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Abstract
According to the Diagnostic and Statistical Manual - fifth edition (DSM-5), the
diagnostic criteria for Autism Spectrum Disorder (ASD) includes difficulties with
social interactions and communication, verbal and non-verbal, restricted and
repetitive behaviours and atypical engagement with sensory feedback from the
environment. These characteristics have a significant impact on classroom

engagement for students with autism.

This study used a single-case, multiple-baseline design to evaluate the effect of a
Sensory Integration Programme (Sl intervention) on task-engagement, social
interaction, and emotional behaviours for students with autism and intellectual
disability in their first year at school. A repeated measures design using the Sensory
Processing Measure (SPM) was used to evaluate the effect of the Sl intervention on
sensory sub-scales, such as Planning and Ideas, Body Awareness, Balance and
Motion, Social Participation, Vision, Hearing, Taste, Smell, Touch and Total of all

Sensory processing scores.

The effect of the Sl intervention was evaluated from two perspectives: (a) Data
from direct observations were analysed using the Excel Package for Randomisation
Tests version 2.1 (ExPRT), and (b) teacher perceptions were used to determine
changes in the nine subscales from a Sensory Processing Measure (SPM). Data from
direct observations were analysed and the findings indicated an overall large effect on
task engagement, when the Sl intervention implementation was supervised by expert
occupational therapists, such as in 2013 (d = 1.04) and 2014(d = 2.57). There was a
negative effect on student-initiated social interactions in 2012 and 2013, while having

a large effect in 2014. The duration of emotional behaviours displayed a large effect
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in 2012, and a moderate effect in 2013and 2014. The frequency of emotional
behaviours displayed a moderate effect (d = 0.56) in 2012 and 2014, with a small
effect in 2013.SPM was completed at TO, T1 and T2 by the class teachers and
analysed using repeated measures ANOVA. The repeated measures ANOVA results
of the nine subscales indicated improved outcomes for six subscales in 2012, five

subscales in 2013, and three subscales in 2014.

These findings indicate that a class-based Sl intervention can be effective in
improving task engagement and in reducing the frequency and duration of emotional
behaviours for some children with autism and intellectual disability. The impact of Sl
intervention or of Sl intervention in conjunction with specific communication and
language-based intervention for improving initiation and maintenance of social

interactions requires further investigation.

Vi
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Glossary

ACC — see Anterior cingulate cortex

Anterior cingulate cortex — a frontal part of the brain involved in formation and

processing of emotion, learning, and memory

Al — see Anterior insulate

Amygdala — a diamond-shaped area of grey matter situated inside each half of the

cerebrum involved in processing of emotion

ANOVA - analysis of variance, a statistical test

Anterior insulate — a part of the cerebral cortex folded deep and involved in

consciousness and emotions related to basic survival needs

ASD - see Autism spectrum disorders

Asperger’s syndrome — pervasive neurodevelopmental disorder listed in DSM-1V

distinguished from autism by average or higher 1Q

Autism — see Autism spectrum disorders

Autism spectrum disorders — pervasive neurodevelopmental disorder listed in the

DSM-5, also known as autism

Axon — a long slender thread like projection of a neuronal cell. It works like a

transmission line of the nervous system

Axonal bundles — numerous axons bundled up to form nerves
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Brain stem — the central trunk of the brain including the medulla oblongata, pons,

mid-brain and continuing into the spinal cord

Cerebellum — a part of brain situated at the back that coordinates and regulates

muscular activity

CNS - central nervous system

Cortex — the outer layer of the cerebrum formed of neuronal grey matter

Corpus callosum — a broad band of nerve fibres joining the two hemispheres of the

brain

DD - developmental delay

DDA - Disability Discrimination Act, part of Australian federal legislation

DECD - Department of Education and Child Development, part of the

Government of South Australia

Diagnostic and Statistical Manual of Mental Disorders — a manual that contains
definitions and diagnoses of disorders, currently in its fifth edition, which is

commonly abbreviated as DSM-5

Discreet trial training — a method of teaching new response to a stimulus using
adult-directed instructions, strong reinforcement, clear contingencies, and several

repetitions

DSM - see Diagnostic and Statistical Manual

EBA — see Extrastriate body area
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EBP — evidence-based practices

Extrastriate body area — a part of the visual cortex involved in the perception of

body parts and shape of human body

FFA — see Fusiform face area

fMRI — functional magnetic resonance imaging

Frontal lobe — twin lobes in the front of the brain controlling learning, personality,

behaviour and voluntary movement

Functional behaviour analysis — a procedure developed to ascertain the function of

disruptive or challenging behaviours

Fusiform face area — a part of the occipital and temporal lobes involved in

processing faces

Fusiform gyrus — a part of temporal and occipital lobes, hypothesized to recognize

shape, body, face and word

Hippocampus — the long ridges situated on the floor of each lateral ventricle of the
brain, also considered to be the centre of emotion, memory, and the autonomic

Nervous system

Hypothalamus — a part of the brain situated behind the forebrain that coordinates

the autonomous nervous system and the activity of the pituitary gland

ID — intellectual disability

IFG — see Inferior frontal gyrus
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Inferior frontal gyrus — somatosensory part of the brain, associated with Inferior

parietal lobule and Anterior insula

Inferior parietal lobule — premotor cortex part of the brain, associated with Inferior

frontal gyrus and Anterior insula

IPL — inferior parietal lobule

Kata techniques — set of detailed choreographed movement patterns performed

solo or with a partner in martial arts

Limbic system — a complex network of nerves in the cortex controlling basic

emotions, drives, instinct, and mood

MNS — mirror neuron system model

MRI — magnetic resonance imaging

NAP — non-overlapping pairs of data points

Nucleus accumbens —a region in the basal forebrain in front of the hypothalamus,

involved in processing of attention, motivation, aversion and reinforcement learning

Occipital lobe — two lobes situated at the back of the head above the cerebellum

OFC — see Orbitofrontal cortex

Orbitofrontal cortex — front part of the brain involved in cognitive processing of

making decisions
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Parietal lobe — twin lobes situated at the top of the head involved in receiving and

correlating sensory information

Planum temporale — cortical area of the brain just behind the auditory cortex that

forms the heart of one of the most important functional areas for language

PC — see Precuneus

PCC — see Posterior cingulate cortex

PDD - pervasive developmental disorders

PFC — see Prefrontal cortex

pica — a desire to eat inedible material

PMC — see Premotor cortex

Posterior cingulate cortex — a part situated deep within the midline of the brain

with highest activation patterns and blood flow

Precuneus — a part of the brain situated deep between the two cerebral
hemispheres involved in the mental imagery of self, episodic memory, and visual-

spatial imagery

Prefrontal cortex — a part covering the front of the frontal lobe responsible for

short-term memory and a mental map of information not immediately visible

Premotor cortex — a part of the cortex situated within the frontal lobes involved in

generating of neural impulses that control physical movements
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PRPP — perceive, recall, plan, perform stage two cognitive task analysis

SCED - single case experimental design

SDAC - survey of disability, ageing, and carers

Sensory integration programme — a programme developed on the basis of Ayres’

Sensory Integration theory

Sensory modulation disorder — a type of Sensory processing disorder that relates
to the brain’s ability to respond appropriately to stimulus and maintain optimal and

stable arousal levels (alertness)

Sensory processing difficulties — difficult or challenging behaviours arising from
Sensory processing disorder, such as seeking, avoiding, poor registration of stimuli,

hyper sensitivity, and hypo sensitivity

Sensory processing disorder — a complex neurological disorder experienced by
children and adults in which they have difficulty in organising and integrating sensory

information

S| —sensory integration

Sl intervention — see Sensory integration programme

SLD - speech and language disorder

SMD - sensory modulation disorder

SPD — see Sensory processing disorder
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SPM - the Sensory Processing Measure which is a diagnostic tool to measure
sensory scores and indicates ‘some difficulty’ or ‘definite difficulty’ in individual

sensory domains

SPSS - Statistical Package for the Social Sciences

STS — see Superior temporal sulcus

Superior temporal sulcus — a part of the brain involved in social perception, joint

attention, and theory of mind

Teacher registration board — part of South Australian government that upholds

education legislation by regulating the teaching profession

Temporal gyrus — a fold or ridge on the temporal lobes of the brain; there are three
types, namely: superior temporal gyrus responsible for auditory processing; middle
temporal gyrus responsible for recognising familiar faces, estimating distance, and
making sense of words while reading; and inferior temporal gyrus responsible for

visual perception

Temporal lobe — twin lobes situated behind each of the temple areas of the head

involved in processing of speech

TRB — see Teacher registration board

VS —a part of the brain involved in reward systems and motor functions

VS — see Ventral striatum
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Chapter 1

Introduction

Diagnosis of autism spectrum disorder (ASD)

