventions 

(Berard, 1993; Tomatis, 1991). Yet, very little information is available on why and 

how the middle ear should be addressed, and whether spectral activation of music 

would be of benefit in restoring middle ear tone. The theories of Porges and 

colleagues are nevertheless worth further exploration because they propose that 

direct links exist between the middle ear and social engagement (Porges, 2003; 

Porges et al., 2014; Porges et al., 2013). Further, they propose that the Social 

Engagement System could be activated through the use of modified music (Porges, 

et al., 2013). It is not known which elements of SST, if any, could address the middle 

ear and the Social Engagement System. 

Finally, a body of literature is available to link high-frequency sounds to 

various areas of speech, sound localization, and the ability to focus on the voice of a 

speaker in the presence of background sounds (Apoux & Bacon, 2004; Baer et al., 
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2002; Best et al., 2005; Fullgrabe et al., 2010; Hornsby & Ricketts, 2003; 

Langendijk & Bronkhorst, 2002; Monson et al., 2014; Stelmachowicz et al., 2007). 

The main method of sound modification in SST, spectral activation, involves 

enhancing high-frequency sounds in a way that is assumed to make the sounds easier 

to perceive (Steinbach, 2000). Combined with the potential effectiveness of SST 

spatial recordings that have been argued to improve a child’s ability to localize 

sounds (Steinbach, 2000), a link between spectrally activated high frequency sounds 

and improvement in social engagement could be proposed. It is however not known 

if children with ASD have difficulties with high frequency perception. Furthermore, 

this theory is hypothetical, and it is not based on empirical research.  

Overall, many gaps remain in the theory presented here. New research is 

emerging on the role of the auditory brainstem in sound and voice processing (e.g. 

Krizman et al., 2015) and this body of knowledge may add another perspective to 

theories on the effectiveness of SST in the near future. Despite the weaknesses of the 

current theory, anecdotal evidence exists to support the use of this theory to explain 

observations made in clinical SST practice with children with ASD. This theory can 

provide an appropriate framework to inform the current study. Through research, 

some of these ideas can be further explored.  More research is required to investigate 

the validity of this theory on children with ASD. 

 

 The role of music modifications in sound therapy.  Developers of sound 

therapies suggest that music may have a stronger impact on auditory processing, if it 

is electronically modified (Berard, 1993; Porges, et al., 2014; Steinbach, 1998; 

Tomatis, 1991). This statement has not yet been verified by rigorous research and, in 

fact; some studies do not show a significant difference between the impact of 

modified and non-modified music on children with ASD (Bettison, 1996; Corbett et 

al., 2008; Mudford et al., 2000). Other studies do, however, suggest that listening to 

modified music may be beneficial for children with ASD (Abbott, 2011; Al-Ayadhi 

et al., 2013; Bettison, 1996; Brown, 1999; Gee et al., 2014; Gerritsen, 2010; 

Neysmith-Roy, 2001). This section reviews the main methods of sound 

modification: gating, filtering, and spectral activation. 

Methods of music modification. Modifications such as different types of 

gating and filtering (Thompson & Andrews, 2000; Tomatis, 1991) vary from one 
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kind of sound therapy to another, but all involve a form of dampening of certain 

sound frequencies while enhancing others (Edelson et al., 1999; Hall & Case-Smith, 

2007; Jeyes & Newton, 2010; Thompson & Andrews, 2000). When music is gated, 

randomly selected high frequencies above 1,000 Hz or low frequencies below 1,000 

Hz are dampened in blocks of 0.25 – 2 seconds at a time (Mudford, et al., 2000). 

Gating produces a random effect that is assumed to “exercise” middle ear muscles 

and improve auditory processing (Zollweg, Palm, & Vance, 1997). Although gating 

is used across all sound therapy methods except SST, there are no credible 

explanations to data to explain how it might work (Sinha et al., 2004). In filtered 

music, narrow bands of selected frequencies are dampened in a particular way to 

meet the needs of a client (Rimland & Edelson, 1994). Filtering may be done to 

highlight specific frequencies required for speech (Porges, al., 2014; Porges, et al., 

2013) or around frequencies that the listener seems to be sensitive to (Mudford, et 

al., 2000). In SST, low frequencies below 1,000 Hz are reduced through filtering to 

highlight higher frequencies (Steinbach, 1998, p. 155). (Importance of high-

frequency sounds was discussed in the SST section, p. 74). 

The “manipulation” of music through modifications is believed to affect 

various parts of the auditory and central nervous system (Zollweg, et al., 1997). This 

claim is disputable because to date, no experimental research has been found to 

substantiate this claim. Sound therapy music sounds different from non-modified 

music in that certain elements, such as higher frequencies, seem to “stand out”, and 

contrasts between low and high sounds seem clearer. The reason as to why exactly 

the music is modified this way has not been explained in the literature. Evidence 

from auditory training research indicates that increasing perception of acoustic 

contrasts may be helpful in developing auditory processing skills (Baharav, 2008; 

Tremblay & Kraus, 2002), and that directing a child’s attention to meaningful 

acoustic cues, such as certain sound frequencies in auditory stimuli provided, may 

help to improve speech perception (Kraus et al., 2014). It has been suggested that 

certain modifications increase clarity of sounds, which in turn makes higher 

frequency sounds easier to perceive (Abbott, 2011). This may be helpful for 

individuals like children with ASD, whose auditory learning is compromised due to 

an auditory processing deficit (see Auditory processing difficulties in ASD, p. 36). 

These children may not learn to attend to sounds spontaneously in natural 
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environments unless the sounds have been somehow modified to enhance attention 

and learning (Moore et al., 2009).  

   

 Spectral activation. Spectral activation of sounds is a method of sound 

modification developed by Steinbach (Steinbach, 1998).  It is unique to SST and not 

used in other forms of sound therapy. Spectral activation is based on the formant 

laws of Erich Schumann (Mertens, 1975) and it is done using a piece of technical 

equipment developed by Steinbach called “Envelope Shape Modulator” (Steinbach, 

1998, p. 149). The name reflects the shape of the harmonics (overtones) in natural 

sounds called an envelope (Steinbach, 1998). This envelope is different for all 

sounds, and it carries information that allows us to differentiate one musical 

instrument or speech sound from another (Steinbach, 1998). The process of spectral 

activation enhances the partials (overtones) that are components inherent in all 

natural sounds (Steinbach, 1998). Being a dynamic process, the intensity of spectral 

activation depends on the volume (loudness) at which the instrument is playing and 

the relative dynamic of the music being processed. Spectral activation affects 

frequencies above 1,000 Hz with increasing values from Level A to Level D 

(Steinbach, 2016). As discussed in an earlier section (p. 74), high-frequency sounds 

are important for sound discrimination and language. The depth of the modulation is 

increasing from Level A to Level D. Level A has a lower level of modulation depth 

than level D (Steinbach, 2016). The algorithm used by the envelope shape modulator 

for spectral activation of sounds is highly complex. The details have not been 

published, and the specifics are outside the scope of this study. Typically, Level A, 

which includes minimal manipulation, is used with young, sensitive children. 

Conversely, Level D is used with children who present with sensory seeking 

behaviours or sensory under-responsivity. Steinbach argues that spectral activation 

makes the sounds clearer, interesting, and easier to perceive, encouraging auditory 

attention (Steinbach, 2000). When listening to spectrally activated music, a child 

hears the sounds as if through an acoustic magnifying glass (Steinbach, 2000; 2010).  

If the middle ear system does not work well, such as when neural tone to 

middle ear muscles is low (Porges, et al, 2013), then the intervention is assumed to 

be more effective if it “mimics” the natural function of the middle ear system and 

attenuates lower frequencies and emphasizes high frequencies of the music 
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(Steinbach, 1998). This process of attenuation and amplification increases acoustical 

contrasts (Baharav, 2008). Spectral activation of higher harmonics together with 

low-pass filtering that attenuates low-frequency sounds, is believed to achieve this 

and “normalize” function of not just the middle ear but the whole auditory system. 

There is currently no research on spectral activation. It makes intuitive sense to use a 

method that is natural and sounds like a musical version of “motherese”, a highly 

expressive form of high-pitched language with exaggerated pitch contours used by 

mothers to engage their infants (Schore, 2014). However, there is currently no proof 

that this process is more efficient than other ways of modifying sound, or that it is 

effective at all. This research project attempts to address this current gap in the 

literature by investigating the effectiveness of spectrally activated SST music on 

children with ASD.  

   

 Research on effectiveness of sound therapy in ASD.  This section reviews 

studies examining the effectiveness of sound therapies. The first part discusses main 

findings from a Cochrane review (Sinha et al., 2004). As more sound therapy studies 

have been published since the review was published in 2004, the second part 

discusses main findings from these studies. Given that technology for sound 

modification varies between methods, individual studies are grouped based on the 

type of sound therapy used. Studies examining Tomatis method, being the oldest 

method are reviewed first, followed by studies on Auditory Integration Training 

(AIT) and other methods. To date, studies investigating SST have not been found. 

 Evidence from the Cochrane review. The Cochrane review published in 2004 

aimed to establish the effectiveness of sound therapies for individuals with ASD 

(Sinha et al., 2004). All six studies selected for the review examined the 

effectiveness of AIT. Three of the six studies found improvement in the AIT group 

(Edelson, 1999; Rimland, 1995; Veale, 1993). A meta-analysis could not be 

completed due to variations in statistical methods, a high degree of heterogeneity, 

and inconsistencies in data presentation (Sinha et al., 2004). 

 The studies included in the review covered a wide range of ages from 

childhood to adolescence. Three of the studies also included adults (Edelson, et al., 

1999; Zollweg, Palm, & Vance, 1997; Rimland & Edelson, 1995). The number of 

participants ranged from 10 to 30, with one study involving 80 participants 
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(Bettison, 1996). Mudford and colleagues (2000) used a cross over design, while the 

others used a parallel group design. Treatment in all studies was 10 consecutive days 

of clinic-based AIT, provided twice daily for 30 minutes each time. Details of the 

control condition or the type of music used for the groups were not provided. A 

variety of non-standardised checklists and diagnostic tests were used to measure 

changes in behaviour, cognitive skills, sound sensitivity, and listening skills pre-and 

post-treatment by blinded assessors. Overall, the results of the studies were mixed. 

For behaviour outcomes positive changes (p < 0.05) were reported by some authors 

(Edelson, et al, 1999; Rimland; 1995; Veale, 1993), but not others (Bettison, 1996; 

Mudford, et al, 2000; Zollweg, Palm, & Vance, 1997). For auditory processing, 

Rimland and Edelson (1995) reported significant difference on some, but not all 

auditory items of the Fishers Auditory Processing Checklist. No differences were 

reported in sound sensitivity (Bettison, 1996; Zollweg, Palm, & Vance, 1997).  For 

cognitive ability, Edelson and colleagues (1999) reported improvement in Event-

Related Brain Potentials, which is an electrophysiological measure of memory. 

However, highlighting the difficulty in assessing children with ASD, only a small 

percentage of participants were able to participate in the ERP testing (Rimland & 

Edelson, 1999). The reviewers concluded that more experimental research was 

required to determine the potential efficacy of sound therapies (Sinha, et al., 2004). 

 The Cochrane authors (2004) highlighted many limitations in the studies 

included in their review, most important being the use of research design. The use of 

a cross over design in sound therapy research is problematic because sound therapies 

are expected to have a long-term carry-over effect that may reach beyond a four-

week washout period (Sinha, et al., 2004). Other limitations included wide age 

ranges that may obscure the improvement of younger participants who are expected 

to make bigger gains; use of diagnostic tests and checklists with questionable 

validity as outcome measures; and lack of follow-up measurements to assess 

maintenance of treatment gains. The authors recommended that future sound therapy 

trials should: 

1. Use the “gold-standard” for ASD diagnosis,  

2. Use sample sizes large enough to detect possible differences between groups,  

3. Use valid and clinically meaningful outcome measures,  

4. Present information in the recommended way for RCT’s,  
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5. Consider intellectual ability, age of participants, severity of ASD and other 

subgroup variations and their potential effect on outcomes, and  

6. Collect information about other therapies and potential confounders (Sinha, et al., 

2004, p. 11) 

 

Evidence from sound therapy outcome studies. Over the past decade, some 

research has been published on the effectiveness of two clinic-based sound therapy 

methods, The Tomatis method and Auditory Integration Training (AIT). In addition, 

two home-based methods, Therapeutic Listening, and The Listening Program have 

been examined.  

 Research into The Tomatis Method. (Corbett, Shickman & Ferrer, 2008) 

investigated the effects of Tomatis music when compared to non-modified music on 

language skills of 11 children with ASD. Treatment in the cross over study involved 

daily clinic-based sessions provided in four blocks of two to three weeks each, 

totaling 90 hours over a nine-month period. Outcome measures included two 

language tests, administered pre-treatment and after each treatment block. All 

children improved and there were no differences between groups.  The study 

presented with two significant limitations: the use of a cross over design and 

employment of diagnostic tools that may not have validity as outcome measures. 

Gerritsen (2010) argued that since 40% of the children with ASD, in general, did not 

respond to the Tomatis method, the results of the study would be best analysed as 

individual cases. He, therefore, re-analysed the scores by Corbett and colleagues 

(2008) and found that six out of the 11 children improved in expressive and 

receptive language, communication, socialization, activity level, behaviour, and 

attention. There was no improvement in the other four cases. 

 Neysmith-Roy (2001) presented a series of six case studies examining the 

effect of the Tomatis method on behaviour. Treatment times varied between six and 

nine months. An autism diagnostic tool, the Childhood Autism Rating Scale (CARS) 

was administered pre- and post-treatment and individual subscales of the instrument 

were analysed to measure progress. Three of the six children showed positive 

behavioral changes at the end of the treatment period, corresponding to a reduction 

in autism severity. Five children improved in listening skills, non-verbal 

communication, emotional responses, activity level, and adaptation to change. A 
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limitation of this study was the choice of an outcome measure. The CARS is a 

screening tool for ASD and the total CARS score is used to report the severity of 

impairment (Schopler, Van Bourgondien, Wellman, & Love, 2010). The CARS has 

not yet been validated as an outcome measure and therefore, using this tool, 

particularly when the measurement is based on individual subscale scores, is 

questionable. 

 Research into AIT.  Al-Ayadhi, Al-Drees and Al-Arfaj (2013) examined the 

effectiveness of AIT in reducing ASD symptoms in a group of 72 children. 

Measurements were taken on two standardised tools and a non-standardised 

checklist. Findings indicated an improvement of 14% at three months and 18 % at 

six months post-intervention. Some improvement (22% and 26%) was also noted in 

social responsiveness and speech, communication, and sociability (20% and 23%). 

Although the sample size was large, an absence of a control group poses limitations 

to the interpretation of the study. It is not known whether positive changes occurred 

because of the treatment provided or because of other factors, such as attention and 

care provided by the AIT therapists. Moreover, CARS while standardized for 

diagnostic use, is not a validated outcome measure. 

 Brown (1999) presented two cases studies involving a pair of siblings with 

ASD. Behavioural observations were collected on a variety of areas over the 10-day 

treatment period. Some improvement was reported in attention, arousal regulation, 

tolerance of sounds, language, and eye contact. While interesting, Brown’s findings 

were highly subjective, based on his clinical observations. The study could have 

been strengthened with an inclusion of standardised measures or a detailed video 

analysis. 

 Research into other methods. Abbott (2011) investigated the effects of 

Therapeutic Listening home program on social and self-care skills on two children 

with ASD. The children in the case study listened to sound therapy recordings twice 

daily at home, 30 minutes at a time, for 16 weeks. Pre- and post-measurements on 

standardized tools found positive changes in communication, social skills, listening 

skills, behaviour, and parental stress. Gee, Thompson and St John (2014) presented a 

single case study researching the effectiveness of The Listening Program in 

improving sound sensitivity. As in the study by Abbott (2011), the program was 

administered at home by the child’s parents, twice daily, 15 minutes at a time for 10 
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weeks. Repeated measurements using two standardised sensory questionnaires were 

taken before, during, and after the intervention. The child’s caregiver reported a 

decrease in auditory avoidant and self-stimulatory behaviours; however, the positive 

gains were not maintained at four-week follow-up. 

 Overall, evidence-base for sound therapies continues to be weak, and studies 

available present with many limitations. The largest studies (Corbett, Shickman & 

Ferrer, 2008; Mudford et al, 2000) employed a cross over design, which is 

problematic because sound therapy is expected to have carry-over effects that would 

continue past treatment endpoint (Sinha, et al, 2004). Wide age ranges, variable 

intellectual ability (Corbett, et al, 2008; Mudford, et al., 2000), and undefined ASD 

severity (Bettison, et al., 1996; Mudford, et al, 2000; Corbett, et al., 2008) may have 

resulted in heterogeneous samples, potentially obscuring the effect of the 

intervention, if any existed. Furthermore, choice of outcome measures was 

problematic in most studies. The following are some examples of diagnostic tools 

that are yet to be established as outcome measures: Autism Behaviour Checklist 

(Bettison, et al., 1996), Developmental Behaviour Checklist (Bettison, et al., 1996), 

Aberrant Behaviour Checklist (Mudford, et al., 2000), Peabody Picture Vocabulary 

Test (Bettison, et al., 1996; Corbett, et al., 2008), and Expressive One Word 

Vocabulary Test (Corbett, et al., 2008). Nevertheless, some positive outcomes have 

been described in case studies. These include a decrease in problem behaviours and 

self-stimulation (Gee, Thompson, & St John, 2014), and improvements in areas such 

as communication skills (Gerritsen, 2010), social awareness, social cognition, and 

social communication (Al-Ayadhi et al., 2013). It is noteworthy that none of the 

studies investigated social engagement in children with ASD.  

Another concern is that there are no published studies on SST. While SST is 

based on the Tomatis principles, the method of sound modification and use of spatial 

recordings are different from any other method. It is therefore not clear whether any 

of the above findings are applicable to SST. High-quality research using appropriate 

research designs and valid outcome measures is needed to investigate the 

effectiveness of SST music on children with ASD.  

 

Conclusion 
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 Many children with ASD present with sensory-based difficulties particularly 

in the auditory domain (Tomcheck & Dunn, 2007). Auditory difficulties, such as a 

deficient ability to orient towards a parent’s voice, may have a negative impact on a 

child’s ability to engage with the social environment (Baranek, et al, 2013; Dawson, 

Meltzoff, Osterling, Rinaldi, & Brown, 1998; Dawson, et a., 2004; Kuhl, Coffey-

Corina, Padden, & Dawson, 2005). Social orienting, joint attention, and social 

interaction are examples of social engagement constructs that are likely to be 

impacted by the auditory system. Deficits of social interaction are at the core of ASD 

diagnosis and yet, not enough is currently known about auditory aspects of social 

engagement.  

 Research investigating music interventions has found evidence that relational 

music therapy can be effective in improving areas of social engagement 

(Geretsegger et al., 2014); however, sound therapy studies have not yet examined 

this area. Case studies provide anecdotal evidence that sound therapies may be 

helpful in improving certain aspects of social communication (Abbott, 2011; Gee, 

Thompson, & St John, 2014; Gerritsen, 2010; Neysmith-Roy, 2001). Nevertheless, 

research into sound therapies is sparse, and there are no published studies currently 

available to examine the effectiveness of SST. Music therapists working with 

children with ASD need a variety of evidence-based tools to address the diverse 

needs of this heterogeneous population (Gerrard & Rugg, 2009). Hence, research 

into SST is warranted. 

 A randomised controlled trial was planned to examine the effects of the SST 

program in comparison to a music-listening condition in children with ASD. The 

outcome of interest was social engagement. The aim of the study was to answer the 

main research question: “Does SAMONAS Sound Therapy (SST) have a positive 

influence on social engagement behaviours of children with ASD?” The following 

hypotheses were posed to answer this question: 

1. There will be more occurrences of 

a. Social orienting behaviours, 

b. Joint attention behaviours, and  

c. Reciprocal social interaction 

observed in children with ASD in response to a two-week SST clinic 

intervention compared to a two-week standard music listening.  
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2. There will be more occurrences of   

a. Social orienting, 

b. Joint attention, and  

c. Reciprocal social interaction     

observed in children with ASD in response to an eight-week home-based 

SST intervention compared to an eight-week home-based standard music 

listening. 

 

3. There will be greater changes in  

a. Social orienting, 

b. Joint attention, and  

c. Reciprocal social interaction 

observed immediately after the two-week clinic program than after the eight-

week home program in children with ASD in the SST group, compared to 

standard music listening. 

  

4. Any changes in  

a. Social orienting,  

b. Joint attention, and  

c. Reciprocal social interaction  

 will be maintained at three-month follow-up.  

 

 

 

Chapter 3  

Method 

Introduction  

 This research project aimed to investigate the effectiveness of SAMONAS 

Sound Therapy  (SST) in improving social orienting, joint attention, and reciprocal 

social interaction in children with ASD. As discussed in Literature Review, the three 

social engagement constructs were chosen because of their developmental 

importance and potential links with the auditory system. While typically developing 
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children advance in social engagement skills from an early age, children with ASD 

show signs of abnormal development in social orienting, joint attention, and social 

interaction by 12 months (Crais et al., 2004). Studies suggest that social engagement 

skills of children with ASD may be negatively impacted by auditory processing 

deficits, such as a poor ability to filter out background sounds present in the room to 

focus on a parent’s voice (Baranek et al., 2013; Dawson et al., 1998; Kuhl et al., 

2005). The present study targeted a subgroup of children with ASD, who in addition 

to a social impairment also presented with auditory filtering difficulties. Given that 

SST is claimed to improve auditory processing skills (Steinbach, 1998), this study 

aimed to examine whether children who received SST demonstrated positive gains 

in their social engagement skills after the intervention. Influenced by the post-

positivist research paradigm, observable changes in behaviour were measured to 

search for a causal relationship between SST and social engagement outcomes 

(Creswell, 2014). 

 The research question “Does SST have a positive influence on social 

engagement behaviours of children with ASD?” as well as the hypotheses posed for 

this study, centred on the effectiveness of SST. For this reason, the inquiry was 

undertaken as a randomised controlled study (RCT). RCT’s are widely recognized 

as the most reliable type of evidence on treatment effects (Akobeng, 2005). 

Furthermore, RCT’s form the primary source of information in Cochrane reviews 

considered the highest standard in healthcare (The Cochrane Collaboration, 2015). 

Other reasons for choosing this design involved personal and political factors. 

Rolvsjord, Gold and Stige (2005) argued that all research can be seen in a political, 

cultural, and social context, serving a variety of purposes. For this study, the 

political context (as explained in Introduction, p. 8) involved the desire to contribute 

to discussion on treatment options for children with ASD in Singapore. Given that 

Ministry of Health (Singapore) treatment guidelines for ASD (2010) were based on 

research findings from RCT’s only, undertaking an RCT was the most appropriate 

way to contribute to the debate. Personal reasons (also discussed in Introduction,) 

involved a strong personal bias owing to my marriage to the developer of SST, Ingo 

Steinbach. The rigorous RCT design, planned in a methodologically sound way 

(Bradt, 2012), helped to minimize the effects of this bias (Porter, McConnell, Lynn, 

Cardwell, & Holmes, 2015). 
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 Much debate can be found in literature about limitations of evidence-based 

practice and the use of RCT’s in music therapy research (Aigen, 2015; Evans & 

Porter, 2009). Aigen (2015) argues that the inherent assumption behind the RCT 

design, that people with the same diagnosis respond to the same intervention in the 

same way, is fundamentally flawed. This argument has some value with a client 

group as diverse as children with ASD who present with a broad range of cognitive, 

verbal, and social abilities (American Psychiatric Association, 2013). The study 

aimed to respond to this criticism by following Cochrane reviewers’ guidelines for 

sound therapy research (Sinha et al., 2004). Strict intake criteria were set to find a 

group of children who were as similar as possible regarding diagnosis, ASD 

severity, age, cognitive ability, and language level. The design, including details of 

both intervention options provided in the trial, is explained in depth in the following 

section.  

 

Research Design 

An RCT following a repeated measures, two-arm parallel group design 

(Bradt, 2012) was chosen to answer the research questions of this study. Children in 

the experimental treatment group listened to SST music, while children in the 

comparative intervention group listened to standard pre-recorded music. Listening to 

pre-recorded music was chosen for comparison condition as it allowed for 

“blinding” of parents, therapists, and assessors to the treatment condition (Bradt, 

2012). Aside from receiving a different intervention, the two groups were treated 

and assessed in an identical manner (Akobeng, 2005). Assessments were 

administered before, during, and after treatment.  

 The repeated measures design has some advantages over pre- and post-

designs. Used in some earlier music therapy studies (Kim et al., 2008), a repeated 

measures design has the potential to improve efficiency and increase statistical 

power for detecting changes (Guo, Logan, Glueck, & Muller, 2013; Tango, 2016). 

As the same children are followed across the study period and the groups are 

therefore the same at each measurement point, there is likely to be less variation 

caused by sampling error between the groups (Scott & Mazhindu, 2014). While 

there is still a possibility of error due to random and “intra-individual” factors, the 

reduced chance of sampling error means that often, smaller sample sizes can be used 
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(Scott & Mazhindu, 2014; Tango, 2016). Moreover, collecting repeated measures 

allows for testing of trends of improvement over a time period (Guo et al., 2013; 

Tango, 2016). The possibility of testing for treatment-by-time interaction (Tango, 

2016) was an important consideration for this study, as the research questions 

included an inquiry about differences between effects of clinic- and home-based 

SST interventions.  

 This repeated-measures study employed a parallel group design with two 

independent intervention groups (Stedman, Curtin, Elbourne, Kesselheim, & 

Brookhart, 2011). Parallel designs have previously been used in sound therapy 

research on children with ASD (Bettison, 1996; Edelson, et al., 1999). While it is 

appropriate for music-based interventions that are expected to have long-lasting 

effects, the parallel group design also places some demands on sample size 

(Geretsegger et al., 2014). Finding enough willing participants to participate in a 

study is a serious problem in health care research (Porter et al, 2015). Likewise in 

Singapore, creating enough interest among parents to participate in a study involving 

severely delayed, often difficult-to-manage children with ASD was expected to be 

challenging. Inquiries with the local SST clinic, Samonas Auditory Performance 

Centre, showed, however that the clinic was willing to host the trial as it was 

receiving a steady flow of referrals of children with ASD. The clinic owner expected 

referrals to continue coming in and therefore, the parallel group design was 

confirmed. 

 

Combining Clinic-Based and Home-Based Therapy 

 This study combined clinic-based and home-based therapies as the 

combination provided definite advantages. The clinic environment allowed the 

student researcher to control variables such as type of toys available and provided 

easy access to high-quality sound production equipment. Traditionally, sound 

therapies have been clinic-based and most sound therapy studies have been 

conducted and researched in clinic environments (Bettison, 1996; Corbett, 

Shickman, & Ferrer, 2008; Mudford, 2000). The disadvantage of the clinic-based 

treatment is the amount of resources required for families to manage daily commute 

to the sound therapy clinic. Other music intervention trials have demonstrated that 

while children with ASD are capable of improving their social engagement skills, 
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change takes time. Typically, three to four months of treatment may be required for 

a significant treatment effect (Kim et al., 2008; Thompson et al., 2013). Even if 

more convenient, shorter treatment periods are unlikely to achieve the auditory 

training effect required for auditory learning (Moore et al., 2009).  

Home-based treatment similarly has advantages and disadvantages. Easy for 

parents to access, home-based therapy has been found useful in children with ASD 

(Thompson, 2012a) (Abbott, 2011). Some forms of sound therapy are exclusively 

home-based (Frick & Hacker, 2001); however, the home environment places some 

restrictions on the use of technical equipment. It is usually not practical to use easily 

breakable, expensive bone conduction headphones and amplifiers at home even if 

this equipment is expected to improve effectiveness of SST. Hence, home-based 

SST programs are assumed to be less effective than clinic-based programs when 

treating children with ASD (Steinbach, 2010). From a research point of view, home 

programs pose some challenges as parental compliance with treatment protocols 

needs to be closely monitored (Bellg et al., 2004; Schoen, Miller, & Sullivan, 2015). 

In clinical sound therapy practice, home programs are used as a follow-up to clinic-

based programs to produce further changes in social engagement (Steinbach, 2010). 

At the same time, home programs have potential to empower parents and integrate 

the practice of daily music listening into children’s routines at home (Thompson, 

2012a). Although no study had used this combination when the study was being 

planned, evidence from empirical studies suggested that both clinic-based treatments 

(Kim et al., 2008) and home-based therapies (Thompson et al., 2013) were effective 

in improving joint attention and social engagement on children with ASD. Recently, 

one study investigated the effectiveness of Integrated Listening Systems (Schoen et 

al., 2015) using a combination of home- and clinic-based listening sessions on 

children with sensory processing difficulties. Schoen and colleagues (2015) did not 

specify the reasons behind this combination. For the current study, combining both 

modes of treatment to reflect typical practice had additional benefits because it is 

known that children with ASD have difficulty generalizing skills across different 

settings (Betz, Higbee, & Pollard, 2010). Providing listening sessions in both 

environments was expected to help facilitate transfer of any new skills from the 

clinic to the home setting. 
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Length of Treatment.  

 In clinical practice, clinic and home therapies are adjusted according to 

individual assessments; in this study, treatment protocols were standardised for all 

participants. Sound therapy research indicates that a two-week clinic-treatment may 

be effective with children with ASD (Al-Ayadhi et al., 2013; Brown, 1999). In 

contrast, home-based therapy typically requires 10 weeks or more to make a positive 

impact (Gee et al., 2014). Clinical experience of the developer of SST suggests 

however that a slightly shorter eight-week home program may produce change when 

combined with a clinic-program (Steinbach, 2010). Furthermore, shorter home 

programs could be expected to have a higher likelihood of parental adherence to 

treatment protocol and a reduced probability of dropouts. Given that an eight-week 

home program may show benefits, to reduce the risk of dropout or protocol non-

compliance, an eight-week rather than 10-week program was chosen to compliment 

the two-week clinic program. 

The study employed a repeated-measures design (Sedgwick, 2015a) that 

included administration of outcome measures before intervention (T1), after a two-

week clinic-based intervention (T2), following an eight-week home program (T3), 

and after a three-month break (T4). The length of follow-up period was determined 

based on studies by Bettison (1996) and Al-Ayadhi and colleagues (2013) 

demonstrating that the effects of AIT (another sound therapy intervention) lasted for 

three months. It was not known how long the effects of SST would last, but 

assuming SST could be equally effective as AIT, a three-month benchmark was 

adopted for the study. Figure 3.1 below highlights the treatment progression. Clinic-

treatment started within a week from baseline assessment at time point T1, and 

assessments T2, T3, and T4 were arranged within a week from the end of clinic-, 

home-, and follow-up periods. The total length of the trial was 26 weeks for all 

children. 

 
Figure 3.1. Study progression. 
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Sample Size 

 Sample size of 10 children per condition was determined by previous 

research by Kim, Wigram and Gold (2008). In their study employing a within-

subjects RCT design, Early Social Communication Scale, ESCS (Mundy et al., 

2003) (also used in the current study: p.102, Assessment Measures) was used to 

measure outcomes on effectiveness of improvisational music therapy in addressing 

joint attention behaviours in children with ASD. Kim and colleagues (2008) found a 

significant difference (p = 0.01) in joint attention post-intervention on a sample size 

of 10. In the absence of other studies using ESCS to measure social engagement 

behaviours following a music intervention, the student researcher followed Kim and 

colleagues (2008) and aimed to recruit 20 children with ASD for the current study. 

As this was the first study on SST and there was insufficient data available to 

estimate standard deviation of change scores on primary outcome measures planned 

for use after SST (Sedgwick, 2015c), power calculations were not attempted before 

the start of the trial.  

 

Inclusion and Exclusion Criteria 

A high variability exists in how children with ASD respond to treatment 

(Bent & Hendren, 2010). The within-group heterogeneity can be problematic when 

children are grouped together and the groups are compared to measure certain 

variables. To control variance between participants and to promote internal validity, 

the study aimed to recruit a homogeneous sample (Thompson, 2012b). According to 

Gold (2015), a homogeneous sample can strengthen the study and when combined 

with repeated measurements, it may help to compensate for a small sample size 

(Gold, 2015). 

 Most importantly, in this study restrictions were placed on diagnostic criteria 

and age range. At the time when the study was planned, the diagnostic criteria for 

ASD in Singapore was based on DSM-IV (American Psychiatric Association, 1994), 

which classified ASD as a cluster of Pervasive Developmental Disorders including 

Autistic Disorder and many others. Nevertheless, in clinical practice, doctors also 

used the terms “Autism” and “Autism Spectrum Disorder” concurrently when 

explaining the diagnosis to parents. Therefore, the two terms, even if not a part of 

formal DSM-IV criteria, were included in the intake criteria. There was a 
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requirement that children had a confirmed diagnosis by a certified Psychologist or a 

Paediatrician when entering the study.  

The age group was chosen because of the importance placed on researching 

effective treatments for early intervention for children aged six and below 

(Cunningham, 2012). This emphasis on early intervention in children with ASD is 

based on the fact that when treatment begins early, more improvement can be 

observed in cognitive functioning (Ben Itzchak & Zachor, 2011). The following 

intake criteria was set for the study:  

 

1. Diagnosis of Autistic Disorder, Autism Spectrum Disorder, or Autism by a 

medical professional, using the DSM-IV (American Psychiatric Association, 2000) 

or ICD-10 (World Health Organization, 1992) criteria for Pervasive Developmental 

Disorders. A current equivalent based on DSM-5 (American Psychiatric 

Association, 2013) is Autism Spectrum Disorder. The DSM-5 was published after 

the intake for the study had been started, and therefore the participants were still 

diagnosed using the previous criteria. 

 

2. Age between 4 years 0 months and 5 years 11 months at the time of intake. The 

lower age boundary was chosen based on the lowest age limit of one of the 

secondary outcome measures, Social Responsiveness Scale (SRS) (Constantino & 

Gruber, 2005). The SRS is standardized for children from age four. The upper age 

boundary was chosen to keep the age range small enough so that skills of 

participating children could be compared. Also, the upper age limit for Parent 

Interview for Autism (PIA-CV) (Stone, Coonrod, Pozdol, & Turner, 2003), a 

secondary measure used in the study, is 6 years 0 months. 

 

3. A “Probable Difference” or “Definite Difference” score in Auditory Filtering on 

the Short Sensory Profile (Dunn, 1999) parent questionnaire indicating that the child 

had difficulty listening to instructions in the presence of background noise. This 

criterion was chosen to represent the area of auditory processing difficulties 

considered most relevant to this study. 
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4. Normal hearing as per an audiological evaluation by a certified audiologist using 

standard audiometric tools. Hearing loss may be more common in children with 

ASD than in typically developing children (Tas et al., 2007) and any hearing issues 

would alter the implementation and course of therapy. 

 

Participants were excluded if they were affected by conditions such as 

Rhett’s Disorder, Childhood Disintegrative Disorder, Pervasive Developmental 

Disorder, or Asperger’s Syndrome. Clinical reports show that children with these 

disorders present very differently from those with ASD regarding intellectual, 

sensory, language, and attention skills and therefore children with these diagnoses 

should be excluded (American Psychiatric Association, 2000; World Health 

Organization, 1992).  

 

Recruitment 

Children were recruited to the study if parents responded to various forms of 

advertising about the trial and consented to their child’s participation. Both SST and 

comparative music condition intervention were presented as equally interesting 

options to parents at intake. The investigator in collaboration with Samonas Centre 

personnel determined preliminary eligibility based on initial parent information and 

phone interview. Final eligibility was confirmed during an intake assessment. The 

figure below highlights the intake process.  

 

 
Figure 3.2. Intake procedure. 

Begin intervention 
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Randomization 
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Stage 2 Screening: Intake assessment 

Stage 1 Screening: Telephone screening with parents 
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 Unexpected difficulties were experienced with recruitment when new 

guidelines by Singapore’s Ministry of Health (originally published in 2010), took 

effect towards the second half of 2011. As mentioned earlier (Introduction, p. 8), the 

document presented music therapy and sound therapy as experimental treatments 

with no solid research base and concluded that these treatments were not 

recommended for children with ASD (Ministry of Health Singapore, 2010). 

Following a newspaper article presenting these guidelines, organizations such as 

children’s hospitals and special schools that typically referred children with ASD to 

sound therapy withdrew their support. Written questions to referring parties early in 

2012 confirmed that managers of these organizations no longer referred children to 

any treatment that did not have a solid research base. As a result, no further inquiries 

about the study occurred. Following this, the student researcher discontinued 

recruitment after 11 students had been recruited, in order to analyse the data for the 

students who had completed their participation in the study.  

 

Ethics and Informed Consent 

Ethics approval was received for this study by Human Ethics Committee of 

University of Queensland in accordance with National Health and Medical Research 

Council of Australia’s guidelines (Ethical Clearance Number 2010000794) on the 

21st of December 2010. The University of Queensland was involved because the 

student researcher was initially enrolled in its Ph.D. program before transferring to 

the University of Melbourne. Once the student researcher had transferred her 

candidature, data was no longer collected. 

Parents contacting Samonas Auditory Performance Centre were informed of 

the study through an email sent by Samonas staff. They received an information 

letter with an attached consent form (Appendix A) to sign on behalf of themselves 

and their child. The letter also provided details of their involvement as it related to 

the research project. Given the age and low level of receptive and expressive 

language capacities, children were not asked to give consent to participate.  

 

Random Allocation Procedure 

Eligible participants were randomly assigned (Sedgwick, 2014b) to SST 

(experimental treatment group) or music listening (comparative treatment) 
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conditions. A paired randomization was initially planned to ensure a balanced 

distribution of age, ASD severity, and IQ (Akobeng, 2005). However, all children’s 

intake scores were in the “severe” range of ASD in Childhood Autism Rating Scale 

(Schopler et al., 2010). Moreover, all children presented with severely delayed 

language skills on Mullen Scales of Early Learning (Mullen, 1995). Given these 

similarities in their profiles, the pairing was no longer necessary. The baseline 

characteristics of participants are presented in Results (p.156). 

Ingo Steinbach, of Samonas Auditory Performance Centre assigned 

participants to group conditions using a computer-generated randomised list 

prepared by the student researcher’s supervisor Felicity Baker. Given that Steinbach 

had least amount of contact with study participants, he was chosen as the best option 

to assign the participants to group conditions based on the list provided. To prevent 

allocation bias, Steinbach did not have access to children’s assessment results or 

personal data (Sedgwick, 2015a). The group assignment was concealed from the 

person enrolling participants (the clinic receptionist) and from therapists and 

outcome assessors (research assistants). The allocation was revealed to the parents 

and the student researcher only after the final follow-up assessment had been 

conducted and scored. While children were encouraged to continue with their 

current treatment protocols such as speech therapy and occupational therapy during 

the trial (Sinha, et al., 2004), parents were discouraged from adding in new 

treatments to their children’s programs during the research period (Mesibov & Shea, 

2011).  

 

Assessment Measures 

 Measures to describe the sample. As discussed in the Literature Review, 

Cochrane reviewers for sound therapy (Sinha, et al., 2004) recommended that 

researchers should clearly define the severity of ASD, intellectual impairment, and 

any other relevant abilities in study participants to assist parents and professionals in 

decision-making based on the study results. Adaptive behaviour, reflecting a child’s 

ability to function independently in daily life is one such ability that should be 

reported in autism studies (Cunningham, 2012). As the study investigated social 

interaction (involves verbal and non-verbal communication), a definition of 

children’s language level was also needed. Based on this information, three 
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assessments were administered at baseline: Childhood Autism Rating Scale 

(Schopler et al., 2010), Vineland Adaptive Behaviour Scales (Sparrow, Cicchetti, & 

Balla, 2005), and Mullen Scales of Early Learning (Mullen, 1995).  

 Childhood Autism Rating Scale (CARS-2, 2nd ed. Standard version). CARS 

(Schopler et al., 2010) is a 15-item behaviour scale used to determine presence and 

degree of ASD in participants. The scale yields a total raw score that places a child 

in minimal, mild to moderate, or severe range of ASD (Schopler, et al., 2010). The 

CARS was administered during the intake assessment and scored based on direct 

observation.  Initial scores were confirmed after a review of session video 

recordings. CARS has been used extensively in ASD outcome research (Dawson et 

al., 1998; Pajareya & Nopmaneejumruslers, 2011) and music therapy research 

(Finnigan & Starr, 2010; Gattino, Riesgo, Long, Leite, & Faccini, 2011; Kern & 

Aldridge, 2006; Reitman, 2005; Stephens, 2008). Reliability and validity studies 

demonstrate very good internal consistency (α = 0.93), good inter-rater reliability (r 

= 0.71) and a high correlation (r = 0.84, p < 0.001) between CARS total scores and 

expert clinical ratings (Schopler, et al., 2010).  

Vineland Adaptive Behaviour Scales (VABS, 2nd ed.). VABS (Sparrow et 

al., 2005) were administered to acquire information about a child’s ability to 

function in daily life at home and in community. Parent ratings were obtained 

through Parent/ Caregiver Rating Form and domain scores in the areas of 

communication, daily living skills, socialization, motor skills and behaviour, were 

added up to form a total raw score. The total raw score was converted into a total 

standard score (Sparrow, et al., 2005). The VABS is well established and has been 

used in music therapy studies on children with ASD (Finnigan & Starr, 2010; Kim, 

2006; Stephens, 2008). Psychometric properties are strong with very good internal 

consistency (r = 0.83 to 0.97 for children aged three to seven) and good inter-rater 

reliability (r = 0.60 to 0.87). Validity measures show strong inter-correlations (r = 

0.71 to 0.87) across domains and composite score (Sparrow, et al., 2005). VABS has 

been validated on several client groups including verbal and non-verbal clients with 

ASD (Sparrow, et al., 2005). 

Mullen Scales of Early Learning (MSEL, AGS ed.). MSEL (Mullen, 1995) 

were chosen to measure cognitive functioning and verbal abilities in study 

participants. MSEL is untimed and flexibly administered, which is helpful when 



 

	

99 

administering the test on children with ASD who typically have difficulties in 

attending to tasks and engaging with an examiner (Akshoomoff, 2006). An examiner 

is allowed to change the order at which individual subtests are being administered, 

and it also allows for breaks and unhurried administration. 

 MSEL can be administered to children from birth through 68 months of age 

(Mullen, 1995). The test takes about an hour to administer and assesses language, 

motor, and visual-perceptual ability using tasks that are well structured and, with the 

exception of language items, less dependent on good language skills. The MSEL 

visual reception, fine motor, and expressive and receptive language subscales are 

summarized to yield an Early Learning Composite (Mullen, 1995) that allows for a 

calculation of mental age, used to represent IQ scores in young children with ASD 

(Wong & Kasari, 2012). While the test is suitable for children with ASD, studies 

have found that compared to typical children, children with ASD still spend a 

significantly (p = 0.0001) greater proportion of time off-task, disengaged, or crying 

(Akshoomoff, 2006). Off-task behaviour is a common problem when formally 

testing children with ASD (Ozonoff, Goodlin-Jones, & Solomon, 2005). Compared 

to other available tests, MSEL was still most advantageous as it allowed for better 

accommodation of children’s needs during testing.  

 Internal consistency of the five subscales (r = 0 .75 to 0.83), internal 

reliability of the composite score (r = 0.91), test- retest reliability (r = 0.71 to 0.79) 

and inter-scorer reliability (r = 0.91 to 0.99) of the test are adequate (Mullen, 1995). 

Factor analyses suggest that receptive and expressive language scales provide a good 

estimate of general cognitive development: all MSEL scales correlated moderately 

(r = 0.53 to 0.59) with Bayley Scales of Infant Development/ Mental Development 

Index (Bayley, 1993), a test that is commonly used to assess children with 

developmental delays.  The MSEL Receptive and Expressive language scales, in 

turn, correlated highly (r = 0.72 to 0.82) with Auditory and Verbal subscales of 

Preschool Language Scale, which is another commonly used language measure. The 

Receptive language scale also correlate moderately with the Communication 

subscale (r = 0.53, p < 0.05), and the Expressive language subscale correlates with 

the Communication (r = 0.78, p < 0.01) and Socialization (r = 0.78, p < 0.01) 

subscale of the Vineland Adaptive Behaviour Scale (Akshoomoff, 2006; Mullen, 

1995; Zimmerman, Steiner, & Pond, 1979). Only one music therapy study used 
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MSEL when investigating children with ASD (Finnigan & Starr, 2010). Others, did 

not report cognitive measures (Edgerton, 1994; Gattino et al., 2011; Katagiri, 2009; 

Ma, Nagler, Lee, & Cabrera, 2001), used a different measure (Geretsegger, Holck, & 

Gold, 2012), or did not employ a single cognitive measure (Stephens, 2008).  

 Short Sensory Profile (SSP). SSP (Dunn, 1999) was used with this sample 

as a measure of auditory-sensory processing. It is a brief ten-minute caregiver 

questionnaire administered at intake to determine eligibility and describe a child’s 

overall sensory processing profile. Parents completed the form by indicating the 

frequency of the child’s responses to various types of sensory input such as sounds 

(Dunn, 1999). SSP has been used in occupational therapy trials (Adamson, O'Hare, 

& Graham, 2006; Ashburner, Ziviani, & Rodger, 2008; Baker, Lane, Angley, & 

Young, 2008). SSP is a shortened version of Dunn’s (1999) Sensory Profile, and it is 

designed for use in screening and research protocols. Scores were assigned into one 

of the following three categories: “Typical”, “Probable difference” (1-2 s.d. below 

mean) or “Definite difference” (more than 2 s.d. below mean) (Dunn, 1999, p. 66). 

A score of “Probable difference” or “Definite difference” in auditory filtering was 

required to participate in the study (refer Inclusion criteria, p. 93). Other auditory 

measures were also considered, however, auditory processing tests (e.g. Gardner’s 

2005) commonly used with other client groups were unlikely to produce reliable 

results in children with ASD due to high demands placed on attention and 

compliance (Edelson et al., 1999). Cronbach’s Alpha values of SSP indicate good 

reliability (α = 0.82 to 0.96) (Dunn, 1999). Construct validity has been measured 

through a comparison of SSP scores and skin conductance (EDR) results. Results 

indicated that children with abnormal EDR (indicating hypo- or hyper-responsivity 

to sensory input) also scored lower on SSP (Dunn, 1999).  

 

Dependent variables. There is currently no agreement among researchers on 

how social engagement behaviours should be measured in children with ASD, 

particularly with regards to measuring change over time (Cunningham, 2012). This 

is problematic as inconsistencies in dependent variables make it difficult to compare 

studies and draw conclusions for clinical practice (Sinha, et al., 2004).  Some 

guidelines do however exist to help researchers choose appropriate outcome 

measures for their studies. Cunningham (2012) and Stolte and colleagues (2016) 
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recommended that a multi-method approach be used to mediate the influence of 

contextual factors. The physical and social environments have an impact on a child’s 

behaviour and while any child may behave differently with an unfamiliar examiner 

than with their parent, this is even more so for children with ASD (Carter et al., 

2011). Furthermore, children with ASD are known to have difficulty generalizing 

their skills across different settings, especially when these skills are newly emerging 

(Paul, 2008). Hence, a diversity of methods was used in data collection to obtain a 

fuller understanding of any progress that might have occurred. Ratings were 

collected from multiple informants, and clinician-administered tests were 

supplemented with parent and teacher questionnaires, parent interviews, and 

observations of parent–child free play. Each of the three variables under 

investigation was examined through several dependent measures including at least 

one clinician-administered measure administered in a clinical setting and one 

measure involving a parent in a more naturalistic setting. Blinded research assistants 

administered all clinic-based assessments. The table below summarizes the outcome 

measures and how they link to research questions posed.  

 

Table 3.1. 

Outcome Measures 

Research Question  Variable Measurement Time 
Points 

1. Are there more occurrences 
of social orienting behaviours 
observed in children with ASD 
after SST clinic intervention 
compared to standard music 
listening? 

Social orienting 1. Social Orienting Measure  
(Dawson et al, 2004)  
2. Video analysis of parent–
child free play (Mosconi et al, 
2010) 
 

T1, T2, 
T3 

2. Are there more occurrences 
of joint attention behaviours 
observed in children with ASD 
after SST clinic intervention 
compared to standard music 
listening? 

Joint attention & 
engagement 
 

1. Early Social 
Communication Scales 
(Mundy et al, 2003) 
2. Video analysis of parent–
child free play  

T1, 
T2, T3 

3. Are there more occurrences 
of reciprocal social interaction 
observed in children with ASD 
after SST clinic intervention 
compared to standard music 

Social interaction  1. Early Social 
Communication Scales  
2. Social Responsiveness Scale 
(Constantino & Gruber, 2005) 

T1, 
T2, 
T3; 
except 
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listening? 
 

3. Video analysis of parent–
child free play  
4. Parent Interview for Autism 
(Stone, et al., 2003) 

PIA 
only 
at T1 
& T4 

4. Are there more changes in 
social orienting, joint attention 
and reciprocal social interaction 
observed immediately after a 
two-week clinic program than 
after an eight-week home 
program in children with ASD 
in the SST group, compared to 
standard music- listening? 

Differences at two 
and eight weeks  

1. Early Social 
Communication Scales  
2. Social Responsiveness Scale 
3. Social Orienting Measure 
4. Video analysis of parent–
child free play  

T2, T3 

5. Are any changes in social 
orienting, joint attention, and 
reciprocal social interaction in 
children with ASD maintained at 
three-month follow-up? 
 

Maintenance of 
treatment gains  

1. Social Orienting Measure 
2. Early Social Communication 
Scales  
3. Social Responsiveness Scale 
4. Video analysis of parent–
child free play  

T1, T4 

 

Early Social Communication Scales (ESCS). Primary Measure. ESCS 

(Mundy et al., 2003), a clinician-administered assessment was used to measure 

differences in joint attention behaviours, behavioural requests, and social interaction 

behaviours. ESCS was the primary measure in the study, and it was used at all four 

time points. The focus of the test is on nonverbal responses that emerge between 

eight and 30 months of age in typical development (Mundy, et al., 2003). An 

abridged version of this structured observation measure was obtained from the 

University of Miami for use in this study. 

The abridged ESCS comprises 17 semi-structured toy play tasks combined 

with specific verbal commands developed to encourage interaction between a child 

and an examiner (a research assistant). During the test, the child sat at a small table 

with his or her parent facing the examiner. A set of toys was placed on a table at the 

line of sight but out of reach of the child. When administering the test, the examiner 

performed a variety of tasks including presentation of some toys using highly 

structured interaction patterns as guided by the ESCS manual (Mundy, et al., 2003). 

A typical testing situation took approximately 25 minutes. Different behaviours were 

coded from videotaped records based on frequency data and then summarized to 
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provide a profile of lower and higher level skills (Mundy, et a., 2003). Behaviours of 

interest in ESCS fall into three categories: 

1. Joint attention behaviours, such as initiating eye contact, shifting gaze, 

pointing and showing; as well as responding to point and touch, and 

following the examiner’s gaze.  

2. Behavioural requests, such as initiating eye contact or reaching to get a toy, 

or following verbal commands to return a toy. In this study, only initiations, 

but not responses, to behavioural requests were included for reasons given 

below. 

3. Social interaction behaviours, such as initiating turn taking or teasing, and 

responding to social interaction through eye contact or action. 

 

The following items are needed to administer the ESCS (Mundy et al., 2003): 

• five wind-up mechanical toys (cars, trains, and cartoon characters were 

chosen for this study), 

• three hand-held mechanical toys (activated by a pull-cord or a press-button), 

• one ball, five inches in diameter; 

• one medium-sized plastic car, six inches long; 

• one large picture book with distinct pictures of animals, 

• one hat, 

• one comb, 

• a pair of sunglasses, child-size; 

• a clear plastic jar with screw-on lid, six inches tall; and 

• four large posters depicting cartoon characters, placed on the wall. 

 

Currently, there is no standardisation data available for this tool. The mean 

generalizability coefficient for reliability is very good (r = 0.90) (Mundy, Sigman, & 

Kasari, 1990).  Based on data collected when ESCS was administered at three-

month intervals, test-retest reliability was stable except for the subtest of 

Responding to Behavioural Requests (Mundy et al., 2007). However, this 

information was collected for children aged 18 months and below. There is currently 

no data available about ESCS psychometric properties for the age group of four to 

six years. ESCS shows some promise as an outcome measure, and two studies have 
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assigned ESCS as one of “gold standard” tests to measure treatment-related 

outcomes on children with ASD (Anagnostou et al., 2015; Cunningham, 2012). 

Studies using ESCS include an investigation of development of joint attention in 

infancy (Mundy et al., 2007), a study about positive affect sharing during joint 

attention interactions (Kasari et al., 1990), and assessment of joint attention 

behaviours in children with ASD following a music therapy intervention (Kim et al., 

2008). More recently, ESCS has been used to predict treatment outcomes for 

children with ASD (Smith et al., 2015) and to measure effectiveness of parent-

mediated Hanen intervention (Carter et al., 2011).  

 The student researcher followed the ESCS manual and detailed procedure 

outlined by Kim (2006) in test administration. Based on Kim’s (2006) procedure, the 

student researcher first trained herself to administer the ESCS battery. She then 

rehearsed the test on typical children and children with ASD and reviewed the 

videotaped assessments for any mistakes. When able to administer the test to 

children with ASD without errors, she then trained two research assistants to use 

ESCS in a consistent manner. The initial part of training involved role-play where 

the student researcher and research assistants rehearsed using ESCS on each other. 

Following this, each research assistant practised administering the test to three or 

more typically developing children below age six until they were confident of their 

ability to follow the procedure without errors. The training period lasted about three 

months. During the trial, all assessment sessions were videotaped. The first three 

assessments were monitored by the student researcher over a live video feed for 

fidelity purposes, and research assistants were allowed to interrupt an assessment 

session to ask questions if needed. 

During the trial the whole ESCS including the three subtests was 

administered to each child. However, the items under “Responding to Behavioural 

Requests” were excluded from final data analysis because of weak test–retest 

reliability (Mundy et al., 2007). Furthermore, the item appears to measure 

compliance rather than social understanding (Kim, 2006). Videotapes from the 

assessment sessions were watched and coded by blinded research assistants. More 

details will be provided in the upcoming sections on coding and inter-rater 

reliability. 
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Coding of ESCS. Videotapes from ESCS assessment sessions were watched and 

coded through Logic Express 9-software following the items in the coding sheet 

provided in the manual (Mundy et al., 2003). The student researcher who was 

blinded to treatment condition coded all ESCS assessments. Coding of Joint 

Attention (JA), Behavioural Request (BR) and Social Interaction (SI) behaviours 

was first completed on the Logic Express 9-software. Although each subtest 

included two subscales (Initiating Joint Attention and Responding to Joint Attention; 

Initiating Behavioural Requests and Responding to Behavioural Requests; Initiating 

Social Interaction and Responding to Social Interaction) and coding instructions 

were provided separately for each subscale, to avoid Type 1 error, both subscales 

were combined to form a summary subtest score (Sedgwick, 2014a). This resulted in 

three subtests: Joint Attention, Behavioural Requests, and Social Interaction. Then, 

summary raw scores of each subtest were manually transferred into a scoring sheet 

provided in the ESCS manual. Finally, a total ESCS summary raw score was 

calculated and recorded on the scoring sheet. The process was repeated for all 

participants for assessments T1 to T4. Each videotaped assessment lasted an average 

of 25 minutes. The total of 41 videos resulted in approximately 17 hours of footage. 

Coding of each assessment took an average of one-and-half hours. Total coding time 

for these videos was about 92 hours. Subtest scores and total scores were checked 

for accuracy and transferred into an Excel-sheet for further analysis. At this point, 

scores for Responding to Behavioural Requests were excluded. 

Inter-rater reliability. Inter-observer reliability analysis was undertaken by a 

research assistant who is an occupational therapist experienced with children with 

ASD. The research assistant, unaware of group allocation, was trained for three 

months with samples of assessment footage. While using actual footage reduced the 

number of videos available for inter-rater analysis, similar footage was not otherwise 

available. The coding process is complex and a total of 12 videos were required 

from three participants (participant numbers 01, 02 and 03) to achieve sufficient 

agreement. Based on Kim (2006), the following guidelines were created to ensure 

uniformity in coding: 

1. View each recording from beginning to end, noticing the child’s general 

behaviour and interaction with the tester and the parent. 
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2. View for the second time to administer coding. Stop the video to issue a code 

and go back and forth as many times as needed. 

3. View for the third time to verify the codes. Pause the video when required. 

  

 Coding of ESCS involved a large amount of work. Given the time allocated 

for data analysis, one out of four data points was chosen to assess agreement 

between the two raters (Kim, 2006).  In discussion with the statistics consultant, 

time point T3 at the end of the treatment period was chosen as the most likely data 

point to yield the biggest variance in participant scores. The research assistant 

independently coded all assessments administered at T3 for seven participants (04, 

06, 07, 08, 09, 10 and 111). Results of the inter-rater analysis will be presented in 

Chapter 4, Results. 

  

  Social Responsiveness Scale (SRS). A number of secondary outcome 

measures were also included. Social Responsiveness Scale, SRS (Constantino & 

Gruber, 2005), used in music therapy studies (Geretsegger et al., 2012; Thompson et 

al., 2013) is a 65-item rating scale for parents and teachers. The SRS is designed to 

measure the level of a child’s social impairment in naturalistic social settings. It is 

standardized for children aged four to 18 years. Using a Likert scale-format, 

respondents rate the frequency of observed behaviours in the following five 

dimensions: 

1. Social awareness (ability to pick up on social cues, eight items).  

2. Social cognition (ability to interpret social cues, 12 items).  

3. Social communication (verbal and nonverbal reciprocal social interaction, 22 

items)  

4. Social motivation (the extent to which a child is motivated to engage in 

social-interpersonal behaviour, 11 items). 

5. Autistic mannerisms (stereotypical and rigid behaviours typical to ASD, 12 

items).  

 

																																																								
1 Data was missing for participant 05. 
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While primarily designed for screening and diagnostic purposes, SRS may 

also be used to measure responsiveness to treatment over time (Constantino & 

Gruber, 2005, p. 3). Just like ESCS, SRS has also been included in the best-practice 

test battery for ASD outcome measures (Anagnostou et al., 2015; Cunningham, 

2012). SRS has many advantages. It is brief: can be completed in 15 minutes 

(Constantino & Gruber, 2005), it is well- recognized and widely used (Hsiao, Tseng, 

Huang, & Gau, 2013), and it has good agreement with other well-established ASD 

assessments such as Autism Diagnostic Interview-Revised (Murray, Dickerson 

Mayes, & Smith, 2011), Autism Diagnostic Observation Schedule (Duvekot, van der 

Ende, Verhulst, & Greaves-Lord, 2015), and Vineland Adaptive Behaviour Scales 

(VABS) (Pine, Luby, Abbacchi, & Constantino, 2006). Studies have used SRS to 

evaluate correlations between sensory responsiveness and social impairment (Hilton 

et al., 2010), as well as relationships between behaviour, language, and cognitive 

skills (Hus, Bishop, Gotham, Huerta, & Lord, 2013). Cultural validity of SRS has 

not yet been established in non-American populations, but some research is 

emerging on the use of SRS in Taiwan (Hsiao et al., 2013). SRS has strong internal 

consistency (α = 0.92 to 0.94) and moderate inter-rater reliability (r = 0.69 to 0.62) 

for ages four to six (Constantino & Gruber, 2012). Test-retest reliability is very good 

(r = 0.90) (Constantino et al., 2009). Moreover, SRS-Teacher Report correlates well 

(r = 0.72) with SRS-Parent Report (Constantino et al., 2007).   

 

The Direct Social Orienting Measure (SOM). Highlighting the shortage of 

evidence-based assessments for children with ASD (Cunningham, 2012), there are 

no standardised tests and hardly any non-standardised measures available to assess 

social orienting. The experimental Social Orienting Measure SOM (Dawson et al., 

1998; Dawson et al., 2004) was the most appropriate choice for this study as it 

focuses on the auditory part of social orienting. Moderate correlations (r = 0.58) 

have been found between SOM and shared attention tasks (Smith et al., 2015) that 

were similar to Joint Attention subtest of ESCS. During SOM administration, the 

child was seated with a parent in an assessment room across the tester. When the 

child was playing quietly on the floor, the examiner administered “social sounds” 

(such as clapping, calling the child’s name) and “non-social sounds” (such as 

beeping of car horn) at a certain volume in specific spots on the child’s front left, 



 

	

108 

front right, back left, or back right side. Each sound was delivered three times at 

one-second intervals for a total duration of six seconds. The child’s ability to orient 

towards sounds was measured based on a head turn or eye gaze towards the sound 

source. The total SOM score was obtained by calculating the mean percentage of 

correct head or eye turns across different items (Dawson et al., 1998; Dawson et al., 

2004). The testing took approximately five minutes. A training video and original 

scoring sheets were obtained from Dr. Dawson with permission to use SOM for this 

study.  

Two adaptations were made to the original SOM protocol. First, most sounds 

were audio-recorded, rather than delivered live, for better consistency across 

administrations. An exception was made for name-calling, where the examiner 

called each child’s name from a specific position in the room. All other sounds were 

pre-recorded to ensure that all stimuli were delivered at the same decibel level and 

of the same duration. Sounds were delivered over four loudspeakers placed on the 

child’s left, right, front, and back. The second adaptation was linked to the coding 

process. As in the Dawson and colleagues’ studies (1998, 2004), the child’s 

responses were recorded “live” by two observers, and any discrepancies were 

discussed immediately following the assessment (Dawson et al., 2004). Video 

recording of test sessions was attempted for additional verification of scores; 

however, due to the small size of the assessment room and a lack of a one-way 

mirror through which to record the children, this was not feasible. Given that 

Dawson and colleagues (2004) found a high (r = 0.87) correlation between live and 

videotape coding, it was expected that lack of video coding would not significantly 

change the SOM scores. 

Administering SOM required transitioning from the larger playroom where 

other measures were administered to a small testing room. Despite various 

procedures to help study participants transition to SOM testing room (such as 

providing a favourite snack or offering an interesting toy), participants typically did 

not want to enter the plain testing room and were restless when inside. To avoid this 

transition, the order at which various measures were administered was changed after 

the baseline assessment. Rather than starting with play-based assessments in the 

playroom, SOM was administered first, using access to the playroom as a reward. 

The children and their parents were informed of this change in the waiting area 
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before the start of the assessment session. Testing started only when the children 

were calm, but helping children to maintain a state of calmness without actively 

engaging them or giving them their favourite toys during testing was difficult, 

regardless of the test order. These difficulties highlight the challenges of 

administering tests and obtaining reliable information in laboratory-like 

circumstances, and underscore the importance of using naturalistic measures 

(Mosconi, Reznick, et al., 2009).  

Parent Interview for ASD – Clinical Version (PIA-CV). PIA-CV (Stone et 

al., 2003) is a structured parent interview designed to measure presence and severity 

of ASD symptoms in children aged two to six years. Although not yet widely used, 

some studies have employed the PIA-CV to measure treatment-related changes in 

children with ASD (Bent, Bertoglio, Ashwood, Nemeth, & Hendren, 2012; 

Bertoglio, James, Deprey, Brule, & Hendren, 2010; Carter et al., 2011). Stone and 

colleagues (2003) reported that in their study, change in PIA-CV scores after two 

years of intervention correlated highly with clinical ratings of behaviour and 

diagnostic improvement. PIA-CV, derived for research use from the original longer 

PIA, consists of 93 questions that are administered verbally in an interview format 

(Stone, et al., 2003). Parents are asked to rate their child on a Likert-type scale that 

ranges from 1 (“Almost never”) to 5 (“Almost always”). The questions are related to 

11 different dimensions targeting various areas of social relating (for example, 

enjoys interaction, looks at adults while playing); affective responses (seems to 

understand how others are feeling, expresses emotions appropriately); peer 

interaction (joins other children in play, enjoys playing with peers); language 

understanding (responds when being called, follows simple instructions); and non-

verbal communication (uses body language to communicate to get attention or to 

requested for wanted items)(Stone, et al., 2003).  

 The PIA-CV total score demonstrates strong internal consistency (α = 0.95), 

however internal consistency for object play (r = 0.10) and motoric behaviours (r =  

0.30) is weak (Stone, et al., 2003). As recommended by Stone and colleagues (2003) 

the student researcher removed the scores for object play and motoric behaviour 

dimensions from statistical calculations. Elimination of the two subtests was not 

expected to affect internal consistency values (Stone, et al., 2003). While validation 

studies on the original PIA involved a group of children aged one-and-half to six, 
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psychometric testing of PIA-CV is limited to children under the age of three. Test–

retest reliability of the original PIA total scores are good (r = 0.93, α =0 .94) (Stone 

& Hogan, 1993). As for construct validity, significant negative correlations (r = - 

0.42, p < 0.001) have been found for Childhood Autism Rating Scale (CARS), 

which was also used in this study (Schopler et al., 2010). PIA-CV can differentiate 

between children with ASD and developmentally matched peers (Stone, et al., 

2003).  

As with all other assessments, PIA-CV was administered by a “blinded” 

research assistant. She conducted the interviews on the day of the child’s evaluation 

at Samonas centre to investigate changes in various areas of social interaction. Each 

PIA-CV interview took 30- 40 minutes. In some cases where the children were 

getting restless and could not wait for their mothers to be interviewed, the interview 

was completed over the phone.  

Scoring of PIA-CV. While the scoring of the other non-video-based measures 

(SRS-Parent Report, SRS-Teacher Report, SOM, MSEL, SSP, VABS) only 

involved calculation of a raw score summary, scoring of PIA-CV included a slightly 

different procedure. When calculating total and dimension scores of PIA-CV, 

negatively worded items were reverse scored and item scores were then summed to 

obtain a score of each of the 11 dimensions (Stone, et al., 2003). Total score and 

relevant domain scores were compared between groups. Higher scores reflect a more 

normative course of development and fewer behaviour characteristics of ASD 

(Stone at al, 2003).  

 

Behavioural analysis of videotapes. As a part of the assessment battery, 

video footage was recorded of the children playing with their caregivers at all four 

time points (T1 to T4). The purpose of collecting video footage of free play was to 

assess whether any changes might have occurred in the parent–child interaction as a 

result of the child’s improved social engagement capacities. Free play videos have 

been used in several outcome studies investigating social engagement in children 

with ASD (Green et al., 2010; Mahoney & Solomon, 2016; Oosterling et al., 2010; 

Pickles et al., 2015). Parents played with their children at the end of each assessment 

session for 10 minutes. A brief instruction was given to parents before the play 

session: “You will now have 10 minutes to play freely with your child, using any of 
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the toys and materials on the shelf. Please interact with your child the way you 

would normally do at home.” A choice of materials was made available to each 

parent–child dyad. The parent was encouraged to choose one game at a time from 

the following list:  

• construction toys (e.g. wooden blocks), 

• physical games (bowling, ball catching); 

• visual perceptual and fine motor games (puzzles, shape sorters, fishing game, 

beads for stringing); 

• drawing games (Etch-a-Sketch, drawing paper, markers & colour pencils); 

and  

• sensory games (play dough, Bubber, textured squashy balls). 

 

No further advice was given. The play was video recorded by the research assistant 

or the student researcher using a hand-held video camera (see Equipment-section 

below for details). A backup recording was done using a high-quality video camera 

mounted on a stand in the corner of the room. 

Coding of the free play videos. Videotapes from the free play sessions were 

watched and coded through Logic Express 9-software, following The Social 

Orienting Continuum and Response Scale (SOC-RS) criteria (Mosconi, Fletcher-

Watson, McConachie, Reznick, & Piven, 2010). SOC-RS is an observational 

quantitative coding system originally designed for use with Autism Diagnostic 

Observation Scale (ADOS) (Lord et al., 2000). Some differences existed in the 

procedures of free play in this study and ADOS; the main difference being that in 

the free play, parents did not consciously elicit specific behaviours. Nevertheless, 

SOC-RS criteria allowed for scoring of behaviours occurring “outside” of formal 

ADOS assessment and therefore, the free play footage of this study could still be 

used (Mosconi, et al., 2010, p.3).  Behaviours coded in SOC-RS (social referencing, 

joint attention, orienting to name, and social smiling) provided a close match to 

social orienting and joint attention variables used in this study. Aside from the 

“behaviour codes” that identified the frequency of social engagement behaviours 

during the assessment, SOC-RS also provided three “state codes” to describe the 

amount of time each child spent engaged or disengaged during play. To calculate the 

engagement time, the child’s “state” was rated as “Playing/ Engaged,” 
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“Disengaged,” or “Not Observable” throughout the play session (Mosconi, et al., 

2010, p. 1.). This way, each child was to have a state code, and possibly an 

additional behaviour code, at all times. Additional two observations for social 

interaction, not included in SOC-RS, were added to the scoring criteria. These two 

items were formulated based on the criteria used previously for initiating and 

responding to social interactions in ESCS (Appendix F). As the additional items 

were not a part of the original scale, social interaction items were analysed 

separately and not included in SOC-RS scores.  

The length of the free play videos was shortened from the original 10 

minutes to seven minutes for analysis purposes. This was done because, on most 

videos, the first and last minutes were not usable. In many cases, the first minute of 

the original video showed the child moving around the room and the parent still 

searching for a game to play. In some cases, the child lost interest in the play 

towards the end of the free play session and either left the room or became 

unresponsive. This may have happened due to tiredness as free play sessions took 

place at the end of a long assessment session. Each child had approximately seven 

minutes of usable footage and therefore the middle seven minutes of each free play 

video (counter reading 1:00 to 8:00) were selected for coding. A research assistant 

who was unaware of group allocation coded all free play assessments. The free play 

videos were randomised by Professor Felicity Baker at The University of Melbourne 

to blind the student researcher and research assistant to the time point of the 

recordings. The coding of each free play session took 30-40 minutes. The training of 

the research assistant included independent coding of three samples from similar 

footage obtained with permission from the student researcher’s workplace. The 

training clips were discussed with the student researcher. To achieve a high degree 

of objectivity in the interpretation of behaviors, the coding procedure was repeated 

until a 90% agreement on the codes was achieved. Following this, actual coding of 

the free play videos proceeded. Once completed, the scores of the video coding were 

sent to Professor Baker, at which point the order of the videos was revealed. 

 

Setting  

All assessment and treatment sessions were conducted at Samonas Auditory 

Performance Centre (Singapore), 3 Shenton Way, 09-09A Shenton House, 068805 
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Singapore. The clinic (Figure 3.3) has a waiting area, a small plain assessment room 

free of furniture, and three treatment rooms, one of which was used during the study. 

The small assessment room was used in SOM assessments. All other assessments 

and all treatment sessions took place in the medium-sized treatment room 

(Treatment Room 1). This room had a child-height table, three small chairs, and a 

shelf used to store the sound system as well as testing materials, placed towards the 

back of the room near the window. The window was covered with blinds. A video 

camera (specifics explained in the Equipment-section below) on a stand was placed 

in the corner, partially hidden from view by the blinds. There was free floor space on 

the carpet in the middle and front of the room to allow the child, the parent, and the 

research assistant to sit on the floor if desired during treatment and free play 

sessions. A low shelving unit along the other sidewall displayed selected toys for 

free play. The toys were stored in opaque containers to minimize visual distractions 

during assessment sessions. 

 

 
Figure 3.3. Layout of Samonas Auditory Performance Centre. 
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Note. Treatment Room 1 and Assessment Room were used during the trial. 
 

Equipment  

Video recording of assessment and treatment sessions was done on a digital 

Panasonic BL-C210 video camera placed on a tripod in the corner of the room. Free 

play videos were shot with a hand-held Vado Creative HD video camera. All videos 

were transferred into the secure, password protected iMac computer at Samonas 

centre. For the purpose of video scoring, the videos were further transferred into one 

of the two password-protected My Passport 150 GB external hard drives.  

Equipment for the clinic-based music listening sessions was the same for 

both treatment conditions. It included large ear-covering Beyerdynamic BT 990 Pro 

headphones with two Klangstudio Lambdoma bone conduction units attached to 

each side to rest behind the mastoid bone of the skull (Figures 3.4.1. and 3.4.2.) and 

a Saffire Pro Focus Rite DA converter. The size of the headphones could be adjusted 

to fit the small heads of the children in the study. 

 
 

Figures 3.4.1. and 3.4.2. Bone conduction headphones. Side view of the headphones 
(Figure 3.4.a) and view of the bone conduction unit inserted into the headphones 
(3.4.b). 

 

 

The music files were stored on an Apple Mac Mini computer and played through 

QuickTime Player software. 
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Home-listening sessions used a different set of equipment. On the last day of 

the clinic program, parents were given an iPod Touch or an iPod Shuffle with non-

compressed music files in an AIFF (.wav)- format to ensure high quality (Steinbach, 

2010). Also, the bring-home-package included a pair of adjustable open-ear 

Sennheiser HD 500A headphones (Figure 3.5). 

 

 
 

Figure 3.5. Headphones and an iPod for home listening. 

 

The range of toys in the rooms was kept consistent throughout the trial. Toys 

were chosen based on the following qualities:  

• sensory toys with interesting textures or visual qualities,  

• manipulative objects, such as beads for threading, building blocks and 

puzzles;  

• drawing materials;  

• movement toys, such as a bowling set and a ball; and  

• pretend play toys, such as small plastic animals, trains, train tracks, and cars. 

 

Blinding Procedures  

 Extensive steps were taken to establish and maintain “blinding” of the 

parents, children, research assistants, student researcher, and the statistician to 

treatment condition throughout the trial. Concealment of group allocation from 

clients and staff helps to prevent bias and dropouts (Akobeng, 2005; Bradt, 2012). 
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 Parents and children. Perception of benefits of one treatment over the other 

might influence parental perception and lead to biased results (Akobeng, 2005). For 

this reason, parents and their children were blinded to treatment condition. Blinding 

of parents was particularly important in this study because two subjective parent 

measures (Social Responsiveness Scale parent questionnaire and Parent Interview 

for Autism) were used (Akobeng, 2005). At intake, both intervention options (SST 

and music listening) were presented as equally interesting. Parents were not 

informed of the hypotheses of the study (Bradt, 2013). During treatment, the use of 

pre-recorded music delivered over headphones enabled blinding of everyone in the 

room (Bradt, 2013). The music was played at such a low volume that it could not be 

heard when sitting next to the child. Parents did not know what kind of music their 

child was listening to. Anyone who had contact with the parents and their children 

(receptionists, research assistants, student researcher, owner of the centre) were not 

aware of the group allocation. The group allocation was only revealed to parents 

after final data analysis had been completed. 

 Assessors and intervention providers.  Knowledge of the treatment 

received might also influence the personnel interacting with the parents and the 

children, and therefore, outcome assessors and intervention providers (research 

assistants) were also blinded (Akobeng, 2005). Although blinding of intervention 

providers is not common in music therapy studies (Bradt, 2013), in this study it was 

possible due to headphone use. All equipment was prepared, and the music volume 

was set before sessions by the owner of Samonas centre, and research assistants 

were instructed not to put on the headphones at any point of the session. The 

“piping” of the music for in-clinic listening was done electronically from a different 

room and when the research assistant pressed the “play” button in the treatment 

room, all she could see on the screen was the volume of the music. The names of 

music selections were not visible. Apart from the intervention providers, outcome 

assessors were also blinded. Although all clinician-administered outcome measures 

(ESCS, SOM, PIA-CV) included specific instructions and a protocol to follow, it 

was important to prevent any attempt to positively influence the results (Bradt, 

2012). For this reason, all research assistants were blinded to the study hypotheses 

and group allocation (Bradt, 2012). They comprised: 
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• one psychologist, who administered intake assessments during the first 

months of the study; 

• a second psychologist, who administered the remaining intake assessments 

and assessed outcomes; 

• two occupational therapists and one psychologist in charge of interventions 

for both treatment groups; and 

• one occupational therapist and one psychologist in charge of video analysis. 

 

 Developer of SST. Ingo Steinbach, developer of SST and owner of Samonas 

centre where all treatment and assessment sessions took place, was the only person 

who was aware of the children’s group placements. He was placed in charge of the 

group allocation list, created by Professor Baker, because he had least contact with 

parents and he was also in charge of loading the music files into the music players 

for clinic and home use. Steinbach did not have contact with research assistants or 

parents during treatment sessions. Being the developer of SST and the husband of 

the student researcher, Ingo Steinbach did not participate in treatment and 

assessment sessions. Furthermore, he did not have access to assessment results. An 

exception was made however for pre-listening and review sessions. The rationale for 

this is discussed in upcoming sections . Steinbach did not reveal group allocation to 

the student researcher and any discussion about the study participants was avoided 

throughout the study to prevent accidental slips. 

 Student researcher. Following recommended procedures for RCT’s 

(Akobeng, 2005), the student researcher was blinded to group allocation until final 

assessments from T4 were completed and scored. She stepped in to complete some 

assessment sessions when a research assistant fell sick suddenly and helped to 

videotape some free play sessions, but did not participate in treatment sessions. To 

maintain blinding throughout the music selection process she planned two music 

programs for each child: one for participation in the SST group and another one for 

participation in the music listening group. Ingo Steinbach, who was aware of the 

child’s group allocation, then loaded the appropriate music for the child into the 

music player dependent upon allocation. 

 Statistician. Professor Ian Gordon from the Statistical Consulting Centre at 

the University of Melbourne received the data in a form that did not indicate group 
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allocation. The group condition was marked as “A” for music listening group and 

“B” for SST group. Blinding was maintained until analysis was complete. 

 

Data Management 

Data protection. A numerical code was being used in all forms and 

questionnaires to disguise the identity of the parent and child. According to ethical 

clearance conditions and university guidelines (The University of Melbourne, 2013), 

aall data were stored in a locked filing cabinet and a password-protected computer, 

first at Samonas Centre, and then during data analysis phase at the student 

researcher’s private home office. Following thesis submission, all records will be 

moved to supervisor Baker’s office at Victorian College of the Arts, the University 

of Melbourne for safe keeping. 

Data preparation. Bradt (2012) has proposed that the researcher in charge 

of the trial should not be involved in direct data management. This guideline was 

followed as closely as possible. Once the research assistants had filled in all 

appropriate forms, the assessment forms were handed to the blinded receptionist 

who entered the data into an Excel-worksheet on his password-protected computer. 

The paper-based forms were filed under a numerical code for each child and stored 

in a locked drawer until all children had completed their two treatment phases. At 

that point, the Excel-sheets and folders were transported to the student researcher’s 

home office for preparation. As is the case in many small studies with limited 

resources, the student researcher herself then checked the scores for accuracy, 

discussed any mistakes with the receptionist, and created new Excel-sheets for 

statistical purposes. The Excel-files were then emailed to Professor Ian Gordon at 

the Statistical Consulting Centre, the University of Melbourne for data analysis.  

Video data. Assessment videos were first saved onto the receptionist’s 

computer, then transferred to an external hard drive under each child’s numerical 

code. The hard drive was then given to the research assistant in charge of ESCS 

scoring, and a backup copy was kept on a separate hard drive in the student 

researcher’s home office. A slightly different procedure was used for free play video 

footage. Video footage of free play sessions was sent to Supervisor Baker via 

confidential Drop Box folder to randomise time order of the footage for blind 

analysis by the student researcher and research assistants. 
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The Treatment Condition 

The treatment condition was SAMONAS Sound Therapy (SST). Participants 

received a daily clinic-based SST intervention five times per week for a total of 11 

sessions. The first session called “pre-listening session” was conducted on a Friday 

to help participants get used to the treatment room and equipment. Treatment proper 

started the following Monday, running daily from Monday to Friday over a two-

week period. An eight-week home program started in the week following the clinic 

treatment, as soon as the second assessment (T2) had been conducted. Daily home-

listening sessions were provided for eight weeks (see Figure 3.6). (See rationale 

presented in Combining clinic- and home-based therapy, p. 65) In both phases of the 

treatment, participants listened to the music over headphones. Listening times were 

standardized at 30 minutes for every clinic session and 20 minutes for every home-

listening session. These listening times reflect typical clinical practice for children 

with ASD adopted by the clinic. Longer listening times were chosen for clinic-

listening because the bone conduction equipment available at the treatment centre is 

believed to allow for longer listening times without behavioural over-reactions 

(Steinbach, 2010) (see p. 126 for examples of negative behaviours). Each child’s 

music selection was individualised. (The method for the choice of music and details 

of the treatment protocol is described in Choosing music for treatment groups (p. 

127).) 

 

 
Figure 3.6. Treatment progression: SAMONAS Sound Therapy (SST) versus 
standard music listening (ML). 
Note. T1, T2, T3, and T4 refer to the four assessment sessions. 
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The Comparative Treatment Condition  

 In this study, SST was compared to a comparative treatment condition. To 

enable true blinding of participants to treatment condition, only receptive music 

techniques delivered over headphones were considered as possible interventions for 

the comparative treatment group (Bradt, 2012). Unlike in SST group, music 

selection was not individualized for each child; instead, the whole group followed 

the same protocol. The comparative treatment was presented as a standardized 

program with the aim to control for the psychological and physiological effects of 

music listening (Bradt, 2012). Details of the music used in the comparative 

treatment group are provided below in the upcoming section about Treatment 

Procedures (p. 141). 

 

 A treatment manual was created for both treatment conditions. The manual 

included a description of the two conditions with a detailed Decision Tree-based 

model (Shoemark, 2008) for the SST group and a table of music selections for the 

comparative treatment group. The treatment was pre-planned for both groups. The 

manual served a dual purpose: Apart from detailing treatment guidelines for research 

assistants (Appendix N), it also provided detailed content and transparency to make 

the study easily replicable (Rolvsjord, Gold, & Stige, 2005). Decision Tree-type 

figures and tables from the treatment manual are presented in the upcoming sections. 

The SST group and comparative treatment group were assessed and treated 

in an identical manner (Akobeng, 2005) which comprised pre-listening sessions, 

daily clinic-based listening sessions (11 sessions in total), and an eight-week home 

program. As illustrated by the figure above (Figure 3.6), assessments for both 

groups were administered before the two-week clinic program (T1), after the two-

week clinic program (T2), after the eight-week home program (T3), and after a 

three-month break (T4). 

 

Internal and External Validity 

The process of minimising potential biases promotes internal and external 

validity of the trial (Sedgwick, 2015b). While internal validity is of particular 

importance in all research, in health-related studies, external validity also needs to 

be considered (Steckler & McLeroy, 2008). In this study, high internal validity was 
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promoted through several procedures. These included narrowing down the intake 

criteria. Further, randomization procedures were implemented to ensure an equal 

spread of characteristics such as age, language level, and level of intellectual 

development between the groups. Additional information was collected before and 

during the trial on potential confounders such as other treatments attended (Sinha, et 

al., 2004). As will be discussed in Results, there were no marked differences 

between groups. Treatment participants were blinded to treatment condition to 

prevent a threat to internal validity from a possible preference for treatment. Those 

preferring SST might have been more motivated to participate than others, had they 

known about the treatment condition they were involved in (Sedgwick, 2014). This 

preference could potentially have influenced parental ratings of a child’s progress in 

SRS and PIA-CV. Other procedures to promote internal validity involved blinding 

of personnel to remove the possibility of inflating treatment effects (Bradt, 2012), 

development of a treatment manual to document the intervention protocols, and 

fidelity procedures to ensure adherence to protocols. (See Fidelity, p. 145 for further 

details).  

Being the first study on SST, this study was designed as a highly controlled 

efficacy trial  (Steckler & McLeroy, 2008). Efficacy trials typically take place in 

close-to-ideal circumstances and therefore, generalizing findings into other settings 

and other populations can be difficult. Similarly for this study, the small sample size 

and narrowly defined intake criteria limiting the range of functional abilities 

presented threats to external validity. However, the level and consistency of 

implementation of interventions across different research assistants strengthened 

external validity. Furthermore, a detailed description of treatment procedures allows 

for replication of the study with a similar population in a different setting. 

Ecological validity was promoted by implementing the second part of the treatment 

(home listening) in the natural setting of the participants’ homes. 

 

General Features of Intervention Protocols 

 Structure and goals of pre-listening sessions. All children participated in 

one pre-listening session before commencement of the 10-day clinic listening 

program. The main goals of this session were to familiarize the child with 

headphone use and to assess the child’s response to different types of music. High-
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quality headphones are essential in SST to accurately transmit high frequency 

sounds regardless of the child’s position in the room about the sound source 

(Monson et al., 2014). Headphones were introduced in a playful manner typically 

involving turn taking between the parent and the child. Headphones were not forced 

and the child was allowed to take them off at any point. Despite their sensory 

sensitivities, the children tolerated the headphones well. Perhaps due to the playful 

presentation of the headphones, deep pressure provided by the cushioned, tightly 

fitting headphones, and careful selection of music, none of the children presented 

with non-compliance or avoidance behaviours. The process of learning to tolerate 

headphones took an average of five minutes.  