Children with Autism Spectrum Disorder (ASD) have unique patterns of
processing sensory information that often present significant challenges and act as
barriers to developing adaptive behaviours, which can lead to difficulties for optimal
learning in the classroom (Baker, Lane, Angley, & Young, 2008; Janzen, 1996, p. 28;
Lane, Young, Baker, & Angley, 2010). Ashburner, Ziviani, and Rodger (2008);
Hilton et al. (2007); Miller, Schoen, Coll, Brett-Green, and Reale (2005) have
established association between sensory processing difficulties and behaviour among
children with autism. Children who have low arousal levels and who tend to habituate
to repeated sensory stimuli are observed to have more difficulties with social
communication and interactions, as well as displaying increased instances of
repetitive behaviours (Hilton et al., 2007; Miller et al., 2005; Parham et al., 2011).
Individuals who present with sensory processing difficulties also may have some or
all of the following: maladaptive behaviours, anxiety, self-absorption, antisocial
behaviours, unusual perseverance of interest, activity or thought, as well as hyper-
focusing of attention (Baker et al., 2008; Liss, Saulnier, Fein, & Kinsbourne, 2006). In
addition, it has been found that children with processing difficulties in the auditory,
tactile, and movement sensory systems also had problems such as inattention,
hyperactivity, oppositional behaviours, and underachievement in academic pursuits

(Ashburner et al., 2008).
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The Diagnostic and Statistical Manual-5 (DSM-5) (American Psychiatric
Association, 2013) indicates two broad areas of deficit that individuals with autism
experience: 1) difficulty with social communication and impaired social interaction,
and 2) restricted and repetitive patterns of behaviour, interests, and activities (DSM-
5). Each of these areas of deficit has a different impact on learning. The first relates to
difficulty with social communication and interaction, including deficits in social-
emotional reciprocity, and is characterized by an atypical approach to people for the
purpose of communication, difficulty with reciprocal conversation, reduced sharing of
interests, and difficulties initiating and responding to interactions. Autistic individuals
often have difficulties with non-verbal behaviours used for communication, such as
eye contact, body language, gestures, and facial expressions. Other behaviours that
occur as a result of social communication and interaction difficulties include a failure
to establish, maintain, and understand relationships, failure to adjust own behaviour to
that appropriate for a specific social context, a lack of imaginative play, and a lack of
sharing interests with friends. The second criterion — restricted and repetitive
behaviours — includes stereotyped repetitiveness of motor movements, use of objects,
and speech; rigid adherence to routines; ritualized patterns of verbal and non-verbal
behaviour; fixated interests in subject areas or objects with atypical intensity; and
hyper- or hypo-reactivity to sensory stimuli within the environment (American
Psychiatric Association, 2013). The DSM-5 also specifies that these symptoms of
difficulty with social communication and impaired social interaction, and restricted
and repetitive patterns of behaviour, interests, and activities have to be present from a
child’s early developmental period. Symptoms should be of an intensity to cause

significant social difficulties, continue in occupational opportunities that impact long-
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term quality of life, and, importantly, they may not be explained by intellectual

disability and global developmental delay (American Psychiatric Association, 2013).

The impact of difficulties associated with autism on individuals and in turn on
communities is significant and is discussed in the following examination of surveys

conducted by the Australian Bureau of Statistics.

Prevalence of ASD

In 2016, the prevalence of autism in the USA was reported to be 1 in 68
(Christensen et al., 2016). In Australia, the Survey of Disability, Ageing, and Carers
(SDAC) indicated an increasing occurrence of autism for children between the age
range of 6 through 14 years: in 2014, 1 in 61.5; in 2009, 1 in 91; in 2006, 1 in 160
(Australian Bureau of Statistics, 2014). The survey in 2009 (Australian Bureau of
Statistics, 2009) reported 64,600 children between 6 through 14 years of age
diagnosed with autism under the DSM-4. The survey in 2014 reported 115,400 people
diagnosed with autism (a reported 79% increase) (Australian Bureau of Statistics,
2014), 164,000 people in 2015 (a reported 42.1% increase) (Australian Bureau of
Statistics, 2015). The latest figures of the prevalence reported are between 1.5 % to
2.5 %, or 1 in 40-65 (Randall et al., 2016). The increases in reported occurrences of
autism in Australia are concerning, although some of the occurrences may be
attributed to the widening of diagnostic criteria since the introduction of the DSM-5 in

2013, to differences in study methodologies, and to increased awareness.

According to the SDAC survey, in 2016, almost 97 % of children within the ages
of 6 through 14 years with autism experienced some sort of educational restriction,

with 48% needing to attend a special school or a special class, and a small number
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unable to attend school due to their difficulties (Australian Bureau of Statistics, 2015).
Many children with autism need a high level of support to attend school, with 42%
needing a counsellor or disability support person within mainstream education and
56% requiring special tuition. Unfortunately, census data indicated that 44% of
children with autism failed to receive the required additional support (Australian

Bureau of Statistics, 2015).

The top three types of difficulties experienced by students with autism at school
were reported as: (a) communication difficulties (51%); (b) learning difficulties
(60%); and (c) fitting in socially (63%). The SDAC survey also indicated that the
highest levels of support needed were with: mobility (46%), communication (51%),
and emotional and cognitive tasks (42%) (Australian Bureau of Statistics, 2015).
Moreover, only 41% of people with autism participated in the workforce compared to

83% of people without disability (Australian Bureau of Statistics, 2015).

Between 13% and 30% of children with autism also present with challenging
behaviours (Emerson, 2001; Hill & Furniss, 2006; Matson, Sipes, Fodstad, &
Fitzgerald, 2011; McDougal & Hiralall, 1998), especially those children with limited
social and communication skills (Borthwick-Duffy, 1996; Chiang, 2008; Koegel,
Koegel, & Surratt, 1992). Challenging behaviours in relation to autism and
intellectual disability will be discussed in the following subsection. For children with
autism, 50% to 70% are also found to have intellectual disability (Matson &
Shoemaker, 2009) with correlation between lower intellectual quotient and higher
autistic behaviours, as well as lower intellectual quotient and higher challenging
behaviours (Matson & Shoemaker, 2009). Children with a diagnosis of autism, which

also includes an earlier diagnosis of Asperger’s syndrome under the DSM-5, often
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present with significant difficulties in on-task behaviour, a paucity of social skills
(such as co-operation, assertion and self-control), and difficulties with emotional
regulation, all skills that are requisites for functioning effectively in the classroom

(Macintosh & Dissanayake, 2006).

Significance of study

The latest Australian data from the SDAC survey indicated that 1 in 61.5 school-
age children is diagnosed with autism (Australian Bureau of Statistics, 2014, 2015).
The National Disability Insurance Agency (NDIA) disburses financial assistance to
people with disability and their families and carers through the National Disability
Insurance Scheme (NDIS). This lifelong support is aimed to build capacity and skills.
Data for school-age children receiving specialist support funding indicated that 50%
to 60% of the group are children with a diagnosis of autism and intellectual disability
(NDIA, 2017). Given that these children will be part of the education system from
preschool to high school and possibly later in supported employment, autism should
be examined for its full scope of difficulties and their implications for education.
More specifically, understanding the nature and characteristics of autism and
implementing relevant interventions is essential to improving educational outcomes

for these children.

Difficult behaviour among children diagnosed with autism usually includes self-
injury, property destruction, pica (desire to eat inedible material), stereotyped
movements, defiance, tantrums, and disruptions (Horner, Diemer, & Brazeau, 1992;
Macintosh & Dissanayake, 2006; Matson et al., 2011). Between 13% and 30% of

children with autism have been reported to engage in problem behaviours that require
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intervention (Emerson, 2001; Hill & Furniss, 2006; Matson & Jang, 2014; Matson &
Shoemaker, 2009; McDougal & Hiralall, 1998), particularly those children with
limited social and communication skills (Borthwick-Duffy, 1996; Hodgson, Freeston,
Honey, & Rodgers, 2016; Koegel et al., 1992). In addition, parents and teachers of
children with autism report deficits in social skills, particularly co-operation,
assertion, and self-control (Macintosh & Dissanayake, 2006). Difficulty in
communication and a lack of social skills combined with other problems (such as
being distracted easily, appearing disorganised and an inability to orient oneself in
terms of physical position or time) interfere with the student’s ability to focus and
function in the classroom (Ashburner et al., 2008; Goodman & Williams, 2007;
Janzen, 1996). Such behaviours also affect the emotional wellbeing of the students, as
they know they are different and they know they are experiencing unusual difficulties
compared to their peers (Mazzone et al., 2013; Strang et al., 2012; White, Oswald,
Ollendick, & Scahill, 2009). Therefore, to improve the outcomes and experiences of
children with autism in schools, social and emotional difficulties that interfere with

student engagement must be addressed.

Research indicates that sensory processing difficulties could play a significant role
in the three core difficulties associated with autism: social interaction,
communication, and restricted repetitive behaviour patterns (Chen, Rodgers, &
McConachie, 2009; Lane et al., 2010). Restricted and repetitive behaviour patterns
and unusual preoccupation with the sensory properties of a stimulus is one of the two
criteria for autism (APA, 2013). Dunn (1997) demonstrated that atypical sensory
processing in children with autism influenced their observed behaviours and could be

classified as sensory seeking or sensory avoiding, hyper-reactive (over reactive) or
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hypo-reactive (under reactive) to sensory stimuli. An individual’s sensitivity to
stimuli would depend on whether he or she registered the stimulus as soon as it was
presented, do not register it or register it in a delayed manner (Dunn, 1997). A child
with low registration of stimuli would appear uninterested in a task and may result in
either overlooking the task entirely or appear to have repetitive behaviours till he or
she registered the task enough to engage and complete the task. Similarly, an over-
sensitive or over-reactive child may avoid the sensory stimulus because it hurt or
indulge in some other repetitive behaviours to block out the intrusive stimulus (Dunn,
1997; Dunn, Myles, & Orr, 2002). Students struggling to transfer interest or attention
during transitions are prone to over-focusing on one stimulus or low registering of the
new stimulus (Ashburner et al., 2008). The over-focusing of attention among children
with autism is thought to be led by a preference for static and predictable stimuli over
changing stimuli, which of course would be a challenge in a dynamic classroom or in
a social interaction with peers (Landry & Bryson, 2004; Rinehart, Bradshaw, Moss,

Brereton, & Tonge, 2001).

Several studies have estimated that 82% to 97% of children with autism have
Sensory Processing Disorder (SPD) in some form or another (Baker et al., 2008;
Leekam, Nieto, Libby, Wing, & Gould, 2007; Marco, Hinkley, Hill, & Nagarajan,
2011b; Rogers & Ozonoff, 2005; Tomchek & Dunn, 2007). The sensory processing
difficulties reported were auditory processing, visual responding, rough playing,
climbing in an uncontrolled manner, not responding to verbal input, unusual focus on
inspection of hands and so on. It was observed that children with such sensory
processing difficulties experienced difficulty in adaptive behaviours. Sensory

processing difficulties could also play a role in the adoption of restricted and
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repetitive behaviour patterns, as well as being associated with academic
underachievement (Ashburner, Rodger, Ziviani, & Hinder, 2014; Gal, Dyck, &
Passmore, 2010; Tomchek & Dunn, 2007). Several of the restricted and repetitive
behaviours can pose varying degrees of challenge due to the risk of injury to self or
others. Typical challenging behaviours associated with autism include self-injurious
behaviour such as hitting, biting, head banging, and self-stimulatory behaviours such
as flapping hands, humming or buzzing sounds, repetitive movements of head,
rocking, and bouncing (Horner, Carr, Strain, Todd, & Reed, 2002; Macintosh &
Dissanayake, 2006; Reichle, 1990). When sensory processing difficulties begin to
impact on daily lives and routines for children with autism, due to their intensity and
frequency, a diagnosis of sensory processing disorder (SPD) is made (Miller,

Anzalone, Lane, Cermak, & Osten, 2007).

The afore-mentioned behaviours arising from SPD cause concern when they
interfere with the child’s social interaction, classroom engagement and academic
achievement (Ashburner et al., 2008). Such behaviours interfere with initiating and
sustaining interactions with others. This becomes an issue when these children
interact in society, particularly when beginning school, where they have to meet
increased demands for acceptable classroom behaviour. Expected classroom
behaviours include a capacity to listen, follow instructions, to keep distractive
behaviour to a minimum, and to stay focused on task (Westwood, 2004). Children are
also expected to cope with the social demands of being in the classroom with peers

and staff members.

In a special school for students with autism and intellectual disability, the teacher

has to manage behaviours including short attention span, difficulty in focusing
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attention on a task, difficulty in processing instructions and difficulty in transitions
between activities, location or staff (Ashburner et al., 2014; Ashburner et al., 2008;
Janzen, 1996). SPD might be a contributing factor underlying or exacerbating these
behaviours. Therefore, understanding how sensory processing functions in autism and
its manifestation in behaviour could help teachers to plan effective strategies to avoid
or minimise a crisis, recover from a crisis, and deliver the curriculum effectively.
Supporting the teacher to understand the sensory needs of their students and to
implement the sensory strategies in the classroom would assist the teacher to increase
student’s task engagement, to improve the frequency and quality of social interactions
with their peers, and to manage or decrease the frequency and duration of their
students’ emotional behaviours. Since learning can be achieved only when a student is
engaged with a task and is not distracted by environmental stimuli, learning is more
difficult for students with autism. Education for students with autism and other
disabilities is facilitated with appropriate teacher training, along with accommodations

and adjustments for individual students supported by necessary policy.

Legislation for disability education

Until the 1970s, legislation was not in place to support inclusion in education and
society for children diagnosed with autism or who exhibited signs of autism (Scott,
Clark, & Brady, 2000a). During the 1970s a movement towards the inclusion of
individuals with disability in education gained traction through the introduction of
important legislation. Examples of such legislation include: the Education for all
Handicapped Children, Public Law 94-142/99-457/101-476 (1975) in the United
States of America, the Disability Discrimination Act (1995) from the United Kingdom

and The Salamanca Framework for Action, 1994, Article 2 in the United Nations
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Educational, Scientific and Cultural Organisation (UNESCO). The Education for all
Handicapped Children Act (1975) in the USA led to the Individuals with Disabilities
Education Act (1990), and the Disability Discrimination Act (1995) led to the
Equality Act (2010) in the UK. Both the US and UK examples mandated equal access
to education in the mainstream, while the UNESCO article stated “Regular schools
with inclusive orientation are the most effective means of combating discrimination,
creating welcoming communities, building an inclusive society and achieving

education for all” (UNESCO, 1994, p. ix).

The rights of people at risk of marginalisation and under-achievement also
became protected by Australian legislation through the Education Act (1989), the
Anti-Discrimination Act (1991), the Disability Services Act (1992) and the Disability
Discrimination Act (1992). In Australia, the Disability Standards for Education (2005)
within the parent Disability Discrimination Act reauthorised in 2005, required
education systems to embrace the principles of equal opportunity in enrolment,
participation, curriculum development, accreditation and delivery of curriculum,
student support services and to eliminate harassment and victimisation. The Disability
Standards for Education (2005) state “It is unlawful for an education provider to
discriminate against a person on the grounds of the person’s disability or a disability
of any of the person’s associates by developing and accrediting an alternate curricula
or training courses having a content that will either exclude the person from
participation, or subject the person to any other detriment” (Disability Discrimination
Act, 2005, p. 3). It further recommends “to put in place reasonable adjustments to
eliminate, as far as possible, discrimination against those persons” (Disability

Discrimination Act, 2005, p. 4).
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In South Australia, the Australian State in which this study was conducted, these
national standards continue to be upheld by the Department of Education and Child
Development (DECD), embodied in its Students With Disability policy (2005-2011)
(DECD, 2017). This policy has been reviewed and updated regularly, with the current
version in place from 2014-2018. According to the Students With Disability policy,
educators are required to provide equal opportunity to access education with
reasonable adjustments to the physical environment, modification of curriculum and
instructional adjustment (DECD, 2017, p. 5). The Teacher Registration Board (TRB)
of South Australia upholds education legislation by regulating the teaching profession
through maintaining appropriateness of teacher education courses, professional
development and required professional standards (Legislation, 2004). Thus, in order
to effectively meet their responsibilities, teachers are required to understand, adjust to,

and accommodate the needs of students with a disability.

History of disability education

Experienced practicing special education teachers know firsthand the highly
individualistic nature of autism. No two students are alike in their behaviour and
presentation of difficulties, creating a diverse learning profile (APA, 2013). The term
“Autism Spectrum Disorder” is used to cover the vast range of intellectual abilities,
skills, and language proficiency observed within individuals and groups (Hill & Frith,
2003). Along with differing abilities, there may be a variety of difficult behaviours
among students. Since autism was first clinically documented in 1943, different
strategies have been used to manage difficult behaviours (Scott et al., 2000a; Scott,

Clark, & Brady, 2000b).
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Before 1990, aversive consequences were not unknown in the management of

problem behaviours. Since then, there has been a change in the management of
difficult behaviours, with the inclusion of stimulus-based instruction-based
procedures, extinction-based, reinforcement-based, punishment-based and systems
change (Horner et al., 2002; Horner et al., 1992). The stimulus-based interventions
include modifications for curriculum, instructional design, social organisation,
schedules and physical environments (Horner et al., 2002). Some of the instruction-
based procedures include Applied Behaviour Analysis (ABA) (Baer, Wolf, & Risley,
1968) and Discrete Trial Training (DTT) developed by Lovaas in the 1980s (Lovaas,
1987). These have intervention components such as the use of discriminative
environmental stimuli, instruction, and consequences. Though these procedures may
have a sensory component to the use of stimuli, the aim is not to regulate or modulate
internal sensory systems. Rather the behavioural paradigm uses discriminative stimuli
to occasion or evoke the occurrence of desirable behaviour. Such intervention
strategies often address the issue of hyper- or hypo-sensitivity of the child by making
environmental modifications or making adjustments to the teaching practice to suit
the child’s needs. However, these strategies do not focus on development of the
child’s ability to cope with classroom challenges due to their sensory processing

difficulties by teaching them to process the sensory stimuli with controlled delivery.