During the session, the child played with his parent while wearing 

headphones. Music was played softly at about 40 dB, below typical conversation 

level of 60 dB (American Speech-Language-Hearing Association, 2011) to allow the 

child to hear the parent (See p.35, Table 2.2 for information about decibel levels). 

Open ear headphones are used in SST “to maintain appropriate perception and 

auditory figure-ground” (Frick & Hacker, 2001, p. 3-55). These headphones allow 

the child to hear sounds, particularly the caregiver’s voice, over the softly playing 

music. Shifting attention between the music and voices in the room is believed to 

train a child’s ability to focus on relevant auditory input and ignore extraneous 

background sounds (Frick & Hacker, 2001).  

Once comfortable with headphones, the children listened to different types of 

music from the selections made for the SST and music listening groups. The 

children’s responses were observed carefully to learn about their attention span to a 

particular type of music, tolerance to length of music tracks, and general responses 

indicating listening or not listening to the music. 

 An additional aspect of the pre-listening session for children in the SST 

group was to monitor their responses to different levels of spectral activation. The 

process of choosing an appropriate level of intensity is shown in Figure 3.7. All 

children were first offered music on Level B, which indicates the second level of 

intensity. After five to 10 minutes, some response was expected. Children who 

showed signs of stress were offered the same piece of music on a lower level of 

intensity (Level A), whereas those who did not show any change in regulation of 

alertness or engagement were offered a higher intensity (Level C or D). Children 
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who seemed calm, alert, and well engaged on level B were offered more music on 

the same level of intensity. (See p.80 for an explanation of different levels of 

spectral activation.) 

Assuming that spectrally activated music was effective, exposing all children 

from both groups to spectrally activated music might have compromised the results, 

even if this was done for just one session. For this reason, Ingo Steinbach who was 

aware of each child’s group allocation was asked to conduct the pre-listening 

sessions for all children without the student researcher or any of the research 

assistants present. This arrangement allowed him to provide different levels of 

spectrally activated music only for children in the SST group.  

 

 
Figure 3.7. Choosing the level of spectral activation during the pre-listening session. 

 

 Structure of the clinic-based music listening sessions. The 10 clinic-

listening sessions for the SST group and the comparative treatment group followed 

the same structure consisting of four parts. First, once the participant and the 

accompanying parent had been welcomed to the treatment room, five minutes were 

designated to get the children settled in the room and to choose some toys such as 

puzzles, building blocks, train tracks, or bubbles from the shelf. The purpose of 
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offering toys was to engage the child and ensure active participation in listening and 

play during the session (Gerritsen, 2010). For the next five minutes, the child played 

on his or her own while the parent provided feedback about the child’s behaviour 

after the previous listening session. Discussions focused on the child’s ability to stay 

calm and attentive and his or her ability to engage and interact with family members 

and peers. The feedback was recorded on a checklist sheet provided (see Therapist 

checklist, Appendix G). During the 30-minute listening session, children in both 

groups played with their parents to encourage active listening and to promote a 

calm, alert state (Porges, 2007). As during pre-listening sessions, the music was 

played softly at 40 dB (American Speech-Language-Hearing Association, 2011). 

The last five minutes of the session were used for feedback about the session and to 

answer any questions. 

 

Parental role during clinic-based listening sessions. Parents were 

encouraged to position themselves opposite their child at eye level and follow the 

play guidelines provided (Appendix B). The guidelines suggested that the parent 

would engage the child in simple, quiet play activities during music listening. Given 

the difficulty with attention typically observed among children with ASD (Corbett & 

Constantine, 2006), it was anticipated that most children would struggle to engage in 

play without parental guidance. When left to listen to music without a concurrent 

guided play activity, many children with ASD tended to “tune out” and engage in 

repetitive play or self-stimulation such as flapping, flicking fingers in front of the 

eyes, tapping of play materials against the table, or jumping (Steinbach, 2010). Toy 

play with sensory materials has been used in an earlier sound therapy study to ensure 

that the children with ASD did not withdraw but remained engaged during listening 

(Gerritsen, 2010). Active parent participation during music listening is supported by 

the work of Porges and colleagues. Porges and colleagues (2014) argued that a state 

of calmness is a pre-requisite for an effective music intervention. They argued that a 

presence of an actively involved, calm caregiver could assist the child in achieving a 

calm, “safe” state. The child was required to be calm for the modified music to take 

effect and to “optimize the neural regulation of the middle ear muscles” (Porges, et 

al., 2014, p.2). Further, Porges and colleagues (2014) argued that a calm state 

achieved in the context of parent–child interaction and further supported by the 
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music, allowed the child to engage with the parent during play activities and thus, 

fully benefit from the intervention (Porges, et al., 2014). During this trial, at least 

one parent was expected to attend all assessment and treatment sessions to interact 

with the child. The same parent was to participate in all procedures. In one case 

(Participant ID: 09), the mother of the child preferred sending the boy to the centre 

with the family maid. In this particular family, the maid was the child’s primary 

caregiver and therefore this arrangement was accepted. 

Parental role during home listening sessions. The parents’ role was 

particularly important during home listening as they were in charge of administering 

the music listening programs delivered through portable equipment. The research 

assistant showed every parent how to operate the iPod, check that the headphones 

were functional, and ensure that the music volume was kept low. Similarly to the 

clinic setup, the parent was asked to play with the child during the home-listening 

sessions (Gerritsen, 2010; Porges, et al., 2007; 2014).  

Parents were in weekly email contact with the student researcher to ensure 

compliance with daily listening. They were also encouraged to type their 

observations into the SAMONAS database. The database could be accessed using 

any device that connected to the Internet, such as iPod Touch, his or her smart 

phone, or a computer. Each parent–child dyad had their own confidential 

SAMONAS account for this purpose. All parents, who were unaware of their child’s 

group allocation, were reminded not to discuss music details with the student 

researcher to maintain her blinding. Halfway through the home program after four 

weeks of listening, parents and children attended a 30-minute review session at the 

clinic with Ingo Steinbach. The goal of the session was to receive feedback from the 

parent regarding their observations of the child’s ability to orient to sounds, engage, 

and interact with parents; as well as to load new music into the children’s iPods. The 

child accompanied the parent to give Steinbach an opportunity to observe the child. 

Blinding of the parents was maintained, and the child’s group allocation was not 

discussed. All the portable equipment was returned during the post-home-listening 

assessment session (T3). 

The role of the research assistants during treatment sessions. An 

experienced therapist (see p.116) was present during all clinic-based sessions to 

supervise the music listening. The student researcher and the developer of SST, Ingo 
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Steinbach, did not participate in the treatment sessions. Following training provided 

by the student researcher, the research assistant followed the intervention process as 

outlined in the intervention manual (Appendix N) to administer treatment to both 

groups of children. To ensure that the research assistant provided intervention 

uniformly, a fidelity checklist (Appendix H) was created.  

The role of the research assistant during all treatment sessions was two-fold; 

it involved monitoring the child and assisting the parent. The research assistant 

watched the child’s responses to the music closely and took note of signs that 

indicated attention to and engagement with the music. Positive signs included  

• an alert but relaxed body posture, 

• a regular deep breathing pattern, 

• a reduction in self-stimulation, such as rocking or flapping hands, 

• ability to focus on play,  

• turning towards and vocalizing to the parent or therapist, 

• increased eye contact, and 

• facial expressions showing a positive emotional response of enjoyment and 

pleasure. 

 

Signs indicating a negative response to the music included 

• distractibility or physical restlessness,  

• the presence of self-stimulatory behaviours,  

• signs of agitation such as sudden loud vocalizations, and 

• a reduction in eye contact and willingness to engage in play with the parent. 

 

The research assistant was in charge of placing the headphones on the child 

at the beginning of the listening session and removing them at the end, as well as 

encouraging the child to put the headphones back on should they be removed. The 

student researcher monitored some of the sessions over a live video feed to monitor 

compliance with treatment procedures. The research assistant’s role also included 

assisting the parent in engaging the child in play to promote active listening. 

Examples included helping the parent in selecting toys, giving advice if the parent 

got “stuck” and did not know how to continue play, and pointing out positive and 

negative responses of the child. 
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Choosing Music For Treatment Groups 

 The method of sound therapy under investigation in this study was 

SAMONAS Sound Therapy (SST). Music selections for the SST group were 

structured using the Decision Tree model (Shoemark, 2008). The Decision Tree 

model (see p. 132) provided consistency in treatment delivery while ensuring that 

each child’s individual needs were taken into account when choosing music (Bradt 

et al., 2013). The protocol of music selection for the comparative treatment group 

was generic, mimicking the way practitioners of sound therapies such as Tomatis 

and Auditory Integration Training (AIT) choose standard music for their treatment 

sessions. 

Intervention for the SST group.  In clinical practice, SST interventions are 

highly individualized to meet the goals and sensory reactivity of each child through 

the choice of music and level of spectral activation. Even though some general 

guidelines exist (Steinbach, 2000), each therapist seems to use the method in his or 

her way (Sinha et al., 2004). For the purpose of this study, several Decision Trees 

(Figures 3.9, 3.10, 3.12) were created to structure the decision-making process. The 

music was chosen to meet aims such as ability to engage, stay calm, and orient 

towards sounds. While the main goals were the same for each child, the order at 

which the goals were addressed varied slightly. The built-in flexibility of the 

protocol aimed to ensure clinical relevance (Rolvsjord et al., 2005). The type of 

music and intensity of spectral activation were chosen separately for each client 

following the structure presented below.  

Music selection. Choosing music for the SST group was a four-step process 

(Figure 3.8). First, music was chosen out of the options available in the Decision 

Tree before the listening session. Second, a level of spectral activation was 

determined based on a child’s level of sensory reactivity.  Matching the intensity of 

spectral activation with the type of sensory reactivity was based on the belief that 

children presenting with sensory sensitivities (such as over-responsivity to sounds) 

would benefit from low, gentle levels of spectral activation, while children with 

under-reactivity would require more intense auditory-sensory input and a higher 

level of spectral activation (Steinbach, 2000). Sensory reactivity profiles of the 

children, created by the student researcher to assist in the selection of music and 

spectral activation, were based on Short Sensory Profile (SSP), observations of the 
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student researcher during baseline assessments, and written records of the pre-

listening session (See Table 3.2 for examples). To make sure that blinding was not 

compromised, the student researcher created a sensory reactivity profile, a spectral 

activation profile, and a suggested music plan for each child and then passed these 

on to Ingo Steinbach, who was in charge of the music files. Steinbach, when 

choosing music and spectral activation, either followed the profile and the 

recommendations (SST group) or put these aside (music listening group). Third, 

spectrally activated music was played during the session, and the child’s responses 

were observed closely. Fourth, based on observations and feedback from the 

research assistant present during the intervention session, Ingo Steinbach privately 

reviewed the music plan for the next day. Blinding was not compromised during the 

discussion. In the following section, each of these steps will be discussed in detail. 

 

 

 
Figure 3.8. Steps involved in decision-making, SST group. 

 

Music choices for the SST group consisted of 16 music recordings that were 

selected from the SST library and organized into six categories for the purpose of 

this study. The SST library includes 50 original recordings, each available on four 

different levels of spectral activation and pre-assigned to a certain music category. 

These recordings are accessible through Samonas International for therapists trained 

in the use of SST. The six music categories were chosen out of the ten music 
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categories available by Steinbach (2000) based on their relevance for children with 

ASD. The categories were then adapted for use in the current study (Samonas 

International, 2008). Each music category was given a title such as “Engagement” 

and included music to support the title area (Table 3.2). Most recordings were used 

for one particular purpose; however, certain recordings also served a secondary 

intention. For example, whereas Mozart’s Piano Concerto entitled Queen of the 

Night from “Communication”-category was mainly used to support reciprocal 

interaction, the steady beat and predictable structure also made it a good option to 

support regulation of attention and arousal on children with less severe regulatory 

problems. An average of two recordings were chosen from each category with the 

exception of Category 2 (“Regulation”). Given that drumming can be quite 

monotonous compared to instrumental music, six recordings were selected for the 

“Regulation”-category for more variety. A description of the music recordings, 

organized in categories, is provided in Table 3.2 below. The table includes the 

protocol developed to establish the need to use each category for the child in 

question. Each category (e.g. “Engagement”) and recording (e.g. “Nocturne”) 

presented in the table can be identified by both a name and a number. It is possible 

for a category and a music recording to have the same number (Category 1: 

“Engagement”. Recording 01: “Classic)”. The numbering system was created for 

practical reasons. Due to space constraints, it was easier to write only the two- or 

four-digit recording number, rather than the whole name of the recording, in the 

Decision Tree templates (see Figures 3.9 and 3.10 in the upcoming section). Each 

SST recording corresponds to the length of a CD and includes 45-60 minutes of 

music. 

  

Table 3.2. 

SST Music Categories. Modified from Steinbach (2000). 

Category 
Number 
and Name 
 

Recordings 
Used From 
This Category 

When to Use How to 
Establish Need 
to Use 

Description 

01: 
Engagement, 
Confidence, 

Nocturne (21),  
 
Cantabile (22) 

First listening 
sessions of all 
children in the 

Clinical 
observations 
during ESCS. 

Recordings are played 
on the flute in the 
middle register that is 
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Trust 
 

study, to build trust 
and establish a 
therapeutic 
relationship. 
 
To soothe and calm 
a child with 
emotional and/ or 
sensory (auditory, 
tactile, visual) 
sensitivity. 

 
SSP:  
Tactile, 
taste/smell, 
movement, 
visual/ auditory 
sensitivity. 

close to the human 
voice, accompanied by 
a harp or guitar. 
Melodies are relatively 
simple and engaging. 
Rhythm is clearly 
defined but not 
dominating. 
Clinical experience 
shows that music in 
this category is well 
tolerated by most 
children with ASD. 

02:  
2a. 
Regulation, 
Arousal 
2b. Spatial 
Orienting 

Natural Drums 1 
(40), 
 
Natural Drums 3 
(43),  
 
Drums & Waves 
at Lake Shore 
(4352), 
 
Drums & 
Tibetan Bowls 
(4415), 
 
Drums & Waves 
at Lake Shore 2 
(4452),  
 
Drums and 
Sounds of 
Nature 
(Australian Rain 
Forest) (62) 
 

2a. Difficulty 
regulating level of 
arousal and 
alertness. 
 
2b. Difficulty 
localizing sounds 
and / or filtering out 
background noise.  
Difficulty focusing 
on the voice of a 
speaker. 

SSP:  
Difficulty with 
auditory 
filtering, and/ or 
sensory seeking 
behaviours. 
 
SOM:  
Failure to orient 
towards sounds. 
 
Clinical 
observations 
during ESCS 
and free play: 
distracted, 
overly excited, 
sluggish, and/ or 
engaging in self-
stimulation. 

2a. A strong, steady, 
simple, or slightly 
complex, predictable 
rhythm provided by 
bongo or conga drums, 
played solo or in small 
group, or accompanied 
by a Tibetan bowl for 
calming down. 
 
2b. Drumming 
combined with nature 
sounds of waves or 
birds, recorded to 
preserve the natural 
perception of space 
and directionality. 
 

03:  
Structure, 
Organization 

Carulli (03) 
 

Low arousal, low 
muscle tone, and/ 
or difficulty with 
task completion and 
compliance. Need 
for boundaries and 
rules.  
 

Clinical 
observations 
during testing 
(ESCS, SOM, 
MSEL) that 
revealed 
difficulties with 
compliance and 

Strong rhythm played 
by the solo piano or 
guitar or piano-guitar 
duo, combined with 
predictable, repetitive 
melodies. 
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Contraindication: 
Rigidity. 

task completion. 

04: 
Communica-
tion,  
Social 
Interaction 

Romantic (02), 
 
Magic voice 
(Lascia ch’io 
pianga) (23),  
 
Queen of the 
night (24) 
 

To promote 
expressions of 
thoughts, feelings, 
needs and wants. 
To improve 
communication and 
interaction. 
 
02 can also be used 
as an alternative to 
01.  
 
24 has an 
energizing effect 
and it can be used 
with mild 
regulatory 
problems  
on low-tone 
children to “perk 
them up”. 
 
Contraindication: 
Strong emotional 
elements on these 
recordings may 
cause distress on 
anxious or 
dysregulated 
clients.  

MSEL: 
Low scores on 
receptive and 
expressive 
language. 
 
ESCS:  
Low scores on 
social 
interaction. 

Strong melodic lines 
provided by the flute 
(02) or human voice 
(23). Melodies and 
way of performing 
emphasize emotional 
expression. 
 
Piano concerto with 
chamber orchestra 
(24). Dialogue 
between the piano and 
the orchestra. 
Predictable, repetitive 
melodies. Melodies 
and dynamics of music 
evoke emotions. 

05: 
Flexibility, 
Adaptability, 
Responsi-
veness 

Classic (01), 
 
Cadaques Night 
(05) 

Used as an 
alternative to 
engagement 
recordings 
(Category 1) 
mainly at later 
stages of the SST 
program with 
children who are 
rigid. 

Clinical 
observations 
during ESCS: 
client who is “in 
his own world” 
and “hard to 
reach”. 
 
Regulatory 
problems as 
identified by the 
SSP. 

Strong melodies 
played by a solo 
flute, solo cello, or 
flute–cello duets, 
with less emphasis 
on rhythm (01). 
 
Improvised music 
played by three 
guitars using jazz, 
flamenco, and 
classic styles (05). 

06: Music of the To improve ability Clinical Sounds of nature 
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Discrimina-
tion,  
Focused 
Attention 

Wind and Sun 
(60), 
 
Mozart and 
Contemporaries 
(07) 

to discriminate 
between similar 
sounding sounds. 
To improve ability 
to attend to sounds. 
 
60 can also be used 
as an alternative to 
21 or 22 (Category 
1) with children 
with low tone who 
benefit from the 
energizing effect of 
string instruments.   

observations of 
unclear 
pronunciation of 
words during all 
testing. 
 

combined with 
simple, peaceful 
music played by 
string instruments 
rich on overtones 
(60). 
 
String quartet (07) 
with solo clarinet, 
rich on overtones. 

Legend: 
ESCS = Early Social Communication Scale; 
SSP= Short Sensory Profile; 
SOM= The Experimental Social Orienting Measures; and 
MSEL= Mullen Scales of Early Learning. 
  
 Each SST listening session included music from three different music 

categories to meet the child’s goals of improving sound orienting, engagement, and 

social interaction. Exceptions were made for two types of children: those whose 

sensory reactivity profiles indicated over-responsiveness (only two categories used); 

and children with behavioural difficulties or severe rigidity as observed by the 

research assistant during the intake assessment and pre-listening session (four 

categories). All listening programs started with music aiming to settle the children 

into the treatment room (Category 1: “Engagement”) and to facilitate a state of 

optimal arousal (Category 2: “Regulation”). Music from other categories was chosen 

as needed following the model presented below. Each session was planned so that a 

variety of music was played for novelty; however, tracks from a previously used 

recording were also included for some familiarity (Ali & Peynircioglu, 2010). 

Although these tracks were not the same as the ones used in an earlier session, the 

familiar-sounding tracks presented some predictability to help children feel 

comfortable with the music (Ali & Peynircioglu, 2010). In general, tracks were used 

in correct numerical order, starting from track one. Some tracks were omitted for 

being too varied regarding the rhythm and pulse or range of dynamics. All tracks for 

the recordings used are presented in a table included in Appendix M. 
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Music for SST sessions was selected from Table 3.2 (above) using two 

Decision Trees to guide session planning (Figures 3.9 & 3.10, below). The Decision 

Trees were created for this study based on clinical experience and knowledge of the 

student researcher, developed over the past 15 years. As guidelines on how to 

choose SST music to promote social engagement in children with ASD do not exist, 

the two Decision Trees present the first known attempt to structure the SST program 

for this group of clients.  

Each clinic-based SST listening session consisted of three 10-minute 

sections. The two Decision Trees show the progress of the 30-minute listening 

sessions from the beginning to end.  The plan for sessions one through five was 

developed before session one. The plan was reviewed before each session. The plan 

for sessions six to 10 was developed after session five and similarly reviewed daily. 

No changes were made to the music during the sessions. 

Decision Tree principles for sessions one through five. During the first five 

sessions, priority was given to music recordings from Categories 1 (“Engagement”) 

and 2 (“Regulation”). In general, one recording was chosen from each category. 

Figure 3.9 illustrates the decision-making process. 

 
Figure 3.9. Decision Tree model developed for the first five sessions.  
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Note. Circled numbers refer SST recordings while numbers inside boxes refer to SST music 
categories. Cat. = SST Music Category. 

 

 

For Category 1 (“Engagement, Confidence”), recording 21 “(Nocturne”) was 

used if it was well received during the pre-listening session; otherwise, recording 22 

(“Cantabile”) was chosen. In some cases, recordings 21 and 22 were replaced with 

recording 60 (“Music of the Wind and Sun”), 01 (“Classic”) or 02 (“Romantic”) on 

sessions three, four and five for more variety. These choices were used with children 

who were restless and easily distracted during baseline assessment, assuming that 

the children would benefit from more novelty in music than others to keep them 

interested in the listening process. As with all sessions, the student researcher 

developed the Decision Tree and created the plan for each child. 

For Category 2 (“Regulation, Spatial Orienting”), drumming music 

(recordings number 40 or 62) was the preferred choice as long as it was well 

tolerated with no negative behaviours (see the list provided on p. 126) observed. For 

children with weak orienting to sounds observed during baseline SOM assessment, 

nature sounds were added to the drumming to provide a spatial component (4452, 

4415).  

Unless the child presented with signs of sensory over-reactivity on SSP, a 

recording from a third category was added.  The choice was made based on the 

child’s developmental profile using the following criteria. For a child with 

prominent emotional or behavioural difficulties such as tantrums observed during 

baseline assessment or reported by parents, a recording from Category 4 

(“Communication”) was added (recording 02, “Romantic”). For the withdrawn child 

who preferred playing alone and needed more support for regulation, a recording 

from Category 3 for “Organization” (03 “Carulli”) or Category 6 for “Flexibility” 

(01 “Classic,” 05 “Cadaques Night”) was selected.  

Those children who needed a fourth category (children with behavioural 

difficulties or severe rigidity) were given a recording from Categories 1, 2, 3, 4, or 5, 

depending on their needs, following the Decision Tree and clinical judgment of the 

student researcher based on baseline observations. See Table 3.4, p. 138 for 

examples. 

   



 

	

135 

Decision Tree principles for sessions six to 10. During the next five 

sessions, priority was given to music recordings from Categories 2 (“Regulation”) 

and 4 (“Communication, Social Interaction”). Figure 3.10 illustrates the principles. 

 

 
Figure 3.10. Decision Tree model developed for sessions six to 10. 

 

 

 Music for regulation (Category 2) included more options than what was 

offered during the first five sessions. There was a selection of simple and complex 

drumming rhythms played on their own (recordings 40, 43), or combined with 

nature sounds (4352, 4415, 4452, 62) or music (60). The nature sounds were 

recorded in either small confined spaces (a small creek, microphones placed close to 

the water) or large open spaces (seaside, microphones capturing the whole space), 

aiming to offer a calming and centring impact (Steinbach, 2010). Recordings for 

social communication (Category 4) included 02 (“Romantic”), 23 (“Magic Voice”) 

and 24 (“Queen of the Night”), the main difference being that “Magic Voice” 

included singing while the other recordings were instrumental. Also, music from 
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two more categories was chosen based on the child’s profile. Category 5 

(“Flexibility”) was used for children with signs of severe rigidity and Category 6 

(“Discrimination”) was added for children with unclear articulation.  

 Following the music selection, the level of spectral activation was chosen for 

each listening session. While the decision was mainly based on the child’s sensory 

profile, observations during clinic sessions were written down and taken into 

account.  As with the choice of music, a Decision Tree was created by the student 

researcher. Figure 3.11 below highlights the thinking process behind decision-

making for clinic-based SST sessions.  

 

 
Figure 3.11. Choosing the level of spectral activation for SST sessions. 

 

 

Children who had been calm and engaged during the previous session 

typically stayed on the same level of spectral activation with a gradual increase of 

spectral activation planned across 10 sessions. The child’s sensory reactivity profile 

influenced decisions made. The children’s sensory reactivity profiles and description 

of spectral activation levels for treatment sessions one through five and six through 

10 are described in Table 3.3 below.  

 

 

Table 3.3.  
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Choice of Spectral Activation for SST Group Based on Sensory Profiles  

Participant  
No. 

Predominant Sensory 
Profile Based on Short  

Choices Made for 
Sessions One Through  

Choices Made for 
Sessions Six Through  

 Sensory Profile Five 10 

2 Combination of sensory 
over-reactivity and 
sensory seeking 
behaviours 

Combination of B and 
C, slowly moving 
towards D from 
session five. 

Combination of D and 
C, reducing intensity 
for sessions nine and 
10 

3 Severe sensory over-
reactivity 

Level B, slowly 
introducing C from 
session four and 
combination of B and 
C for sessions four and 
five. 

Level C. 

5 Moderate auditory & 
visual over-reactivity, no 
other sensory concerns 

Combination of B and 
C for first 3 sessions, 
moving to C from 
session four. 

Combination of C and 
D. 

8 Mild tactile over-
reactivity, under-
responsive to sensory 
input through other 
sensory systems 

Combination of B and 
C for first two 
sessions, just C for 
sessions three and 
four, and introducing 
D from session five. 

Combination of C and 
D. 

10 Under-responsive to 
sensory input, no 
sensitivities 

Combination of C and 
D. 

Combination of C and 
D. 

11 Over-reactive to taste, 
otherwise no sensory 
seeking or avoiding 

C on session one, 
combination of C and 
D on sessions two 
though five. 

Combination of C and 
D  
for sessions six and 
seven,  
D only for sessions 
eight through 10. 

Legend 
Spectral activation level A: The lowest level of intensity; 
Level B: A slightly higher intensity, used as a starting point for most children; 
Level C: A level of moderate intensity; and 
Level D: High intensity. 
 
 

Two client examples are provided below (Table 3.4) to further illustrate how 

music and spectral activation were selected based on the child’s profile. 
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Table 3.4. 

Example of Decision Making for Choice of Music and Spectral Activation (Session 

one, based on research notes) 

 Participant No. 02 Participant No. 05 

Observation 
during testing 
and pre-
listening 
session 

Restless, ran around, engaged only 
briefly. High arousal, displayed 
sensory seeking behaviours (touching 
toys and people, running). 

Passive, low tone, low arousal, weak 
muscles, stayed in one spot during 
testing and pre-listening. Easily 
distracted by sounds and toys.  “A hard 
to reach child” that was largely in his 
own world and focused on toys over 
people. 
 

Choice of 
music for 
first 
recording 

Category 1 “Engagement,” recording 
21 “Nocturne”, faster tracks only, to 
facilitate connection with caregiver (15 
min). 
 

Category 1 “Engagement”, recording 21 
“Nocturne”, faster tracks, to facilitate 
connection with caregiver (10 min). 

Level of 
spectral 
activation 

Level B. 
Had calmed down and engaged during 
pre-listening session when level B was 
used, however this effect did not last 
and Level C was used for the second 
part of pre-listening session.  
Given his mixed reactivity (he is 
sensory seeking, unresponsive when 
called, but also very sensitive to 
textures and sudden sounds) and his 
tendency to become easily overly 
excitable, it is better to start with a 
lower intensity to make sure he 
tolerates it well. 
 

Level C. 
Like many children with low arousal and 
low tone, he needed a higher intensity 
during the pre-listening session to 
become alert and engaged. High level of 
spectral activation early in the session 
was expected to alert him, even if it was 
unlikely that he would tolerate this level 
of intensity for the whole 30-minute 
session. 

Choice of 
music for 
second 
recording 

Category 2 “Regulation”, recording 40 
“Natural Drums”, to reduce level of 
arousal to the optimum range where he 
can attend and engage (15 min). 

Category 2 “Regulation”, recording 40 
“Natural Drums”, to get him “in sync”. 
62 was considered as an alternative, 
however the rain forest sounds that were 
added to drumming might have 
increased his distractibility. 40 was a 
“safer” choice (10 min). 
 

Level of Level C.  Level B.  
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spectral 
activation 

Expected to tolerate high intensity 
when simple drumming is used. The 
rhythm is repetitive and he may tune 
out unless higher intensity is used – 
thus Level C. Given his movement 
seeking behaviour, high intensity may 
be beneficial. 

Given that he had a combination of 
different levels of intensity (A, B, C) 
during pre-listening, there was a concern 
that staying on high intensity C for the 
whole session might be too much, 
especially so early in the treatment, even 
if he was likely to benefit from high 
intensity. 
 

Choice of 
music for 
third 
recording 

None. Focused on two categories and 
two recordings with 15 minutes each. 
Unlikely to tolerate more variety – 
more tracks were chosen from 
Categories 1 and 2 instead. 

Category 5. Recording 1, “Classic”, 
tracks with cello and harp by Handel. 
Cello is engaging and grounding. Very 
predictable rhythm. Started with slower 
track (Adagio) to match his speed, then 
moved on to faster track to alert him 
(Allegro). (10 min) 
 

Level of 
spectral 
activation 

n/a Level B. 
It was expected that 10 minutes on level 
C would be enough (second recording), 
and that the rest of the session should be 
kept at a lower intensity to avoid 
overload.  
 

 

 

Music choices for the SST home program. This section explains the goals 

and principles of home program music selections. Figure 3.12 illustrates the 

decision-making for home programs. 
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Figure 3.12. Principles of music selection for SST group home program.  
Note. Circled numbers refer to recording numbers while boxed numbers correspond to 
music categories. Cat. = SST music category. 
 

 

During the first four weeks of the home program (Segment 1), all children 

were given music from Category 2 (“Regulation, Spatial Orienting”). This decision 

was based on the assumption that the most efficient way to support the children after 

an intensive clinic program would be to support their ability to stay calm and alert 

and to orient to sounds (Porges, et al, 2014). The choice between the two options 

available was made based on the child’s responses during the clinic program. 

Children who continued to show signs of poor orienting towards their caregivers’ 

voices during parent–child free play were given a combination of drumming and 

nature sounds (4415), while others received a recording of drumming only (40). 

Nature sounds were recorded by Steinbach to provide an experience of auditory 

space where the listener was surrounded by nature, hearing some sounds on the left, 

others right, in front, or below; some sounds being far and others close (Steinbach, 
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2010). Training the child to perceive these sounds through repeated listening was 

hypothesized to improve the child’s ability to localize sounds in space and to orient 

to his or her parent’s voices.  

 The second period of four weeks (Segment 2) targeted a wider range of 

target areas depending on the child’s sensory reactivity profile and his response to 

the first home listening period. Different choices were made depending on whether 

the child continued to show signs of sensory over-reactivity, such as sensitivity to 

sounds and touch, or under-responsiveness, such as not noticing sensory input. As it 

was during the clinic program, the student researcher chose music for the children.  

 

Choice of spectral activation for the SST home program. To make sure that 

participants tolerated the intensity of music delivered through regular headphones 

without the calming impact of bone conduction, level of spectral activation was 

reduced for home listening. For the first four weeks, all children except those with 

high sensory reactivity were given music at level B of spectral activation. Those 

with severe over-reactivity to sensory input were offered the lowest intensity of level 

A. Decision-making for the next four weeks was made by Ingo Steinbach, based on 

parental feedback and observations during the review session and the student 

researcher’s guideline above (Figure 3.12). Children who had done well during the 

first part of the home program, demonstrating the ability to stay calm and engage 

with the parent based on parent report during the review session, continued on the 

same level of spectral activation. Children, who did not show progress or seemed 

less engaged than during the clinic program, were given a higher level of spectral 

activation. Finally, those children who had shown some irritability received music 

with a lower level of spectral activation. 

 

Intervention for the comparative treatment group. A range of receptive 

music therapy methods, such as the use of relaxation and imagery scripts (Grocke & 

Wigram, 2007) was considered for the control group. Given that SST involves 

listening to music over headphones, music listening program using pre-recorded 

music was chosen as the most appropriate alternative. Having children in both 

groups listen to music over headphones offered the possibility of exploring 

differences in the music programs used (Lord et al., 2005). Most importantly, this 
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arrangement allowed for blinding of participants to treatment condition (Bradt, 

2012). An additional benefit of using music listening as the control condition was 

that listening to carefully selected pre-recorded non-modified music is known to 

have therapeutic value (Katagiri, 2009). Given that ASD is a severe, life-long 

disability and that starting treatment as early as possible is beneficial (Zwaigenbaum 

et al., 2015), placing children on a wait-list condition or offering a treatment that 

was likely to be not effective would raise some ethical considerations. Delivering an 

intervention that was likely to be beneficial was a preferred option. Listening to non-

modified music has been used as a control condition in sound therapy studies 

(Edelson, et al., 1999; Zollweg, Palm, & Vance, 1997). 

 The main principle followed for music selection involved finding music with 

the capacity to facilitate a calm state of alertness and arousal (Porges, et al., 2014).  

Several factors - music structure, form, instrumentation and tempo - were considered 

to ensure that the music chosen was soothing, well tolerated, and pleasurable 

(Grocke & Wigram, 2007). The final list of recordings included classical 

compositions with a predictable, repetitive structure; a steady pulse; even dynamic 

range; and a melody creating a relaxing mood (Grocke & Wigram, 2007). Preferred 

instrumentation included woodwinds, piano or chamber orchestra. Music recordings 

were generic “off-the-shelf” recordings available in music stores. Most of the music 

selections had been used in previous clinical work with children with ASD by the 

student researcher. Even though not individualized for each child, the music was 

expected to have a calming impact on most children in the group. This impact was 

further expected to prevent dropouts. 

Table 3.5 below presents the recordings used for the comparative treatment 

group. For the purpose of this study, a numerical code was issued to each recording 

and each track. The music listening protocol was standardized for all participants. 

The tracks were transferred into the children’s iPods by Ingo Steinbach to be played 

in the order presented in the table, starting from track 1 of recording number 902. 

The occasional exception in the order of recordings was made to accommodate for 

the total length of the listening session. For example, session one for participant 02 

included tracks from recordings 902, 903, and 907; and session two included tracks 

from recordings 904, 908, and 909. For variety, each listening session included 

music from at least two different recordings. Alternatively, different types of music 
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were picked from one recording. For example, if the session included recording 902 

only, tracks from the quintet (track 5) and a piano concerto (track 9) were included 

in the same listening session. During the listening session the children were engaged 

in play with a parent to promote a calm environment of active listening (Porges, 

2007). 

  

Table 3.5. 

Music Selections for Comparative Treatment Group 

CD  
No  

Track 
No 

Composer Name of Composition Tempo 

902 1 Mozart, W.A. Serenade no 10 in B, K. 361 Adagio 

 2 Mozart, W.A. Cessation in G, K. 63 Adagio 

 3 Mozart, W.A. Divertimento in F for String Quartet Andante 

 5 Mozart, W.A. Quintet in E Flat, K.407 Andante 

 6 Mozart, W.A. Symphony no 40 in G, K.550 Andante 

 7 Mozart, W.A. Symphony no 28 in C, K.200 Andante 

 8 Mozart, W.A. Symphony no 31 in D, Paris, K.297 Andante 

 9 Mozart, W.A. Piano Concerto no 26 in D, K537 Larghetto 

903 1 Mozart, W.A. Cessation in B Flat Minor, K.99 Andante 

 2 Mozart, W.A. Symphony no 13 in F Andante 

 4 Mozart, W.A. Symphony no 8 in D Andante 

 7 Mozart, W.A. Symphony no 4 in D Andante 

904 2 Mozart, W.A. Symphony no 27 in G, K199/161b Andante 
Grazioso 

 3 Mozart, W.A. Serenade in D Major, K.250 Andante 

 6 Mozart, W.A. Piano Concerto no 20 in D Major Andante 

 7 Mozart, W.A. Divertimento in D, K.131 Allegretto 

905 3 Bach, Johann 
Sebastian 

Brandenburger Concerto no 6 BWV 
1051 in B flat minor 

Adagio ma non 
tanto 

 5 Barber, Samuel Adagio for Strings, Op.11  

 10 Delibes, Leo Coppelia, Act 3: Prayer  

 12 Pachelbel, 
Johann 

Canon in D Adagio 
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906 3 Bach, J.S. Air ‘on the G string’  

 6 Bach, J.S. Jesu Meine Freunde  

 8 Beethoven Piano Concerto no 5 in E Flat Adagio 

 9 Mascagni Intermezzo (Cavalleria Rusticana)  

 13 Holst Venus (the Planets) Adagio 

 14 Chopin Piano Concerto no 1 in E Minor – 
Romance 

Adagio 

 17 Williams, 
Vaughan 

Fantasia on a Theme by Thomas 
Tallis 

 

907 4 Handel Water Music Air 

 5 Vivaldi Concerto for Lute and Two Violins Largo 

 6 Bach, J.S. Goldberg Variations, Aria  

 8 Bach, J.S.  Double Violin concerto in D Minor Largo ma non 
tanto 

 11 Elgar Serenade in E Mino Larghetto 

 13 Rachmaninov Piano Concerto no 2 in C minor Adagio 
Sostenuto 

 14 Barber Adagio for Strings  

 16 Schubert String Quartet in C Adagio 

908 12 Corelli Concerto Grosso in G minor Adagio 

 14 Bach, J.S. Well-Tempered Clavier, Book 1 – 
1. Prelude in C, BWV 846 

 

909 14 Bach, J.S. Goldberg Variations Aria 

910 5 Corelli Concerto Grosso in D Adagio 

 6 Haydn, J. String Quartet in C major, Op 76, 
No 3, Emperor 

Poco adagio, 
Cantabile 

 10 Haydn, J. String Quartet in D major, Op 64, 
No 5, The Lark 

Adagio 
Cantabile 

Legend of CD numbers. 
902: Music for the Mozart Effect: Relax and Unwind. Vol V. Compiled by Don Campbell. 
Spring Hill Music, Bounder CO, 2000; 
903 & 904: Music for the Mozart Effect: Focus and Clarity. Vol IV. Discs A & B. Spring 
Hill Music, Bounder CO, 2000; 
905: Music Therapy. Music to move the mind, body and soul. Warner Classics UK, 1995; 
906 & 907: The Most Peaceful Classical Album in the World...Ever! CD 1 & 2. EMI 
Records, 2000; 
908 & 909 &Track 5 of 910: Essential Baroque. Decca Music Group Limited, 2006; 
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910: The Best of Haydn. Naxos. HNH International, 1997. 
 

 

The principle described above was used when selecting music for the home 

listening program. The music for the first four weeks (Segment 1) included 20 

minutes of music from the next recording on the list. For a child whose last clinic 

listening session had ended with recording 906, the first recording for the home 

program was 907. After a home listening review and parent feedback, music for the 

last four weeks (Segment 2) was loaded onto the iPod. Again, the numerical order 

was followed in the choice of music tracks. 

 

Fidelity 

 Treatment fidelity alludes to strategies used during the trial to monitor and 

improve reliability and validity of the treatment under study (Bellg et al., 2004). 

Fidelity procedures are critical in clinical trials because treatment fidelity influences 

the effect size of the intervention and has an impact on statistical power (Resnick et 

al., 2005). Increased power will, in turn, reduce the sample size needed to uncover 

differences between groups (Resnick et al., 2005). Moreover, rigorous fidelity 

measures minimize performance bias and increase confidence that the results of the 

study are directly attributable to the intervention used (Bellg et al., 2004; Bradt, 

2012). Bellg and colleagues (2004), referring to Cook and Campbell (1979) stated: 

…In evaluating a new intervention, if significant results were found but 

fidelity was not monitored and optimized, one does not know whether the 

outcome was due to an effective treatment or to unknown factors that may 

have been unintentionally added to or omitted from the treatment. (Bellg, et 

al., 2004, p. 444) 

 

 Following the recommendations of Treatment Fidelity Workgroup of NIH 

Behaviour Change Consortium (Bellg et al., 2004), this study employed rigorous 

fidelity strategies related to study design, training of intervention providers, and 

delivery of treatment. Strategies for study design included ensuring that all children 

in both groups received the same number of sessions of the same fixed duration and 

at the same intensity (Bellg et al., 2004). The student researcher kept a log of all 
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session dates, and the length of the listening sessions was monitored through the 

electronic records created by Logic 9, the software used to create music files.  

 Strategies for intervention providers (research assistants), designed to ensure 

consistent intervention delivery and to minimize differences between providers, 

were based on the following training protocol (Bellg et al., 2004). Each research 

assistant was offered three individual half-day training sessions to discuss study 

procedures (Appendix N). Training included principles of receptive music therapy 

and SST. To control for expectations of the research assistants, the student 

researcher emphasized that adherence to treatment procedures was crucially 

important, and each child was to receive the exact same intervention, only difference 

being the music itself.  

 Several strategies related to treatment delivery were also included. To ensure 

adherence to treatment protocol throughout the study period, an eight-item fidelity 

checklist (Appendix H) was created. Research assistants were required to read over 

the checklist before each treatment session to be reminded of the procedures. They 

were also asked to fill in the checklist after each session (Bellg et al., 2004). 

Furthermore, all treatment sessions were video recorded and monitored for fidelity. 

The student researcher observed the first two treatment sessions of each research 

assistant live in the same room and provided immediate feedback on adherence to 

treatment protocol when required. Any deviations were immediately corrected 

(Resnick et al., 2005). Also, the student researcher monitored the next two treatment 

sessions (sessions three and four) of every research assistant over a live video feed. 

Feedback about the research assistant’s ability to facilitate the session according to 

treatment manual shared and any deviations were discussed (Resnick et al., 2005). 

The remaining sessions were video recorded and randomly checked. Therapist 

ratings (see Attachment I) indicate a strong agreement with treatment protocols. 

 Fidelity regarding adherence to Decision Trees and music selection tables 

was monitored from screen shots of SST database received after the trial. Plans for 

each music session (clinic- and home-based) for all children in both groups were 

saved on the Logic 9-software, and a file was created for each child under a 

numerical code. The software also monitored the files that were used. To ensure 

parental compliance with home program procedures, all parents were briefed on the 

importance of daily listening before the start of the home program. Parents were 
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required to follow the standardized listening times and to provide daily feedback 

through SST database. As mentioned earlier, the student researcher was on weekly 

email contact with all parents to remind them of the procedures and to answer any 

questions that the parents might have. Parents were encouraged to call her if the 

child fell sick or if they had any urgent questions.  