Based on Dr. A. Jean Ayres’ Sensory Integration theory, a sensory integration
programme (Sl intervention) is a sensory stimulus-based intervention (Ayres, 1972,
1980). Sl intervention proposes modulation (control or arousal) of behaviour through
controlled delivery of sensory stimuli and adaptive response of the child. It is

important that the child initiates the response to the sensory stimuli and the response
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should be sustained over a period as the stimulus becomes increasingly complex.
Other interventions based on sensory stimuli include the Sensory Diet (Wilbarger &
Wilbarger, 2002) which offers delivery of a sensory stimulus at different times of the
day, alternating with routine tasks, and the “Alert” programme (Williams &
Shellenberger, 2002) which incorporates developing awareness of internal arousal
states along with some cogpnitive training aimed at learning to regulate behaviour. The
latest sensory-based intervention addresses interoception, the visceral sense of self
that reflects the physiological condition of all the tissues of the body (Craig, 2003;
Wiens, 2005). These sensory programmes are typically developed and implemented
by trained personnel, such as occupational therapists, and may require specific
equipment. Currently, support services are limited in their capacity to deliver such
sensory-based interventions among school children aged between 5 and 20 years
(Australian Bureau of Statistics, 2015), particularly given the limited evidence to

support potential educational benefits to learners with autism.

Effects of autism

In a typically developing human body, the central nervous system (CNS) works
automatically to take in the stimuli from the environment and then helps the brain to
adapt its response. The human body is able to survive in its environment through a
process of sensory inputs from its surroundings, processing of this input in different
cortical areas of the brain and lastly, organising an adaptive response that modulates
appropriate behaviour to the stimulus (Humphry, 2002). The body makes sense of its
environment through its senses: taste (gustatory), smell (olfactory), touch (tactile),
sight (visual), hearing (auditory), sense of position and movement of body parts such

as limbs, trunk and head(proprioception or kinesthetic); sense of movement, sense of
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balance and sense of body in space (vestibular); and interoception (internal
physiological awareness) (DuBois, Ameis, Lai, Casanova, & Desarkar, 2016;

Garfinkel et al., 2016).

In autism, the sensory systems do not function in a typical synchronised manner
and this may reflect in different behaviours such as not registering presence of the
stimulus, ignoring the stimulus by avoidance behaviour or over-reacting to the
stimulus (Ayres, 1978; Davies & Gavin, 2007). Due to their sensory processing
difficulties, children with autism struggle to make sense of their surroundings and
have difficulty in adapting behaviour to their surroundings (Ayres, 1978, 1980;
Davies & Gavin, 2007). This creates challenging situations in a classroom context as

the behavioural demands on students may be beyond their capacity.

Students are expected to meet basic social requirements such as maintaining focus
for extended periods, listening to instruction, attending to and making sense of visual
cues, refraining from aggressive and antisocial behaviours; and to meet these
requirements with minimal emotional behaviours. Thus, teachers need to know how
to respond and adapt to the varied sensory needs of students in order for them to

participate and progress in their education.

Ayres’ Sensory Integration® (Smith Roley, Mailloux, Miller-Kuhaneck, &
Glennon, 2007) is an intervention that engages the child in increasingly complex
sensory activities that in turn support the child to organise their own behaviour and
participate in their daily lives in an increasingly satisfactory manner (Ayres, 1980). A
sensory integration programme or therapy typically targets the central nervous system

through activities designed to increase or decrease internal arousal, improving sensory
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discrimination, motor planning and postural control (Miller, Anzalone, et al., 2007).
This can impact emotional states through internal processes, rather than through

specific external environmental controls.

Researching sensory integration

There have been some efforts to examine the efficacy of interventions and
potential benefits of programmes based on Ayres’ Sensory Integration® (Smith Roley
et al., 2007) theory such as Bonggat and Hall (2010); Case-Smith (2002); Case-Smith
and Bryan (1999); Devlin, Healy, Leader, and Hughes (2011); Devlin, Leader, and
Healy (2009) and so forth. The findings of such studies have been contested in peer-
reviewed literature through several systematic reviews and meta-analyses (Case-
Smith & Arbesman, 2008; Case-Smith, Weaver, & Fristad, 2014; Lang et al., 2012;
Leong, Carter, & Stephenson, 2015; May-Benson & Koomar, 2010; Ottenbacher,

1982).

The literature review included in Chapter 2 examined studies relevant to
interventions based on the sensory integration theory and involving participants with
autism as opposed to some that involve participants with other diagnoses. For the
present study, twenty studies were identified in the academic literature that tested the
effects of sensory integration intervention. These studies used interventions based on
A. Jean Ayres’ Sensory Integration® (ASI®) (Smith Roley et al., 2007) theory to
varying degrees, and examined the effect of a Sl intervention on the social and
emotional behaviour of participants that included self-injurious and self-stimulatory

behaviours. Most of the studies included a small number of participants, did not
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replicate their results or were in a clinical setting, and targeted self-stimulatory and

self-injurious behaviours.

The literature review undertaken for this study identified the need for a rigorous
design that allowed for replication in order to study the effect of a Sl intervention on
the social and emotional behaviour of students with autism, aiming for a change in the
length of engagement and resulting impact on learning. The outcomes of intervention
had to meet basic behavioural requirements in order to improve student engagement
and learning in a classroom, as are recognised by classroom observations from
practice, student voice and teacher perspective (Ashburner et al., 2008; Boutot, 2007;
Humphrey & Lewis, 2008; Lindsay, Proulx, Scott, & Thomson, 2014). Some
behaviours to be addressed were identified for this study. First, it was necessary to
reduce the disruptive emotional outbursts whenever a student was faced with a task
demand or challenging situation, such as a transition between learning area or activity,
or a change in routine, staff, or environment. Second, it was important that each
student remained focused on the task, instead of reacting to every stimulus in the
environment, for example, background noise and movement. Third, it was important
to determine if the social behaviours of each student could be improved to reduce the

relative isolation in which he or she existed.

Research rationale and objectives

The incidence of SPD among children with autism is between 82% and 97%
(Ashburner et al., 2008; Baker et al., 2008; Kientz & Dunn, 1997; Lane et al., 2010),
which means there is a need for effective treatment. As previously noted, there is a

paucity of experimental evidence in the literature and it was therefore necessary to
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further investigate the potential of sensory-based interventions to support learners
with autism. This study aimed to investigate the effectiveness of a Sl intervention in a
classroom setting on the social interactions, emotional behaviour, and task
engagement of 5 to 6 year old children with autism and intellectual disability in a

special school setting.

Research questions

A. Jean Ayres (1979) proposed that children with autism, who may also have
learning disabilities, could be helped with sensory integration intervention. Since
then, an effort has been made to study its effect mostly on self-injurious and self-
stimulating behaviours and more recently on family participation goals, but not on its
impact on classroom behaviours, which are influenced by the characteristics of

autism.

For learning to occur, a basic requirement is that a student engages with a task,
academic or otherwise. Task engagement was the first variable to be measured. The
second variable to be measured was difficulty in social interactions, as it is one of the
characteristics of autism (APA, 2013). The final focus of the study was on the
emotional behaviour of the student when faced with the different challenges in a
typical school day. The emotional behaviours mentioned in this study were
behaviours such as crying, withdrawing, non-participation, aggression to others,
destruction of task materials and/or furniture and occasionally self-injury, which

prevented the child from positive interactions and classroom engagement.

The study investigated the following questions:
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. What effect did classroom-based implementation of a Sl intervention for children
with a dual diagnosis of autism and intellectual disability, in their first year of
schooling, have on duration of task engagement in the classroom?

. What effect did classroom-based implementation of a Sl intervention for children
with a dual diagnosis of autism and intellectual disability, in their first year of
schooling, have on frequency of student-initiated social interactions during school-
yard free play opportunities?

. What effect did classroom-based implementation of a Sl intervention for children
with a dual diagnosis of autism and intellectual disability, in their first year of
schooling, have on the frequency of emotional behaviours in a routine day at school?
. What effect did classroom-based implementation of a Sl intervention for children
with a dual diagnosis of autism and intellectual disability, in their first year of
schooling, have on the duration of emotional crises in a routine day at school?