 

Data Collecting and Data Preparation 

 Paper-based and electronic data was collected during the study on baseline 

and outcome measures. 

Baseline assessments to define the sample. The first set of data involved 

standardized parent questionnaires and clinician-administered tests to collect 

information about the participant’s auditory-sensory processing (SSP), adaptive 

functioning (VABS), language and cognitive skills (MELS) and autism diagnosis 

(CARS). The research assistant in charge of the assessments, who was blinded to 

treatment conditions, was responsible for recording and summarizing the data in the 

original test forms and placing the forms in each participant’s confidential file. At 

the end of the data collection, manual summary scores were checked for accuracy 

and transferred into an electronic Excel file by the student researcher. All assessment 

sessions were videotaped for fidelity purposes, and the footage was used to assist the 

research assistant in scoring CARS. Video files of assessment sessions were saved 

on an external hard drive (details provided in the Equipment-section). 

 Dependent variables. Data from the main outcome measure, ESCS, and 

from the parent-child free play were collected in the video form. Details of the 

cameras and external hard drives used were described earlier in this chapter under 

Equipment (p.113). The Social Responsiveness Scale (SRS) Parent and Teacher 

Reports were scored using original test forms. The children’s responses during 

Direct Social Orienting Measures (SOM) and parents’ responses during Parent 

Interview for Autism (PIA-CV) were recorded and summarized using forms created 

for this study (Appendix D, E). As with the baseline tests, manual summary scores 

were checked for accuracy and transferred into an Excel file for data analysis. 

 General record keeping.  A data collection form (Appendix C), kept in the 

children’s confidential files, was developed to keep track of all data. A tick was 

recorded each time a form was handed out and returned to the file by a research 
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assistant. In addition to data tracking, the form included sections for participant 

attendance, therapist observation checklists, and treatment fidelity checklists. 

Blinding to group allocation was maintained throughout data collection and data 

analysis process. 

 

Data Analysis 

 Statistical procedures were employed to test the hypotheses generated for the 

study (Creswell, 2014). A combination of descriptive and inferential statistics was 

used to present baseline data and outcome data (Heiman, 2013). Data from pre- 

(T1), in-between (T2), post- (T3)- and follow-up (T4) measurements were analysed 

using the intention-to-treat basis (El-Masri, 2015). The most appropriate method for 

data analysis on outcome measures was planned in discussion with Statistics 

Consultant, Professor Ian Gordon at the Statistics Consulting Centre, The University 

of Melbourne (4 March 2015). The statistical model was to accommodate for 

repeated measurements and calculate changes in mean scores over four time points 

(T1 to T4), in two different conditions (SST and music listening); as well as, to 

adjust for different time periods between each measurement (two weeks to three 

months), within-subjects variability, differences between groups at baseline, and any 

missing data.  

The linear mixed model and a distinct type of analysis of variance, the 

repeated measures analysis of variance (ANOVA) was chosen as the most suitable 

model to examine how the two groups differed over time (Lee, 2015). Given the 

large degree of heterogeneity in ASD (Lenroot & Yeung, 2013), comparing variance 

within and between the groups seemed particularly well suited for this diverse client 

group (Scott & Mazhindu, 2014). The standard repeated measures ANOVA with the 

three variables (social orienting, joint attention and social interaction) was used to 

assess for any significant interactions at the pre- (T1), in-between (T2) and post-

treatment periods (T3) as well as, at follow-up (T4). The analysis treated the 

participants as “random effects”, and intervention, time (at T2, T3, and T4) and 

baseline values as “fixed effects” (Guven, 2015; Hill & Lewicki, 2007). Using this 

model, outcome variables themselves were not assumed to be normally distributed. 

However, the normal distribution of the residual variance was assumed (Guven, 

2015). Furthermore, it was assumed that residual variance was constant and that 
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after allowing for the terms in the model, the residual errors were statistically 

independent. To evaluate whether the data fit the assumptions of the statistical 

model particularly regarding constant variance, standardized residuals were plotted 

on some diagnostic plots.  

The data was analysed in two groups, comparing the performance of SST 

group to comparative treatment group. The repeated measures ANOVAs were fitted 

in the statistical software GenStat, version 16.1.0.10916 (VSN International, 2013). 

The graphs were constructed using MiniTab 17.3.1. (Minitab Inc., 2016).  

 

 Early Social Communication Scales (ESCS). Analysis of ESCS data 

involved two procedures. First, inter-rater reliability was determined. Then, the 

repeated measures ANOVA was used on all outcome data from T1 to T4. 

Inter-rater reliability. To determine inter-rater reliability in ESCS, 

correlations were performed. The Intraclass Correlation Coefficient (ICC) and 

Bland-Altman plots (Rankin & Stokes, 1998) were used on raw ESCS scores. These 

calculations were made on SPSS 16.0-software (IBM, 2015). 

Analysis of outcome data. For the main measure ESCS, the three subtests, 

Joint Attention, Behavioural Requests and Social Interaction, and a total summary 

score were chosen for data analysis. Given that ESCS comprised only frequency 

data, raw scores were added up to form the three subtest scores with the total score 

(Kim, 2006). The subtest scores and the total score were subjected to a repeated 

measures ANOVA.  

The best way to analyse the data was considered particularly with regards to 

the extremely small sample size. Following a consultation with Professor Gordon 

and his initial statistical analysis, it was determined that the sample, even though 

tiny, was still sufficient to demonstrate an especially strong treatment effect. Group 

analysis was, therefore, appropriate. 

Intervention effect. The statistical process also involved calculating an 

estimate of the intervention effect. The intervention effect differs from a 

standardized effect size in that it uses the actual scale of the measure, which allows 

for direct determination of clinical significance of the results. Standardized effect 

sizes have been used in music therapy studies on children with ASD with pre-post 

designs (Thompson et al., 2013). Although useful in many ways (Gold, 2004), effect 
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sizes have also been critiqued for using standard deviation to calculate the measure 

of the effect (Cummings, 2004; Greenland, Schlesselman, & Criqui, 1986). 

Intervention effect does not depend on standard deviation as it is calculated by 

measuring the difference in mean outcomes between participants, in this case, SST 

group minus comparison group (Heiman, 2014). 

The children’s ESCS data was analysed in two groups, comparing the 

performance of one group against the other. The repeated measures ANOVA was 

used to answer the following questions: 

1) Is there evidence that the intervention effect, if any, on ESCS Joint Attention 

varied over time from T1 (pre-treatment) to T2 (post-clinic treatment)? 

a) If so, what is the pattern of that variation? 

b) If not, is there a clear overall effect of intervention? 

c) If an intervention effect exists, what is it estimated to be? 

 

2) Is there evidence that the intervention effect, if any, on ESCS Behavioural 

Requests varied over time from T1 (pre-treatment) to T2 (post-clinic 

treatment) (with the same sub-questions as in 1a-1c)? 

 

3) Is there evidence that the intervention effect, if any, on ESCS Social 

Interaction varied over time from T1 (pre-treatment) to T2 (post-clinic 

treatment) (with the same sub-questions as in 1a-1c)? 

 

4) Is there evidence that the intervention effect, if any, on ESCS Total score 

varied over time from T1 (pre-treatment) to T2 (post-clinic treatment) (with 

the same sub-questions as in 1a-1c)? 

 

5) Is there evidence that the intervention effect, if any, on ESCS Joint Attention 

varied over time from T2 (post-clinic treatment) to T3 (post-home program) 

(with the same sub-questions as in 1a-1c)? 

 

6) Is there evidence that the intervention effect, if any, on ESCS Behavioural 

Requests varied over time from T2 (post-clinic treatment) to T3 (post-home 

program) (with the same sub-questions as in 1a-1c)? 
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7) Is there evidence that the intervention effect, if any, on ESCS Social 

Interaction varied over time from T2 (post-clinic treatment) to T3 (post-

home program) (with the same sub-questions as in 1a-1c)? 

 

8) Is there evidence that the intervention effect, if any, on ESCS Total score 

varied over time from T2 (post-clinic treatment) to T3 (post-home program) 

(with the same sub-questions as in 1a-1c)? 

 

9) Is there evidence that the intervention effect, if any, on ESCS Joint Attention 

varied over time from T3 (post-home program) to T4 (follow-up) (with the 

same sub-questions as in 1a-1c)? 

 

10) Is there evidence that the intervention effect, if any, on ESCS Behavioural 

Requests varied over time from T3 (post-home program) to T4 (follow-up) 

(with the same sub-questions as in 1a-1c)? 

 

11) Is there evidence that the intervention effect, if any, on ESCS Social 

Interaction varied over time from T3 (post-home program) to T4 (follow-up) 

(with the same sub-questions as in 1a-1c)? 

 

12) Is there evidence that the intervention effect, if any, on ESCS Total score 

varied over time from T3 (post-home program) to T4 (follow-up) (with the 

same sub-questions as in 1a-1c)? 

 

Social Responsiveness Scale (SRS). To avoid Type I error resulting from 

multiple analyses (Sedgwick, 2014a), subscale analysis was not performed on SRS. 

A repeated measures ANOVA was used on SRS-Parent Report and SRS-Teacher 

Report total raw scores to answer the following questions, which are presented here 

in a condensed form: 

1) Is there evidence that the intervention effect, if any, on SRS-Parent Report 

varied over time from from T1 (pre-treatment) to T2 (post-clinic treatment), 

from T2 to T3 (post-home program), or from T3 to T4 (follow-up)? 
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a) If so, what is the pattern of that variation? 

b) If not, is there a clear overall effect of intervention? 

c) If an intervention effect exists, what is it estimated to be? 

 

2) Is there evidence that the intervention effect, if any, on SRS-Teacher Report 

varied over time from T1 (pre-treatment) to T2 (post-clinic treatment), from 

T2 to T3 (post-home program), or from T3 to T4 (follow-up) (with the same 

sub-questions as in 1a-1c)? 

 

Social Orienting Measure (SOM). The total raw scores of SOM were also 

subjected to the repeated measures ANOVA. As for SOM, the following questions 

were asked: 

1) Is there evidence that the intervention effect, if any, on SOM varied over 

time from T1 (pre-treatment) to T2 (post-clinic treatment), from T2 to T3 

(post-home program), or from T3 to T4 (follow-up)? 

a) If so, what is the pattern of that variation? 

b) If not, is there a clear overall effect of intervention? 

c) If an intervention effect exists, what is it estimated to be? 

 

Parent Interview for Autism (PIA-CV). As PIA-CV was only administered 

pre-treatment and at follow-up, the following questions were asked from the 

repeated measures ANOVA, performed on the raw scores: 

1) Is there evidence that the intervention effect, if any, on the PIA-CV varied 

over time from T1 (pre-treatment) to T4 (follow-up)? 

a) If so, what is the pattern of that variation? 

b) If not, is there a clear overall effect of intervention? 

c) If an intervention effect exists, what is it estimated to be? 

 

Free play videotapes. The analysis of data from parent-child free play, 

which was scored based on the SOC-RS, included four separate calculations. 

Repeated measures ANOVA was used for the first three analyses. The analysis 

accounted for any missing data. 
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SOC Rate. The first analysis was based on the total score (Social Orienting 

Composite Score, SOC). SOC involved the total number of instances of social 

referencing, social smiling, name orienting, joint attention initiating and joint 

attention responding. The SOC variable was divided by the total observable time as 

not all of seven minutes of the free play recording led to an observable record. As 

discussed in an earlier section on dependent variables, the seven minutes were 

divided into three lengths of time: “Engaged,” “Disengaged,” and “Not observable”. 

An example of a “not observable” time was when the child turned away so that his 

face could not be seen on camera. Although the time “not observable” was generally 

small, sometimes even zero, contributions to SOC cannot occur when the parent-

child dyad cannot be observed. Accordingly, to allow for a fair analysis of this 

outcome, the variable SOC was divided by the total observable time, at each time 

point and for each subject, to give the “SOC Rate.” Hence, for example, a child with 

a SOC of 12 and an observable time of six minutes would get a SOC Rate of 2.0 (= 

12/6). This gave a variable that was defined in the same way as the other variables 

and hence was analysed accordingly. 

 SOC Orienting Rate. The second analysis involved SOC Rate minus joint 

attention items, named SOC Orienting Rate. This analysis only included the social 

orienting items of the SOC: social referencing, social smiling, and name orienting. 

Percentage of time engaged. The third analysis involved calculation of the 

percentage of time when the child remained engaged during parent-child free play. 

Since not all of the footage was observable, this calculation was performed on the 

time engaged among the observable time. For example, if a parent-child dyad had 

five minutes and 24 seconds of “engaged” time, 36 seconds of “disengaged” time, 

and one minute of “not observable” time, the percentage of “engaged” time would 

be calculated as 90%, since five minutes 24 seconds is 5.4 minutes and 5.4/6 = 0.9. 

This variable was also analysed the same way.  

The following questions were asked of the analysis: 

1) Is there evidence that the intervention effect, if any, on SOC Rate varied over 

time from T1 (pre-treatment) to T2 (post-clinic treatment), from T2 to T3 

(post-home program), or from T3 to T4 (follow-up)? 

a) If so, what is the pattern of that variation? 

b) If not, is there a clear overall effect of intervention? 
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c) If an intervention effect exists, what is it estimated to be? 

 

2) Is there evidence that the intervention effect, if any, on the SOC Orienting 

Rate varied over time from T1 (pre-treatment) to T2 (post-clinic treatment), 

from T2 to T3 (post-home program), or from T3 to T4 (follow-up) (with the 

same sub-questions as in 1a-1c)? 

 

3) Is there evidence that the intervention effect, if any, on the percentage of 

time engaged, varied over time from T1 (pre-treatment) to T2 (post-clinic 

treatment), from T2 to T3 (post-home program), or from T3 to T4 (follow-

up) (with the same sub-questions as in 1a-1c)? 

 

Social Interaction. The fourth analysis involved the two social interaction items 

of parent-child free play: responding to social interaction and initiating social 

interaction, summarized into one Social Interaction raw score. As there were almost 

no instances of social interaction observed during parent–child play, descriptive 

statistics were used to report on the results (Heiman, 2014). The questions asked 

were: 

1) Is there a difference in frequency of social interaction between groups at 

T2 compared to T1? 

2) Is there a difference in frequency of social interaction between groups at 

T3 compared to T2? 

3) Is there a difference in frequency of social interaction between groups at 

T4 compared to T3? 

 

Conclusion 

The RCT design with repeated measures and two parallel groups was 

planned to undertake an outcome study exploring the effects of SST in social 

orienting, joint attention and reciprocal social interaction in children with ASD. The 

design of the study was strengthened by the use of strict intake criteria to collect a 

homogeneous sample; random allocation of participants and allocation concealment; 

choice of standardized outcome measures where possible; and development of a 

treatment manual and fidelity procedures. Several Decision-trees (Shomark, 2008) 
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were developed to guide and structure clinical decision-making regarding choice of 

music and spectral activation for SST group. Limitations of the study design 

included a small sample size and use of non-individualized music in the comparative 

treatment group that may have added a confounding factor. 

 The study was planned over a two-year period, and data was collected 

between February 2012 and November 2013. All video analyses were finished in 

August 2015, and statistical analysis was concluded in February 2016. The results of 

the statistical analysis are reported in the following chapter. 

 

 

Chapter 4 

Results   

Introduction 

 This chapter presents the results of the data analysis. The scores of the SST 

group were compared to the scores of the comparative treatment group on the five 

dependent variables:  

1. Early Social Communication Scale (ESCS),  

2. Social Responsiveness Scale (SRS-Parent and Teacher Reports),  

3. Social Orienting Measure (SOM),  

4. Parent Interview for Autism (PIA-CV), and  

5. Parent–child free play (SOC-RS).  

A null hypothesis was formulated and tested for each of the five measures. 

The outcome data collected pre- (T1), in-between (T2) and post-treatment (T3) and 

at follow-up (T4) were exposed to a repeated measures, within-subjects analysis of 

variance ANOVA. Four of the dependent variables (ESCS, SRS, SOM, SOC) were 

examined at T2, T3, and T4, and the PIA-CV was examined at T4 against the 

baseline (T1) scores.  As explained in Method (p. 148), adjustments were made for 

differences at baseline (T1) and missing data. Using the mixed linear model, 

normality of the random errors with constant variance was assumed (Guven, 2015). 

The diagnostic plots – a histogram, normal probability plot, and fitted value plot – 

were plotted for each dependent variable to check that the assumptions of the model 

were met. The graphs are provided in Appendix L. 
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The questions for data analysis were derived from the hypotheses generated 

in Chapter 3. The main hypothesis was: “There will be more occurrences of social 

orienting, joint attention, and social interaction behaviours observed in children with 

ASD who attended the SST group compared to children in the comparative 

treatment (music listening) group”. It was hypothesized that these differences would 

be present after the two-week clinic-treatment (T2) and the eight-week home 

program (T3) and that any changes would be maintained at the three-month follow-

up (T4). The statistical model was used to examine the following: 1. Whether any 

treatment effects existed, and if they did, whether the differences between groups 

were significant? 2. Whether the treatment effects varied or remained constant 

across different time points? 3. What was the size of the intervention effect, if any 

existed? (Scott & Mazhindu, 2014) 

This chapter begins with an introduction to the participants and their 

characteristics. The participants’ baseline scores are presented on all dependent 

measures (see Appendix J for raw data). The results of the repeated measures 

ANOVAs are then presented in this order: first the main measure ESCS, then the 

SRS parent and teacher questionnaires, the SOM, the PIA-CV and finally, SOC-RS. 

Data is presented in graphs, tables, and in text format. 

 

Participants 

 Fifteen children were assessed for eligibility between the February 1st, 2012 

and April 30th, 2013. Four children were excluded because they did not meet the 

intake criteria and eleven children were recruited to participate in the study. Figure 

4.1 below, presents the CONSORT (The Consolidated Standards of Reporting 

Trials) flowchart of the participants throughout the trial (Bennett, 2005). 
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Figure 4.1. CONSORT flowchart of participants. 

 

The participants included one girl (ID: 06) and ten boys of Asian origin. Seven 

participants were Singaporean Chinese, two were Indian, one was Malay, and one 

was Filipino-Chinese. All participants had been examined independently by a 

psychologist or a doctor at one of the children’s hospitals or a private clinic and met 

the criteria for Autism Spectrum Disorder. Participant ages ranged from 40 to 67 

months at baseline. Differences between the groups were calculated on Minitab 17 

(Minitab Inc., 2016).  The SST group mean age was 55.68 months (SD = 3.99), and 

the comparison group mean age was 59.40 months (SD = 3.53). The mean 

difference between the two groups, based on the t-test for independent samples, was 

non-significant at 3.73 months (p = 0.503). All children attended early intervention 
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services provided by government agencies or private intervention providers. 

Additional services included occupational therapy (n = 11) and speech and language 

therapy (n = 7). The children in the comparison group received 12.80 hours (SD = 

3.65) of early intervention and 2.40 hours (SD = 0.68) of additional therapies per 

week. Children in the SST group received an average of 14.67 hours of early 

intervention (SD = 3.84) and 1.42 hours (SD = 0.20) of additional therapies per 

week.  Although the early intervention hours varied from 6 to 25 hours per week, 

there was no difference between the groups. The mean difference was -1.87 (p = 

0.737) for early intervention hours and 0.983 (p = 0.237) for individual therapies. 

 All parents excluding one father had completed a diploma-level training or 

higher after secondary school. Most children lived with extended families including 

parents, siblings, grandparents, aunts, and uncles. Combined family income from 

parents and extended family was $5,000 to 10,000 Singapore dollars, which is in the 

average to the high average range for Singapore. Information on education and 

income was not available for one participant (ID: 05). Table 4.1 provides an 

overview of all participants. 

 

Table 4.1. 

Participant Background Information 
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Each participant had been declared free of any hearing deficits and scored 

either “Probable difference” or “Definite difference” on the Short Sensory Profile 
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(SSP). The groups were comparable concerning autism severity, adaptive behavior, 

language level, and mental age. Participant scores on the Childhood Autism Rating 

Scale (CARS) placed them all in the “severe” range of autism. The Vineland 

Adaptive Behaviour Scales (VABS) scores suggested a “low” level of adaptive 

functioning in all boys and a “moderately low” functioning of the girl. Language 

skills were low in both groups. All children received a T-score of less than 20 (-3 

s.d. below the mean) on the language subscales of the Mullen Early Learning Scales 

(MELS), suggesting “very low” abilities in receptive and expressive language. The 

MELS mental age, derived from the summarized T-scores of the four MELS 

subscales, was similarly “very low.” Overall, all participants were severely delayed 

in their cognitive and language capacities and daily functioning. Table 4.2 

summarizes the baseline scores. To assist the reader in comprehending the sample 

characteristics, this table reports the type of scores that are most informative when 

classifying the severity of symptoms on each test. For example, all children received 

a standard score of <49 on all MELS subtests, which is the lowest possible score. 

Rather than reporting the standard scores, the table presents the age equivalents, 

which vary from one participant to another. The CARS scores are reported as raw 

scores, because reporting them this way shows how far each participant is from the 

cut-off score (>37) for severe ASD. The VABS scores are presented as standard 

scores since these scores are used to determine the adaptive level. A standard score 

of 70 or below indicates “low” adaptive functioning on the VABS. 

 

Table 4.2. 

Participant Information  

         MELS6 

Participant Experimental 
Group 

SSP3 CARS4 VABS5 Expressive 
Language 

Receptive 
Language 

Mental 
Age  

01 Comparison1 P 52.5 60 9 14 18 
02 SST2 D 47 53 8 17 18 
03 SST D 40 63 24 23 27 
04 Comparison D 44.5 49 22 13 21 
055 SST P 41.5 53 7 13 18 
06 Comparison D 39.5 72 21 19 25 
07 Comparison P 39.5 66 23 19 26 
08 SST D 39 64 35 36 34 
09 Comparison D 46 75 23 24 26 
10 SST D 39.5 66 28 30 31 
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11 SST D 38 59 21 19 25 
Note. Abbreviations: SSP = Short Sensory Profile; CARS = the Childhood Autism Rating Scale; 
VABS = Vineland Adaptive Behaviour Scales; MELS = the Mullen Early Learning Scales. 
1Comparison = comparative treatment group (music listening) 
2SST = SAMONAS Sound Therapy 
3Performance on the Auditory filtering subtest: P= Probable difference, D=Definite difference 
4Total raw score 
5Total standard score 
6Age equivalent in months 
 
 
 

Table 4.3 (below) presents the baseline characteristics according to group 

allocation, based on raw scores (see Appendix J). Even though some heterogeneity 

was present in both groups, the groups can be considered comparable based on all 

baseline variables. In both groups, MELS receptive language scores were slightly 

higher than MELS expressive language scores.  

 

Table 4.3. 

Baseline Characteristics of Children by Group Allocation 

Characteristic 
Comparison 

Group 
(n = 5) 

SST 
Group 
(n = 6) 

Mean Difference 
(95% CI) 

P1 

Age: months, mean (SD) 59.40 (3.53) 55.68 (3.99) 3.73 (-8.55, 16.02) 0.503 
Average hours per week of 
additional interventions 

    

Early intervention 
program 

12.80 (8.41) 14.67 (9.40) -1.87 (-14.25, 10.52) 0.737 

Individual therapies 2.40 (1.52) 1.42 (0.49) 0.983 (-0.980, 2.947) 0.237 
Test scores2, mean (s.d.)     

CARS  44.40 (5.39) 40.83 (3.24) 3.57 (-3.16, 10.29) 0.242 
VABS 271 (97.2) 212.7 (47.9) 58.3 (-64.2, 180.9) 0.276 
MELS – Expressive 
language 

16.60 (6.99) 21.33 (7.50) -4.73 (-14.82, 5.35) 0.311 

MELS – Receptive 
language 
MELS – Mental age 
(IQ) 

18.40 (4.04) 
93.8 (12.5) 

22.50 (6.63) 
99.7 (20.7) 

-4.10 (-11.60, 3.40) 
-5.9 (-29.2, 17.5) 

0.243 
0.578 

Note. Abbreviations: CARS = Childhood Autism Rating Scale; VABS = Vineland Adaptive Behaviour 
Scales; MELS = Mullen Early Learning Scales. 
1t-test did not assume equal variances 
2 Based on total raw scores 
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The groups were comparable on all outcome measures based on baseline 

scores (Table 4.4 below). A mean difference of 17.0 (p = 0.323) was calculated for 

the primary outcome measure, ESCS. The smallest difference (01.833, p = 0.075) 

was found on the SOM where the range of scores was most limited by test design. 

Mean score in the comparison group was 1.0 (SD= 0.707) and in the SST group it 

was 2.83 (SD = 1.94). P-values for the secondary measures ranged from 0.249 to 

0.906. 

 

Table 4.4 

Baseline Information According to Group Allocation - Outcome Measures 

Outcome Measure2 

Comparison 
Group 
(n=5) 

mean (SD) 

SST  
Group 
(n=6) 

mean (SD) 

Mean Difference 
(95% CI) 

P1 

ESCS 41.0 (32.1) 24.0 (11.4) 17.0 (-24.9, 58.9) 0.323 
SRS 
    Parent  

 
94.4 (21.2) 

 
111.0 (23.0) 

 
-16.6 (-47.4, 14.2) 

 
0.249 

    Teacher 94.6 (31.0) 86.5 (28.9) 8.1 (-33.9, 50.1) 0.668 
SOM 1.0 (0.707) 2.83 (1.94) -1.833 (-3.921, 0.254) 0.075 
PIA-CV 
SOC-RS 

    SOC Rate 
    Time Engaged 

309.0 (26.6) 
 

28.0 (39.3)3 

0.253 (0.037)3 

310.7 (16.2) 
 

18.8 (15.5) 
0.246 (0.028) 

-1.7 (-35.0, 31.6) 
 

9.2 (-56.5, 74.8) 
0.006 (-0.050, 0.063) 

0.906 
 

0.687 
0.785 

Note. Abbreviations: ESCS = Early Social Communication Scale; SRS = Social Responsiveness Scale; 
SOM = Social Orienting Measure; PIA-CV = Parent Interview for Autism (Clinical version); SOC-RS 
= Social Orienting Continuum and Response Scale (refer to the Method section / Data analysis for 
details on SOC Rate and Time engaged) 
1 t-test did not assume equal variances 
2 Based on total raw scores 
3 n = 4 
 
 
 

Attrition and Missing Data 

 One participant (Participant ID: 05) of the treatment group was lost to the 

study due to a severe respiratory illness contracted at the beginning of the home-

listening period. The parent was offered to re-join the study after recovery but she 

decided to cease involvement. Another participant of the treatment group (ID: 08) 
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was lost to follow-up. His mother reported disappointment at her child’s inability to 

maintain gains and declined to attend the follow-up assessment. Except for these two 

children, the datasets were complete on ESCS, PIA-CV, and SOM.  

There was additional missing data on the SOC-RS for one parent-child dyad 

from the comparative treatment group (ID: 01). A technical problem with the video 

recording rendered the footage unusable from the first assessment session (T1). 

Given that the baseline values were not available for adjustment, this mother-child 

dyad’s data had to be excluded from the whole SOC-RS analysis. 

 Some participants had missing data on SRS-Parent and SRS-Teacher forms.  

One participant from the SST group (ID: 10) had missing SRS-Parent data, as the 

form was not returned at time point T4. The SRS-Teacher data for participants 08 

and 11 at T3, and participants 08, 10, and 11 at T4 was also missing. All parents 

reported that the teachers had not noticed any change and were unwilling to fill in 

the form. Possible reasons for this will be discussed in Limitations (p. 213). The 

statistical analysis was adjusted for missing data. The impact of the missing data on 

the internal validity of the study (Dumville, Torgerson, & Hewitt, 2006) will also be 

considered in Limitations. 

 

Early Social Communication Scales (ESCS)  

 ESCS is a clinician- administered, video recorded measure of a child’s 

ability to engage in playful social communication tasks (See Chapter 3, Method, 

Outcome measures for details). Total ESCS scores and the three subtest scores (Joint 

Attention, Behavioural Requests, and Social Interaction) were selected for statistical 

analysis to address the main research question: “Does SST have a positive influence 

on social engagement behaviours of children with ASD?” The raw data used in the 

analysis is presented in Appendix J. Before the final data analysis commenced, the 

inter-rater reliability was established. 

 Inter-rater reliability. Statistical analysis to establish an agreement between 

the two raters (student researcher and research assistant) involved the Intraclass 

Correlation Coefficient (ICC) and Bland-Altman plots (Rankin & Stokes, 1998) 

performed on the raw scores. The results presented in the table below suggest a high 

degree of correlation (r = 0.982, 95% CI 0.901, 0.997) between the two raters. The 

mean difference shows however that the student researcher (marked as S) rated Joint 
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Attention items (range: 2 to 70 points) an average of four points higher than the 

research assistant (marked as J.) The wide confidence intervals reflect some 

uncertainty linked to this result.  

 

Table 4.5. 

Inter-Rater Reliability on Early Social Communication Scales (ESCS) 

Test 
 

ICC 

(95% CI) 

Mean Difference     
Between Raters (S –J)                

95% CI 

Joint attention (JA) 0.950 (0.738, 0.991) 4.00 (0.98, 7.02) 
Behavioural requests (BR) 
Social interaction (SI)  

0.949 (0.734, 0.991) 
0.981 (0.894, 0.997) 

0.71 (-3.71, 5.14) 
-0.29 (-2.11, 1.54) 

Total 0.982 (0.901, 0.997) 4.43 (-1.39, 10.25) 
 

 A Bland-Altman scatter plot was created to examine the distribution of the 

differences in the scores of the two raters (Giavarina, 2015). The plot below (Figure 

4.2) shows the mean difference in scores for each of the three subtests and the total 

score, represented by the four rectangles. The X-axis shows the average of the two 

measurements while the Y-axis presents the difference between the measurements.  
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Figure 4.2. Bland-Altman scatter plot for ESCS, two independent raters. 



 

	

165 

 
Note. Abbreviations: BR = Behavioural requests; JA = Joint attention; SI = Social interaction;  
Diff = difference between the two raters. 
 

As the ICC and the plot above illustrate, no clear bias was found for Social 

Interaction (SI) and Behavioural Responses (BR). Scores for Joint Attention (JA) 

show a bigger difference: the student researcher’s ratings (top right quadrant, above 

the 0-line) were consistently higher than the research assistant’s scores.  This had an 

impact on the total score.  An inspection of the raw scores revealed that the 

discrepancy in JA was linked to an item measuring eye contact. Perhaps due to more 

time spent learning and observing the test, the student researcher had identified more 

instances of eye contact for all children than the research assistant. Nevertheless, 

given the time limit for the analysis, these results were considered satisfactory. 

Implications of this result will be considered in Limitations. 
 

 ESCS -Total. Statistical analysis was carried out on the ESCS total score 

and subtest scores. Figure 4.3.1 below presents the trend lines from an analysis of 

the ESCS total scores. Mean scores for the two groups (see Appendix K for raw 

data) are presented on the Y-axis and the four time points (T1 to T4) on X-axis. The 

null hypothesis for the ESCS data was as follows: “There will be no difference in 

mean total raw scores on the ESCS for SST compared to music listening at any of 

the time points (T2, T3, T4).” 
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Figure 4.3.1. ESCS -Total score. Scatterplot with trend lines. 

  

The SST group (orange line) improved after the two-week clinic treatment 

(T2) and showed further gains during the home program (T3). However, the SST 

group did not maintain all treatment gains at follow-up (T4). The comparative 

treatment group (blue line, marked as “Comparison” in the figure) did not improve 

during the clinic-program and seemed to regress over the course of the home 

program and follow-up.  

Figure 4.3.2 below shows the individual values of all group members for 

time points T1-T4. The dot plot highlights the large variability in the data. 
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Figure 4.3.2. Individual values on ESCS Total score. Scatterplot with trend lines. 

 
The repeated measures ANOVA was used to assess whether the magnitude 

of changes was significant. Results (summarized in Table 4.6.1 below) indicated that 

treatment by time interaction was not statistically significant (p = 0.143), suggesting 

that the intervention effect was constant across the three time points (T2 to T4). The 

analysis of variance was then re-fitted without the time interaction term. The overall 

main effect of the intervention, representing the average of the treatment effects 

observed at the three time points was statistically significant (p = 0.006). The 

estimate of the intervention effect (SST minus comparison), an average of 

intervention effects observed at the three time points, was 47.0 units (SE = 12.6, 

95% CI 18.0, 75.9). On the basis of this analysis, we can be confident that the true 

treatment difference (SST minus Control) is between 18.0 and 75.9 units. The 

differences between the three time points were also statistically significant (p = 

0.015). Given that the residual plots (a histogram, fitted value plot and a normal 

probability plot, Appendix L) were satisfactory and consistent with the assumptions, 

no transformations were performed. The results of the ANOVA suggest that based 

on the ESCS total score, SST was significantly more effective than music listening 

 
Treatment: 
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SST 
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in addressing social engagement skills.  

 

Table 4.6.1. 

A Repeated Measures ANOVA of ESCS-Total Scores 

Model Term Numerator Degrees 
of Freedom 

Denominator 
Degrees of Freedom  

F-
value 

p -value 

Time 2 18 10.7 0.015 
Treatment 
Time: Treatment 

1 
2 

8 
16 

13.94 
4.43 

0.006 
0.143 

 

 

ESCS-Joint Attention. For more information, the three ESCS subtests 

(Joint Attention, Behavioural Requests, Social Interaction) were subjected to the 

repeated measures ANOVA. The Joint Attention subtest assesses a child’s ability to 

initiate eye contact, shift gaze from a toy to a person, point to and show objects of 

interest to the tester or parent; follow a tester’s gaze, and respond to point and touch. 

Figure 4.3.3 illustrates the trend lines for Joint Attention scores.  

 

Figure 4.3.3. ESCS- Joint Attention. 
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The trend lines show that both groups improved in Joint Attention after the 

clinic intervention (T2) although there seemed to be more improvement in the SST 

group. Participants of the SST group continued to improve during the home program 

(T3) but the comparative treatment group regressed to a level below the baseline. 

Both groups regressed at the follow-up even though the SST group scores still 

remained above baseline. 

 As with the total score, the ANOVA results indicated that the treatment by 

time interaction was not statistically significant (p = 0.286) (Table 4.6.2.)  This 

meant that the data was consistent with a constant intervention effect across the three 

time points (T2 to T4). The analysis of variance was then re-fitted without the time 

interaction. The overall effect of the intervention was statistically significant (p = 

0.003). The estimate of the intervention effect (SST minus comparison) was 20.6 

units (SE = 4.9, 95% CI 9.2, 32.0). The difference between the three time points was 

not statistically significant (p = 0.13). The residual plots (Appendix L) were 

satisfactory and consistent with the assumptions. The ANOVA results suggest that 

even though some improvement was initially seen in both groups, participants of the 

SST group improved more than participants of the comparative treatment group in 

joint attention skills. 

 

Table 4.6.2. 

A Repeated Measures ANOVA of ESCS-Joint Attention Scores 

Model Term Numerator 
Degrees of 
Freedom 

Denominator 
Degrees of Freedom  

F-value p -value 

Time 2 18 4.57 0.13 
Treatment 
Time: Treatment 

1 
2 

8 
16 

17.72 
2.70 

0.003 
0.286 

 

 

ESCS-Behavioural Requests. The Behavioural Requests subtest (only items 

for initiating requests were included for analysis) assesses a child’s ability to initiate 

eye contact and reach to retrieve a desired toy. Figure 4.3.4 illustrates the trend lines 

for both groups for Behavioural Requests.  
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Figure 4.3.4. ESCS- Behavioural Requests. 

 

The trend lines show that the SST group improved in Behavioural Requests  

following the clinic intervention (T2) and continued to improve during the home 

program (T3). Participants of the comparative treatment group regressed slightly 

during the clinic program (T2) and remained at the same level for the home program 

(T3). Both groups regressed at the follow-up (T4) even though the SST group scores 

still remained above baseline. The scores of the comparative treatment group 

regressed to a level below the baseline at T4. 

 The ANOVA results (Table 4.6.3) revealed that the treatment by time 

interaction was not statistically significant (p = 0.375), indicating a constant 

intervention effect across the three time points (T2 through T4). The analysis of 

variance was then re-fitted without the interaction term. The overall effect of the 

intervention was statistically significant (p = 0.031). The estimate of the intervention 

effect (SST minus comparison) was 19.0 units (SE = 7.3, 95% CI 2.2, 35.8). The 

difference between the three time points was not statistically significant (p = 0.068). 

The residual plots (Appendix L) were satisfactory and consistent with the 

assumptions. The results of the statistical analysis suggest that participants of the 
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SST group improved and participants of the comparative treatment group regressed 

in their ability to initiate behavioural requests during the trial.  

 

Table 4.6.3. 

A Repeated Measures ANOVA of ESCS-Behavioural Requests Scores 

Model Term Numerator 
Degrees of 
Freedom 

Denominator 
Degrees of Freedom  

F-value p -value 

Time 2 17 6.32 0.068 
Treatment 
Time: Treatment 

1 
2 

8 
15 

6.76 
2.09 

0.031 
0.375 

 

ESCS-Social Interaction.  The Social Interaction subtest assesses a child’s 

ability to initiate turn taking and teasing with an adult. It also evaluates a child’s 

ability to respond to invitations to interact with a tester through the use of eye 

contact or gestures. The trend lines for social interaction are illustrated by Figure 

4.3.5. 

  

 

 

 

 

 

 

 

 

Figure 4.3.5. ESCS-Social Interaction. 
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As can be seen from the figure above, the SST group made gains in Social 

Interaction during the clinic-program (T2) and continued to improve during the 

home program (T3) but regressed at follow-up (T4) to just above baseline level. This 

profile is similar to the ones observed at Joint Attention and Behavioural Requests-

subtests. The comparative treatment group followed a pattern of slight regression 

from T1 to T2 and further to T3. This group remained at the same low level at T4.  

 As with the other subtests, the treatment by time interaction on the ANOVA 

(Table 4.6.4) was not statistically significant (p = 0.196). The ANOVA was then re-

fitted without the interaction term. The overall effect of intervention without the 

time interaction term was statistically significant (p = 0.026). The estimate of the 

intervention effect (SST minus comparison) was 8.1 units (SE = 2.9, 95% CI 1.3, 

14.9). The differences between the three time points were not statistically significant 

(p = 0.282). The residual plots (Appendix L) were satisfactory and consistent with 

the assumptions. The results of the ANOVA suggest that participants of the SST 

groups improved more than children in the comparative treatment group in social 

interaction skills.  

 

Table 4.6.4. 

A Repeated Measures ANOVA of ESCS-Social interaction Scores 

Model Term Numerator 
Degrees of 
Freedom 

Denominator 
Degrees of Freedom  

F-value p -value 

Time 2 17 2.72 0.282 
Treatment 
Time: Treatment 

1 
2 

8 
15 

7.63 
3.63 

0.026 
0.196 

 

 ESCS summary. The repeated measures ANOVA on the ESCS scores 

revealed that participants of the SST group improved more than participants of the 

comparative treatment group in all social engagement skills and the improvement 

was statistically significant. The main overall effect of the intervention was 

significant on the total score (p = 0.006), Joint Attention (p = 0.003), Behavioural 

Requests (p = 0.031) and Social Interaction (p = 0.026). These results present some 

evidence against the null hypothesis. 
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Non-significant results for treatment by time interaction (total score p = 0.143) 

suggest that the intervention effect was constant across the three time points, 

however, the effect of the time variable alone was also significant for the total score 

(p = 0.015) but not the subtest scores. The estimate of the treatment effect (SST 

minus comparison) was 47.0 units (95% CI 18.0, 75.9) on the total score. Subtest 

analysis showed that the effect was more pronounced on Joint Attention (20.6 units, 

95% CI 9.2, 32.0) and Behavioural Requests (19.0 units, 95% CI 2.2, 36.8), and less 

so (8.1 units, 95% CI 1.3, 14.9) on Social Interaction. While these scores suggest 

clinical significance, given the large confidence intervals (even if zero is not 

included) there is some uncertainty about the result. 

 

Social Responsiveness Scale (SRS) 

 SRS assesses a child’s social responsiveness as seen by a parent (SRS-

Parent) and a teacher (SRS-Teacher). Parents and teachers completed the 

questionnaire using a four-point Likert scale. Low scores are better and higher 

scores indicate a higher degree of impairment. The null hypothesis for the SRS data 

was as follows: “There will be no difference in mean total raw scores on the SRS-

Parent or SRS-Teacher for SST compared to music listening at any of the time 

points (T2, T3, T4).” 

 SRS- Parent. Figure 4.4.1 presents the trend lines for the parent 

questionnaire.  
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Figure 4.4.1. Social Responsiveness Scale (SRS)-Parent Report.  

 

Lower scores on the baseline assessment indicate that participants of the SST 

group improved during the clinic-intervention (T2) and home program (T3), and the 

improvement continued at follow-up (T4). Participants of the comparative treatment 

group improved during the clinic-intervention (T2) but no further improvement was 

seen at T3 and T4. (See Appendix K for raw data.) 

 The ANOVA results (Table 4.7.1) revealed that the treatment by time 

interaction was not statistically significant (p = 0.112) indicating a constant 

treatment effect across time points. The overall effect of the intervention without the 

interaction term was not statistically significant between groups (p = 0.273). The 

estimate of the intervention effect (SST minus comparison) was small at -8.1 units 

(SE = 6.9, 95% CI (–24.0, 7.8). The negative intervention effect suggests that the 

SRS-Parent values reduced more in the SST group than in the comparative treatment 

group. The differences between the three time points T2 to T4 were not statistically 

significant (p = 0.242). The results indicate that while parents noticed some 

improvement in all children, more improvement was observed after the SST 

intervention than the musical listening intervention. However, the difference 
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between groups was small and not statistically significant. Residual plots (Appendix 

L) were satisfactory. 

 

Table 4.7.1. 

A Repeated Measures ANOVA of SRS-Parent Report Scores 

Model Term Numerator 
Degrees of 
Freedom 

Denominator 
Degrees of Freedom  

F-value p -value 

Time 2 16 3.10 0.242 
Treatment 
Time: Treatment 

1 
2 

8 
14 

1.39 
5.13 

0.273 
0.112 

 
 

SRS-Teacher. Just like the parents, teachers filled in the SRS-questionnaire 

at the four time points. Figure 4.4.2 shows the trend lines.  

 

 
Figure 4.4.2. Social Responsiveness Scale (SRS)-Teacher Report. 

  

The figure shows that participants of the SST group seemed to regress during clinic-

intervention (T2) but showed some improvement after the home program (T3) and 

Treatment: 
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no further gains at follow-up (T4). A different trend was observed in the 

comparative treatment group: there was no improvement after the clinic treatment, 

worsening of scores after the home program, and further regression at follow-up. 

(See Appendix K for raw data.) 

Results of the ANOVA (Table 4.7.2) were similar to the results of the SRS-

Parent Report. Treatment by time interaction (p = 0.164) and the overall effect of 

intervention (without the interaction term) were not statistically significant  (p = 

0.391). The estimate of the intervention effect was small at -6.7 units (SE 7.3, 95% 

CI (–24.4, 11.0). The differences between the three time points were not statistically 

significant (p = 0.300). Residual plots (Appendix L) were satisfactory. While the 

residuals versus fitted values plot showed some mild curvature, given the small data 

set this did not provide strong evidence of a violation of the assumptions. 

Table 4.7.2. 

A Repeated Measures ANOVA of SRS-Teacher Report Scores 

Model Term Numerator 
Degrees of 
Freedom 

Denominator 
Degrees of Freedom  

F-value p -value 

Time 2 13 2.65 0.300 
Treatment 
Time: Treatment 

1 
2 

6 
11 

0.85 
4.30 

0.391 
0.164 

 

SRS summary. The overall results for SRS-Parent Report and SRS-Teacher 

Report suggest no differences between groups as perceived by parents (p = 0.273) 

and teachers (p = 0.391). The main effect of the intervention was very small (-8.1 on 

SRS-Parent, -6.7 units on SRS-Teacher). The trend of improvement was in the right 

direction for the SST participants on SRS-Parent, but some regression was noted by 

teachers (SRS-Teacher) after the clinic intervention (T2). The participants of the 

comparative treatment group did not improve. There was no evidence against the 

null hypothesis. 

 

Social Orienting Measure (SOM) 

 SOM is a clinician-administered assessment where a child’s responses to 

various sounds were recorded. Sounds were played live and from the sound system 

through loudspeakers. The null hypothesis was as follows: “There will be no 
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difference in mean total raw scores on the SOM for SST compared to music 

listening at any of the time points (T2, T3, T4).” Trend lines for both groups are 

represented in Figure 4.5. 

 

 
Figure 4.5. Social Orienting Measure (SOM). 

 

Figure 4.5 shows that the SST group maintained the same level of response 

after the clinic program at T2 but regressed after the home program at T3. Some 

recovery was observed at the three-month follow-up (T4), but the final score 

remained at a level below the baseline. The line for the comparative treatment group 

shows a different trend. The participants of the music listening group improved a 

little after clinic treatment at T2 and made further gains after the home program T3 

but regressed somewhat at T4. It should be noted that since each response to the 

sound stimulus yielded one point, and each step of the measurement scale on the Y-

axis represents 0.5 points, the differences illustrated by the graph are minimal.  

ANOVA results (Table 4.8) showed that the overall change was minimal in 

both groups, and no difference was found between the groups (p = 0.438). The 

treatment by time interaction was not statistically significant (p = 0.127), neither was 

the difference between the three time points without time interaction term (p = 
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0.743).  The estimate of the intervention effect (SST minus comparison) was -0.54 

units (SE = 0.66, 95% CI (–2.06, 1.00). Given that each correct response in SOM 

yields one, two, or three points, the difference of less than one point is minimal and 

in conclusion, the treatment did not seem to have an impact on the social orienting 

ability of either group of children. No evidence was found against the null 

hypothesis. 

 

Table 4.8. 

A Repeated Measures ANOVA of SOM Scores 

Model Term Numerator 
Degrees of 
Freedom 

Denominator 
Degrees of Freedom  

F-value p -value 

Time 2 18 0.60 0.743 
Treatment 
Time: Treatment 

1 
2 

8 
16 

0.67 
4.71 

0.438 
0.127 

 

 

 To find out whether other factors such as ASD severity or lower language 

capacities might have interfered with the use of SOM in this study, the scores 

between the two samples from the developer of the SOM protocol (Dawson et al., 

1998; Dawson et al., 2004) and the current sample were compared. No significant 

difference was found in the average language skills of children across samples. ASD 

severity was not reported in the two studies by Dawson and colleagues (2004), and 

it, therefore, remains unclear how similar or different the children were in this 

regard. 

 

Parent Interview for Autism (PIA-CV) 

 PIA-CV is a structured parent interview measuring social relating, affective 

responses, peer interactions, and verbal and non-verbal communication. The PIA-

CV, unlike the other outcome measures was administered only twice: before 

treatment (T1) and at follow-up (T4). The statistical analysis was, therefore, simpler 

since there was no question that had to be considered about the variation in the 

intervention effect across time. The null hypothesis was as follows: “There will be 

no difference in mean total raw scores on the PIA-CV for SST compared to music 
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listening at any of the time points (T2, T3, T4).” Figure 4.6 shows that participants 

of both groups improved during treatment. 

     Figure 4.6. Parent Interview for Autism (PIA-CV), administered at two time points. 

 

Although participants of the SST group improved more than the participants 

of the comparative treatment group, this difference was not statistically different (p 

= 0.275) and there was no evidence against the null hypothesis. The estimate of the 

intervention effect (SST minutes comparison) was 15.0 units (SE = 12.5, 95% CI -

15.5, 45,5). The residual plots (Appendix L) were satisfactory. 

 

Video Analysis of Free Play 

 The child participants were video recorded playing with their parents at all 

four time points (T1 to T4). The Social Orienting Continuum and Response Scale 

(SOC-RS) was used to assess any changes that might have occurred in the children’s 

ability to maintain social engagement. The SOC-RS yielded two types of scores: 

frequency of social orienting and joint attention behaviours (used to calculate SOC 

Rate), and scores measuring the percentage of time the children remained engaged 

with the parent and the toys during play. Given that social interaction, an outcome 

variable in this study, was not covered by the SOC-RS, frequency of social 

interaction behaviours was counted and analysed separately. The analysis was done 

on data based on observations from a seven-minute video recording. The null 
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hypothesis was as follows: “There will be no difference in mean total raw scores on 

the parent–child free play measures compared to music listening at any of the time 

points (T2, T3, T4).” 

 

SOC-RS: SOC Rate. The first variable analysed was based on the total 

number of instances of five different types of behaviours: social referencing, social 

smiling, name orienting, joint attention initiating, and joint attention responding.  

This total number was referred to as the social orienting composite score (SOC). The 

variable SOC was divided by the total observable time, at each time point and for 

each subject, to give the “SOC Rate”.  The SOC Rate for both groups is illustrated in 

Figure 4.7.1. 

 
 Figure 4.7.1. SOC Rate 

 

       The trend lines show that the SST group seemed to regress slightly after the 

clinic program (T2) but improved after the home program (T3), while the 

comparative treatment group regressed throughout the duration of the trial. Both 

groups regressed at follow-up (T4); however, the scores of the SST group still 

remained above baseline. Repeated measures ANOVA revealed that the treatment 

by time interaction was statistically significant (p = 0.040).  This small p-value 
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reflects the variation in the effect (SST minus Control) seen in the plot above.  With 

a significant interaction, it is reasonable to examine the (SST minus Control) effects 

separately for the three time points (T2, T3, and T4).  The estimates of the 

intervention effect and corresponding 95% confidence intervals are: 

T2:  –0.61 (CI –1.97, 0.75) 

T3:  1.07   (CI –0.33, 2.48) 

T4:  1.06  (CI –0.40, 2.52) 

The units of these estimates and confidence intervals are the same as the units of the 

SOC Rate, that is, the number of SOC instances per minute.  Hence, at T3 and T4 it 

is estimated that SST results in an increase of about 1.1 in the SOC rate, relative to 

control, but in both cases, the 95% confidence intervals include zero. The residual 

plots (Appendix L) were satisfactory. 

SOC-RS: SOC Orienting Rate. A second analysis was conducted on the 

SOC rate to find out how much of the score was related to social orienting items 

alone. The “SOC Orienting Rate” included the SOC Rate scores minus joint 

attention scores, number per observed minute.  Figure 4.7.2 presents the trend lines. 

 
Figure 4.7.2. SOC Orienting Rate. 
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 For the SST group, the trend lines of the SOC Orienting Rate were similar to 

SOC Rate lines, except that the SST group was now able to maintain their scores at 

follow-up (T4). This similarity indicates that the impact of removing joint attention 

scores from SOC Rate was minimal and that social orienting behaviours played a 

more important role than joint attention behaviours in the calculation of the SOC 

Rate. Comparative treatment group regressed in both cases.  

The treatment by time interaction was not statistically significant (p = 0.341). 

The analysis of variance was re-fitted without the interaction term.  The overall 

effect of the intervention was not statistically significant (p = 0.131).  The estimate 

of the intervention effect (SST minus Control) was 0.55 units (SE = 0.32, 95% CI –

0.21 to 1.32). The differences between the three time points were not statistically 

significant (p = 0.804). The residual plots (Appendix L) were satisfactory. 

SOC-RS: Time Engaged. A third outcome, analysed similarly, was the 

percentage of “engaged time”, among the observable time. As illustrated by Figure 

4.7.3, there was a nearly identical pattern of regression and improvement observed 

in both groups. 

 
Figure 4.7.3. Percentage of time engaged 
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Repeated measures ANOVA results indicated that the treatment by time 

interaction was not statistically significant (p =0 .863). The analysis of variance was 

re-fitted without the interaction term.  The overall effect of the intervention was not 

statistically significant (p = 0.934). The estimate of the intervention effect (SST 

minus Control) was –0.35% (SE = 4.1%, 95% CI –10.2%, 9.5%).  The differences 

between the three time points were statistically significant (p = 0.017).  Times T3 

and T4 had markedly higher percentage engaged than T2 (estimated differences of 

10.1% and 9.2%, respectively). However, the residual plots (Appendix L) from these 

analyses show undesirable patterns. These patterns arise mainly because there are a 

lot of individual observations of 100% engagement. This means that normally 

distributed random errors cannot be a good model.  The above results should, 

therefore, be given less weight than the other analyses.  The overall qualitative 

conclusion, however, of no clear or strong treatment effect seems compelling even 

from the graph alone. The ANOVA results for the SOC Rate, SOC Orienting Rate, 

and SOC % Engaged are summarized in Tables 4.9.1 through 4.9.3. 

 

Table 4.9.1. 

SOC Rate 

Model Term Numerator 
Degrees of 
Freedom 

Denominator 
Degrees of Freedom  

F-value p -value 

Time: Treatment 2 14 8.18 0.040 
 

Table 4.9.2. 

SOC Orienting Rate 

Model Term Numerator 
Degrees of 
Freedom 

Denominator 
Degrees of Freedom  

F-value p -value 

Time 2 16 0.22 0.804 
Treatment 
Time: Treatment 

1 
2 

7 
14 

2.95 
2.33 

0.131 
0.341 

 

Table 4.9.3. 

SOC % Engaged 



 

	

184 

Model Term Numerator 
Degrees of 
Freedom 

Denominator 
Degrees of Freedom  

F-value p -value 

Time 2 16 10.6 0.017 
Treatment 
Time: Treatment 

1 
2 

6 
14 

0.01 
0.30 

0.934 
0.863 

 

Social Interaction. Following the ESCS description for social interaction, 

the frequency of social interaction behaviours was counted separately from the SOC-

RS. Social interaction behaviours included using eye contact, vocalization, gestures, 

facial expressions or words to initiate reciprocal interaction with the caregiver for a 

shared social purpose, and responding to turn-taking or other initiation by the 

caregiver through nonverbal or verbal means. All interaction was to include a 

minimum of two back-and-forth exchanges. Statistical analysis of the scores was not 

attempted because nearly all participants had a score of ‘0’ at all time points. At T1, 

all participants scored ‘0’. At T2, one participant of the SST group (ID: 02) scored 3, 

and one participant of the comparison group (ID: 7) scored 6, while all others scored 

‘0’. At T3, all except three participants of the SST group scored ‘0’: ID: 02 scored 4, 

ID: 08 scored 2, and ID: 10 scored 2. At T4, all scores were again ‘0’.  

In summary, there was minimal reciprocal social interaction observed during 

parent-child free play. While some participants of both groups improved, this 

improvement was not consistent, and most participants did not improve. Table 4.10 

summarizes the raw scores for each time point for both groups. 

 

Table 4.10. 

Frequency of Social Interaction on Free Play Videos: Raw Scores by Group 

Group T1 T2 T3 T4 

SST 0 3 8 0 

Comparison 0 6 0 0 

 

Video analysis of free play: summary. The results of the parent–child free 

play video analysis suggest that there were no differences between groups on the 

frequency of social orienting, joint attention and social interaction behaviours. 

Although the treatment by time interaction was statistically significant (p = 0.040) 
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on SOC Rate and improvement was seen in the SST group after the home program 

at T3, further analysis showed that the difference in intervention effect between 

groups at different time points was minimal and non-significant. Statistical analysis 

of the percentage of time the participants remained engaged in play with the 

caregivers revealed that participants of both groups were more engaged after the 

home program (T3) and at the follow-up (T4) compared to earlier time points. 

However, there were no differences between the groups, and the overall effect of the 

intervention was not significant (p = 0.934). Social interaction behaviours, as 

measured by a frequency count, remained low in both groups throughout the trial. 

There was no evidence against the null hypothesis. 

 

Conclusion 

To answer the main research question: “Does SST have a positive influence 

on social engagement behaviours of children with ASD?” the statistical analysis of 

the data related to the null hypotheses was presented. A repeated measures ANOVA 

was conducted on the five dependent variables including ESCS, SRS (Parent and 

Teacher), SOM, PIA-CV, and the free play analysis SOC-RS. An intervention effect 

was calculated to determine the magnitude of changes. For inter-rater reliability on 

the ESCS, the Intra Class Correlation Coefficient was used.  

There was a statistically and clinically significant result and a large 

intervention effect for the ESCS, presenting some evidence against the null 

hypothesis. The SST group improved more than the comparative treatment group on 

the total score and the three subtest scores, Joint Attention, Behavioural Requests, 

and Social Interaction. The effect on the first two subtests was more pronounced 

with relatively less improvement found on social interaction. No other statistically 

significant results were found. Although the SST group improved more than the 

comparative treatment group on SRS-Parent, PIA-CV, and SOC Rate, the 

differences were not significant, and the intervention effects remained small. There 

were no differences between groups on the social orienting measure SOM, the SRS-

Teacher, and the percentage of time the children remained engaged in play with 

parents. 

The follow-up assessments at T4 showed that skills did not return to baseline 

three months after SST. The scores on SRS-Parent continued to improve at the 
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follow-up, while other scores decreased a little or remained at the post-intervention 

(T3) level. The implications of these findings will be considered in Discussion.  

 

 

Chapter 5 

Discussion and Conclusions 
 

Introduction  

This study aimed to investigate whether SAMONAS Sound Therapy (SST) 

impacts social engagement in children with Autism Spectrum Disorder (ASD). 

Social engagement skills were divided into social orienting, joint attention, and 

social interaction. These three variables were chosen for their developmental 

importance (Crais et al., 2004) and links with treatment outcomes (Smith et al., 

2015). Furthermore, the three areas of social engagement may be negatively 

impacted by auditory-based difficulties, such as those demonstrated by the 

participants of this study (O'Connor, 2012). 

The difficulty with filtering out irrelevant auditory stimuli and orienting to a 

parent’s voice is known to have an adverse impact on a child’s overall ability to 

engage in social situations (Dawson, et al., 1998). In this study, improving the 

children’s ability to orient to sounds was hypothesized to improve social orienting 

and lead to further improvements in joint attention and social interaction. As 

outlined in Literature Review (p. 67, 68), the hypothesized process of improvement 

in social orienting, joint attention, and social interaction, is based on principles of 

neuroplasticity (Stegemoller, 2014) and auditory training (Russo et al., 2010). 

In response to the student researcher’s strong personal bias and calls to 

develop evidence-based interventions for children with ASD (Kern, 2010), a double-

blinded RCT with repeated measures was conducted. The participants, randomly 

allocated into SST and music listening groups, received a daily two-week clinic 

program followed by an eight-week home program.  Deviating from real-world 

practice, the therapeutic interaction between the research assistant and all 

participants (children and their parents) was reduced, to control for alternative 

explanations for improvement (Creswell, 2014). This reduction meant that the 

research assistants acted as friendly assistants but refrained from extended 
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interaction with the child and the parent and did not provide parent coaching. A 

treatment manual and fidelity procedures were developed to ensure treatment 

adherence and replicability of the study (McConachie & Fletcher-Watson, 2015). 

Eleven children with severe ASD and severely delayed language, cognitive 

skills, and adaptive behaviour were recruited to the study. Following post-positivist 

pluralism (Phillips & Burbules, 2000) and best practice guidelines for autism 

interventions (Cunningham, 2012), a multi-method approach was used in combining 

standardized and non-standardised outcome measures from multiple informants. A 

battery of outcome measures was administered before and after a clinic intervention 

(T1 & T2), after a home program (T3) and at three-month follow-up (T4). Outcome 

assessment included clinician-administered measures, standardized parent and 

teacher questionnaires, and video analysis of parent–child free play. 

Notwithstanding the small sample size, statistical analysis was possible because the 

measures were able to detect the existence of a strong intervention effect. The 

statistical model, using a repeated measures analysis of variance (Lee, 2015), 

accounted for baseline differences, different time periods between measurements 

and missing data. Descriptive statistics from the ANOVA were supplemented by 

inferential statistics where required. 

This chapter discusses the results of the statistical analysis arranged by the 

three variables: social orienting, joint attention, and social interaction. The results 

are discussed considering current literature, starting from hypotheses linked to clinic 

treatment and the home program, and ending with a discussion about maintenance of 

treatment gains. Following this section, limitations of the study, implications for 

clinical practice and conclusions are presented together with recommendations for 

future research. 

 

Discussion of Child Outcomes 

Social orienting. Social orienting is a relatively new concept in autism 

literature. Recognized as one of the earliest impairments in autism (Dawson et al., 

2004), social orienting abnormalities can be considered primary deficits in 

individuals with ASD (Sasson et al., 2007). In this study, the definition of social 

orienting included behaviours such as turning the body towards people, looking at 

faces, orienting to name, and smiling and vocalizing at caregivers (Literature 
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Review, p.20). Recent research suggests that social orienting contributes to shared 

attention (Edwards, Stephenson, Dalmaso, & Bayliss, 2015), which in turn 

contributes to a wider range of joint attention skills. 

There were three different hypotheses linked to all three social engagement 

constructs. The following hypotheses were generated for social orienting: 

Hypothesis 1: There will be more occurrences of social orienting observed in 

children with ASD in response to a two-week SST clinic intervention compared to a 

two-week standard music listening. 

Hypothesis 2: There will be more occurrences of social orienting observed in 

children with ASD in response to an eight-week home-based SST intervention 

compared to an eight- week home-based standard music listening. 

Hypothesis 3: There will be greater changes in social orienting observed 

immediately after the two-week clinic program than after the eight-week home 

program in children with ASD in the SST group, compared to standard music 

listening. 

 

Two measures were used to assess social orienting: Social Orienting 

Measure (SOM) and behavioural analysis of parent–child free play video recordings. 

SOM is an experimental, non-standardized measure that assesses auditory aspects of 

social orienting. The children’s responses to various types of sounds were measured 

when they were engaged in toy play. A selection of the parent–child play videos was 

subjected to Social Orienting Continuum and Response Scale (SOC-RS). The SOC-

RS items covered a wider range of social orienting responses: looking towards a 

person, social smiling, and orienting to name.  

Contrary to what was hypothesized, statistical analysis showed no significant 

differences between groups in social orienting measures. SOM scores indicated that 

neither the SST nor the music listening group improved at any time point, while the 

SOC-RS scores showed that SST group improved more than the comparison group 

following the home program; however the improvement was non-significant. While 

not statistically significant, the positive trend in the SST group after the home 

program nevertheless suggests that SST may have supported the children’s orienting 

towards familiar people to a certain extent. A larger sample size might have helped 

to find out whether the difference was driven by just a few responsive children, or 
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whether there was an overall trend of improvement in SST group as measured by the 

SOC-RS.  

 There are many possible explanations for the lack of progress in social 

orienting. There is a chance that SST did not make much difference in the 

participants’ ability to orient to people. This option is supported by the statistical 

results showing no difference between groups. The results question the validity of 

the theory presented in the Introduction (p. 10) and Literature Review (p. 66). The 

theory proposed that the impact of SST on social engagement was grounded on 

certain features of the SST music. These features, such as spatial recordings that aim 

to establish one’s sense of position relative to sounds in the environment, and 

spectrally activated higher harmonics, could have an impact on one or more of the 

following areas. First, SST might improve the children’s ability to regulate the level 

of arousal and alertness, preparing them to attend to sounds and orient to people in 

the social environment (Boso et al., 2013). Second, SST might impact the function 

of the middle ear, improving the children’s ability to filter out background sounds 

and focus on speech sounds. Through the middle ear, SST could also activate the 

Social Engagement System (Porges, 2003) that would prepare the children for social 

interaction. Third, SST might impact the perception of high-frequency sounds, 

leading to improvements in sound discrimination, sound localization and speech 

perception (Best et al., 2005; Fullgrabe et al., 2010; Pittman, 2008). The theory 

further proposed that the impact of SST would first be seen in social orienting, 

possibly leading to changes in higher-level skills of joint attention and social 

interaction. The findings of the study did not offer support for this theory of change. 

As such, either the proposed theory is incorrect or incomplete, and SST did not 

improve social orienting, or the sample size was not sufficient to detect a significant 

difference between the two treatment groups. Alternatively, the outcome measures 

(SOM, SOC-RS) may have lacked sensitivity to detect a change in the current 

sample. 

Validity of outcome measures. As described in Literature Review, both 

social orienting measures, SOM and SOC-RS have been used in a handful of studies 

as screening tools or baseline measures. Based on literature available to date, SOM 

has not yet been used as an outcome measure, while SOC-RS has been used in one 

study to measure treatment outcomes (Fletcher-Watson & McConachie, 2015). In 
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the current trial, SOC-RS differentiated between the two treatment groups and 

detected change over time, demonstrating sufficient sensitivity to measure outcomes 

for children with severe ASD following a music intervention. This was not the case 

with SOM, however, and some concerns were identified with regards to its 

sensitivity and validity as an outcome measure. The first concern related to how 

vulnerable the SOM was to attention and mood of the participants. McDonnell and 

colleagues (2015) reported that in children with ASD, the level of physiological 

arousal had a strong influence on their performance (McDonnell et al., 2015), and 

this was evident during SOM administration. Being the first test of the assessment 

battery, most participants were restless in the testing room, running around and 

pulling toys out of shelves before settling briefly to play with toys. The participants 

did not have access to the testing room during any other time but during the four 

SOM testing sessions, and the lack of familiarity with the small room may have 

contributed to heightened dysregulation. Each child was given some time to settle in 

before formal testing started. Nevertheless, anecdotal notes from the research 

assistants indicated that most of them continued to demonstrate signs of high arousal 

such as pacing, flapping, and shrieking through the testing period (Miller et al., 

2005). Yet, others showed signs of low arousal and mood, sitting quietly on the 

floor, leaning against the wall, appearing lethargic and not showing interest in the 

toys and materials provided (Miller et al., 2005). The loudspeaker setup (one speaker 

in each of the four corners of the room) demanded that to hear the sounds from the 

direction that was intended, the children were to be placed in the centre of the room 

for SOM administration. This additional requirement to keep the children in one 

particular area of the room may have contributed to the stress of the parents and the 

research assistants which the children may have then sensed and responded to, 

becoming more restless. In fact, many mothers in this study appeared overwhelmed 

in the SOM testing situation and waited for the research assistants to find calming 

strategies for their children. Gulsrud, Jahromi and Kasari (2010) found a close 

interconnection between the frequency of adverse and avoidant responses of 

children with ASD and the ability of their mothers to use emotional co-regulation 

strategies to calm them down (Gulsrud, Jahromi, & Kasari, 2010). It is not known 

whether the mothers in this study struggled to calm their children because they had 
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difficulty with co-regulation, or because they were just exhausted and found it easier 

to sit back and let someone else take over.  

 The second concern related to the demands placed on attention-shifting and 

multitasking abilities during SOM testing. The children were expected to focus on a 

toy while shifting attention between the toy and the sounds played in the room. 

Being able to do all that at the same time requires the ability to process multiple 

sensory inputs simultaneously and to focus on what is most relevant. It is known 

from research that children with severe ASD, such as the participants in this study, 

have more difficulties with multi-tasking than those with mild ASD or typically 

developing children (Brandwein et al., 2015). Their ability to shift attention between 

visual and auditory inputs is impaired when compared to typical controls 

(Courchesne et al., 1994), and many of them demonstrate difficulties in 

differentiating between foreground and background stimuli (Tomchek & Dunn, 

2007). As a result, children with ASD may notice all sensory input provided by the 

environment and fail to perceive what is pertinent. For instance, they may be 

listening to the sound of the air-conditioning unit humming in the room instead of 

paying attention to their mother calling them, or they may be looking at a toy and 

not responding to the sounds playing in the room. Overall, given how hard it was for 

the participants to maintain an optimal range of arousal and alertness and shift 

attention from toys to sounds, it was not possible to draw any definite conclusions 

from the SOM results. The SOM scores remained low throughout the trial indicating 

no improvement in either group; however, there is a possibility that lack of 

improvement, if any occurred, in arousal regulation, attention shifting, or multi-

tasking could have negatively impacted participant performance and masked any 

improvement in social orienting. The vulnerability of the SOM to various attentional 

and sensory factors makes it poorly suited to measure treatment-related changes in 

the current sample of children with severe ASD. These findings may explain why 

the literature available on the SOM focuses on using it as a screening tool rather than 

an outcome measure in children with ASD. 

 Impact of SOM adaptations. There is also a possibility that adaptations 

made to the SOM administration may have influenced the sensitivity of the tool. To 

maintain consistency across test administrations, all sounds (except an item where 

an adult is calling the child’s name) were pre-recorded and delivered over 
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loudspeakers. This differed from the original study by Dawson and colleagues 

(1998) where all sounds were delivered live. To date, no research has been found to 

investigate differences between the impact of live and recorded sounds in 

individuals with ASD. The findings of music therapy literature on differences 

between live and recorded music are mixed. Some researchers (Baker, 2001) found 

no difference while others (Vasionyte & Madison, 2013), found a benefit in favour 

of recorded music.  It is not known whether these results apply to children with 

ASD, or whether the nature of the recorded sounds made it harder for the children in 

the study to orient towards sounds played in the room. Based on the SOM results, 

there did not seem to be differences in the way the study participants responded to 

recorded, live, human and mechanical sounds; their responses were inconsistent 

across different sounds in both groups.  

What is known is that meaningful and non-meaningful sounds are processed 

differently in the brain (Cummings et al., 2006; Kotz, Opitz, & Friederici, 2007). 

The meaningfulness of sounds is typically linked to vocal or emotional content 

(Craig, 2009; Kotz et al., 2007); however, this does not seem to be the case for 

people with ASD (Sasson et al., 2007). In fact, while there is a body of literature 

available about sounds typically perceived as unpleasant (Stiegler & Davis, 2010), 

not much is known about what kind of sounds are meaningful or enjoyable for 

children with ASD.  Based on anecdotal evidence from clinical practice, it can be 

proposed that familiar sounds would be more meaningful than unfamiliar sounds, 

and that sounds with an accompanying visual image (such as a toy train 

accompanied by a ‘choo-choo’ sound) would elicit a stronger orienting response. In 

this study, information about the familiarity of the sounds played during SOM 

administration was not collected.  

Findings during parent–child play: SOC-RS. Another limitation of the 

SOM is that it only measured auditory aspects of social orienting. Research suggests 

that social orienting includes not just orienting to sounds and voices but also 

orienting to social cues, and in particular, facial expressions (Edwards et al., 2015; 

Magrelli et al., 2013). These visual aspects of social orienting are included in the 

SOC-RS. There may be differences in how children with ASD orient towards 

sounds and faces, even if both areas are impaired when compared to typical children. 

Magrelli and colleagues (2013) found that the deficit in sound orienting was more 
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severe than the deficit in face orienting. This result offers one possible explanation 

as to why the participants of the current study showed no progress on the SOM but 

improved a little on the SOC-RS.  

SOC-RS measured a range of social orienting and joint attention behaviours 

out of which the frequency of looking at a parent’s face, sharing emotions, and 

responding to name was counted and recorded as the SOC Rate. Visual inspection of 

the scores showed that the two groups progressed in opposite directions after the 

clinic program. When measured after the home program, the SST group had 

improved, but the comparative treatment group had regressed, though the difference 

failed to reach significance. These results are similar to the findings of Fletcher-

Watson and McConachie (2015). In their study, 20 children with ASD were 

evaluated before and after a seven-month parent training intervention (Fletcher-

Watson & McConachie, 2015). Statistical analysis found significant differences 

between groups on other measures of social engagement but not on the SOC-RS. A 

large effect size (d = 0.79) on the SOC-RS indicated that the sample might have 

been too small to show statistically significant differences between groups. As in the 

current study, their study also reported significant diversity amongst the children 

with regards to how they responded to treatment (Fletcher-Watson & McConachie, 

2015). Fletcher-Watson and McConachie (2015) concluded that the SOC-RS lacked 

sensitivity to measure treatment effects in their sample. 

 In the current study, the SOC-RS was used to assess change in the context of 

parent–child free play, which is different from the original context of the test. 

According to the developers (Mosconi et al., 2010), the SOC-RS was designed for 

use in the ADOS testing situation. Fletcher-Watson and McConachie (2015) found 

this tie-in with ADOS to be a limitation, as a formal testing situation is likely to 

elicit less spontaneous social engagement behaviours than a more naturalistic 

situation. The parent–child free play examined in this study was more naturalistic 

than play elicited on pre-chosen toys during a standardized test; nevertheless, the 

selection of toys in the room still constrained the children’s activities and possibly 

limited the range of social orienting behaviours. Following this reasoning, it is 

questioned whether more social orienting behaviours would have been identified, 

should the children have been video-recorded in their home environments. 
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Finally, based on the literature available, there is no evidence to show that 

social orienting ability can actually be improved through an intervention. The debate 

in the current literature centres on origins of the social orienting impairment 

(Johnson, 2014). There is an agreement about the presence of functional 

abnormalities: individuals with ASD show less brain activation and atypical neural 

connectivity in regions that process social information (Greene et al., 2011). Still, 

researchers do not agree on whether social orienting is the cause or consequence of 

ASD (Johnson, 2014). Perhaps due to these differences in opinion and an unclear 

theoretical basis for the social orienting impairment, no other research except the 

recent study by Fletcher-Watson and McConachie (2015), has measured change in 

social orienting over time. Two possible explanations could be considered: Either 

autism researchers and clinicians perceive social orienting as a stable construct that 

does not change with intervention, or perhaps more likely, lack of reliable outcome 

measures prevents researchers from undertaking social orienting studies.  

Improving social outcomes is a priority for autism interventions (Rogers, 

2000) and yet, lack of valid outcome measures is a common problem in studies 

investigating children with ASD (Cunningham, 2012). More research to study the 

usefulness of the SOM and the SOC-RS in children with severe ASD is warranted. 

At this point, it is not known whether the lack of improvement in social orienting in 

this study was due to an absence of treatment effects or due to challenges linked to 

measuring social orienting. Further research is necessary to determine how social 

orienting could be improved and how this improvement could be measured reliably. 

 
 Joint attention. Joint attention involves a child’s ability to use nonverbal 

behaviours to share experiences with a social partner through looking, alternating 

gaze, pointing and showing, as well as following or directing the attention of the 

other (Kasari et al., 2010; Mundy, 2003). Joint attention is a predictor for language 

development, the severity of social impairment, responsiveness to intervention, and 

long-term social outcomes (Kasari, Gulsrud, Freeman, Paparella, & Helleman, 2012; 

Mundy & Newell, 2007). As such, joint attention is an important target area in 

autism interventions. Three hypotheses were generated for joint attention: 
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Hypothesis 1: There will be more occurrences of joint attention observed in 

children with ASD in response to a two-week SST clinic intervention compared to a 

two-week standard music listening. 

Hypothesis 2: There will be more occurrences of joint attention observed in 

children with ASD in response to an eight-week home-based SST intervention 

compared to an eight-week home-based standard music listening. 

Hypothesis 3: There will be greater changes in joint attention observed 

immediately after the two-week clinic program than after the eight-week home 

program in children with autism in the SST group, compared to standard music 

listening. 

  
 The main measure used to assess the participants’ joint attention abilities was 

Early Social Communication Scales (ESCS). ESCS was an observational, play-

based, and videotaped measure. During ESCS the child played with a therapist (a 

research assistant) following a standardized protocol aimed to elicit joint attention 

and social interaction behaviours. The research assistant presented various toys and 

tasks to the children one at a time. For its good reliability, validity and sensitivity to 

change during treatment (Anagnostou et al., 2015), ESCS has been included in the 

battery of best practice measures for social engagement (Cunningham, 2012). The 

secondary measure was the videotaped parent–child free play. As for social 

orienting, the free play videos were searched for joint attention behaviours (joint 

attention initiation, joint attention responding, and emotion sharing) based on the 

SOC-RS criteria. 

Inter-rater reliability. Intra-class correlation coefficients (ICC) were used to 

determine agreement in scoring the ESCS between the student researcher and the 

research assistant. According to Rankin and Stokes (1998), the ICC alone does not 

provide sufficient information to establish inter-rater reliability and therefore, Bland 

and Altman’s plots were also administered. The ICC levels for the ESCS total score 

suggested very good agreement (0.982, 95% CI 0.901, 0.997) between the two 

raters. This reading is slightly higher than what was achieved by Kim and colleagues 

(2008), who used the ESCS to assess joint attention behaviours following an 

improvisational music therapy intervention and achieved “good” to “very good” 

inter-rater agreement on the ICC (r = 0.71 to 0.97). Other researchers have reported 
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ICC’s and generalizability coefficients in the same range (Chiang, Soong, Lin, & 

Rogers, 2008; Goods et al., 2013; Kaale et al., 2012). 

A closer look at the scores of the current study through Bland and Altman 

plots showed that the two raters perceived joint attention, behavioural requesting, 

and social interaction behaviours in the same way except for one item related to eye 

contact. A disagreement about the category under which a particular type of eye 

contact should be placed, resulted in the student researcher rating certain joint 

attention items higher than the research assistant. Other researchers using the ESCS 

have not reported further details. When compared to the ICC scores reported by 

other researchers, the agreement achieved was nevertheless considered good enough 

to proceed with ESCS testing. 

Findings on therapist– child joint attention: ESCS. Statistical analysis of 

the ESCS scores found a significant difference in favour of the SST group on ESCS-

Total and ESCS-Joint Attention scores. The estimates for the intervention effect, 47 

raw score points for the Total score and 20.6 points for the Joint Attention score, 

were large and may be considered clinically significant. The positive findings were 

congruent with a study by Kim, Wigram, and Gold (2008) who investigated the 

effects of improvisational music therapy. Their study found a statistically significant 

difference (p = 0.01) between groups with a medium-sized effect (d = 0.63, 95% CI 

0.31, 0.95) on the ESCS-Joint Attention scores.  A number of other studies have 

likewise shown that music interventions have the potential to improve joint attention 

abilities in children with ASD (Reitman, 2005; Thompson, 2012b; Vaiouli, 

Grimmet, & Ruich, 2015). Not all interventions are equally effective; two other 

studies did not find a difference on the ESCS following a structured joint attention 

intervention (Goods et al., 2013; Kaale et al., 2012). In these studies the joint 

attention interventions were non-musical, consisting of trained preschool teachers 

eliciting specific joint attention behaviours in a classroom setting. It is interesting to 

note that music, which is used as an enabler of social engagement, seems more 

effective than direct skills training in improving joint attention in children with 

ASD. Alternatively, the outcome measured used in the studies, including the ESCS, 

may be more sensitive to detect change after a music-based intervention.  

Findings on parent–child joint attention: SOC-RS. The positive results 

achieved in the context of therapist–child play on ESCS were not replicated on 
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SOC-RS. Even though some improvement was observed in the SST group on SOC 

rate after the home program, a closer investigation revealed that the positive trends 

were due to an increase in social orienting but not in joint attention behaviours. 

Overall, the number of joint attention occurrences during parent–child play remained 

low in both groups. These results, suggesting more events of joint attention in the 

SST group after the two-week clinic intervention and the eight-week home program 

on the ESCS but not on the SOC-RS, offered partial support for hypotheses 1 and 2. 

Intervention effects were the same across the first three time points (T1- T3) on both 

measures, suggesting a constant treatment effect. Hypothesis 3, which proposed 

more change after clinic-intervention than after the home program, was therefore not 

supported. 

Similar results were found by Kim and colleagues (2008). In their RCT, 

significant differences were found in therapist–child joint attention after 

improvisational music therapy, while parent ratings did not differentiate between the 

groups. All studies showing improvement in parent–child joint attention have 

employed an intensive parent-training model, where parents have received an hour 

or more of direct training per week (Chiang et al., 2016; Kasari et al., 2010; Schertz 

& Odom, 2007; Schertz et al., 2013). In contrast, non-intensive training did not 

make a difference in the child’s ability to initiate and respond to joint attention 

(Oosterling et al., 2010). This information suggests that the children’s ability to 

respond to and initiate joint attention with the parents may only improve when the 

parents receive direct, intensive training to develop their skills in eliciting joint 

attention behaviours. 

The ESCS results suggest that SST was effective in improving joint attention 

in the context of interaction between the child and the research assistant (a trained 

therapist). While the results were encouraging, it is of concern that the improvement 

was not generalised to parent–child interaction. Supportive caregivers who are 

responsive to their child’s interaction style and interests provide the child with 

learning opportunities leading to improvement in various developmental capacities 

(Evans & Porter, 2009; Siller & Sigman, 2002). Not only does responsive parental 

interaction foster secure attachments (Koren-Karie, Oppenheim, Dolev, & Yirmiya, 

2009), it also facilitates better communication and cognitive skills in children (Evans 

& Porter, 2009; McConachie & Diggle, 2007). Children with severe ASD have 
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complex profiles that challenge the caregivers’ abilities in various ways, particularly 

as in the current sample, the children’s responsiveness to their parents’ voices was 

reduced (Siller & Sigman, 2002; Werner et al., 2000). Compared to mothers of 

typical children, mothers of children with severe ASD need to put in more effort, 

develop a higher level of responsiveness and use a wider range of skills to be 

successful in engaging their children (Siller & Sigman, 2002). Hence, it is not 

surprising that mothers of children with ASD report high levels of stress (Hoffman 

et al., 2009). Research suggests that a highly skilled interaction partner can 

compensate for the child’s attentional and developmental deficits and engage the 

child with ASD in joint attention experiences in fun, motivating ways (Siller & 

Sigman, 2002). It may not, however, be realistic to expect that mothers of children 

with ASD can do that intuitively without specialist training.  

The findings of this study that shows no improvement in parent-child 

interaction are similar to results reported by Kaale and colleagues (2012). In their 

study, the results of the RCT showed significant improvement in teacher-child 

interaction in the treatment group; however, the improvement did not generalise to 

parent-child interaction (Kaale et al., 2012). Children with ASD behave differently 

in different situations and generalisation of skills across context is a common 

difficulty in autism (Paul, 2008). Based on the evidence available, this difficulty 

seems to extend to joint attention skills as well. As mentioned earlier, studies 

demonstrating significant improvement in parent-child joint attention employed a 

model where direct, intensive parent training was offered (Kasari et al., 2010; 

Schertz et al., 2013).  

 An alternative explanation to the lack of improvement in parent-child joint 

attention may be considered. The parent–child free play was administered at the end 

of an hour-long assessment session when the children may already have been tired. 

As previously discussed, the performance of children with ASD is vulnerable to the 

level of physiological arousal (McDonnell et al., 2015). It is, therefore, possible that 

the mothers of the children were indeed responsive to their children’s improved in 

joint attention capacities but, recognizing the signs of irritability and tiredness, may 

have intuitively started to search for a comfortable, easy activity. In many cases, this 

involved having the child do puzzles or play with a train track largely on their own. 
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 Differences between clinic and home-based treatments. The current study 

was the first sound therapy trial to investigate and compare a combination of clinic 

and home-based treatments. Contrary to expectations, statistical analysis found no 

difference in treatment effect after the clinic program and after the home program. 

The constant treatment effect across time points was surprising because listening 

sessions at the clinic were longer and bone conduction headphones were used for 

increased intensity. Moreover, higher levels of music modification (spectral 

activation) were used at the clinic than at home. Previous sound therapy research has 

only investigated either clinic or home-based therapies, not a combination of both. 

There are no literature references currently available to support or contradict these 

findings. Rather than proposing no difference between the two treatments, it is more 

likely that the children in the study may have experienced a cumulative effect of 

sorts. This would mean that while some benefits of the clinic treatment were 

observed immediately after the treatment, there might have been a delay before the 

actual impact of the clinic treatment started to take effect. Some support for this can 

be found from the AIT literature. Two authors (Rimland & Edelson, 1994; Yencer, 

1998) have described that the children’s performance was better four weeks after the 

clinic-intervention than when measured immediately following the intervention. 

 Links between joint attention and auditory processing. The current study is 

the first sound therapy study to investigate social engagement and joint attention. 

There is a lack of literature on the connections between auditory processing and joint 

attention, and it is not known how exactly auditory interventions might improve 

joint attention. Lack of significant results in social orienting and positive results in 

joint attention in the current study question the original premise that suggested a 

hierarchy between the two concepts (Introduction, p.10). In the light of current 

findings, it might be more accurate to propose that the mechanisms of change in 

social orienting and joint attention are different, and that improvement in joint 

attention may occur even in the absence of treatment effect in social orienting. 

Given the non-sensitivity of SOM to change and the borderline findings on SOC-

RS, it may be premature to theorize further. However, there is a possibility that 

improvement in arousal regulation and an activation of the Social Engagement 

System (Porges, 2003; Porges et al., 2014) as a result of the SST intervention may 

have a direct impact on joint attention skills. Currently, there is no proof that arousal 
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regulation improved or that the Social Engagement System was activated. More 

research is needed to validate the theory base for SST. Future research to investigate 

these theories further should measure the impact of SST on arousal regulation and 

middle ear muscle tone. 