What effect did classroom-based implementation of a Sl intervention with a dual
diagnosis of autism and intellectual disability, in their first year of schooling, have on
sensory processing ability including balance and motion, body awareness, hearing,
planning and ideas, social participation, taste, touch, vision, and the total of all
subscales scores?

. Were there any relationships between outcomes of Sl intervention for task
engagement, student-initiated social interactions, frequency and duration of emotional
behaviours and for sensory processing abilities such as balance and motion, body
awareness, hearing, planning and ideas, social participation, taste, touch, vision, and

the total of all subscales scores?
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These questions are addressed through the following chapters. Chapter 2 reviews
the literature about the neuropathology of autism and networks in common with
intellectual disability and their impact on student behaviour. Chapter 2 also reviews
the literature about sensory integration intervention. Chapter 3 discusses the method
and the data collection process. Chapter 4 discusses analysis of data and findings.
Chapter 5 discusses the findings, their implications for practice, limitations of the

study, future considerations and overall conclusions.



EFFECTS OF A SENSORY INTEGRATION INTERVENTION

27

Chapter 2
Literature Review
This literature review discusses characteristics of Autism Spectrum Disorder
(ASD). The term “autism” is used instead of its diagnostic label (Autism Spectrum
Disorder) for sake of convenience. The literature review then follows with a detailed
discussion of Sensory Processing Disorders (SPD) within the different sensory
systems, as experienced by children with autism. The sensory systems under
discussion will be the visual system, vestibular system, auditory system, olfactory,
gustatory, and tactile sensory systems. Lastly, the literature review includes a short
mention of usual interventions and explores past and current research for

interventions targeting sensory subscales.

Figure 2-1 visually presents the structure of the literature review.
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Theories around autism

Four theoretical models have attempted to explain the core difficulties in autism:
the Theory of Mind model (Baron-Cohen, 1990; Baron-Cohen, Ashwin, Ashwin,
Tavassoli, & Chakrabarti, 2009; Baron-Cohen, Jolliffe, Mortimore, & Robertson,
1997), the Weak Central Coherence model (Frith, 1989), the Executive Function
model (Hughes, Russell, & Robbins, 1994; Ozonoff, 1995; Prior & Hoffmann, 1990;
Russell, 1997), and the Mirror Neuron System model (Rizzolatti, Fadiga, Gallese, &
Fogassi, 1996). This last model was later qualified by the Social Top-Down Response
Modulation (STORM) model (Southgate & Hamilton, 2008; Wang & Hamilton,

2012). These models are described in the following paragraphs.

The DSM-5 described a deficit in social and communication interactions as one of
the criteria for diagnosing a child with autism (American Psychiatric Association,
2013). Premack and Woodruff (1978) introduced the term “Theory of Mind” to
examine whether chimpanzees understood mental states. Developing this concept
further, Baron-Cohen (1990, 1997) worked to try and explain the lack of awareness of
the mental state of other people in individuals with autism. They introduced a model
of Theory of Mind to explain this deficit (Baron-Cohen, 1990; Baron-Cohen et al.,
1997; Baron-Cohen, Leslie, & Frith, 1985). By age four, a child typically develops the
ability to look at another person, read his or her expression, and attribute it to that
person’s state of mind at that moment (Baron-Cohen et al., 1985). In addition, the
child is able to understand that another person’s state of mind is different from the
child’s own state of mind. Children with autism appear to lack these abilities, or if

they have them, fail to use them competently (if at all) in social interactions. This
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inability was termed “Mindblindness” (Baron-Cohen, 1997; Baron-Cohen et al.,
1985). The Theory of Mind model attempted to explain the difficulties in
socialisation, imagination, and communication experienced by individuals with
autism. However, it did not adequately explain the other difficulties experienced by
individuals with autism, and so neuroscientists, developmental psychologists, and

other experts continued to study aspects of autism.

In an effort to understand the cognitive mechanisms at work in autism, researchers
found that individuals with autism made continuous errors in strategic planning tests
and failed to learn from their mistakes (Prior & Hoffmann, 1990). Children with
autism also experienced difficulty transferring attention from one set of cues to
another, which pointed to an involvement of the brain’s frontal lobes and a deficit in
executive function skills (Hughes et al., 1994; Ozonoff, 1995; Russell, 1997). This
deficit is the basis of the Executive Function theory (Ozonoff, 1995; Russell, 1997).
Executive function of the frontal lobes of the brain includes forward planning,
organisation skills, flexibility, memory and so forth. These difficulties (transferring
attention and failing to learn from mistakes) appear to have a genetic link, as similar
difficulties are often experienced to some degree by siblings and parents (Ozonoff,
1995). Children with autism appear to have difficulty in planning, starting or initiating
a task, coming up with ideas for things to do, working in a flexible manner, and
working from memory, and these difficulties impair their ability to begin, persevere,
and complete a set task (Gilotty, Kenworthy, Sirian, Black, & Wagner, 2002; Happé,
Booth, Charlton, & Hughes, 2006). Studies found a correlation between a deficit in
executive function and absence of “Theory of Mind” (Ozonoff & McEvoy, 1994;

Pellicano, 2007). The lack of cognitive skills included in executive function appear to
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have a developmental trajectory, do not always improve proportionately to age-related
maturity, and in some cases may have a ceiling in development (Luna, Doll, Hegedus,
Minshew, & Sweeney, 2007; Ozonoff & McEvoy, 1994; Pellicano, 2007). The
cognitive skills included in executive function discussed above are essential to assess
the requirements of a task, form a plan of action, and implement the plan using
problem-solving skills when needed. Executive function from the frontal lobes and
the connectivity from the corpus callosum enable all the afore-mentioned skills (Luna
et al., 2007). When these skills are absent, the child tends to persevere at a task
regardless of success or failure with it, and he or she may resist change and insist on
rigidly maintaining the sameness in the environment and routines. Thus the Executive
Function theory explains some of the repetitive behaviours and the obsessive need for

sameness experienced by children with autism.

Children with autism have other abilities such as splinter skills (well defined
skills, often in advance of age, but without apparent understanding or transferability),
prodigious rote memory, restricted interests, savant skills in a specific area, and so
forth. These abilities are not explained by the Theory of Mind, Mindblindness, and the
Executive Function models, as these are mainly deficit models. A new model, Weak
Central Coherence, was proposed to explain why some children with autism had an
average or above average intelligence, yet failed to perform some context-specific
tasks (Frith, 1989; Frith & Happé, 1994; Happé, Frith, & Briskman, 2001). The basis
of Weak Central Coherence was that, in autistic children, there may be a problem in
the processing of information and integrating it with other relevant information to
derive a greater understanding, this being a higher-order cognitive process (Frith &

Happé, 1994). Frith and Happé (1994) also found evidence of a genetic link, where
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parents and siblings of a child with autism may display some of the characteristics of
the Theory of Mind, Executive Function, and Weak Central Coherence models

(Happé et al., 2001).

A later explanation for specific savant skills was offered as a contrast to the Weak
Central Coherence and Executive Function models. Baron-Cohen et al. (2009) argued
that people with autism have an inherent ability to systemize tasks by their component
parts, and this enabled some of these people to have an above-average success at
complex tasks. This led to the Hyper-systemizing model (Baron-Cohen et al., 2009),
which explained how hyper-sensitivity and hyper-attention (exclusive focus) on
certain elements of a stimulus enabled some children with autism to systemise
everything according to certain rules of structure and regularities. The Hyper-
systemising model sought to explain that the hyper-sensitivity experienced by people
and children with autism was a result of the range of neural connectivity within their
sensory systems. In addition, this model provided an explanation for the narrow
special interests, insistence on sameness (or resistance to change), and repetitive
behaviours, characteristics that prevent children with autism from social integration
and interactions (Baron-Cohen et al., 2009). The Hyper-systemising theory contrasted
with the Executive Function theory because the latter assumed a lack of talent,
whereas the Hyper-systemising theory assumed a specialised talent. The Weak
Central Coherence theory assumed that an intense or localised focus is due to inability
for global focus or is due to the inability to integrate the local into the global picture,
whereas the Hyper-systemising theory explained these behaviours as the product of a

highly purposeful specialised ability (Baron-Cohen et al., 2009).
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The Mirror Neuron System (MNS) model was described as sets of different brain
areas that became active when a person was: performing an action and when
observing the action being performed by another person. The brain regions involved
in the MNS were the inferior frontal gyrus (IFG) and the inferior parietal lobule (IPL),
the somatosensory and the premotor cortex along with the anterior insula (Hamilton,
2013). The MNS model was first proposed by Rizzolatti et al. (1996), and has been
explored in great detail using functional magnetic resonance imaging (fMRI),
structural magnetic resonance imaging, magnetoencephalography (MEG),
electroencephalogram (EEG), eye tracking and muscle activation (EMG), and
behavioural studies. The afore-mentioned studies produced mixed findings, with
participants displaying no response in the IFG, amygdala and premotor cortex when
exposed to emotional stimuli (Dapretto et al., 2006; Grézes, Wicker, Berthoz, & De
Gelder, 2009), while displaying normal activation patterns within the IPL during goal-
directed physical actions (Dapretto et al., 2006; Grézes et al., 2009; Marsh &

Hamilton, 2011).