In summary, the results provided some evidence that SST has the potential to 

facilitate joint attention behaviours in children with severe ASD. Given that 

improvement seen in the context of therapist–child interaction did not generalise into 

improvement in parent–child joint attention, incorporation of parent training is 

recommended for SST treatment and future trials. 

 
Social interaction. Reciprocal social interaction behaviours in the context of 

this study refer to a child’s ability to use nonverbal communication such as eye 

contact, vocalizations, gestures; and verbal communication to engage in playful, 

affective, back-and-forth interactions with a play partner (Mundy et al., 2003). 

Impairment of social interaction forms the core of autism diagnosis (American 

Psychiatric Association, 2013) and includes the failure to respond to and initiate 

social interaction (Mundy, 2003). Research suggests that auditory-based difficulties 

have a negative impact on social interaction capacities (Bruneau et al., 2003; Kuhl et 

al., 2005). The following three hypotheses were posed for the study: 

Hypothesis 1: There will be more occurrences of social interaction observed 

in children with autism in response to a two-week SST clinic intervention compared 

to a two-week standard music listening. 

Hypothesis 2: There will be more occurrences of social interaction observed 

in children with autism in response to an eight-week home-based SST intervention 

compared to an eight-week home-based standard music listening. 

Hypothesis 3: There will be greater changes in social interaction observed 

immediately after the two-week clinic program than after the eight-week home 

program in children with autism in the SST group, compared to standard music 

listening. 

 
 Social interaction abilities were assessed through four different outcome 

measures covering a wide range of social interactive behaviours. As with joint 

attention, the main measure was Early Social Communication Scales (ESCS). The 

social interaction subtest score of the ESCS was subjected to statistical analysis and 
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hypothesis testing. Secondary measures included free play video analysis, Social 

Responsiveness Scale (SRS) and Parent Interview for Autism (PIA-CV). Free play 

analysis differed from the analysis conducted for social orienting and joint attention 

variables. For social interaction, the free play videos were searched for the 

frequency of behaviours indicating either “initiating” or “responding to” social 

interaction. The raw summary score was used in the analysis. Social Responsiveness 

Scale (SRS) was a questionnaire completed by parents and teachers. The SRS 

measured components of social interaction such as social awareness, social 

cognition, and social communication. Finally, Parent Interview for Autism (PIA-

CV) was a structured parent interview with questions linked to areas of social 

relating, peer interaction, language understanding and non-verbal communication. 

Total raw scores of SRS and PIA-CV were subjected to statistical analysis. 

 Statistical analysis of social interaction items produced conflicting findings. 

ESCS, measuring the interaction between an examiner and the child, yielded a 

statistically significant finding in favour of the SST group. Given that social 

interaction is a complex skill that takes time to develop (Greenspan & Wieder, 

2006), it was expected that improvement in this area might be less noticeable than 

for social orienting and joint attention. The resulting intervention effect of eight 

units, smaller than for joint attention, was therefore not surprising. For children with 

a severe impairment who were not directly trained in social interaction in any way, 

even a small improvement may be important (Cunningham, 2012). Given that each 

unit corresponds to one incidence of reciprocal interaction during ESCS 

administration, it is suggested that an eight-point difference still has clinical 

significance. There were no significant differences between time points suggesting a 

constant intervention effect across the study period. The positive results on the 

ECSCS were not achieved in the context of parent–child and teacher–child 

interaction. Social interaction did not improve in either group during parent–child 

free play, and the overall frequency scores remained very low across the study. 

Regarding SRS, the SRS-Parent Report and SRS-Teacher Report questionnaires 

showed a trend of improvement in SST group and not in the music listening group. 

The differences between groups were too small to be statistically significant. 

Similarly, the intervention effect remained small. A different pattern was found in 

the Parent Interview for Autism (PIA-CV) where parents of both groups of children 
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reported progress during the intervention. Although children in the SST group 

improved more than children in the music listening group and the intervention effect 

was clinically significant, the difference between groups did not reach statistical 

significance. Combined, the results from various social interaction measures offer 

partial support for hypotheses 1 and 2, indicating that SST promotes social 

interaction and reciprocity in the context of therapist–child interaction. Although 

some positive trends could be seen, the improvement was not generalised into 

parent–child and teacher–child interaction. There was no difference in treatment 

effect at different time points, offering no support for hypothesis 3. 

 To date, no other sound therapy or music therapy studies have investigated 

social interaction using therapist–child measures on children with ASD. A positive 

development in social interaction has however been found in two studies using 

parent reports. Al-Ayadhi, Al-Drees and Al-Arfaj (2013) used the SRS-Parent 

questionnaire to evaluate the effectiveness of Auditory Integration Training (n = 72) 

on individuals with moderate to severe ASD. Unlike the current study, the SRS 

scores in their study indicated significant improvement (p < 0.05) in social 

awareness, social cognition, and social communication (Al-Ayadhi et al., 2013). As 

there was no control group, the parent reports could, however, have been biased. 

Positive, statistically significant treatment effects in social interaction (p = 0.001) 

were also found by Dezfoolian and colleagues (2013) who used a standardized 

parent interview, the Autism Diagnostic Interview- Revised (ADI-R) to measure 

progress in response to an Orff- intervention (Dezfoolian, Zarei, Ashayeri, & 

Looyeh, 2013). On a sample of just five children with no control condition, the 

reporting of p-values can be questioned. Moreover, as in the study by Al-Ayadhi and 

colleagues, the possibility of bias in non-blinded parent reports is high. A third study 

on social interaction involved a peer interaction perspective. Kern and Aldridge 

(2006) used a method of video analysis to investigate the impact of a musical 

adaptation to the playground on four children with mild to severe ASD. The children 

were observed over extended periods of time in multiple conditions. Results of 

video analysis suggested no significant improvement in social interaction although 

overall peer involvement increased during the study (Kern & Aldridge, 2006). 

Overall, using music interventions to facilitate social interaction in children with 

autism remains an under-researched area. This highlights the importance of current 
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findings that support the use of SST to facilitate social reciprocity in children with 

severe ASD. 

The results of this study led to some questions regarding why parent–child 

social interaction did not improve during the course of the intervention. While 

generalisation of joint attention behaviours across contexts was also poor, social 

interaction behaviours are more complex and warrant a closer look. Compared to 

social orienting and joint attention, social interaction items were not brief and were 

reciprocal; it involved back-and-forth interaction where both the child and the 

interaction partner alternated between initiating and responding. This rhythmical 

coordination of back-and-forth interaction is well timed in typical infants (Jaffe et 

al., 2001) but not so in children with ASD (Northrup & Iverson, 2015; Rieth et al., 

2014). Synchrony of the mother-child dyad has developmental importance as links 

have been found between well-coordinated dyadic interactions and the child’s social, 

cognitive, and emotional development (Harrist & Waugh, 2002). The turn-taking-

type interaction also forms the basis for language development (Stevanovic & 

Perakyla, 2015). 

The bi-directional nature of the dyadic interaction suggests that both parties, 

child and adult, play a role in the interaction (Jaffe et al., 2001). This information 

further indicates that if a child’s responsiveness changes but the interaction partner 

does not change her interaction patterns, then the interaction between the dyad may 

not improve. Indeed, studies suggest that direct parent training is required for social 

interaction patterns to change. Wimpory, Chadwick and Nash (1995) reported an 

increase in child-initiated interaction and responsiveness to parent-initiated 

intervention, but not much change in maternal initiation following musical 

interaction therapy for a single child with ASD. Their intervention involved mother-

child musical games but no direct training (Wimpory, Chadwick, & Nash, 1995). 

More changes were observed by Aldred and colleagues (2004). Their intervention 

aimed to address controlling and intrusive parental responses through year-long 

training on communication skills. Statistical analysis of this RCT (n = 28) reported 

significant results (p = 0.01) on Autism Diagnostic Observation Schedule (ADOS) 

in social interaction and parental synchrony (p = 0.016) and child communication (p 

= 0.41) during parent–child free play (Aldred, Green, & Adams, 2004). The most 

significant changes were reported by Casenhiser, Shanker and Stieben (2013) who’s 
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RCT investigated the effectiveness of a high-intensity parent-training model. At the 

end of the treatment period, the children with ASD showed more enjoyment (p < 

0.05) and involvement (p < 0.01) in interaction with their parents, while their parents 

improved in their ability to support reciprocity (p < 0.05) (Casenhiser et al., 2013). 

Importantly, a correlation was found between the parent’s skills and the child’s 

interaction skills (Casenhiser et al., 2013). Based on these results, a parent-training 

component may need to be added to SST interventions for changes to occur in the 

context of a reciprocal parent-child interaction.  

Parent–child versus therapist–child interaction. Another viewpoint is that 

parent-child interaction is different from therapist–child interaction in many ways. 

Jaffe and colleagues (2001) researched typically developing infants and found a 

difference in the way the infants interacted with strangers. They reflected that the 

novelty of interacting with a stranger in a new setting may have increased the child’s 

and the interaction partner’s efforts to coordinate their rhythmical interactions more 

efficiently (Jaffe, et al., 2001). Drawing links back to this study, the ESCS protocol 

had a built-in structure offering the examiner opportunities to engage the child 

through the withholding of play materials and offering opportunities for turn-taking 

with toys (Mundy et al., 2003). This may have presented an opportunity for 

increased effort discussed by Jaffe and colleagues (2001). Parents in the current 

study, in turn, were not instructed to focus on interaction or turn taking but were just 

asked to play freely. For them, this instruction may have presented an invitation not 

to push the child to demonstrate higher-level social interaction skills but to enjoy 

each other’s company or to share attention over a set of toys. Indeed, previous 

research suggests that parents and professionals may have very different goals with 

the same child (Kaale et al., 2012). In the light of this information, future studies that 

may focus on parent–child interaction may need to include more specific 

instructions for parents to elicit reciprocal interaction from their children. 

Play. As discussed earlier, parent–child free play was used in this study to 

evaluate the children’s ability to share attention and interact with their parents. This 

method of video analysis of parent–child free play has recently been used in other 

studies based in the US and the UK investigating social engagement in children with 

ASD (Mahoney & Solomon, 2016; Pickles et al., 2015). Given that children with 

ASD typically present with delayed play skills (Mastrangelo, 2009), the children’s 
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play itself may need to be considered when discussing their progress in social 

interaction skills during play.  

Mastrangelo (2009) defines play as follows:  Play is “pleasurable and 

enjoyable, has no goal imposed from the outside (… ), spontaneous, voluntary and 

intrinsically motivating, involves some active engagement on the part of the player 

(… ), flexible and changing, and must have a nonliteral orientation.” (p.14). As such, 

the nature of play itself is challenging for children with ASD who often lack 

spontaneity, flexibility, and abstract thinking. Weak central coherence indicates that 

children with ASD are more likely to focus on small pieces of information such as 

tires of a car, than understand the “big picture” of pushing the car across a room 

(Burnette et al., 2005). Poor executive functioning, on the other hand, would 

interfere with their ability to get started, plan and organize their play, and problem-

solve when something does not work the way they expect it to (Rajendran & 

Mitchell, 2007). Indeed, studies show that when compared to typical children and 

children with developmental delays, children with ASD have difficulty generating 

play ideas (Mastrangelo, 2009). Further, a poor theory of mind and difficulty 

understanding another person’s point of view (Baron-Cohen, 1989) may hinder the 

development of pretend play and symbolic thinking (Mastrangelo, 2009). These 

aspects have some relevance to the current study. Because their difficulties in 

cognitive, social, and language skills it may have been harder for the children to 

initiate and sustain play as well as to interact with their mothers at the same time 

(Mastrangelo, 2009). They may not have known what to do when asked to play and 

the whole concept of play may seem unfamiliar unless their early intervention 

programs have included it. (It is not known if this was the case.) While the 

children’s ability to play was not under investigation, anecdotal observations 

indicated that none of them demonstrated symbolic play (Kasari et al., 2010). Many 

of them played in a repetitive manner, manipulating toys, or combining objects (e.g., 

train tracks, lining up cars). Lee and colleagues (2016) noted that children with ASD 

often rely on their mothers to generate new play ideas.  During this trial, this was 

evident as their mothers who offered them tasks such as stringing beads often 

structured the children’s play or putting puzzles together (Lee et al., 2016). In the 

light of this information, it begets the questions, whether the children’s poor play 

skills might have interfered with their ability to engage with their parents. Given that 
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play itself was so difficult for the children, it would important to ask if a different 

type of activity, perhaps something more familiar, would be a better choice. 

 Kim (2006) who used play for the control condition in her Korean study 

questioned how well the concept of free play suits Asian parents who tend to play in 

a more directive manner. Anecdotal evidence from the clinical practice of the 

student researcher suggests that because of the high emphasis on academic 

achievement in Singapore and lack of outdoor play areas, many local parents have 

not had the experience of being played with in their childhoods. During the present 

time, it is more common for parents to focus on homework than shared creative play 

with their children (Stright & Yeo, 2014). Structured tasks may be easier for parents 

who follow traditionally authoritarian parenting styles (Lui & Rollock, 2013). 

Furthermore, playing with a child with ASD requires unique skills and effort, and 

parents lacking the intuitive experience of play may find it even harder to play with 

their children. Consequently, there is a possibility that the local culture limited the 

parents’ ability to use play to engage their children in the study, particularly when 

the play was free with no rules and structure provided (Kim, 2006). Further, the 

parents’ play and engagement skills may have influenced the children’s 

responsiveness during free play (Mahoney & Perales, 2005). Given this cultural 

context, developing guidelines that provide some structure and help the parents plan 

the play sessions in a way that matches the children’s needs, may help future 

Singaporean researchers to use play in more culturally appropriate ways.  

Another possible reason for the lack of improvement in parent–child 

interaction may be linked to the length of the treatment. The total length of the 

treatment provided for children in this study (two weeks at the clinic followed by 

eight weeks at home) was considerably shorter than what is currently offered in 

clinical practice. Other sound therapy researchers have previously used longer home 

programs of 16 weeks (Abbott, 2011) and 20 weeks (Nwora & Gee, 2009) in 

children with ASD. The total length of the treatment seemed sufficient to elicit 

positive changes in the context of therapist–child interaction, but not in parent–child 

interaction. It is not known whether a longer home program would have improved 

parent–child interaction even without direct training. This area needs further 

exploration and could be addressed in future SST studies. 
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Finally, lack of significant improvement in the classroom setting following a 

non-classroom based intervention is consistent with findings from another sound 

therapy study. While most music intervention studies have not included classroom 

measures, Mudford and colleagues (2000) employed monthly behaviour ratings by 

teachers and direct classroom observations during Auditory Integration Training 

(AIT) of children with ASD. Statistical analysis of the RCT results showed no 

significant difference between the control group and the AIT group during or after 

treatment (Mudford et al., 2000). Information from multiple responders, such as 

teachers and parents, are recommended as a part of autism screening (Duvekot et al., 

2015); however, no such recommendations have been found in the Cochrane library 

for music or sound intervention studies (Geretsegger et al., 2014; Sinha et al., 2004). 

It is possible that a longer treatment period would have helped to facilitate 

generalisation of treatment effects into the school environment in the current study. 

Alternatively, given that demands placed on a child in school are different from 

what is expected at home or in individual therapy, an approach that includes a 

particular set of generalisation measures may be required. More research and formal 

guidelines are needed to facilitate the transfer of treatment gains into the school 

setting. 

In summary, there is some evidence available to support the effectiveness of 

SST in improving reciprocal social interaction skills in children with severe ASD. 

As for joint attention, the positive findings were limited to the interaction between 

the children and the therapists and did not generalise into the home or school 

environments.  

 

Maintenance of treatment gains. Best practice guidelines for autism 

treatment recommend that outcome measurements be repeated after a follow-up 

period to assess maintenance of treatment gains (Cunningham, 2012). Authors of the 

latest Cochrane review on music therapy (Geretsegger et al., 2014) similarly 

recommend that music therapy researchers include long-term follow-up assessments 

onto their assessment protocols. Given that it is unknown how long the effects of 

SST might last, an initial time frame of three months was selected to see if treatment 

gains were maintained at that small time point. The hypothesis was formulated as 
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follows: “Any changes in social orienting, joint attention and reciprocal social 

interaction in children with ASD will be maintained at the three-month follow-up.” 

 Statistical analysis of all outcome measures (SOM, SOC-RS, ESCS, SRS-

Parent and SRS-Teacher Report) showed that while the final scores at time point T4 

(after a three-month break from treatment) might have decreased a little, the scores 

of the SST group still remained well above baseline.  As such, treatment effect in the 

SST group remained constant across the time points. This suggests that treatment 

gains were maintained at the three-month follow-up and supports the 

aforementioned hypothesis. It is interesting to note that the treatment gains were 

maintained without the use of the bone conduction headphones. While this seems to 

put the necessity of bone conduction headphones into questions, there is a possibility 

that the use of bone conduction in the early part of the study was at least partially 

responsible for the continued progress. There is, however, no proof that this might 

be so, and future studies may want to explore the importance of bone conduction 

further. 

These results, indicating good maintenance of treatment gains, are consistent 

with previous sound therapy research. In a study by Bettison (1996) on Auditory 

Integration Training (AIT), children with autism or Asperger syndrome in the study 

received either AIT or music listening. Both groups of children improved and 

maintained the gains achieved in responses to sounds, behaviour and autism severity 

for 12 months (Bettison, 1996). Another AIT study (Al-Ayadhi et al., 2013) 

measured progress only at three and six months post-intervention. The children in 

the study improved from pre-treatment level and showed further gains at six months 

post-treatment. Similarities can also be found with music therapy studies where 

treatment gains were maintained at one month (Finnigan & Starr, 2010; Vaiouli et 

al., 2015) and 20 months (Wimpory et al., 1995) post-intervention.  

 Larger studies are needed to fully investigate maintenance of treatment gains 

in SST. Based on anecdotal observations from clinical experiences of the researcher, 

most children with ASD require top-up programs at some point to maintain 

treatment gains and to continue to make progress. Autism is a life-long condition 

(American Associational of Occupational Therapists, 2014) and therefore, children 

with ASD require long-term support. It is currently not known whether gains made 

during an SST intervention are maintained beyond three months post-treatment. 
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Development of effective intervention programs for children with ASD is a 

high priority. As discussed in Literature Review, autism prevalence has increased 

over the past decade (Lundström et al., 2015; Odom et al., 2003; Xiang  Sun & 

Allison, 2009). With this increase, related costs to families and societies have also 

increased. For example, care allowances paid to families of children with ASD by 

the Australian government were five times higher in 2015 than they were in 2004 

(Autism Aspergers Advocacy Australia, 2015). One factor to consider when 

evaluating the cost-effectiveness of intervention programs is the length of the 

program relative to its effects. 

Compared to other effective treatments for social engagement that reported 

good maintenance of treatment gains, the intervention period of the current study (10 

weeks) was of medium length. The two AIT studies that implemented follow-up 

measures (Al-Ayadhi et al., 2013; Bettison, 1996), along with one music therapy 

study (Finnigan & Starr, 2010) provided shorter interventions (20 and 10 days, and 

eight weeks); the intervention periods of other music therapy studies (Vaiuoli et al., 

2015; Whimpory, 1995) were longer at 22 weeks and seven months, respectively. 

 
Generalisability of findings. The data presented above offer preliminary 

support for the use of SST to facilitate joint attention and social interaction in 

children with severe ASD, in the context of therapist–child interaction. Findings 

suggest that treatment gains were maintained for at least three months. In contrast, 

evidence to support the use of SST in social orienting is currently limited. 

Thompson (2012) described generalizability of findings as a “trade-off 

between internal and external validity, with improvements in one are often resulting 

in weaknesses occurring in the other” (p. 181). This study presented a high internal 

validity strengthened by narrow intake criteria, strict randomisation and blinding 

procedures, a collection of information about potential confounders, and the use of a 

treatment manual and fidelity checklists (Sinha et al., 2004). The strict intake 

criteria, necessary due to high levels of heterogeneity in autism (Anderson, 2015), 

enabled group comparison but also posed a threat to external validity.  

The small sample size and the narrow intake criteria limit the generalisability 

of the findings. Given the minuscule sample size, the results of the study, while 

positive in certain domains, need to be treated as preliminary, and any generalisation 
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into clinical practice needs to be treated with caution. This is especially true due to a 

reduction of therapeutic interaction between the therapist–child and therapist–parent 

dyads that deviate from real-world practice. Nevertheless, the results still offer the 

first indication that SST may be a useful tool for children with severe ASD in certain 

areas of social engagement. 

 
 
Limitations of the Study  

Some limitations needed to be considered when interpreting the results of the 

study. These included sample size, heterogeneity of the sample, missing data, a 

cultural validity of outcome measures, and limitations linked to human resources 

and equipment.  

 Limitations of the sample. Sample size. Small sample sizes are common in 

autism intervention research (Geretsegger et al., 2014), particularly when study 

participants are children with severe ASD with a limited comprehension of 

instructions and difficulty complying with formal testing (Thompson, 2012b). 

According to Etz and Arroyo (2015), it is often small sample research that 

investigates vulnerable, under-represented populations, such as children with severe 

ASD. Therefore, despite its limitations, small sample research also presents an 

important voice in the research community (Etz & Arroyo, 2015). When treatment 

effects are substantial, even small samples can detect differences between groups 

(Bradt, 2012). In this study, while the results on the main measure ESCS were 

encouraging and the intervention effect on the ESCS was large, the study was still 

limited by an extremely small sample size. Parent reports in the SRS-Parent Report 

and Parent Interview for Autism (PIA-CV) indicated that parents of the SST group 

observed more improvement in social engagement behaviours than parents of 

children in the music listening group. However, results of the statistical analysis did 

not reach significance. Another example was SOC Rate. Although the SST group 

improved more than the comparative treatment group on the frequency of social 

orienting and joint attention behaviours during parent-child free play, differences 

between the groups were not significant. Given that the trend of change was in the 

right direction, and a difference existed between the groups, it is possible that the 

study did not have adequate power to find a statistical difference in those areas of 

social engagement where the intervention effects were small (Sedgwick, 2015c).  
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As noted previously, the sample size of this study was smaller than originally 

planned. The target of 20 participants could not be achieved due to the reluctance of 

parents and referral sources to embrace sound therapy following Singapore’s 

Ministry of Health guidelines (2010). These guidelines specified that music therapy 

and sound therapy were not recommended for individuals with ASD due to 

insufficient evidence of their effectiveness. As a result of the publicity that was 

generated from the publication of these guidelines, only a small number of parents 

agreed to have their child participate in the current study. In these circumstances, it 

was unlikely that an extension of the recruitment period by six or even 12 months 

would have helped to achieve the sample target. Moreover, the political situation 

around ASD treatments in Singapore increased the urgency to produce a high-

quality RCT with local children. It is hoped that a small, methodologically strong 

RCT will trigger some interest in the local community and pave the way for a larger 

study. Recruitment difficulties are not unique to this study; indeed the problem of 

under-recruitment seems to exist fairly often in music therapy research (Porter et al., 

2015). Nonetheless, future studies should aim for larger samples for more statistical 

power. Due to an extremely small sample size, a generalization of results from this 

study is premature, and more research is needed before definitive conclusions can be 

drawn on the effectiveness of SST on children with severe ASD. 

 Heterogeneity of the sample. Even though individuals with ASD share 

certain characteristics, they present with unique, often uneven profiles and a wide 

range of intellectual and language abilities (Lenroot & Yeung, 2013). For this 

reason, results of ASD studies cannot be easily translated into clinical practice 

unless the age, intellectual functioning, language level and autism severity of 

participants are clearly defined and reported (Sinha et al., 2004). To reduce 

heterogeneity, enable group comparison, and provide clinically meaningful 

information, this study implemented strict intake criteria. As a result, the children’s 

ages fell within a two-year range at intake. Furthermore, all children had severe 

ASD, very low capacities in intellectual, language and adaptive functioning; and a 

score of 0 for social interaction during parent-child free play indicating that no 

instances of “reciprocal verbal” or “reciprocal nonverbal interaction” were observed 

at baseline. Even though the sample was homogeneous in these aspects, considerable 

variability was still present in other areas. This was evident in baseline and outcome 
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data. Even though the groups were comparable on baseline measures, the 95% 

confidence intervals were very wide, ranging as much as from -64.2 to 180.9 for a 

difference of 58.3 units for adaptive behaviour (VABS). Large variability in data 

was also observed on the main outcome measure, ESCS. ESCS-Joint Attention raw 

scores varied between 3 and 45 and the ESCS-Social Interaction scores varied 

between 0 and 17 at baseline. Given that one raw score point corresponded to one 

incident of social engagement within the 25-minute test period, these differences in 

ability were vast. The variability in scores continued across different time points. 

For example, when measured right after the home program (T3), some children’s 

ESCS-Joint Attention scores moved up to 53 while others reduced to 2. In the 

ESCS-Social Interaction subtest, the range was also wide, from 0 to 29 points. Large 

heterogeneity and wide confidence intervals have been reported by other autism 

researchers (Thompson, 2012b).  

The large variability in data presented some challenges for statistical 

analysis. It also made interpretation of the data more difficult, because a minimal 

improvement in some children might have been masked by significant gains made 

by some other children in the same group. Aigen (2015) stated that sharing the same 

diagnosis does not equate to a similar way of responding to an intervention. This 

was evident in the current sample. A subgroup analysis would have been useful to 

find out which children benefitted most from the SST intervention. For example, it 

is currently not known if children with high sensory reactivity and over-

responsiveness to sounds benefitted more from the SST intervention than children 

with under-responsiveness to sounds, or vice versa. Due to the small sample size, 

subgroup analysis was not attempted. 

Over-representation of males. The final point related to limitations of the 

sample concerns the male: female ratio in study participants. Out of the 11 

participants, 10 were male, and one was female. This ratio differs from the male: 

female ratio reported in autism prevalence studies, where the most commonly 

reported ratio is four or five males to one female (Lai et al., 2015). It is known that 

due to cultural expectations, genetic factors, and sex-linked biological mechanisms, 

females with ASD present differently from males in their verbal, social, and 

adaptive functioning (Lai et al., 2015). Just like in the current study, for reasons that 

are not well understood, males are often over-represented in autism intervention 
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studies (Watkins, Zimmermann, & Poling, 2014). As a consequence of this over-

representation, the overall understanding of ASD has been shaped by data from 

males with ASD and therefore, the current knowledge may be biased towards males 

(Lai et al., 2015; Watkins et al., 2014). Based on the literature available, it is not 

known if boys with ASD respond differently from girls to interventions.  

 

Missing data. In a small sample, every data point is important, and a missing 

score (particularly if present at baseline) makes a statistical analysis of the results 

very complex. Dumville, Torgerson, and Hewitt (2006) reported that in medical 

studies an average loss to follow-up was seven per cent. Given that studies with 

large amounts of missing data may struggle to describe the sample accurately, a loss 

of 20 per cent or more of outcome data could lead to attrition bias (Dumville et al., 

2006). In this study, one out of the 11 children was lost to follow-up and one child 

left the study after the clinic treatment for health reasons. This ratio may not be a 

source of concern per se, however, there were missing data in the records of children 

who remained in the study as well. Due to a technical error, one video recording of 

parent–child free play for a participant of the music listening group was not usable. 

Moreover, some parent and teacher questionnaires (Social Responsiveness Scale, 

SRS) were not returned. Verbal feedback from parents suggested that the reason for 

not returning the parent or teacher questionnaires was the lack of perceived 

improvement after the previous measurement. An additional reason may have been 

assessment fatigue. According to Bradt (2012), “instrument burden” is one reason 

for incomplete data sets in clinical trials. Having to complete the same questionnaire 

repeatedly, even if the questionnaire was just two pages long, may have caused some 

unwillingness to perform the task, particularly in cases where perceived changes 

were minimal.  

To find a way to analyse all complete and incomplete data sets, Professor Ian 

Gordon from the Statistical Consulting Centre, the University of Melbourne, was 

consulted several times over the course of the study. Professor Gordon, who was 

blinded to the treatment condition of the children, developed a statistical model for 

this study. Even though the model accounted for missing data and an intention-to-

treat-analysis (El-Masri, 2015) was administered to minimize the bias for dropouts, 

the data for the SRS was slightly skewed in favour of the music listening group. This 
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happened because all children with missing data in the SRS-Parent measure were 

members of the SST group. In the case of the SRS-Teacher questionnaire, three out 

of four children with missing data were SST group members. The presence of 

missing data points is important to keep in mind when interpreting the results of the 

SRS-Parent and SRS-Teacher questionnaires. Reduced representativeness of the 

sample poses an additional threat to the external validity of the study (Bradt, 2012). 

The role of therapeutic interaction. The post-positivist research philosophy 

seeks to identify the causes that impact the outcomes of interest of a study (Creswell, 

2014). While it is widely recognized in this research tradition an absolute truth about 

a particular type of knowledge or intervention does not exist (Phillips & Burbules, 

2000), it was necessary for the student researcher to isolate the most relevant, 

effective elements of SST for investigation. As a result, the SST intervention 

examined in the trial differed in some ways from the way it is typically offered in 

clinical practice. The biggest difference concerned the role of therapeutic 

interaction. Usually at the core of any music therapy practice, in this study (for 

reasons discussed in earlier chapters) the therapeutic interaction was reduced to a 

minimum.  

RCT’s are often criticized for departing from real-world practice when 

reducing complex interventions into small measurable components (Aigen, 2015). 

This criticism applies to this study and to many other music intervention studies 

where the intervention has been standardized for research purposes (for example, 

Katagiri, 2009; Schwartzberg & Silverman, 2013). As a result of the reductionist 

approach, the treatment protocols did not meet the criteria for music therapy 

interventions. The altered role of the therapist (research assistant in charge of 

providing the intervention) is a limitation of the study. A potential consequence of 

this was the lack of progress observed in parent-child interaction. Being instructed to 

step back, watch, and intervene only to guide the parents in toy selection meant that 

the research assistant could not demonstrate how to engage the children or to give 

advice on how the parents could interact with them in different ways. 

When an intervention under study differs from real-world practice, as it did 

in the current study, it may be challenging for therapists to know how relevant the 

results are to their practice. There is a possibility that adding therapeutic interaction 

to the treatment protocol used in the trial would increase the effectiveness of the 
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SST. While there is currently no proof that this might be so, the power of therapeutic 

interaction is well recognized and embraced by music therapists (Aigen, 2015). 

Future studies may want to investigate the impact of therapeutic interaction within 

the context of SST sessions further. 

 

Study design. One limitation of the part-time study is that completion of the 

research project takes longer, and much change can take place in the research world 

during the process of the study. At the time when this study was planned six years 

ago, a strong push for evidence-based practice and quantitative studies was evident 

in the field of autism research. This was also the time when the treatment guidelines 

for ASD were published in Singapore urging therapists in the field to produce 

RCT’s to contribute to the local evidence base (Ministry of Health Singapore, 2010). 

Influenced by the political situation and my strong personal bias, I was convinced 

that a purely quantitative RCT was the best option for this study. A shift is now 

taking place in music therapy literature; not only is the premise of evidence-based 

practice facing intense criticism (Aigen, 2015), researchers are advocating the 

benefits of mixed-methods studies over purely quantitative studies (Bradt et al., 

2013). One limitation of this study is that the current post-positivist design allowed 

for exploration of observable behaviours but not internal experiences. Considering 

that this was the first study on the use of SST on children with ASD, including a 

more varied perspective of parental experiences could have helped to complement 

and potentially cross-validate the findings (Bergman, 2011). Given the rise of 

family-centred approaches where parental experiences and collaboration are highly 

valued (Thompson, 2012a), and the fact that social engagement is closely linked to 

attachment (Porges, 2003), future studies may want to consider expanding the range 

of methods when investigating the effectiveness of SST. 

Inter-rater reliability. To measure the level of agreement on how ESCS 

was scored, an inter-rater reliability check was performed between the research 

assistant and the student researcher. This was necessary because scoring of the 

ESCS was based on clinical observation and involved an interpretation of the child’s 

behaviour (Mundy et al., 2003). As an example, in some cases, the child may have 

used eye contact to share attention and enjoyment over an activity, while in other 

cases the child may have looked at the research assistant to ask for permission to 
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reach for a toy. The results of the statistical analysis revealed that while the 

correlation between the raters was high (r = 0.982), there was a discrepancy in how 

one particular joint attention item was rated. This was evident in joint attention 

scores where the student researcher rated all children higher than the research 

assistant. 

Some studies using the ESCS as an outcome measure for children with ASD 

did not calculate or report inter-rater reliability (Chiang et al., 2008; Siller & 

Sigman, 2002; Smith et al., 2015; Wong & Kasari, 2012), while others calculated 

ICC and reported a good (Kaale et al., 2012) or very good (Goods et al., 2013; Kim 

et al., 2008) agreement between raters. None of the studies reported the mean 

difference between raters and it is therefore not known how the results of the ICC in 

this study compare with others. When interpreting the results of the study, it should 

be kept in mind that the results of the joint attention scores could be slightly inflated 

on all children. 

 

Limitations of outcome measures. This study aimed to find a causal 

relationship between SST and social engagement outcomes. Instruments used in the 

study shape the knowledge generated (Creswell, 2014) and it is, therefore, important 

that outcome measures are valid and clinically informative (Sinha et al., 2004). 

Some limitations emerged in the course of the trial with regards to the accuracy of 

the current measures in evaluating progress in social engagement. Other limitations 

discussed here concern measurement of auditory processing and cultural validity of 

the measures. Limitations of SOM in measuring social orienting are considered in 

the Discussion in the earlier part of this chapter. 

 Limitations to the measurement of social engagement.  Early Social 

Communication Scales (ESCS) was a clinically meaningful measure of joint 

attention and social interaction that allowed for flexible administration. Feedback 

from research assistants and parents indicated that even though it was hard for many 

children to remain seated for the whole administration period, with the help of 

breaks and small rewards, all children were able to go through the tasks. A concern 

was noted however regarding how social engagement was being measured in the 

ESCS. Measuring the frequency and not the duration of social engagement 

behaviours meant that some children who were well engaged for long periods of 
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time scored lower than children with brief but frequent engagement episodes. The 

use of frequency rating is common in autism-specific measures of social interaction 

(Cunningham, 2012). A review of measures available revealed that only one 

measure, the SOC-RS currently accounts for total engagement time while also 

measuring the frequency of social engagement events. It is not clear from current 

literature why the preferred way of measuring change is based on frequency counts. 

One possibility might be the strong influence of behavioural methods in autism 

treatment and assessment. If so, the emergence of relationship-based interventions 

(Greenspan & Wieder, 1998, 2006) and modern attachment-theories (Schore, 2005; 

Schore & Schore, 2008) may increase the need to evaluate the depth and quality, and 

not just quantity of social engagement behaviours in future autism research. 

Lack of thorough measurement of auditory outcomes. This study emerged 

from a search for reliable tools to improve auditory processing skills of children with 

ASD. Aiming to recruit children who had ASD and auditory-based difficulties, 

auditory skills were measured at intake through the Short Sensory Profile (SSP). 

Given that the study focused on social engagement and not auditory filtering, the 

decision was made to not re-administer the SSP at the end of the trial. Moreover, 

there were concerns that improvement in just one item of a short parent 

questionnaire would not have been reliable in detecting progress in auditory 

processing. The only auditory measure administered pre- and post-treatment was, 

therefore, SOM that assessed auditory aspects of social orienting.  

Lack of a wider range of auditory measures poses some limitations to the 

study mainly from a theory-building point of view. The theory generated for the 

study was based on the assumption that the SST intervention might improve the 

children’s ability to listen better, and improved listening and sound orienting in 

social situations would then result in improvement in social engagement. Without 

the use of thorough, reliable measures this premise could not be clarified. There is 

currently a lack of suitable, unobtrusive tools to measure auditory processing in 

children with ASD under the age of seven. It is hoped that inclusion of sensory 

processing difficulties in the current diagnostic criteria of the DSM-5 (American 

Psychiatric Association, 2013) will encourage researchers to develop a wider range 

of tools to measure treatment outcomes in this area. 
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Cultural validity of outcome measures. Reflecting the multicultural 

population of Singapore (Department of Statistics Singapore, 2015) children in the 

current sample represented different races and different cultural backgrounds. Most 

of the children were Singaporean Chinese (n = 7) while others were Indian (n = 2), 

Malay (n = 1), and other ethnic groups (Filipino-Chinese, n = 1). Race has not yet 

emerged as a potential confounder in autism literature and therefore did not 

influence the randomization procedure of the study. Co-incidentally the two Indian 

children and one Malay child were allocated into the SST group, and the Filipino-

Chinese child was placed in the comparison group. As a result, the mixture of socio-

cultural backgrounds was greater in the SST group than in the music listening group. 

All children and their parents spoke English and the trial was conducted in English; 

however, none of the participants were native English speakers. Three cultural 

limitations can be raised here. First, it is noteworthy that none of the outcome 

measures have been formally validated within Singapore’s context. Second, it is not 

known whether children with severe ASD from different Asian cultural backgrounds 

present in the same way, or whether race or culture presents an additional 

confounding factor that might influence outcomes. Third, the use of formal English 

language might have influenced the way parents understood the questions in the 

SRS and PIA-CV. 

Singapore is situated in South-East Asia but for historical reasons, it is 

influenced by both Eastern and Western cultures. The main language of instruction 

in schools is English and the school system itself has adopted many educational 

principles from UK and the USA (Stright & Yeo, 2014). All children also speak an 

Asian mother tongue (Mandarin, Malay or Tamil) that is typically spoken at home 

with parents and the extended family. While appearing Western in terms of 

education, parenting practices, values, and expectations are still influenced by 

Eastern traditions (Stright & Yeo, 2014). This cultural “melting pot” creates an 

environment that is English speaking and fairly westernized but still traditionally 

Asian in many ways. Because of a lack of assessment tools developed in Asia and 

the wide use of English in Singapore, local clinics rely on tests developed in 

Western countries. Similarly in this study, the outcome measures, all published in 

the United States, were adopted without cultural validation or translation into local 

languages.  
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Literature suggests that how people with ASD present is influenced by 

personal characteristics and autism severity but also the person’s cultural and 

linguistic context (Mandy, Charman, Puura, & Skuse, 2014). Some broader cultural 

trends may also exist; researchers have identified variances in the applicability of the 

current diagnostic model in different countries (Jussila et al., 2015; Lai  et al., 2015; 

Mandy et al., 2014). This data suggests that while ASD symptomology is found 

worldwide, what is considered desirable social behaviour varies, particularly when 

Eastern and Western countries are being compared (Lai  et al., 2015). There is no 

research currently available on ethnic influences on social engagement in Singapore. 

Hence the following questions need to be considered: “Would parents from Chinese 

ethnic backgrounds facilitate social engagement in different ways than mothers from 

Indian, Malay or Western backgrounds?” and, “Would the grouping of children from 

different ethnic backgrounds together have influenced the results of this study in 

some way?” This area may warrant further investigation. 

The final point of cultural limitations concerns the semantics of language. 

The International Testing Committee (2005) recommended that whenever an 

assessment tool is introduced to a new socio-cultural context, cultural and linguistic 

differences should be considered before the tool is adopted for use. The adaptation 

process should ensure that test items are appropriately formulated and easy to 

understand in the local context (International Test Commission, 2005; Yunus, 2013). 

This adaptation process was not followed in the current study. As a result, some 

expressions used in PIA-CV and SRS were unfamiliar and required further 

explanation. For example, anecdotal feedback from parents and research assistants 

suggested that most parents did not understand the question “ Does your child seem 

hard to reach, or is in his / her own world?” (Item 15, PIA-CV). While unfamiliar 

expressions may not have directly influenced the results of the trial, different ways 

of interpreting the questions may have contributed to the already considerable 

heterogeneity within the sample. 

 

Limitations of human resources. Staging a clinical trial, even if small in 

size, requires a substantial investment of time and other resources (Bradt et al., 

2013). This study did not receive external funding to hire research assistants and 

relied on volunteers to evaluate and treat the children. Unexpectedly, there was a big 
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turnover of staff in the beginning of the study with the main interventionist 

withdrawing just before the start of the trial and another one resigning soon after the 

first two baseline assessments were administered. The student researcher discovered 

that both research assistants were going through some personal crises and with many 

changes in their lives, it was no longer possible for them to volunteer their time. 

Following this, a privately funded transport allowance (funded by the student 

researcher) was initiated. Perhaps as a result of the small financial incentive, the 

newly recruited assistants were able to stay and complete the requested number of 

assessments and treatments despite their life challenges. The turnover of research 

staff resulted in some mistakes in the early days of the study. One of the biggest 

mistakes involved videotaping of the parent–child free play for the first participant. 

The research assistant failed to activate the zoom feature of the video camera placed 

in the corner of the room and forgot to advise the parent which part of the room was 

to be used for play. As a result, the child was facing away from the camera for most 

of the play session. When he did turn to face the camera, he appeared small in size 

and consequently, it was not possible to identify exactly where he was looking. In 

the end, the video recording was deemed unusable. The student researcher 

concluded that while the first two research assistants were thoroughly trained in 

video recording techniques, training offered for the third one might have been 

insufficient. After the incident, more training was provided to all research assistants 

on how to operate the video equipment.  

The possibility of human error is present in all research, and other 

researchers have also reported mistakes made by research assistants (Kim, 2006). 

Aside from the videotaping mistake, change of reception staff at Samonas Centre 

also resulted in some mistakes being made in administrative procedures. The new 

receptionist did not consistently follow the data tracking system developed for the 

study and consequently some assessment forms were misplaced. When the mistakes 

were uncovered, affected parents had to resubmit the questionnaires or in some cases 

fill in a new form. While this did not impact the results of the study, it resulted in 

unnecessary work and possible frustration for parents.  

 

Limitations of equipment. All assessment and treatment sessions were 

videotaped for scoring and fidelity purposes. The video camera placed on a stand in 



 

	

221 

the corner of the room could be rotated left–right and up–down but it did not offer a 

360-degree view of the room. The limited view was not a concern during assessment 

sessions where the children were seated at a table facing the camera, but it posed 

some limitations during free play sessions that allowed for movement around the 

room. To minimize times when the children’s faces were not visible on camera, a 

second hand-held camera was used to videotape the play sessions. Even so, not all 

facial expressions could be captured and some of the footage had to be marked ‘not 

observable’. Other researchers have reported similar challenges with video 

recordings. Kim (2006) used two ceiling-installed cameras controlled by camera 

operators in her study and still reported gaps in the usable footage. In this study the 

problem of gaps was accounted for in the statistical model developed for analysis of 

free play (SOC-RS) scores. 