The standard MNS model does not explain the social and communication
difficulties in autism adequately and an alternate, the Social Top-Down Response
Modulation (STORM) model, was proposed (Southgate & Hamilton, 2008; Wang &
Hamilton, 2012). Initial studies of the STORM model appeared to exert top-down
control on the mirroring of emotions and actions and suggested that weak top-down
controls are found in individuals with autism. The weak top-down controls may lead
to abnormal imitation and abnormal brain mirror responses peculiar to autism

(Hamilton, 2013; Pellicano & Burr, 2012).
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The cerebellum, corpus callosum and frontal lobes appear to be involved in all of
the models described, with the temporal lobe also being implicated in the Mirror
Neuron System and by further implication STORM, and Theory of Mind models
(Schroeder, Desrocher, Bebko, & Cappadocia, 2010). The cerebellum is also
connected to many cortical regions, and is responsible for motor functions, such as
posture, balance, and movement, and higher-order cognitive functions, including
executive function, social and, emotional processing (Allen & Courchesne, 2003;
Brian, Tipper, Weaver, & Bryson, 2003; Corbett, Constantine, Hendren, Rocke, &
Ozonoff, 2009; Fatemi et al., 2012). The prefrontal and temporal regions are involved
in monitoring of social cognition, executive functions, and episodic memory (Corbett
et al., 2009; Loveland, Bachevalier, Pearson, & Lane, 2008); while the mirror neuron
system is considered responsible for understanding emotion in others through
imitation of emotions, expressions and actions (Dapretto et al., 2006). Aside from all
the different models involving various brain areas to explain the distinct functioning
in autism, there are other possible explanations for it. There is evidence indicating
involvement of immunological factors leading to cognitive dysfunctions (Han et al.,
2011) and gene mutation among children with autism and their families (O’Roak et
al., 2012). Genetic studies continue to look for linkages, associations, and causation
between specific genes and characteristics of autism (Piggot, Shirinyan,

Shemmassian, Vazirian, & Alarcén, 2009).

Sensory processing difficulties in students with autism

As previously noted, the current theories that seek to explain autism implicate
different parts of the brain associated with sensory processing, so it was necessary to

study the different sensory systems, understand sensory processing and its
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neurological basis, and explore the recommended intervention practices for autism.
The original research by Ayres (1972) observed that children with autism had
difficulty with registration of stimuli (signal detection and interpretation of the
stimuli), modulation of the sensory input (inhibition of high intensity inputs or
propagation of low intensity sensory inputs), interaction with the stimulus in the

environment and/or the motivation to interact.

Research over the last four decades has suggested a relationship between Sensory
Processing Disorder (SPD) and manifestation of the characteristics of autism (Baker
et al., 2008; Chen et al., 2009; Lane et al., 2010). It is reported that 82% to 97% of
children with autism have SPD to some degree, and this high prevalence of SPD is
likely to contribute to restricted and repetitive behaviours (Ashburner et al., 2008; Gal
et al., 2010). It has been suggested that SPD could be an indicator for developmental

dysfunction in children with autism (Cheung & Siu, 2009; Kientz & Dunn, 1997).

Due to distinctive sensory processing, children struggle to make sense of their
surroundings and have difficulties adapting their behaviour to the requirements of
their surroundings (Ayres, 1980). The distinctive sensory processing impacts their
ability to fully and successfully participate in activities (Reynolds, Bendixen,
Lawrence, & Lane, 2011) and impacts their daily life in terms of disturbed sleep
patterns and unusual sensory response to environment and stimuli (Lane, Reynolds, &
Dumenci, 2012; Reynolds, Lane, & Thacker, 2012; Wigham, Rodgers, South,
McConachie, & Freeston, 2015). These impacts may result in challenging behaviours
such as anxiety, aggression, and injury to others or self, crying, withdrawal, and
property damage, and these behaviours are often addressed through various

behavioural and cognitive behaviour interventions (Heyvaert, Saenen, Campbell,
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Maes, & Onghena, 2014; Horner et al., 2002; Lewis & Sugai, 1999). Without
interventions, the afore-mentioned challenging behaviours can create difficult
situations in the classroom, as children with autism may be less able to meet basic
social and educational requirements (Westwood, 2004), such as listening to
instruction, looking at visual cues, and staying on task. Children are required to attend
to classroom instruction, to engage with tasks without preoccupation with or ignoring
some aspect of the task (or task material), and to refrain from aggressive and
antisocial behaviours. Teachers, specifically special education teachers charged with
teaching children with autism, therefore, need to know how to respond and adapt to
the varied sensory needs of students in order for students to participate and progress in

the classroom.

The relationship between sensory processing difficulties in children with autism
and behaviours impacting classroom participation are well documented in the
literature (Ashburner et al., 2008; Gal et al., 2010; Tomchek & Dunn, 2007). These
sensory processing difficulties involve issues within vision, audition, olfactory,
gustatory, and tactile subsystems and with the child’s hypo- or hyper-sensitivity to the
sensory stimuli within the environment (American Psychiatric Association, 2013).
Deficits of processing of sensory information in autistic children at a neurological
level have also been extensively investigated (Ahn, Miller, Milberger, & Mcintosh,
2004; Ashburner et al., 2008; Baker et al., 2008; Ben-Sasson et al., 2009; Crane,
Goddard, & Pring, 2009; Dunn et al., 2002; Kern et al., 2006; Lane et al., 2010;
Marco, Hinkley, Hill, & Nagarajan, 2011a; Tomchek & Dunn, 2007). In addition to
processing sensory information in an atypical manner, the autistic brain also has a

distinct pattern of inhibiting attention to certain aspects of stimuli, as well as a
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selectivity when directing attention or joint attention (Brian et al., 2003; Lawson,
2013; Lepisto et al., 2006; McPartland, Webb, Keehn, & Dawson, 2011; Odriozola et
al., 2016). Descriptions of the relationship between the different areas of the brain and
their function in each of the aforementioned sensory subsystems are provided below
in Figure 2-2. The same brain areas function differently in autism (Marco et al.,

2011a; Spencer et al., 2006) as discussed in following subsections.
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Visual processing

Visual processing refers to controlling individual’s movement in space and using
information from the visual-spatial ability for cognition (Henderson, Pehoski, &
Murray, 2002). Among children with autism, atypical visual processing behaviours
have been observed across multiple research studies. Unusual behaviours were
noticed among children with autism, including covering their eyes in the presence of
bright lights and flicking their fingers in front of their eyes to seek extra stimulation
(Leekam et al., 2007; Marco et al., 2011a). In other instances, it has been observed
that children with autism focus on specific elements within a visual stimulus, thereby
missing the “whole picture”, as explained by the Weak Central Coherence theory
(Bertone, Mottron, Jelenic, & Faubert, 2005; Dakin & Frith, 2005; Hyde, Samson,
Evans, & Mottron, 2010; Mottron & Belleville, 1993; Perreault, Habak, Lepore,
Mottron, & Bertone, 2015; Plaisted, Saksida, Alcantara, & Weisblatt, 2003). Also
observed were challenges in detecting object boundary and contrast detection between
still and moving objects, especially when defined by texture as compared to when
defined by luminance (Jemel, Mimeault, Saint-Amour, Hosein, & Mottron, 2010;
Sanz-Cervera, Pastor-Cerezuela, Fernandez-Andrés, & Tarraga-Minguez, 2015;
Vandenbroucke, 2008). This visual property was initially attributed to Weak Central
Coherence (Fletcher et al., 1995; Frith, 1989), where the brain failed to put together
all the individual elements to form the “larger picture”, but was later argued by
Baron-Cohen et al. (2009) as a higher cognitive function (systemizing the visual
stimulus according to the details). Such behaviours interfere with a child’s classroom

tasks by causing him or her to focus on the specific details of a task while others have
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moved on, or to miss the essence of the whole lesson in the confusion with all the

insignificant details.

Children with autism face some recurring challenges in classroom engagement
and social interaction to varying degrees due to atypical visual processing. These
challenges varied from distinguishing faces against the background, paying or shifting
attention to social factors such as one or more speakers, directing gaze towards
someone or something, and fixation on the type of stimulus. Such difficulties
interfered with classroom activities such as attending to teacher instruction, classroom
discussions or participating in group projects (Vlamings, Jonkman, van Daalen, van

der Gaag, & Kemner, 2010).

Children with autism who often failed to register that people have thoughts and
feelings different from their own were more susceptible to missing social cues from
the environment and people around them (Baron-Cohen, 1990; Baron-Cohen et al.,
1997). This, in turn, affects the nature of their response in different situations. The
Theory of Mind (or Mindblindness) was proposed to explain this social deficit
amongst children with autism (Baron-Cohen et al., 2009). However, neurological
studies indicated underlying atypical neural networks influencing sensory processing
within the visual system, specifically, hyperactivity in the right amygdala and
differential connectivity between frontal and temporal lobes. This different activation
and connectivity is associated with atypical face processing (Vlamings et al., 2010),
increased activation within local cortical regions (Rubenstein & Merzenich, 2003),
challenged long-range connectivity between cortical regions (Belmonte et al., 2004),
and an over-reliance on processing within the left primary cortex (Brieber et al.,

2010). However, it was not clear whether this was due to disconnection within the
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neural networks of the limbic region which drives primary processing of sensory
information (Marco et al., 2011a). These differences are hypothesized to be
responsible for the visual-perceptual, social, emotional, and communication
difficulties experienced by children with autism (Marco et al., 2011a; Rubenstein &
Merzenich, 2003; VIamings et al., 2010). The differences in connectivity and
activation patterns discussed above manifest in behaviours such as occasional failure
to take in the “whole picture”, focusing on particular parts of the whole, difficulty in
noticing or interpreting the meaning of facial expressions, and so forth, plus
difficulties in shifting attention and in verbal fluency. On the other hand, these
neurological differences aid autistic children to display unusual ability in visual
search tasks and excelling in detail-oriented tasks (Baron-Cohen et al., 2009).
Understanding the different visual processing abilities in autistic children enable
teachers to present learning tasks with visual supports, presenting a clutter-free

environment, and augmenting verbal instruction with visuals.

Processing within the vestibular system

The vestibular system is the first to develop and becomes fully operational at 16
weeks of gestation. The vestibular mechanism contains two types of receptors, the
first are the semicircular canals that detect the angular movement of the head and the
second type are the otolith organs (utricle and saccule) that detect linear movement
and pull of gravity (Lane et al., 2019). This system controls balance, sense of
direction, and orientation for the foetus within the uterus (Goddard, 2002). The
vestibular system and the auditory system are placed closely together in the middle
ear and they control primitive reflexes that enabled a newborn to survive in the world

outside the uterus (Goddard, 2002). The vestibular system matures as an infant grows
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and most of the infantile reflexes evolve into improved muscle tone, erect posture, a
stable visual field, and balance, which are important for movements such as sitting,
standing, and moving in space. It has been observed that many children with autism,
as well as other developmental and neurological disabilities such as Down syndrome,
Global Developmental Delay, and so forth, display a considerable amount of
unresolved infantile reflexes, though a causal relationship between the two has not
been established (Goddard, Swaab, Rombouts, & van Rijn, 2016; Goddard, 2002).
However, since autism is a pervasive neurological developmental disorder (American
Psychiatric Association, 2013), studying neurophysiology of the brain in autism could
explain difficulties such as the struggle to sit in a classroom, to move confidently
around school or classroom, and to manipulate writing tools or use other task
materials efficiently, as well as difficulties with participation in various school
activities, including sport (Kohen-Raz, Volkman, & Cohen, 1992; Ornitz, 1970).
While early studies claimed neurological causes for observed postural differences and
associated motor difficulties for children with autism, later studies refuted their
findings (Ozonoff et al., 2008); although some neurological studies suggest motor
difficulties, especially stereotypical movements, may be associated with autism (Loh

et al., 2007; Mandelbaum et al., 2006).

Auditory processing

Auditory processing involves two basic functions: sound localization in the
environment and lateralization between the two ears. It also involves auditory
discrimination, auditory pattern recognition, and masking and filtering, resolution,
integration, and ordering of audio signals (ASHA, 1996; Eyler, Pierce, & Courchesne,

2012; Kleinhans, Muller, Cohen, & Courchesne, 2008). Many children with autism
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have auditory processing difficulties (Bonnel et al., 2003; Lepisto et al., 2006;
Plaisted et al., 2003), which give rise to difficulty in decoding auditory information
(including speech and detailed instructions in the classroom), as the ability to
comprehend different sounds, words, and sentences is necessary to understand
language (Marco et al., 2011a). Studies by Eyler et al. (2012), Kleinhans et al. (2008),
Knaus et al. (2010), and Nielsen et al. (2014) indicated that the auditory nerve, brain-
stem, and associated auditory processing cortices were the brain areas implicated in
auditory processing. These studies offered some explanation as to why children with
autism may appear to not listen well, may not respond when called, miss important
information discussed in class, or miss verbal cues for a task. While the classroom
environment has high demands for processing and comprehension of speech and
language, children with autism are neuro-physiologically and cognitively
disadvantaged in meeting these requirements (Eyler et al., 2012; Kleinhans, Muller, et
al., 2008; Knaus et al., 2010; Nielsen et al., 2014). Children with autism tend to have
unusually high auditory filters that let in more background noise than in typical
children (Plaisted et al., 2003) and can be very sensitive to certain speech or non-
speech sounds based on their pitch (Bonnel et al., 2003; Mottron, Dawson, Soulieres,
Hubert, & Burack, 2006; O’Riordan & Passetti, 2006; Oram Cardy, Flagg, Roberts, &
Roberts, 2005; Plaisted et al., 2003; Seery, Vogel-Farley, Tager-Flusberg, & Nelson,
2013). They also demonstrate natural orientation to non-speech sounds, such as
environmental sounds with a certain pitch, compared to speech-sounds, such as
typical vowel sounds (Lepisto et al., 2005; Lepisto et al., 2006; Whitehouse & Bishop,
2008). However, some children with autism are also known to process sounds in a
highly systematic manner locally as well as globally, that is, they were able to

correctly identify rising or falling group of notes (local processing) as well as rising
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and falling of the whole melody comprising of nine notes (global processing)

(Bouvet, Simard-Meilleur, Paignon, Mottron, & Donnadieu, 2014).

Olfactory, gustatory, and tactile processing

Children with autism are often found to be fussy eaters due to their heightened
sensitivity to taste and smell preferences, such as a liking for salty foods, avoiding
foods with certain flavours or smells, or choosing sugary drinks over water (Cornish,
1998; Dominick, Davis, Lainhart, Tager-Flusberg, & Folstein, 2007; Field, Garland,
& Williams, 2003; Klein & Nowak, 1999; Raiten & Massaro, 1986; Schmitt, Heiss, &
Campbell, 2008; Schreck, Williams, & Smith, 2004; Whiteley, Rodgers, & Shattock,
2000; Williams, Gibbons, & Schreck, 2005; Williams, Dalrymple, & Neal, 2000).
Children with autism tend to be sensitive to certain types of food textures, for
example, choosing to eat only crunchy foods, discarding crusts from bread or pastry,
refusing to touch or eat certain textures of food (Blakemore et al., 2006; Diolordi, del
Balzo, Bernabei, Vitiello, & Donini, 2014; O’Riordan & Passetti, 2006). These
behaviours and idiosyncratic food selections often lead to concerns around adequate
nutrient intake and resulting health issues (Cermak, Curtin, & Bandini, 2010; Heiss,
Moody, Crosley, & Campbell, 2005; Lane, Geraghty, Young, & Rostorfer, 2014;
Sharp et al., 2013). Recent research indicated that meal time behaviours of children
with autism, resulting from sensory sensitivities could be improved through
application of sensory strategies, such as play-based activities as suggested by
occupational therapists (Lo et al., 2007; Zobel-Lachiusa, Andrianopoulos, Mailloux,

& Cermak, 2015).
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Neurological basis for this study: autism and its relationship to sensory

processing

From the afore-mentioned studies of different neural networks within sensory
systems, how they work, and the impact of the neural networks on the processing of
sensory information it was clear that the autistic brain behaved in a distinctly different
manner to a typically developing brain (Bauman & Kemper, 2005; McAlonan et al.,
2004; Vargas, Nascimbene, Krishnan, Zimmerman, & Pardo, 2005). Unique patterns
in the processing of information in individuals with autism influenced behaviours of
those individuals, for example, as obsessions or repetitive behaviours, and give rise to
specific strengths, such as sorting visual information and developing specialised
interests. This unique processing was also hypothesized to be responsible for social,
emotional, and communication difficulties. It was therefore important to discuss the
autistic brain in terms of its physical characteristics, such as size and volume,
activation patterns, and connectivity within and between different areas of the brain,

to understand the impact of autism on individual learning abilities and behaviours.