 

Limitations of the treatment manual. A treatment manual was created and 

used for fidelity purposes. The aim of structuring and standardizing the SST 

treatment was necessary but ambitious, considering that such manuals have not 

previously been used in sound therapy research or clinical SST practice. Research 

assistants were able to follow the treatment protocol with regards to their interaction 

with children and parents and received high fidelity ratings at the end of the study. 

Following the Decision Tree for music selection was more challenging: The person 

administering the music to the children in the SST group made some unexpected 

errors in the choice of music. These errors, which were discovered at the end of the 

trial during error detection, involved administering a similar but not the same music 

selection to a particular child. This happened in three out of 100 treatment sessions, 

for one music selection out of the three that were used in each of those sessions. 

There were no mistakes in the comparative treatment group. In total, 156 out of 159 

music selection choices for the SST group followed the Decision Tree format and 

three out of 159 did not. (The count of 159 refers to the total number of music 

recordings played for the six participants of the SST group over the ten clinic-based 

treatment sessions.) This yields a total error rate of 1.9%. It is unlikely that the error 

had an impact on the effectiveness of the treatment or influenced conclusions drawn 

from the study (Goldberg, Niemierko, & Turchin, 2008). Nevertheless, it was a 

deviation from the Decision Tree model created for this study and therefore presents 
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a limitation to the study. Human error is indeed a factor in clinical research, as it is 

in real life clinical practice (Reason, 2000). At the same time, sufficient flexibility of 

treatment manuals is crucial to ensure that research protocols are clinically 

appropriate and meet the needs of each client (Mesibov & Shea, 2011). The choices 

made in error were clinically appropriate and therefore the original Decision Tree 

was slightly expanded after the study for future use. 

 
Implications of the Study  
 
 Implications of this study for therapists working with children with ASD 

pertain to how SST could be used more efficiently in clinical practice. Four types of 

recommendations will be discussed here: Using SST to address social engagement, 

employing the Decision Tree model to improve the effectiveness of SST, 

considering the length of the home program for cost-effective treatment delivery, 

and involving parents to ensure transfer of skills across contexts. 

Using SST to address social engagement deficits in ASD. Perhaps the 

most important implication relates to addressing social engagement in SST 

treatment. Traditionally, therapists (music therapists, occupational therapists, speech 

therapists, psychologists, learning support teachers) using sound therapies on 

children with ASD have focused on improving sound sensitivity, language 

development, and behaviour (Brown, 1999; Gee, Thompson, & St John, 2014; 

Edelson, et al, 1999; Neysmith-Roy, 2001; Rimland; 1995). The current study is the 

first sound therapy study to address social engagement. The outcomes from this 

study revealed that SST had a substantial positive impact on two elements of social 

engagement: joint attention and social interaction. Given that social engagement 

skills in children with ASD are impaired before the age of two, negatively affecting 

their further development (Wimpory, Hobson, Williams, & Nash, 2000); and social 

engagement abilities predict treatment outcomes (Billstedt et al., 2007; Smith et al., 

2015), it is important that therapists working with children with ASD address social 

engagement deficits in their clinical practice. Indeed, best practice guidelines for 

ASD interventions state that therapists should focus their work on improving 

functioning in core ASD features which include joint attention and social interaction 

(Zwaigenbaum et al., 2015). Evidence from the current study contribute to the music 

intervention literature on social engagement (Kim et al., 2008; Thompson et al., 
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2013) and suggests that SST may be an effective music intervention tool for children 

with severe ASD who also have low cognitive and language skills.  

Another aspect when using SST in clinical practice involves consideration of 

the proposed mechanisms behind the effectiveness of the method. For the first time, 

the diagnostic criteria for ASD, DSM-5 (American Psychiatric Association, 2013) 

recognizes that many children with ASD have sensory processing difficulties, 

including hypo- or hyper-reactivity to sensations (Ben-Sasson et al., 2009; Tomchek 

& Dunn, 2007). It is known that difficulty registering sounds in the environment 

may impair the child’s ability to share attention and engage in social situations 

(Baranek et al., 2013) and therefore, identifying and addressing auditory processing 

difficulties when they occur could lead to improvement in social engagement. The 

current study on children with auditory filtering difficulties found an improvement 

in joint attention following an auditory-based intervention that is hypothesized to 

improve auditory processing skills. It should be noted, however, that the theory base 

of SST requires further validation and there is currently no proof that SST can 

directly improve hypo-responsivity, auditory filtering, or other areas of auditory 

processing, even if it has the potential to improve joint attention. The mechanisms 

behind SST require further exploration before the method can be recommended for 

wider use in children with ASD. 

The final point concerns pre- and post-assessments when using SST in 

clinical practice. Evidence-based practice (Kern, 2010) and best practice guidelines 

for autism interventions (Zwaigenbaum et al., 2015) state that therapists should be 

reflective about the effectiveness of their work. This includes careful measurement 

of treatment outcomes (Cunningham, 2012; Stolte, Hodgetts, & Smith, 2016). Some 

challenges remain when measuring change in social engagement in clinical practice. 

Early Social Communication Scale (ESCS), included in the “gold standard” 

assessment battery for ASD (Cunningham, 2012) was sensitive to change and 

suitable for relatively frequent measurements during this trial. ESCS, even if a 

useful research tool is, however, too lengthy and time-consuming to be used in 

clinical practice. Therapists using SST to address social engagement may want to 

consider using a more simple form of behavioural observations through video 

feedback to measure progress in everyday clinical settings.  
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Apart from assessing changes in therapist–child interaction, therapists may 

also want to collect feedback from the child’s parents and teachers. This is important 

because the performance of children with ASD varies based on contextual demands 

(Cunningham, 2012). The SRS parent and teacher questionnaires showed some 

promise as pre- and post-measures. Being fairly short, SRS, which is also included 

in the “gold standard” assessment battery for ASD (Cunningham, 2012), may be 

better suited than the ESCS to measure outcomes in clinical practice. 

 

Employing the Decision Tree model to improve effectiveness of SST. 

Currently, SST therapists rely primarily on an intuitive application of the method. 

While certain basic guidelines exist, these are not specific to children with ASD. As 

a result, the effectiveness of the SST treatment provided is greatly dependent on 

each therapist’s clinical reasoning and experience (Sinha et al., 2004). It is 

imperative that therapists following evidence-based practice devise treatment 

protocols that are effective and grounded on research (Kern, 2010). Some aspects of 

the model of SST practice described in this study could be applied directly to daily 

clinical SST work, particularly with regards to the Decision Tree models created to 

guide the selection of spectral activation and music.  

Following the treatment model introduced in the current study, therapists 

should take each child’s individual sensory profile into consideration. Based on 

findings, it could be concluded that the SST treatment was effective and safe when 

the child’s sensory profile was matched with the level of spectral activation. 

Children with over-responsivity to sensory input (sound, touch, movement) listened 

to recordings with a gentle spectral activation, while children with under-

responsiveness or sensory seeking patterns listened to recordings with stronger 

spectral activation. Anecdotal feedback from the parents and research assistants 

indicated that when the treatment was planned in this manner, “side effects” such as 

irritability, considered a part of the treatment process in many sound therapies 

(Berard, 1993; Tomatis, 1991), were not observed, and the intervention was well 

tolerated. Session videotapes (taped for fidelity purposes) showed that children, 

many of whom ran around the room during assessment and free play sessions, sat 

quietly on the floor when listening to the music over the headphones. The calming 

impact of the music was visible. These results have particular importance to 
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occupational therapists that typically grade the intensity of tactile, vestibular, 

proprioceptive and visual input, but not the intensity of sound in their work with 

children with ASD. 

Other sound therapy methods like Tomatis, AIT, and The Listening Program 

do not consider the impact of the music itself during sound therapy treatment 

(Berard, 1993; Tomatis, 1991). Instead, the focus is on the effects of the music 

modifications, such as gating and filtering (Thompson & Andrews, 1999). In 

contrast, the music selection forms a big part of the treatment planning in SST 

(Steinbach, 2000). The model created for this study, complete with music 

categorization and reasoning for choosing certain types of music, is directly 

applicable to clinical practice. Focusing on arousal regulation and engagement 

during the first weeks of the program before addressing “higher-level” social 

interaction skills is based on a developmental sequence that is also embraced in 

other treatments for children with ASD, such as the DIR-Floortime method 

(Greenspan & Wieder, 2006). As such, it may be possible to combine SST with 

other developmentally- based methods.  

 

Considering the length of home programs for cost-effective treatment 

delivery. Different from music therapy interventions, sound therapies require daily 

application to achieve the auditory training effect needed to generate good outcomes 

(Tremblay & Kraus, 2002). This study employed a model where the 10-week 

program consisted of two weeks of clinic-based and eight weeks of home-based 

SST. Compared to music therapy treatment times that typically range from one to 

three years in clinical practice with children with ASD (Kern et al., 2013), this 

combination model was shown to be effective in achieving good results in certain 

areas of social engagement in a fairly short period. The difficulty in using this model 

in everyday practice is that not many therapists can see their clients on a daily basis 

at the clinic. Clinic-based SST work requires time and resources and is rarely 

feasible when therapists have large caseloads and long waiting lists. Home-based 

SST, supervised by the therapist but provided daily by the parent, may be a good 

alternative in these cases. It is however not known how long the home program 

should be when used without the clinic program to facilitate significant 

improvement in social engagement skills. Abbott (2011), who used the Therapeutic 
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Listening home program on two children with ASD reported progress in social and 

communication skills after 16 weeks. Given the differences between Therapeutic 

Listening and SST, it is unclear whether the same length of time would be effective 

in SST home programs. As such, the child’s progress should be reviewed on a 

regular basis to measure progress and to ensure that the treatment is not extended 

longer than necessary. At the same time, maintenance programs may need to be 

considered to ensure that treatment gains are sustained beyond three months. Studies 

on Auditory Integration Training (AIT) show that the maintenance period may 

extend to six or nine months (Al-Ayadhi et al., 2013; Rimland & Edelson, 1994). 

Again it is uncertain if the effect of the SST is comparable to that of AIT. 

 

Parental involvement. The final point for clinical practice involves parental 

involvement in SST sessions. This study focused on treating the child with SST 

recordings while minimizing the therapist’s interaction with the child and the parent. 

Even though Tomatis, the founder of sound therapy recommended additional 

counselling sessions to go with his treatment (Tomatis, 1991), therapeutic 

interaction has traditionally not been included in sound therapy interventions 

(Berard, 1993). The results of this study, demonstrating minimal to no improvement 

in parent-child interaction, suggest that this practice may need to be re-considered. 

Although the children in the SST group improved in their social engagement skills 

in the context of therapist-child interaction to the point that this improvement was 

statistically and clinically significant, the positive gains were not observed in the 

context of parent-child interaction. This finding suggests that children with severe 

ASD and low cognitive-verbal skills do not generalise their social engagement skills 

easily across contexts. Consequently, working with the child alone is not sufficient if 

improvement is desired outside the clinical setting. 

Current best practice guidelines for ASD recommend involving parents 

actively in the child’s treatment so that parents can develop their own skills in 

helping the child and facilitate the generalisation across settings (Zwaigenbaum et 

al., 2015). Benefits of family-centred practice are many and have been noted by 

music therapy researchers (Thompson & McFerran, 2013; Thompson et al., 2013). 

SST therapists should follow the collaborative model presented in music therapy 

literature and incorporate parent involvement and training into their treatment 
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programs. This way, it is more likely that the child’s skills are transferred across 

various contexts and treatment gains are generalised to the home setting.  

For therapists working in Singapore and other Southeast Asian countries, the 

idea of family-centred practice is something new. Paralleling the traditionally 

hierarchical parenting styles (Stright & Yeo, 2014) and the dominance of medical 

models, anecdotal experiences of the student researcher collected over a 20-year 

period show that the therapist-parent interaction in Singapore typically follows an 

expert-centred model. The therapist is seen as the expert who works with the child 

alone and provides some feedback about the child’s performance at the end of the 

treatment session. The outcomes of this study, conducted on Singaporean children, 

suggest that a different way of working may need to be considered to improve 

treatment outcomes in children with ASD. Given that active parental involvement is 

new in this culture, it is important that therapists thoroughly explain the benefits of a 

collaborative model to the parents detailing the expectations and procedures, and 

providing parents plenty of opportunities to express their opinions and to ask 

questions. Throughout the process of family-centred information sharing, 

intervention planning and implementation of SST treatment protocols, the therapist 

must remain respectful of the family’s values and cultural traditions (Kuo et al., 

2012). The following principles of family-centred practice, adapted from Kuo and 

colleagues (2012, p. 298) may be most relevant in the Singapore context: 

1. Information sharing. The exchange of information is open, objective, and 

unbiased. This would include sharing information about why and how 

parental involvement in the child’s treatment can help the child to achieve 

better outcomes. 

 

2. Respect and honouring differences. The working relationship is marked by 

respect for diversity, cultural and linguistic traditions, and treatment 

preferences. 

 

3. Partnership and collaboration. Developmentally appropriate decisions that 

best fit the needs, strengths, values, and abilities of the child and the family 

are made together with the child’s parents. 
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4. Negotiation. The desired outcomes of intervention plans are flexible and not 

necessarily absolute. 

 

5. Family and community context. Direct intervention, planning, and decision-

making reflect the child within the context of his or her family, home, 

school, daily activities, and quality of life within the community. 

 

Parent training to be included in family-centred SST interventions could include 

the following four components: 

1. Providing information about developmental capacities. The purpose of this 

would be to help the parents understand that targeting advanced skills such 

as language is dependent on adequate functioning in lower capacities, such 

as the ability to stay calm and pay attention. An example of such a model is 

the DIR-Floortime model developed by Dr’s Greenspan and Wieder 

(Greenspan & Wieder, 1997a, 1998, 2000). These principles are used in SST 

when choosing music for each child. 

 

2. Discussing the child’s sensory reactivity profile and how to adapt the 

environment accordingly. For example, children with ASD, who are over-

responsive to loud sounds would likely respond better to their parents if the 

parents used gentle voices during play and interaction (Greenspan & Wieder, 

2006). The level of spectral activation is chosen for each child following the 

same logic, where the intensity of the auditory input is adapted to facilitate 

an optimal regulatory state (Casenhiser et al., 2013). 

 

3. Practical ideas for how to engage a child with severe ASD with low receptive 

and expressive language capacities. Examples include placing oneself 

directly in front of the child at his or her eye level; reducing the use of 

language; supplementing words with nonverbal signals (facial expressions, 

gestures, animated voice) to facilitate language comprehension; and using 

the child’s favoured activities to engage the child in interactive play 

(Casenhiser et al., 2013; Chiang et al., 2016; Kasari, Freeman, & Paparella, 
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2006). These principles could be used during the SST listening sessions but 

also throughout the day during naturally occurring situations. 

 

4. Discussing the developmental importance of play. The parent should be 

given information about why play skills of children with ASD are impaired 

and how this manifests in various play situations (Lee et al., 2016), how play 

helps children to develop social interaction (Runcan, Petracovschi, & Borca, 

2012) and communication skills (Lieberman & Yoder, 2012), why the 

development of play skills reflects other developmental capacities 

(Mastrangelo, 2009), and what is functional and symbolic play; how to 

decipher what the child’s play level is, and how to facilitate developmentally 

appropriate play (Kasari et al., 2010). The parent would be encouraged to use 

this knowledge and play with the children during daily SST sessions.  

 
Given the complexities of parent training, this aspect might be most appropriately 

implemented by dually qualified professionals certified in music therapy and sound 

therapy. 

 

Conclusions  

 This study attempted to answer the research question, “Does SAMONAS 

Sound Therapy (SST) have a positive influence on social engagement behaviours of 

children with ASD?” A double-blinded RCT with repeated measures was 

undertaken, and 11 participants were randomised into SST or standard music 

listening (comparative treatment) conditions. One participant was lost to the study 

due to illness and ten participants completed the trial. The participants had a mean 

age of 4 years 8 months, severe ASD, normal hearing, difficulties with auditory 

filtering; and low cognitive, verbal and adaptive functioning. The groups were 

comparable on all baseline measures. All participants received a 10-week 

intervention that consisted of a daily two-week clinic program provided by blinded 

research assistants, followed by an eight-week home program. A treatment manual 

was created to standardize treatment delivery, and a fidelity checklist was followed 

to ensure adherence to treatment protocols (Bellg et al., 2004). Progress in social 

orienting, joint attention and social interaction was measured by blinded assessors at 
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four time points: pre-, in-between- and post- treatment and at a three-month follow-

up. Each of the three variables was examined through several dependent measures 

including a combination of clinician-, parent-, and teacher- administered measures in 

multiple settings (Stolte et al., 2016). Inter-rater reliability on the ESCS, the primary 

measure, was determined by the Intraclass correlation coefficient (ICC) and Bland-

Altman scatter plots. The quantitative outcome data were exposed to within-

subjects, repeated measures ANOVA.  

The ICC levels and Bland-Altman scatter plots revealed that although some 

differences existed in how the two raters interpreted the participant’s social 

engagement behaviours on the ESCS, the overall level of agreement was high (r = 

0.982). The findings from the ANOVAs offer preliminary support for the use of SST 

to facilitate joint attention and social interaction in children with severe ASD. 

Treatment outcomes on the primary measure ESCS were statistically significant on 

the total score (p = 0.006) and the three subtest scores: Joint Attention (p = 0.003), 

Behavioural Requests (p = 0.031) and Social Interaction (p = 0.026). The 

intervention effect was large (47.0 units), suggesting that the results were also 

clinically significant. These findings indicate that when the effect of the intervention 

is strong, it can be detected even in an extremely small sample. The large confidence 

intervals (95% CI 18.0, 75.9) of the intervention effect highlight the diversity in 

participant responses. All participants had severe ASD and severely delayed 

cognitive-verbal functioning, and yet, the large spread of scores show that the high 

heterogeneity characteristic of ASD (Lenroot & Yeung, 2013) was evident in this 

sample. There were no significant differences in the participants’ performances 

across time points (p = 0.143), which indicated that the intervention effect was 

constant across the clinic and home programs. It is likely that the constant 

intervention effect was not due to an equal effectiveness of clinic and home-based 

treatments, but rather, a delay before the true impact of the clinic treatment started to 

take effect. Treatment gains on the ESCS were maintained at the three-month 

follow-up. Overall, the ESCS showed sufficient sensitivity to measure change 

following an SST intervention. 

The findings for social orienting outcomes differed from the positive 

outcomes achieved for joint attention and social interaction. Contrary to what was 

hypothesized, no change was noted in social orienting ability on the secondary 
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outcome measure SOM. The pattern of change was erratic in both groups, 

suggesting the possibility that SOM was not well suited to measure a change in this 

sample. SOM seemed particularly vulnerable to the mood, arousal, and attention of 

the participants. The participants demonstrated some difficulties in switching 

attention from their toys to the sounds emanating in the room, regardless of what 

type of sounds (human or mechanical, recorded or live) were presented. The study 

participants, who belonged to a subgroup of ASD with auditory-sensory challenges 

(American Psychiatric Association, 2013), had difficulties in filtering out irrelevant 

background noise and focusing on the sounds that were relevant, such as the parent’s 

voice. Based on the findings, the validity of the SOM in measuring changes in 

children with severe ASD and auditory filtering difficulties could be questioned. 

Some positive social orienting trends could be observed during parent–child 

free play on SOC-RS. More social orienting behaviours were identified in the SST 

group than in the comparative treatment group following the home program and 

again at follow-up. A detailed analysis of the scores showed that when participant 

scores of the total SOC Rate (Social Orienting and Joint Attention) were compared 

to the scores of the SOC Orienting Rate (Social Orienting alone), SST participants 

improved more in social orienting than in joint attention, while the comparison 

group did not improve on either score. The differences between the treatment groups 

were however too small to be clinically significant. 

The observed lack of progress in social orienting was striking, given that the 

theory proposed at the beginning of the study was that social orienting is a 

prerequisite skill for joint attention and social interaction. It was hypothesized that 

auditory deficits such as difficulty filtering out background noise could negatively 

impact the participants’ ability to orient towards people in social situations. 

Consequently, if the participants’ auditory processing skills improved with SST then 

their ability to orient in social situations would also improve, possibly leading to 

further changes in other areas of social engagement. Although there were some 

preliminary indications from SOC-RS that social orienting improved more than joint 

attention, statistical analysis of the findings does not support this theory. The 

probable cause might be that SST did not improve social orienting, the outcome 

measures (SOM, SOC-RS) were not well suited for this sample of children with 

ASD, or, in the case of SOC-RS, the current sample size was too small to show 
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differences in this area. Much remains to be known about the development of social 

orienting and how it can be measured in a reliable way. Nevertheless, this study has 

contributed to the discussion about auditory aspects of social orienting and 

highlighted the difficulties researchers face when studying this construct in children 

with complex needs. Validation of the theory base for SST is a priority for future 

research. 

The ESCS results provided the first known evidence that SST may help 

children with ASD to engage more successfully in social situations. With joint 

attention and social interaction deficits being described as core symptoms of ASD 

(American Psychiatric Association, 2013), the results offer some hope for families 

of children with severe ASD. It is noteworthy, however, that the positive results 

achieved within therapist–child interaction taking place in a controlled clinic 

environment did not extend to other contexts. Data from the structured parent 

interview (PIA-CV) and the parent and teacher questionnaires (SRS) indicated that 

parents and teachers observed more progress in the SST group than in the 

comparative treatment group. Nonetheless, differences between the groups were 

small, the intervention effects were minor, and statistical analyses yielded non-

significant results. Similar positive yet statistically non-significant results were 

found in joint attention as measured by SOC-RS during parent–child play. Given 

that trends of improvement were positive, there is a possibility that (due to a small 

sample size) the trial lacked statistical power to demonstrate differences in areas 

where treatment effects were subtle (Sedgwick, 2015c). Subtle changes may still be 

important to families and therefore, replication of this study with a larger sample 

will be required to find out whether the positive indications could be found in a 

different sample.  

The poor generalisation of treatment gains was an important finding of this 

study. It was particularly worrying that the participants demonstrated improved 

social engagement skills when interacting with a trained therapist (research 

assistant) but did not when playing with their own parents. Studies suggest that 

children with ASD typically transfer their skills poorly across contexts, and specific 

measures need to be in place for generalisation to occur (Paul, 2008). In this study, 

such measures were not implemented. The treatment protocol limited the therapist’s 

interaction with the children and their parents to a minimum, thereby eliminating 
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opportunities for modelling or discussion of interaction techniques. According to 

Siller and Sigman (2002), children with ASD have such complex profiles that their 

mothers must develop extraordinary levels of parental responsiveness, more so than 

what is required of parents of typical children. These high levels of responsiveness 

are required so that the mothers can compensate for the children’s developmental 

and attention deficits to engage their children in warm social interactions (Siller & 

Sigman, 2002). Hence, it may not have been realistic to expect that parent–child 

interaction would improve without specific parental support, guidance, and training. 

In clinical practice, therapists may want to consider finding ways to involve the 

parents actively in SST treatment to facilitate better generalisation outcomes. 

Specific guidance in developmentally appropriate interaction patterns tailored to 

meet the needs of each child may be needed to transfer the skills from the 

therapeutic setting to the home environment and the therapist–child interaction to 

parent–child interaction. This is important because synchronous, reciprocal parent–

child interaction has the potential to facilitate secure attachments (Koren-Karie et al., 

2009), better social communication and cognitive skills (Evans & Porter, 2009; 

McConachie & Diggle, 2007), and overall social-emotional development (Harrist & 

Waugh, 2002). For these reasons, a shift towards family-centred practice (Kuo et al., 

2012) should be considered. It is important, however, to consider the cultural context 

of Singapore. This cultural context (Singapore) where much of parenting focuses on 

school achievement (Stright & Yeo, 2014), the developmental importance of play, as 

a tool for social engagement is not well known. Many parents would benefit from 

specific suggestions on how to use play and playful interaction with their child with 

ASD. Overall, active parental involvement is a new concept in Singapore, and much 

sensitivity and respect are required when introducing the principles of family-

centred practice to local parents who might be accustomed to a different treatment 

approach. 

As recommended by the Treatment Fidelity Workgroup of the NIH 

Behaviour Change Consortium (Bellg et al., 2004), this study employed rigorous 

fidelity strategies concerning the study design, training of intervention providers, 

and delivery of treatment. Apart from the type of intervention, all participants were 

treated equally and received the same number of sessions of the same fixed duration 

at the same intensity. Training of research assistants in charge of intervention 
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delivery included the general principles of receptive music therapy and SST and 

specific details of the two interventions provided during the trial. The training 

manual, created to promote structure, consistency, group comparison and 

transparency included detailed descriptions of the two interventions and the role of 

the research assistant (Rolvsjord et al., 2005). Intervention for the music listening 

condition was based on a fixed sequence of music recordings, while the SST 

intervention followed a series of procedures based on the Decision Tree technique 

(Shoemark, 2008). Music and the intensity of music modification (spectral 

activation) were pre-planned for each SST participant on the basis of an individual 

profile created at baseline as well as a series of Decision Trees created to guide 

intervention planning. Delivery of treatment was monitored through fidelity 

checklists and video recordings, while parental adherence to the home treatment 

protocol was monitored through weekly email contact (McConachie & Fletcher-

Watson, 2015). Ratings of research assistants and parents indicated good treatment 

fidelity.  

In conclusion, while some caution should be used when interpreting the 

results of this study, the outcomes support the use of SST to facilitate social 

engagement in children with severe ASD and low cognitive–verbal abilities. With an 

increase in autism incidence and a shortage of high-quality research into auditory-

based treatments, the study has taken an important first step in providing parents and 

professionals with information about the effectiveness of the SST method. The 

Singapore context of this study provided a uniquely Asian perspective and 

highlights the need to adapt Western methods and assessment tools for use in 

Eastern countries. 

 
 
Directions for Future Research  
 

The current study involved a small number of participants, and therefore, it is 

premature to draw any generalisable conclusions from the results. The findings of 

improved joint attention and social interaction following an SST intervention need 

to be validated through further research. While the results of the study were 

promising in showing that children with severe ASD could make progress in certain 

areas of social engagement, the study also revealed the limitations posed by a small 
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sample. Although there were positive trends indicating more occurrences of social 

orienting behaviours and parent-observed social interaction in the SST group than 

the comparative treatment group, possibly due to low statistical power, the statistical 

analysis did not find significant differences between groups in these areas 

(Sedgwick, 2015c). Future studies on SST should replicate the findings on larger 

samples capable of detecting differences between groups. To facilitate recruitment, 

extension of the recruitment period and multi-site recruitment should be considered 

(Porter et al., 2015). Porter and colleagues (2015) achieved their target by extending 

the recruitment period from the original 15 months to 33 months. A substantial 

increase from the current 15 months may also be required in future SST trials. In 

other countries, possible recruitment sites include special schools, children’s 

hospitals, and private therapy centers. In Singapore multi-site recruitment may still 

be premature as sound therapy is still new in Singapore and the total population of 

the country is relatively small. Recruiting participants from neighboring countries 

(Malaysia, Indonesia, Thailand) might be an option for a study investigating the 

effectiveness of the SST home program without the clinic program component. As 

the current study used the home program as a follow-up to the clinic-program, it is 

not known if the home program itself is effective in facilitating social engagement; 

hence it would be important to investigate this further. Finding willing participants 

for a study that offers treatment at the child’s home might be easier than recruiting 

participants for a study that requires a daily commute to a treatment facility, even if 

there still was the requirement to participate in clinic-based review and assessment 

sessions. Other potential strategies to improve recruitment procedures include 

personal contact with recruitment sites, including meetings with senior management; 

small financial incentives (e.g., $20- dollar gift vouchers) offered to parents for 

participation; and offering SST to the comparative treatment group participants after 

the trial (Porter et al., 2015). The design of this study could serve as a model for 

future SST trials. The treatment manual, including descriptions of interventions, 

principles for decision-making, and fidelity checklists, as well as training protocols 

for research assistants offer sufficient details for other researchers to replicate the 

study. It would be interesting, however, to individualise the music selection in the 

comparative treatment group, to assess the degree to which spectral activation and 

other elements of SST are contributing to treatment effects. One recommended 
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change involves the length of the follow-up period. Autism interventions should aim 

for lasting changes and as such, maintenance of treatment gains should be measured 

12 months or more after the end of the trial (Geretsegger et al., 2014).  

Results of the current study are limited to children with severe ASD and low 

cognitive-verbal functioning. It is currently unknown if the intervention model is 

more or less effective in higher-functioning children; however, previous research 

suggests that children with milder ASD symptoms, higher IQ, and better language 

skills benefit most from early intervention services (Ben Itzchak & Zachor, 2011). 

Future researchers could consider recruiting two groups of children: one with severe 

ASD and the other with mild or moderate ASD, to find out which children benefit 

most from SST.  

Other research needs involve cultural validation of the outcome measures 

and validation of the SST theory-base. Following the recommendations of the 

International Test Commission (2005), SRS-Parent, SRS-Teacher and PIA-CV 

should be validated in the culture where they are being used, making sure the test 

items are easily understood in that particular socio-cultural context. Hats, jackets, 

and boots (PIA-CV) are not used in tropical countries like Singapore and items 

involving specific clothing may need to be replaced with something more 

appropriate for this climate. Furthermore, administering SRS and PIA-CV in a large 

nation-wide sample is recommended to investigate whether cut-off points 

determined in the USA are applicable in Singapore. Some differences have 

previously been detected between countries; for example, the American cut-off 

scores have been found unsuitable (too high) for Finland (Jussila et al., 2015). 

Translating SRS and PIA-CV into local languages (Mandarin, Tamil, and Malay) 

should also be considered. While Singaporean parents and teachers can speak 

English, being able to use their native language would facilitate better 

understanding. Consequently, researchers would obtain more accurate information 

about their observations.  

Validation of the SST theory base to improve our understanding of how SST 

works is another priority for future research (Campbell et al., 2000). Studies might 

want to measure the impact of SST on arousal regulation, middle ear tone, or high-

frequency perception to find out whether these areas are directly affected, and 

further, whether any of the three areas serve as pathways to progress in other areas. 
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One way to do this would be to plan a series of in-depth case studies, possibly 

including both quantitative and qualitative measures. To the knowledge of the 

student researcher there are currently no standardized tests to measure arousal 

regulation in children with ASD. Thus, structured parent interviews or videotaped 

observations of the participants’ performance at home, at school or at the clinic 

could be used to evaluate changes in this area. The device developed by Porges and 

colleagues (2014), a middle ear sound absorption system (MESAS), may be 

available in the near future to measure middle ear tone in children with ASD. 

Measuring high frequency perception may be most challenging, as detailed auditory 

testing requires a high level of compliance. Realistically, this area may be best 

measured on older children with mild, rather than severe ASD. As new research is 

now emerging on the role of the auditory brainstem in the development of the 

auditory functions ( Krizman et al., 2015; Nan, Skoe, Nicol, & Kraus, 2015), future 

researchers may want to consider expanding the theory-base for SST to include 

pathways linked to the brainstem and executive function networks. 

            A personal future research interest lies in developing protocols for family-

centred practice in Singapore. A useful first step might be collecting information 

about barriers to family-centred practice, based on which family-oriented strategies 

could be developed, trialed, examined, and further improved. It would be interesting 

to interview parents who received guidance and training as a part of their child’s 

SST treatment, possibly contrasting this data with parents’ who were not involved in 

the treatment, to find out how the parents experienced their competencies in 

supporting their child’s social engagement. Measures to assess parental 

responsiveness before and after SST could be added to detect any correlations 

between parental skills and child improvement  (Kasari et al., 2010). One possible 

end product of this research could be a set of guidelines detailing recommendations 

for the format and dosage of parent involvement required to facilitate the child’s 

social engagement across different environments. 
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Appendix A: Participant info and consent form 
 
PARTICIPANT INFORMATION SHEET FOR PARENTS 
For Participation in a Research Study  

         
Researchers:   
 
1. Dr Felicity Baker, Associate Professor in Music Therapy 

School of Music, The University of Queensland. Tel: (61) 07 33653740, Email: f.baker1@uq.edu.au 
     
2. Ms Suvi Pitkola, PhD Student, School of Music, UQ. 

Tel: (65) 62565342, Email: suvi.pitkola@uqconnect.edu.au 
 

 
PURPOSE OF THE STUDY 
You and your child are invited to participate in a research study called “Power of Sound – 
Effectiveness of Samonas Sound Therapy in Treating Preschool Children with Autism.” The 
study is conducted by Suvi Pitkola, a PhD student and a Music Therapist, and Dr Felicity 
Baker, Associate Professor in Music Therapy from the University of Queensland, Australia. 
The purpose of this study is to determine the effect of the Samonas program and see what 
kind of impact the program has on the child’s ability to interact. Your child was selected as a 
possible participant in the study because he/ she fulfills the intake criteria of this study, being 
a preschool child with autism and auditory processing difficulties.  
 
STUDY PROCEDURES  
Children participating in the study will be assigned randomly to one of two groups: a Samonas 
group or a therapeutic music group. You will be informed of your child’s group allocation once 
the treatment has been completed. Children in the therapeutic music group will be eligible for 
a Samonas intervention once all treatment and assessments have been completed. 
 
DETAILS OF PARTICIPATION 
 
Treatment  
1. Samonas Group. During the clinic-based listening program, children in the Samonas group 
will attend eleven (11) daily listening sessions at the Samonas Centre. The first session is 
normally done on a Friday, and subsequent sessions Monday to Friday. The Samonas 
program involves listening to therapeutic, individually chosen music over high quality 
headphones, while engaged in play with one parent. The music used has been recorded and 
modified by the Samonas developer in such a way that it provides an enhanced listening 
experience, designed to improve the child’s listening skills. Each session lasts for 
approximately 45 minutes and consists of up to 30 minutes of music listening and parent 
feedback. During the listening, the child will play with a parent while wearing the headphones. 
Guidelines for free play will be provided.  
 
The 11-session clinic treatment is followed up by an 8-week home listening period, during 
which the child will listen to the Samonas music twice a day for about 10 minutes (1-15 
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minutes depending on the needs of the child) at a time. The home listening sessions will be 
supervised by the parent. The 8-week home program includes weekly 15 minute videotaped 
home play sessions.  
 
2. Therapeutic Music Group. Children in the therapeutic music group will be provided with 
eleven (11) listening sessions at the Samonas Centre. The procedure will be exactly the 
same as for those in the Samonas group, except for the type of music used. Music selections 
are based on receptive music therapy principles. During listening, the child will play with a 
parent while wearing the headphones. These sessions will also last for approximately 45 
minutes with a listening time of up to 30 minutes. Once the 2-week listening period is over, 
the children will start an 8-week home listening period under parent supervision. During the 
home listening period, the children will be videotaped once a week for 15 minutes during play. 
 
Assessments 
As part of the assessment process, both groups of children will be involved in standardized 
testing in the presence of the parent. In addition, parents and the child’s main classroom 
teacher will be asked to complete questionnaires pertaining to the child’s level of language, 
daily living skills, sensory processing and ability to relate to people. Testing and treatment will 
take place at The Samonas Listening Centre. 3 Shenton Way, #09-09A Shenton House, 
Singapore 068805. All children will be assessed on four occasions: 
 
1. Before the start of the clinic program. Baseline assessments will be divided up to two 
separate assessment sessions to prevent fatigue. One the first session, two play 
observations of the child and two short well-known parent questionnaires about the child’s 
daily functioning and responses to sensations such as sound and touch, will take an 
estimated 1- 1.5 hours. During the next session, baseline of skills observed during the study 
will be assessed. This includes a parent interview (20 minutes) about the child’s ability to 
relate and communicate, a short parent questionnaire and two short play-based tests of the 
child (40minutes) to measure joint attention and interaction patterns. At the end of this 
appointment, parents will be given a teacher questionnaire to bring to school. The second 
part will also take approximately an hour to complete.  
 
2. After the 2-week clinic- based music program to determine progress made so far. 
Assessment will involve repeating the 2 play-based tests of the child and the 2 parent 
questionnaires completed at baseline. The classroom teacher will be asked to fill in the 
teacher questionnaire again at this point to check on progress. This session will take 
approximately 1 hour. 
 
3. Following the 8-week home program. The two parent questionnaires, one teacher 
questionnaire, one 20-minute parent interview and two child assessments, all familiar from 
earlier sessions, will be repeated here. This session will also take about 1 hour. 
 
4. After a 3-month break. A follow-up assessment will be conducted at 3 months after 
treatment to assess how well treatment gains are being maintained. The procedure will be the 
same as for assessment session 3. 
 
Please bring a snack and some of your child’s favorite toys with you to all assessment 
sessions. 
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Videotaping  
All assessment and treatment sessions will be videotaped for the purposes of data analysis. 
In addition, play sessions at home will also be videotaped to assess for changes in the child’s 
ability to engage with the parent. The play sessions, lasting for about 15 minutes each time, 
will take place once a week during the home listening period for both groups. One of the 
investigators will be present during the first home play session to provide guidance in the use 
of the technology. Play sessions will be videotaped by parents. Parents will be provided with 
a simple video camera and tripod for home use, and they will be instructed in the use of the 
camera and the storage of video tapes. 
 
DURATION OF STUDY 
Participation in this study will take place over a 6-month period including a 3-month 
assessment and treatment period and a follow-up 3 months after treatment completion. 
 
BENEFITS TO PARTICIPANTS 
This research may improve our understanding about the benefits of a Samonas intervention. 
More research is urgently needed in the area of autism to demonstrate effectiveness of 
relatively new programs such as Samonas, and your contribution will be valuable for the 
international community of parents and professionals. The Samonas intervention will be 
designed to improve your child’s auditory processing skills as well as to improve the way your 
child engages and communicates with you and others.  
 
RISKS AND DISCOMFORTS 
There are no known risks associated with this research. The Samonas program and the 
therapeutic music program are not known to produce any “side- effects” when used skillfully 
by an experienced therapist. Should any unlikely discomfort for your child occur during 
treatment, this would be of a temporary nature. Any concerns you might have during 
treatment will be addressed immediately by the therapist in charge.  
 
ADDITIONAL COSTS 
There will be no additional costs that result from participating in this study, except those 
resulting from transportation to and from the Samonas Centre. Treatment and assessment 
sessions will be provided free of charge.  
 
CONFIDENTIALITY 
You are assured of confidentiality. A numerical code will be used in all forms and 
questionnaires to disguise the identity of yourself and your child. The records of this study will 
be kept private and only viewed by the Samonas personnel assisting in data collection, the 
investigators, a research assistant, and potentially another representative of the University. 
Questionnaires and data sheets will be stored in a locked drawer and all electronic data will 
be stored in a password protected PC.  All data will be destroyed 5 years after completion of 
the study. No identifying information will be used in any publication resulting from this study. 
 
RIGHTS OF THE PARTICIPANTS 
You have the right to contact the researcher directly if you have questions about the study. 
Your participation in this research study is voluntary. You may choose not to participate and 
you may withdraw your consent to participate at any time. You will not be penalized in any 
way should you decide not to participate or to withdraw from this study. 
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CONSENT PROCESS 
In order to participate in this study, you will need to complete the consent form attached. No 
participation will be undertaken until the signed consent form has been provided. Being so 
young, your child is not yet able to provide informed consent, therefore you will be asked to 
do that on his/her behalf. Your child will not be forced to do anything during the study against 
his/ her will. All testing will be made as comfortable and motivating as possible, with sufficient 
breaks provided. 
 
ETHICAL STATEMENT 
This study has been cleared by one of the human ethics committees of the University of 
Queensland in accordance with the National Health and Medical Research Council of 
Australia’s guidelines (Ethical clearance number 2010000794). You are free to discuss your 
participation in this study with project staff, contact details below. If you would like to speak to 
an officer of the University not involved in this study, you may contact Ethics Officer on +61-7-
3365 3924, email humanethics@research.uq.edu.au. 
 
RECEIVING RESULTS OF ASSESSMENTS AND COMPLETED STUDY 
You are entitled to receive verbal or written feedback about the assessment results of your 
child at no extra cost. To receive a one-page written summary of the completed study, please 
indicate this in the consent form. 
 
CONTACT INFORMATION 
If you have any questions or concerns about this study or if any problems arise, please 
contact Suvi Pitkola at Kaleidoscope Therapy Centre, Tel. 6256-5342 or Dr Felicity Baker in 
Brisbane Australia, Tel: (61) 07 33653740.  
 
Thank You.  
Yours Sincerely, 
      

       
 
Dr Felicity Baker, Associate Professor Suvi Pitkola, Pediatric OT & Music 

Therapist 
Senior Lecturer in Music Therapy PhD Cand., School of Music 

(University of 
School of Music (The University of Queensland)  Queensland)  
Tel: (61) 07 336 53740, Email: f.baker1@uq.edu.au  Tel: (65) 62565342, Email: 

suvi.pitkola@uqconnect.edu.au 
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CONSENT FORM FOR PARENTS     
“Power of Sound – Effectiveness of Samonas Sound Therapy 
in Treating Preschool Children with Autism.” 

 
 
 Researchers:   1. Dr Felicity Baker, Associate Professor in Music Therapy 

 School of Music, University of Queensland 
 Tel: (61) 07 33653740, Email: f.baker1@uq.edu.au 

             2. Suvi Pitkola, PhD Student, School of Music, UQ 
   Tel: (65) 62565342, Email: suvi.pitkola@uqconnect.edu.au 
 
 

I, __________________________________________ (PLEASE PRINT, your name) hereby consent 
to take part in the research project titled Power of Sound – Effectiveness of Samonas Sound Therapy 
in Treating Preschool Children with Autism. This consent will apply to myself and my child,  
 
__________________________________________________(PLEASE PRINT, child’s name). 
 
I acknowledge that I have read the information sheet provided, and that I have had the project, as far 
as it concerns me, explained to my satisfaction by the investigator.  The details of the procedures 
proposed have also been explained to me, including the anticipated length of time the study will take.  
 
I understand that I / my child will not be paid for the participation. I also understand that there will be 
no invasive procedures or deception involved. 
 
I understand that both mine and my child’s participation is voluntary. I may choose for both myself and 
my child not to participate and I may withdraw my consent for me and my child to participate at any 
time. Non-participation or withdrawal from the study will not incur any penalty. 
 
I understand that I can be assured of confidentiality, subject only to provisions on the participant 
information sheet. 
 
I understand that all paper data will be stored in a locked drawer and all electronic data will be stored 
in a password protected PC and destroyed 5 years after completion of the study. 
 
I would like to receive a written summary of the project results once the study has been completed:    
YES        or         NO (please circle). 
 
 
Signed: _______________________________________     Date: ___________________ 
                   (Participant Parent) 
 
Witness:  Name __________________________________  Date: ___________________ 
 
 
Signature: ________________________________________ (Witness) 
 
 
Please return this consent form to the Samonas Centre in person. You may fax (6300 9512) or scan & 
email (centerSingapore@samonas.com) a copy to us to speed up the procedure. Thank you! 
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Appendix B: Play guidelines for parents 
	
1.	General	Instructions	
-	You	will	be	your	child’s	play	partner	during	the	music	listening	sessions	
-	Follow	your	child’s	play	ideas	whenever	you	can.	Do	not	push	your	ideas	unless	the	
child	is	unable	to	come	up	with	anything	constructive	
-	Encourage	your	child	to	stay	with	one	game	for	as	long	as	possible.	If	he	seems	to	
move	from	one	activity	to	another	frequently,	ask	him	to	finish	the	previous	game	first	
-	Remember	to	ask	him	to	put	away	the	toys	once	he	has	stopped	using	them,	to	
enforce	the	fact	that	there	is	a	beginning	and	an	end	to	each	activity	
	
2.	Play	Materials	
-	A	selection	of	toys	has	been	made	available.	These	include	art	materials,	construction	
sets,	puzzles,	games	and	toys	for	pretend	play	
-	Please	pre-select	three	different	games	that	you	think	your	child	would	like	in	the	
beginning	of	each	session.	Your	therapist	can	assist	you	with	this	
-	Please	ask	your	child	to	choose	what	he/	she	would	like	to	do	while	listening	to	the	
music.	If	your	child	is	not	able	to	make	a	choice,	offer	an	activity	that	he/she	is	mostly	
likely	interested	in	
-	Should	your	child	have	difficulty	playing	with	toys	available,	feel	free	to	bring	your	
own	toys	
	
3.	What	To	Do	If	Your	Child	Does	Not	Engage	With	You	
-	Place	yourself	in	front	of	your	child,	at	the	same	physical	level,	so	that	it	is	easy	for	
him/	her	to	look	at	you	and	“read”	your	facial	expressions	and	gestures	
-	Be	an	ACTIVE	PLAY	PARTNER!	If	your	child	does	not	initiate	interaction,	you	should	
do	that	
-	If	your	child	plays	repetitively	with	e.g.	blocks	or	coins,	there	is	a	danger	that	he	is	
shutting	you	out.	This	is	not	to	be	encouraged.	Make	yourself	a	part	of	the	game	or	try	
to	change	the	game	
-	Try	imitating	your	child:	Do	exactly	what	he	does	in	front	of	him	at	the	same	time,	
or	take	turns	to	do	that	
-	Become	the	toy	keeper:	The	child	has	to	ask	you	to	get	more	blocks,	coins,	train	
tracks….	
-	Comment	gently	on	what	the	child	is	doing	using	single	words	or	making	affirmative	
sounds.	It	is	ok	to	talk	a	little	during	listening	
-	Hold	the	toys	near	your	face	so	that	the	child	is	more	likely	to	attend	to	you	
-	Feel	free	to	ask	your	therapist	for	more	ideas	and	advice	
	
4.	Observation	
-	It	is	important	that	you	become	a	skilled	observer	of	your	child,	noticing	the	small	
changes	that	take	place	from	one	session	to	the	next.	Watch	for	things	like	
-	Eye	contact:	How	often	is	your	child	looking	at	you,	for	how	long,	and	in	what	way	
-	Responsiveness	to	you:	How	quickly/	consistently	does	he	respond	when	you	
initiate	interaction	
-	Initiation:	Is	your	child	initiating	more	interaction	with	you	during	play	
-	Imitation:	Do	you	notice	the	child	imitating	your	actions	or	words	
-	Language:	Do	you	notice	more	spontaneous	language/	sounds,	a	bigger	variety	of	
sounds/	words,	longer	sentences….	
-	Ability	to	stay	calm	and	focused:	Is	your	child	settled,	calm	and	happy	

Have	fun!	
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Appendix C: Data collection form 
	

Client	Name	&	ID	
Document	 Date	

Filed	
Initials	
	

1.	Printout	of	phone	/	email	interview	data	
-							Any	additional	reports:	audiological/	
psychological	assessments,	therapist	reports	

	 	

2.	Short	Sensory	Profile	
-									Before	treatment	

	 	

-									After	2-week	clinic	treatment	 	 	
-									After	8-week	home	program	 	 	
3.	Social	Responsiveness	Scale/	Parent	
-									Before	treatment	

	 	

-									After	2-week	clinic	treatment	 	 	
-									After	8-week	home	program	 	 	
4.	Social	Responsiveness	Scale/	Teacher	
-									Before	treatment	

	 	

-									After	2-week	clinic	treatment	 	 	
-									After	8-week	home	program	 	 	
5.	Signed	consent	form	 	 	
6.		Mullen	Early	Learning	Scales	 	 	
7.	Childhood	Autism	Rating	Scale	CARS	
-					Parent	
-					Therapist	

	 	

8.	Vineland	 	 	
9.		Social	Orienting	Measures	
-									Before	treatment	

	 	

-									After	2-week	clinic	treatment	 	 	
-									After	8-week	home	program	 	 	
10.	Early	Social	Communication	Scales,	coding	
-									Before	treatment	

	 	

-									After	2-week	clinic	treatment	 	 	
-									After	8-week	home	program	 	 	
11.	Parent	Interview	for	Autism	
-									Before	treatment	

	 	

-									End	of	treatment	 	 	
12.	Attendance	sheet	for	clinic	based	treatment	 	 	
13.	Therapist	observation	checklists	for	10	sessions	 	 	
14.	Therapist	fidelity	checklists	for	10	sessions	 	 	
15.	Printouts	of	parent	feedback	during	clinic	
treatment	

	 	

16.	Home	program	info:	
-						User	agreement	
-						Home	equipment	rental	agreement	
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Appendix D: Summary form for SOM 
 

SOCIAL	ORIENTING	MEASURES	–	RECORD	SHEET	(Version	A)	
	

ID:	 	 Name:		 	 	 	 Asst	No.		 	 Date:	
Examiner:	
	
Response	Codes:	
0:	No	response;	1:	Notices	sound	immediately	or	within	15	sec	but	looks	up,	not	
towards	stimulus;	2:	Delayed	response	(within	15	sec).	Orients	head/eyes	towards	
stimulus;	3:	Immediate	response.	Orients	head/eyes	towards	stimulus.	
	
SOUND	 DIRECTION	 RESPONSE	

	
REMARKS	

Timer	beeping	
	

Back	left	 0								1							2							3	 	

Humming	a	neutral	tone	
	

Front	left	 0								1							2							3	 	

Calling	the	child’s	name	
	

Back	right	 0								1							2							3	 	

Snapping	fingers	
	

Front	right	 0								1							2							3	 	

Phone	ringing	
	

Back	left	 0								1							2							3	 	

Whistle	blowing	
	

Front	left	 0								1							2							3	 	

Patting	hands	on	thighs	
	

Back	right	 0								1							2							3	 	

Car	horn	
	

Front	right	 0								1							2							3	 	

In	the	end:	calling	child’s	
name	from	a	distance	of	1-
1.5m.	If	the	child	fails	to	
orient	after	4	probes,	the	
parent	is	asked	to	call	the	
child’s	name	without	
touching	the	child	
	
	
	
	

Front	right	 0:	Did	not	make	eye	
contact	with	an	
adult	(p	or	e).	
1:	Looks	at	parent		
when	being	called	
by	parent.	
2:	Delayed	
response:	Looks	at	
examiner		after	
name	called	3rd	or	
4th	time	by	
examiner.	
3:Responds	
immediately:	child	
looks	toward	
examiner	on	1st	or	
2nd	press	by	e.	
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SOCIAL	ORIENTING	MEASURES	–	RECORD	SHEET	(Version	B)	

	
ID:	 	 Name:		 	 	 	 Asst	No.		 	 Date:	
Examiner:	
	
Response	Codes:	
0:	No	response;	1:	Notices	sound	immediately	or	within	15	sec	but	looks	up,	not	
towards	stimulus;	2:	Delayed	response	(within	15	sec).	Orients	head/eyes	towards	
stimulus;	3:	Immediate	response.	Orients	head/eyes	towards	stimulus.	
	
SOUND	 DIRECTION	 RESPONSE	

	
REMARKS	

Timer	beeping	
	

Front	left	 0								1							2							3	 	

Humming	a	neutral	tone	
	

Front	right	 0								1							2							3	 	

Calling	the	child’s	name	
	

Back	right	 0								1							2							3	 	

Snapping	fingers	
	

Back	left	 0								1							2							3	 	

Phone	ringing	
	

Front	left	 0								1							2							3	 	

Whistle	blowing	
	

Front	right	 0								1							2							3	 	

Patting	hands	on	thighs	
	

Back	left	 0								1							2							3	 	

Car	horn	
	

Back	right	 0								1							2							3	 	

In	the	end:	calling	child’s	
name	from	a	distance	of	1-
1.5m.	If	the	child	fails	to	
orient	after	4	probes,	the	
parent	is	asked	to	call	the	
child’s	name	without	
touching	the	child	
	
	
	
	

Front	left	 0:	Did	not	make	eye	
contact	with	an	
adult	(p	or	e).	
1:	Looks	at	parent		
when	being	called	
by	parent.	
2:	Delayed	
response:	Looks	at	
examiner		after	
name	called	3rd	or	
4th	time	by	
examiner.	
3:Responds	
immediately:	child	
looks	toward	
examiner	on	1st	or	
2nd	press	by	e.	
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SOCIAL	ORIENTING	MEASURES	–	RECORD	SHEET	(Version	C)	
	

ID:	 	 Name:		 	 	 	 Asst	No.		 	 Date:	
Examiner:	
	
Response	Codes:	
0:	No	response;	1:	Notices	sound	immediately	or	within	15	sec	but	looks	up,	not	
towards	stimulus;	2:	Delayed	response	(within	15	sec).	Orients	head/eyes	towards	
stimulus;	3:	Immediate	response.	Orients	head/eyes	towards	stimulus.	
	
SOUND	 DIRECTION	 RESPONSE	

	
REMARKS	

Timer	beeping	
	
	

Back	left	 0								1							2							3	 	

Humming	a	neutral	tone	
	

Back	right	 0								1							2							3	 	

Calling	the	child’s	name	
	

Front	right	 0								1							2							3	 	

Snapping	fingers	
	

Front	left	 0								1							2							3	 	

Phone	ringing	
	

Back	left	 0								1							2							3	 	

Whistle	blowing	
	

Back	right	 0								1							2							3	 	

Patting	hands	on	thighs	
	

Front	right	 0								1							2							3	 	

Car	horn	
	

Front	left	 0								1							2							3	 	

In	the	end:	calling	child’s	
name	from	a	distance	of	1-
1.5m.	If	the	child	fails	to	
orient	after	4	probes,	the	
parent	is	asked	to	call	the	
child’s	name	without	
touching	the	child	
	
	
	
	

Front	right	 0:	Did	not	make	eye	
contact	with	an	
adult	(p	or	e).	
1:	Looks	at	parent		
when	being	called	
by	parent.	
2:	Delayed	
response:	Looks	at	
examiner		after	
name	called	3rd	or	
4th	time	by	
examiner.	
3:Responds	
immediately:	child	
looks	toward	
examiner	on	1st	or	
2nd	press	by	e.	
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SOCIAL	ORIENTING	MEASURES	–	RECORD	SHEET	(Version	D)	
	

ID:	 	 Name:		 	 	 	 Asst	No.		 	 Date:	
Examiner:	
	
Response	Codes:	
0:	No	response;	1:	Notices	sound	immediately	or	within	15	sec	but	looks	up,	not	
towards	stimulus;	2:	Delayed	response	(within	15	sec).	Orients	head/eyes	towards	
stimulus;	3:	Immediate	response.	Orients	head/eyes	towards	stimulus.	
	
SOUND	 DIRECTION	 RESPONSE	

	
REMARKS	

Timer	beeping	
	
	

Front	right	 0								1							2							3	 	

Humming	a	neutral	tone	
	

Front	left	 0								1							2							3	 	

Calling	the	child’s	name	
	

Back	right	 0								1							2							3	 	

Snapping	fingers	
	

Front	right	 0								1							2							3	 	

Phone	ringing	
	

Back	left	 0								1							2							3	 	

Whistle	blowing	
	

Front	left	 0								1							2							3	 	

Patting	hands	on	thighs	
	

Front	right	 0								1							2							3	 	

Car	horn	
	

Front	left	 0								1							2							3	 	

In	the	end:	calling	child’s	
name	from	a	distance	of	1-
1.5m.	If	the	child	fails	to	
orient	after	4	probes,	the	
parent	is	asked	to	call	the	
child’s	name	without	
touching	the	child	
	
	
	
	

Front	left	 0:	Did	not	make	eye	
contact	with	an	
adult	(p	or	e).	
1:	Looks	at	parent		
when	being	called	
by	parent.	
2:	Delayed	
response:	Looks	at	
examiner		after	
name	called	3rd	or	
4th	time	by	
examiner.	
3:Responds	
immediately:	child	
looks	toward	
examiner	on	1st	or	
2nd	press	by	e.	
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Appendix E: Summary form for PIA-CV 
 

PARENT	INTERVIEW	FOR	AUTISM	–	SCORING	SHEET	
	

Child	ID:	
Parent’s	First	Name:	
Therapist:	
Date	1:	 	 	 Date	2:	
	
Question	No.	 Score:	

Pre	Thx	
Date:	

Score:	
Post	Thx	
Date:	

Comments	

	Social	Relating	
1	

	 	 	

2	 	 	 	
	

3	 	 	 	
	

4	 	 	 	
	

5	 	 	 	
	

6	 	 	 	
	

7	 	 	 	
	

8	 	 	 	
	

9	 	 	 	
	

10	 	 	 	
	

11	 	 	 	
	

12	 	 	 	
	

13	 	 	 	
	

14	 	 	 	
	

15	 	 	 	
	

16	 	 	 	
	

17	 	 	 	
	

Aff.	Resp.	18	 	 	 	
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19	 	 	 	

	
Question	No.	 Score:	

Pre	Thx	
Date:	

Score:	
Post	Thx	
Date:	

Comments	

20	 	 	 	
	

21	 	 	 	
	

22	 	 	 	
	

23	 	 	 	
	

24	 	 	 	
	

25	 	 	 	
	

26	 	 	 	
	

Peer	Int.	
27	

	 	 	
	

28	 	 	 	
	

29	 	 	 	
	

30	 	 	 	
	

31	 	 	 	
	

Motor	Imitat.	
32	

	 	 	
	

33	 	 	 	
	

34	 	 	 	
	

35	 	 	 	
	

Communicat.	
36	

	 	 	

37	
	

	 	 	

38	 	 	 	
	
	

39	
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40	
	

	 	 	

41	
	

	 	 	

Question	No.	 Score:	
Pre	Thx	
Date:	

Score:	
Post	Thx	
Date:	

Comments	

42	
	

	 	 	

43	
	

	 	 	

44	 	
	

	 	

45	 	
	

	 	

46	 	
	

	 	

47	 	
	

	 	

48	 	
	

	 	

49	 	
	

	 	

50	 	
	

	 	

51	 	
	

	 	

52	 	
	

	 	

53	 	
	

	 	

54	 	
	

	 	

55	 	
	

	 	

Object	Play	
56	

	
	

	 	

57	 	
	

	 	

58	 	
	

	 	

59	 	
	

	 	

Imaginat.Play	
60	

	
	

	 	

61	 	
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62	 	
	

	 	

63	
	
	

	
	

	 	

Question	No.	 Score:	
Pre	Thx	
Date:	

Score:	
Post	Thx	
Date:	

Comments	

Sensory	Resp.	
64	

	
	
	

	 	

65	 	
	

	 	

66	 	
	

	 	

67	 	
	

	 	

68	 	
	

	 	

69	 	
	

	 	

70	 	
	

	 	

Sensory	Resp.	
Cont.	
	71	

	
	

	 	

72	 	
	

	 	

73	 	
	

	 	

74	 	
	

	 	

75	 	
	

	 	

76	 	
	

	 	

77	 	
	

	 	

78	 	
	

	 	

79	 	
	

	 	

Motoric	Behav.	
80	

	
	

	 	

81	 	
	

	 	

82	 	 	 	
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83	 	

	
	 	

Need	for	
Sameness	
84	

	
	

	 	

Question	No.	 Score:	
Pre	Thx	
Date:	

Score:	
Post	Thx	
Date:	

Comments	

85	 	
	

	 	

86	 	
	

	 	

87	 	
	

	 	

88	 	
	

	 	

89	 	
	

	 	

90	 	
	

	 	

91	 	
	

	 	

92	 	
	

	 	

93	 	
	

	 	

	
Comments:	
___________________________________________________________________________________________	
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Appendix F: Criteria for social interaction scoring (parent–child free play) 

 

Identify the middle 7 minutes by creating a marker ‘START’ at 1:00 minutes and a 
marker ‘END’ at 8:00 minutes. You will only code what happens during the 7 
minutes between these two markers. 
 
Social Interaction Initiating  

• Child uses eye contact, vocalization, gestures, facial expressions or words to 
initiate reciprocal interaction with caregiver for a shared social purpose e.g. 
to a play a ball game or build train track together 

• Do not use this code if child is merely requesting for a toy 
• In order to use this code and to differentiate it from joint attention initiation, 

caregiver must respond and child must then initiate one more turn of social 
interaction using nonverbal or verbal communication. 

 
Social Interaction Responding  

• Responding to turn-taking or other initiation of caregiver through eye 
contact, vocalizations, gestures, facial expression or words 

• Do not code if child is merely responding to a request (e.g. give back a toy) 
• Interaction must be reciprocal and continue beyond one circle of 

communication for this code to be used. The child is expected to respond 
twice to a parent initiation: caregiver initiates e.g. rolls a ball to the child – 
child responds and rolls it back – caregiver rolls the ball to child again – 
child responds by rolling it back. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

	

288 

Appendix G: Therapist checklist 
 

Therapist’s	Name:		 	 	 	 Child’s	ID	and	First	Name:	
Date:	_______		/	_______		/	20_____		 	 Session	Number:																							/	10	
	
Parent	feedback	in	the	beginning	of	the	session:	
	
	
	
Observations:		(Please	tick	all	relevant	options	and	add	your	comments)	
Headphones:				Struggled	to	keep	headphones	on									
									Kept	them	on	most	of	the	time	
									Comfortable	with	headphones	
	Regulation:						Lethargic	
								Very	active	and	difficult	to	settle	down	
								Agitated	at	times:	why	
								Mildly	restless,	settled	for	brief	periods	
								Fairly	calm	
								Calm,	alert	and	attentive	most	of	the	time	
Awareness:					Aware	of	you	in	the	room	
								Noticed	toys	in	the	shelves:	which	ones	
Joint	attention,	Engagement	and	Play:			Mostly	aloof	
								Engaged	with	people	only	occasionally	
															Seemed	more	interested	in	toys	than	people	
								Engaged	most	of	the	time	with	people,	“connected”	
															Played	with	toys	only	fleetingly,	some	repetitive	play	
															Played	with	toys	meaningfully	some	of	the	time	
															Well	engaged	with	toys	most	of	the	time	
								Able	to	shift	gaze	from	object	to	person/	person	to	person	
								Smiled	to	a	person	to	show	pleasure	
Communication:				Looked	and/or	smiled	when	being	spoken	to	
								Made	a	sound/responded	with	words	when	being	spoken	to	
								Requested	for	toys	or	games	using	gestures	
								Requested	for	toys	or	games	using	word	or	sounds	
								Initiated	interaction	for	social	purposes,	eg	asking	for	a	hug,	verbally	/	nonverbally	
								Vocalization:	Very	quiet	
								Made	some	sounds	/	used	some	words	
								Made	sounds	with	more	variety	
								Used	new	words/	spoke	clearer	
	
Parental	comments	at	the	end	of	the	session:		
	
	
	
	
Your	comments	(Continue	on	reverse	side	if	needed):		
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Appendix H: Fidelity checklist 

 

	
FIDELITY	CHECKLIST	

	
	

	
Therapist’s Name:     Child’s ID & First Name: 
 
Date: _______  / _______  / 201_  Session Number:           / 10 
 
 
During the treatment session, I did the following (please tick): 
 
 
Item Yes No 

 
If I did not follow the item, 
why not? 
 

Collected feedback from the 
parent  
 

   

Observed the child’s responses 
closely 
 

   

Gave the parent play ideas  
(re: toys, activities), whenever 
needed 

   

Showed the parent how to play 
with the child, whenever parent 
got ‘stuck’  

   

Commented actively on the 
child’s  
- Level of alertness and arousal 

   

- Eye contact 
 

   

- Interaction with the parent 
 

   

- Play 
 

   

 
Comments:  
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Appendix I: Summary of therapist’s fidelity ratings 

 

 
Treatment	Fidelity	Checklist	–	Summary	of	Therapist	Ratings	

	
Note:	It	was	acceptable	not	to	comment	on	a	child’s	performance	in	a	particular	
area,	e.g.	arousal,	if	no	change	was	observed.	Thus,	lower	ratings	of	some	
therapists	for	certain	children	do	not	indicate	poor	compliance	with	fidelity.		

	
Participant	

No.	
Total	
Score	

(Max	80)	

Reason	for	not	complying	with	an	item	

1	 69	 Not	able	to	comment	on	arousal:	no	change	(10)	
Not	able	to	comment	on	play:	no	change	(1)	

2	 71	 Not	able	to	comment	on	arousal:	no	change	(9)	
3	 75	 Not	able	to	comment	(3)	

Not	able	to	comment	on	eye	contact:	no	change	(1)	
Not	able	to	comment	on	interaction:	no	change	(1)	

4	 76	 Not	able	to	comment	on	arousal:	no	change	(1)	
Not	able	to	comment	on	eye	contact:	no	change	(1)	
Not	able	to	comment	on	play:	no	change	(1)	

5	 80	 	
6	 78	 Not	able	to	comment	on	arousal:	no	change	(1)	

Not	able	to	comment	on	play:	no	change	(1)	
7	 79	 Not	able	to	comment	on	arousal:	no	change	(1)	
8	 80	 	
9	 77	 Not	able	to	comment	on	eye	contact:	no	change	(3)	
10	 80	 	
11	 80	 	

	
	
 
	

 
 
 
 
 
 
 
 
 
 
 
 

 
 



 

	

291 

Appendix J: Raw data: Participant scores on dependent variables 
 

Raw Scores – Dependent Variables (T1 to T4) 
 
1. ESCS 
 

Child ID T1-JA 
T1-
BR T1-SI 

T1-
Total 

T2 -
JA 

T2-
BR 

T2-
SI 

T2-
Total 

1 3 6 1 10 5 4 3 12 
2 11 2 0 13 27 2 20 49 
3 12 0 3 15 16 8 12 36 
4 7 29 4 40 18 12 7 37 
5 16 13 9 38 31 29 21 81 
6 33 5 12 50 48 16 9 73 
7 45 28 17 90 29 13 9 51 
8 7 7 12 26 37 11 7 55 
9 9 3 3 15 15 4 4 23 

10 5 8 2 15 21 26 7 54 
11 18 11 8 37 57 53 18 128 

 
 

Child ID T3-JA 
T3-
BR T3-SI 

T3-
Total 

T4-
JA 

T4-
BR 

T4-
SI 

T4-
Total 

1 2 5 3 10 4 3 0 7 
2 53 3 9 65 24 15 4 43 
3 42 15 22 79 40 8 6 54 
4 9 19 10 38 10 8 11 29 
5 * * * * * * * * 
6 24 15 11 50 11 3 11 25 
7 15 11 0 26 9 2 4 15 
8 14 22 8 44 * * * * 
9 6 4 1 11 0 0 0 0 

10 25 34 12 71 7 30 13 50 
11 38 51 29 118 35 35 12 82 

 
 
2. SRS-Parent 
 
Child ID T1 SRS-P T2 SRS-P T3 SRS-P T4 SRS-P 
1 71 79 82 91 
2 103 99 97 94 
3 131 130 124 124 
4 125 116 117 117 
5 105 91 * * 
6 84 86 87 85 
7 106 89 94 82 
8 134 127 116 * 
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9 86 86 80 80 
10 121 121 116 * 
11 72 52 44 45 

 
3. SRS-Teacher 
 
Child ID T1 SRS- T T2 SRS- T T3 SRS-T T4 SRS-T 

1 142 148 151 164 
2 104 104 104 104 
3 76 68 62 61 
4 74 73 73 73 
5 109 * * * 
6 62 62 90 94 
7 104 95 98 98 
8 115 115 * * 
9 91 91 91 * 

10 77 80 80 * 
11 38 * * * 

 
4. PIA-CV 

Child ID T1 PIA T4 PIA 
1 309 301 
2 312 342 
3 302 318 
4 269 319 
5 293 * 
6 324 341 
7 303 337 
8 303 * 
9 340 340 

10 314 348 
11 340 381 

 
5. SOM 

Child ID T1 SOM T2 SOM T3 SOM T4 SOM 
1 0 0 3 2 
2 4 5 0 0 
3 1 0 1 4 
4 2 2 3 4 
5 2 3 * * 
6 1 3 2 2 
7 1 1 3 0 
8 3 2 1 * 
9 1 1 1 0 

10 1 2 1 * 
11 6 6 3 * 
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Appendix K: Raw data: Participant raw scores according to group allocation. 

Dependent Measures (T1-T4) 

 

Outcome Measure Comparison Group (n=5) 
mean (SD) 

SST Group (n=6) 
mean (SD) 

ESCS   
     T1- JA 19.400 (18.515) 11.500 (5.010) 
     T1- BR 14.200 (13.103) 6.833 (5.037) 
     T1- SI 7.400 (6.804) 5.667 (4.676) 
     T1- Total 41.00 (32.09) 24.00 (11.419) 
     T2- JA 23.00 (16.386) 31.500 (14.502) 
     T2- BR 9.800 (5.495) 21.500 (18.663) 
     T2- SI 6.400 (2.793) 14.167 (5.369) 
     T2- Total 39.20 (23.92) 67.17 (33.21) 
     T3- JA 11.200 (8.585) 34.400 (15.176)1 

     T3- BR 10.800 (6.419) 25.000 (18.371)1 

     T3- SI 5.000 (5.148) 16.000 (9.138)1 

     T3- Total 27.000 (17.292) 75.40 (27.12)1 

     T4- JA 6.800 (4.658) 26.500 (14.617)2 

     T4- BR 3.200 (2.950) 22.000 (12.623)2 

     T4- SI 5.200 (5.541) 8.750 (4.425)2 

     T4- Total 15.200 (12.091) 57.250 (17.115)2 

SRS   
     T1- SRS-P 94.400 (21.197) 111.000 (23.022) 
     T2- SRS-P 91.200 (14.342) 103.33 (29.63) 
     T3- SRS-P 92.000 (14.983) 99.40 (32.52)1 

     T4- SRS-P 91.00 (15.116) 87.67 (39.88)3 

     T1- SRS-T 94.60 (30.96) 86.50 (28.91) 
     T2- SRS-T 93.80 (33.13) 91.75 (21.55)2 

     T3- SRS-T 100.60 (29.64) 82.00 (21.07)3 

     T4- SRS-T 107.25 (39.39)2 82.50 (30.41)4 

SOM   
     T1 1.000 (0.7071) 2.8333 (1.9408) 
     T2 1.4000 (1.1402) 3.000 (2.1909) 
     T3 2.4000 (0.8944) 1.2000 (1.0954)1 

     T4 1.6000 (1.6733) 2.000 (2.828)4 

PIA-CV   
     T1 309.00 (26.56) 310.667 (16.244) 
     T4 327.600 (17.344) 347.25 (25.97)2 

SOC-RS   
     T1 – Social Orienting 
Composite 

11.200 (18.116) 9.167 (8.060) 

     T1 – Social Interaction 0 (0) 0 (0) 
     T2 – Social Orienting 
Composite 

10.400 (9.762) 7.333 (4.179) 

     T2 – Social Interaction 1.200 (2.683) 0.5000 (1.2247) 
     T3 – Social Orienting 
Composite 

7.000 (10.223) 12.200 (4.438)1 

     T3 – Social Interaction 0 (0) 1.6000 (1.6733)1 
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     T4 – Social Orienting 
Composite 

4.800 (4.764) 10.500 (5.802)2 

     T4 – Social Interaction 0 (0) 0 (0)2 

 
Note. 1 n = 5; 2 n = 4; 3 n = 3; 4 n = 2 
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Appendix M: All music tracks used in the study per participant 
 

 
 

Child 
No/ 
Group 

Session 
1 

2 3 4 5 6 7 8 9 10 

1  
ML 

902:02,
03,05 
903:04,
07. 
907:04,
08 

909:1
4. 
908:1
2,14. 
904:0
3,06. 

909:1
4. 
908:1
2,14. 
904:0
3,06. 

904:03,
06. 
905:03,
10,12. 

905:0
5,10,1
2. 
906:0
3,06,0
8. 

910:05,
06,10. 
909:14. 
908:12,
14. 
907:04,
05. 

905:03,
05,10,12
. 
907:16,
14,13. 

907:16,08,
11,13,14,1
6. 
906:03,06. 

902:01,0
2,03,05,0
6,07. 

903:01,
02,04,07
. 
906:03,
06,08,09
,17. 

2 
SST 

21:05,0
6,07. 
40:04,0
5,07. 

21:02,
03,04. 
40:01,
02. 
01:06,
07. 

21:04,
05,06 
40:04,
05. 
01:08,
09. 

22:01,0
3. 
40:01,0
7. 

22:04. 
62:01. 
40:04. 
02:02,
04,03,
09. 
 

62:02. 
02:03,0
4,07. 
24:01. 
 

4352:01 
23:02,0
3,04. 
60:08,0
7. 
40:01,0
2. 

62:01. 
23:05,06,0
7,08. 
40:01. 
02:04,02. 

62:02  
02:04,02. 
23:09. 
01:06,07. 
4352:01. 

4352:01
. 
23:09,1
0. 
02:03,0
4. 
01:01. 

3 
SST 

21:02,0
3,04. 
40:01,0
2,04. 
01:01,0
2. 

22:02,
03. 
40:04,
05,07. 
 

22:04,
06. 
40:02,
05,07. 
 

22:06. 
62:01,0
2. 
01:06,0
7. 
 
 

01:08,
09. 
62:01. 
4352:
01. 
02:02,
04. 
 

4352:01 
02:02,0
4. 
01:08,0
9,10. 
 

4352:02 
23:06,0
7. 
01:06,0
7,08,09. 
 

22:06,09,1
1. 
01:01. 
4352:01. 
23:01. 

22:11,12,
13. 
4352:02. 
23:02,03,
04,05. 
02:02. 

23:06,0
7,08. 
07:02. 
02:07,0
8,09,10. 
01:01. 

4 
ML 

902:07,
08,09. 
903:01,
02,04. 

904:0
2,03,0
6,07. 

904:0
2,03,0
6,07. 
905:1
0. 

905:03,
05,10,12
. 
906:03,
06. 

906:0
3,06,0
8,09,1
3,14,1
7. 

907:04,
05,06,08
,11,13,1
4. 

907:14,
16. 
908:12,
14. 
909:14. 
910:05,
06. 

910:10. 
902:01,02,
03,05. 

902:03,0
5,06,07,0
8. 

902:08,
09. 
903:01,
02,04,07
. 

5 
SST 

21:05,0
6,07,08. 
40:04,0
7. 
01:08,0
9. 

22:01. 
40:05. 
62:01,
02. 
01:01. 

40:06. 
22:02,
03. 
62:01. 
01:05,
12. 

22:04,0
5,06. 
62:02. 
02:04,0
5,06,09,
10. 

22:11,
12. 
62:04. 
02:09,
04. 
05:01 
 

62:01,0
2,05. 
02:02,0
6,09 

43: 01. 
02:04, 
09,07,08 
60:01. 
 

23:04,02,0
3,06. 
01:02. 
60:03,04,0
8. 
 

23:07,08,
09. 
24:01. 
60:09,11. 
 

23:10,1
1,14. 
24:03,0
4. 
60:12,1
3. 

6 
ML 

902:07,
08,09. 
903:01,
02,04. 

903:0
2,07. 
904:0
2,03,0
6. 

904:0
6,07. 
905:0
3,10. 

905:10,
12. 
906:03,
06,08,09
.13. 

906:1
3,14,1
7. 
902:0
1,02. 

902:03,
05,06,07
. 

902:08,
09. 
903:01,
02,04,07
. 
905:10. 

905:12. 
906:03,06,
08,09,13. 

906:13,1
4,17. 
902:01,0
2,03. 

902:05,
06,07,08
,09. 

7 
ML 

902:07,
08,09. 
903:01,
02,04. 

903:0
7. 
904:0
2,03,0
7. 

904:0
7. 
905:0
3,05,1
0,12. 
907:0
4. 

907:05,
06,08,11
,13,14,1
6. 

907:1
6. 
908:1
2,14. 
909:1
4. 
910:0
5,06,1
0. 

910:10. 
902:01,
02,03,05
. 

902:05,
06,07,08
. 

902:09. 
903:01,02,
04,06,07. 

907:08,1
1,14,16. 
908:12, 
14. 

908:14. 
909:14. 
910:05,
06,10. 
902:01. 

8 
SST 

21:06,0
7,08. 
40:04. 
4452:01 
01:10. 
 

22:01, 
02,03 
40:07. 
4452:
01. 
01:06. 

4452: 
02 
02:02,
04 
01:07, 
08 

4452:03
,04 
02:02.0
4. 
01:09,1
0 

4452:
04. 
02:02, 
03 
4415:
01. 
01:05. 

4452:04
. 
02:03,0
4 
4415:01
. 
01:01 

4415:01 
23:02,0
3,04,05. 
01:01. 

4415:02  
23:06,07,0
8,09,10. 
01:12. 
 

4415:03,
04. 
23:11,12,
13,14. 
01:04. 

4415:01
. 
23:15,1
7,16,18. 
01:12. 
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9 
ML 

902:06,
07,08,09
. 
903:01,
02. 

903:0
1,02,0
4,07. 
904:0
2,03. 

904:0
3,06,0
7. 
905:0
3,10. 

905:12. 
906:03,
06,08,09
,14. 

906:1
3,14,1
7. 
902:0
1,02,0
3. 

902:05,
06,07,08
,09. 

903:01,
02,04,07
. 
904:02,
03. 

904:03,06,
07. 
905:03,05
. 

905:05,1
0,12. 
906:03,0
6,08. 

906:08,
09,13,14
,17. 
902:01. 

10 
SST 

21:04,0
5,06. 
4452:01 
02:03. 

21:07,
08,09. 
4452:
02. 
02:02. 

4452:
02,03. 
01:06,
07,08. 

4452:02 
01:06,0
7,10. 
02:03,0
4. 

4415:
03,04. 
23:02,
03,04. 
02:07,
08,09. 

4415:04
4452:01 
23:05,0
6,07. 
01:09,1
0. 

4352:01
,02. 
23:08,0
9,10. 
02:03,0
4. 
 

4452:02. 
23:11,12 
60:01,04 
 
 

4452:02. 
02:08,09,
10. 
60:02, 
03. 
 

4452:04
23:08. 
60:04,0
5,06,07. 
 

11 
SST 

21:05,0
6,08. 
4452:02
. 
03:01,0
2. 

21:06,
07,08. 
4452:
02. 
01:06,
07. 

60:01. 
4452:
03,04. 
01:08,
09,10. 

60:02,0
3. 
4452:04
. 
02:01,0
3. 

60:04,
05,06. 
4415:
01. 
02:02,
04. 

60:07,0
8. 
4415:02
. 
23:01,0
3. 

60:09,1
0,11. 
4452:02 
23:02,0
4,06. 
 
 

23:06,07,0
8,09. 
01:06,07,0
8. 
60:10,11,1
3. 

23:10,11,
12,13. 
24:01. 
60:12,13. 
01:10. 

23:11,1
2,13,17 
24:03,0
7. 
02:02,0
4. 

 
	
	

 
Appendix N: Therapist Procedures 

 
THERAPIST	PROCEDURES		

	
	

1. KEEP	YOURSELF	AND	THE	TEAM	WELL	INFORMED		
A. Arrive	15	minutes	early	to	get	a	quick	update	regarding	parent	

feedback	from	previous	day.	
B. In	the	end	of	the	session,	please	give	Suvi	a	verbal	summary	of	your	

observations.	
C. Please	fill	in	the	therapist	checklist	and	fidelity	checklist	after	

each	session,	at	the	centre	or	at	home.	If	you	forgot	to	do	that,	review	
the	session	video	and	do	your	scoring	from	the	videotape.	Return	the	
checklist	to	the	reception	at	the	end	of	day	10.	

D. Alert	Suvi	through	SMS	or	email	if	there	was	something	unusual	–	
any	big	concerns	or	something	really	nice	to	celebrate.	

	
2. PREPARE	THE	TREATMENT	ROOM	
A. Before	the	beginning	of	each	session,	arrange	the	furniture	to	suit	the	

needs	of	the	child,	e.g.	move	the	table	and	chairs	to	the	side	if	not	
used.		
Make	sure	that	the	toys	that	the	child	likes	are	available	and	neatly	
organized	on	the	shelf	nearby	for	easy	access.		
Put	away	any	toys	that	seem	to	encourage	repetitive	play.	
Choose	one	activity	or	toy	that	the	child	has	played	with	before	and	
display	it	on	the	table	or	on	the	floor	to	encourage	the	child	to	start	
playing	right	away.	
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B. In	the	end	of	the	session,	ask	the	child	to	help	you	put	the	toys	away	
and	tidy	up.	
	

C. Make	sure	the	video	camera	is	on	before	you	start	the	session!	
You	may	ask	the	reception	to	help	you	with	this	–	remember	to	do	
that	every	time.		

	
3. COLLECT	FEEDBACK	
A. In	the	beginning	of	each	session,	when	in	the	treatment	room	for	

privacy,	ask	the	parent	how	the	child	has	been	since	the	last	
session.	Parents	provide	daily	feedback	over	the	Samonas	database,	
but	they	tend	to	elaborate	more	when	able	to	talk	rather	than	write.	

	
B. In	the	end	of	each	session,	ask	how	the	session	was	in	the	parent’s	

opinion.	Did	they	notice	any	changes?	If	so,	what	kind?	Is	there	
something	we	should	do	different	the	next	day	-	e.g.	bring	toys	from	
home	if	the	child	was	not	interested	in	the	toys	available	at	the	
center?	

	
4. ADMINISTER	THE	MUSIC	LISTENING	PROGRAM	
A. Take	the	headphones	from	the	shelf	and	click	the	Start-	button.	We	

would	already	have	checked	on	volume	and	you	must	NOT	know	
what	the	child	is	listening	to,	so	please	do	NOT	put	the	headphones	
on	yourself!		
	
If	the	child	needs	to	see	someone	wearing	the	headphones	before	
putting	them	on,	ask	the	parent	to	put	the	headphones	on,	smile	and	
say	“Mummy’s	got	music!”	or	something	along	those	lines.	
	

B. Smile	to	the	child	and	say,	‘It’s	music	time!”	or	something	like	that.	
Put	the	headphones	on	the	child,	approaching	him	from	the	back	–	
approaching	from	front	seems	to	scare	some	children.	

	
C. Place	yourself	beside	the	child,	slightly	behind	him/	her,	ready	to	

catch	the	headphones	if	they	slide	off.	The	parent	should	be	sitting	in	
front	of	the	child.		

	
D. Make	sure	the	child	is	facing	the	camera	placed	in	the	corner	of	

the	room!	
	

E. Some	children	are	bothered	by	the	headphones	during	the	first	one	
or	two	sessions.	It	is	important	to	allow	them	to	take	the	headphones	
off	should	they	need	a	break;	however	do	say	“More	music!”	and	put	
the	headphones	back	after	a	short	10second	break.		

	
F. If	the	child	takes	the	headphones	off	repeatedly,	ask	the	parent	to	

keep	the	child’s	hands	busy	playing	action	games	such	as	Pat-a-cake,	
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or	Hi-10,	or	engaging	in	two-handed	fine	motor	activities	such	as	
stringing	beads.	Use	of	rewards	such	as	snacks	is	permitted.	

	
G. Use	the	count	down	timer	available	or	keep	an	eye	on	the	computer	

monitor	to	keep	track	of	time.	Each	listening	session	is	about	30	
minutes	long.	When	done,	click	the	Stop-	button	and	return	
headphones	to	the	high	shelf,	out	of	reach	of	children.	

	
5. OBSERVE	AND	COMMENT	
A. Observe	the	child	closely	during	the	session	on	areas	defined	in	the	

checklist.	
Most	important	areas	to	observe	are	regulation	of	arousal	level,	
engagement	and	interaction.	

	
B. Comment	on	your	observations:	let	the	parent	know	what	you	have	

noticed.	
You	may	comment	on	anything	you	notice,	also	things	like	posture,	
play	patterns	and	initiation.	
	

6. FACILITATE	PLAY		
A. Wait	for	the	parent	to	initiate	play	with	the	child.	Parents	have	been	

provided	with	a	play	guideline	sheet	to	let	them	know	that	they	will	
be	the	child’s	primary	play	partners	and	to	give	them	some	ideas	on	
what	to	do	during	the	session.	

		
B. If	the	parent	is	not	able	to	come	up	with	good	play	ideas,	or	if	the	

play	ideas	are	repetitive,	make	suggestions	for	activities	to	use.	Make	
sure	to	comment	on	this:	“	Do	you	notice	he	always	play	with	the	
same	toy?	How	about	we	try	something	different?”	

	
C. If	the	child	is	not	able	to	play	with	toys	available,	ask	the	parent	to	

bring	some	toys	from	home	for	the	next	session.	
	

D. If	the	parent	is	not	able	to	engage	the	child,	step	in	and	model	some	
ways	of	doing	this:	show	the	parent	what	to	do.	Then,	invite	them	to	
try	it	out.	

	
	

Enjoy	the	experience!	Many	thanks	for	your	help	J	
 

	
	
	