Physical characteristics

While new research looks for probable aetiology contributing to autism, such as
genetic variation, environmental exposure, and prematurity (Lai et al., 2013; Marco et
al., 2011a), several studies have found an enlarged head circumference between the
ages of 1 and 2 years as a consistent finding (Chawarska et al., 2011; Courchesne,
Campbell, & Solso, 2011; Courchesne, Lincoln, Kilman, & Galambos, 1985;
Courchesne, Lincoln, Yeung-Courchesne, Elmasian, & Grillon, 1989; Hazlett, Poe,

Gerig, & et al., 2005; Hazlett, Poe, Gerig, & et al., 2011). The physical structure of an
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autistic brain is thus distinctive with enlarged total brain volume, which extended to
the grey and white matter of frontal, temporal, and parietal lobes, and extended to
sub-cortical structures, such as the amygdala and the caudate nucleus (Chawarska et
al., 2011; Lenroot & Giedd, 2006). While there was no obvious difference in cortical
thickness, there was a significant increase in surface area within the temporal, frontal,
and occipito-parietal regions (Hazlett et al., 2005; Hazlett et al., 2011). Studies have
shown children with autism have increased cortical thickness in the neocortex and
cerebellum (McKavanagh, Buckley, & Chance, 2015), and temporal and parietal
lobes (Hardan, Keshavan, Sreedhar, Vemulapalli, & Minshew, 2006). Conversely,
cortical thinning was observed in the temporal and parietal lobes among adolescents
and adults with autism (Hadjikhani, Joseph, Snyder, & Tager-Flusberg, 2007,
Wallace, Dankner, Kenworthy, Giedd, & Martin, 2010). Further studies indicated that
this enlargement in children with autism was due to an “abnormally excessive”
number of neurons, especially in the prefrontal cortex (Courchesne et al., 2011). It is
believed that the differentiated columnar widths of axonal bundles within primary as
well as secondary sensory cortices is the cause of unique discrimination to be found
and appears to continue in adults with autism (McKavanagh et al., 2015). The above
mentioned physical characteristics of brain development are implicated in the atypical
developmental trajectory observed among autistic children. The differing cortical
thickness and difference in proportion of gray and white matter influence activation
patterns in brain regions when exposed to sensory stimuli. This, in turn, may be
responsible for how children with autism interacted with the environment and their
learning behaviours through a different sensory lens than their neurotypical

counterparts (Bauman & Kemper, 2005; McAlonan et al., 2004; Vargas et al., 2005).
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Activation patterns and connectivity

While past studies involved post-mortem analysis of autistic brain tissue,
magnetic resonance imaging (MRI) techniques have helped to study the living brain,
leading to a better understanding of activation patterns and neuronal connectivity,
both local and global (Wass, 2011), and especially of abnormal connectivity in the

right and left frontal lobes and the corpus callosum (Catani et al., 2016).

Studies revealed reduced functional connectivity within the amygdala, visual
cortex and prefrontal cortex, which has a negative effect on appropriate emotion
processing from facial expressions (Cheng, Rolls, Gu, Zhang, & Feng, 2015). This
type of differentiated connectivity impacts sensory, perceptual, attentional, emotional,
and cognitive processing (Cody, Pelphrey, & Piven, 2002; Dalton et al., 2005; Hazlett
et al., 2012), confirming earlier observations of Weak Central Coherence and atypical
neural processing of visual and auditory information (Bonnel et al., 2003; Bouvet et
al., 2014; Lepistd et al., 2005; Plaisted et al., 2003). Further, decreased activation
within the parietal gyrus and increased activation in the planum temporale indicated
that children with autism relied on visual strategies when presented with language
processing tasks (Pierce, 2011; Rudie et al., 2012; Stigler, McDonald, Anand, Saykin,
& McDougle, 2011). Similar unusual activation in visual cortex and frontal lobes,
affecting word processing, was observed in adults with autism as well (Barbeau et al.,
2015; Gaffrey et al., 2007). This type of processing indicates that children with autism
relied on visual imagery to understand words and sentences. Such studies confirm the
effect of structural brain differences, and the communication impairment component

of the diagnostic criteria for autism (American Psychiatric Association, 2013).
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Brain-behaviour links in autism spectrum

Studies from developmental cognitive neuroscience indicated that distinct patterns
of processing within the temporal lobes influenced attention towards social stimuli
(McPartland, Webb, et al., 2011; McPartland, Wu, et al., 2011), abnormalities in the
fusiform gyrus and frontal lobes contributed to a lack of empathy (Greimel et al.,
2010; Hadjikhani et al., 2007), and abnormal activation in the fronto-parietal lobes
caused memory dysfunction in social contexts (Greimel et al., 2012; Wass, 2011).
Within the autistic brain, unusual connectivity and activation was observed within the
temporal lobes, fusiform gyrus, prefrontal cortex, and amygdala, along with
differences in the dopamine and oxytocin levels; and the combination of these had an
effect on the reward mechanism of social interactions (Corbett et al., 2014; Kleinhans,
Richards, et al., 2008; Lombardo et al., 2010; Neuhaus, Beauchaine, & Bernier,
2010). It has also been noted that the autistic brain has very atypical activation and
inhibitory responses to stimuli, and that these responses are influenced by the nature
of each stimulus (Snijders, Milivojevic, & Kemner, 2013). The unusual processing of
social stimuli within the autistic brain also has implications for memory dysfunction
(Williams, Goldstein, & Minshew, 2005) and intellectual development (Vivanti,
Barbaro, Hudry, Dissanayake, & Prior, 2013). These findings supported the Theory of
Mind model (Baron-Cohen, Leslie, & Frith, 1985), the Weak Central Coherence
model (Frith, 1989), and the Mirror Neuron System model (Rizzolatti et al., 1996), as
well as the diagnostic criteria of social and emotional difficulties associated with

autism spectrum as mentioned in DSM-5 (American Psychiatric Association, 2013).

Restricted and repetitive behaviours and heightened sensory response to

insignificant stimuli are typically associated with autism (American Psychiatric
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Association, 2013). Focused attention, shifting of attention, and selective attention are
affected in the particular style of cognitive processing in autism (Marco et al., 2011a).
The autistic brain shows distinct patterns of selective attention and decreased
modulation within the occipital and parietal networks. This led to individuals being
vulnerable to noise and cross-talk, interfering with attention to the task at hand

(Belmonte & Yurgelun-Todd, 2003).

Studies investigating selective attention demonstrated that children with autism
were able to block distractors when presented with visual supports to complete their
tasks; while addition of a colour feature within the task helped to improve task
performance of autistic children as compared to controls (Brian et al., 2003). Such
selective visual processing has been reported previously in the literature (Courchesne
et al., 1985; O’Riordan & Passetti, 2006; Plaisted et al., 2003). This information
indicates the challenges faced by students with autism in a typical classroom with a
high reliance on classroom discussions, group projects, and verbal instruction, but
does offer potential for addressing these by using extra visuals or colour to

supplement verbal instruction.

Neurology of behaviours in children with autism

Neurology for task engagement in autism

Task engagement in children with autism involved the premotor and parietal
cortex, the dorsal striatum, and the cerebellum, with the dorsal striatum known to
control movements and different types of learning (Ciesielski, Lesnik, Savoy, Grant,
& Ahlfors, 2006). Furthermore, task engagement was facilitated with the engagement

of the visual dorsal and sensory-motor pathways, and used cognitive and visual-
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spatial strategies when the task was augmented by action and animation (Ciesielski et
al., 2006; Minshew & Keller, 2010). The premotor and parietal networks along with
sensory-motor pathways were functional for task engagement within early childhood,
when the child learns through repeated movements. The autistic brain that relies on
early developmental neural networks and had higher cerebellar activity, with
increased activity in the visual and auditory systems, needed highly efficient sensory
integration to engage and learn (Ciesielski et al., 2006; Danzl, Etter, Andreatta, &
Kitzman, 2012). Furthermore, task engagement may be encouraged when children can
manage registration and modulation of sensory stimuli from the task material (Kilroy,
Aziz-Zadeh, & Cermak, 2019). Other literature indicated that, in the case of children
with autism, there was unusual activation within the visual, pre-frontal, and parietal
cortex (Courchesne et al., 1985; Greimel et al., 2012; O’Riordan & Passetti, 2006;
Plaisted et al., 2003), and this suggested that task engagement may be challenging for
children with autism. Task engagement involves the neural networks of three systems:
the recognition system that receives sensory inputs and recognises their patterns, the
strategic system to plan and execute the action, and the affective system that relies on
individual preferences (Pisha & Coyne, 2001). Challenging and engaging these neural
networks enables task engagement: this is achieved through a combination of active
participation, meaningful activities, and deliberate application of effort seen through
the action of starting and continuing a task (Danzl et al., 2012). These features of
engagement could be well supported by using a classroom-based programme that

aimed to integrate all senses.
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Neurology for social motivation in autism

Functional magnetic resonance imaging (fMRI) scans have shown the neural
architecture of social behaviours that include the superior temporal cortex, amygdala,
orbitofrontal cortex, insular cortex, and medial frontal cortex (Barrasso-Catanzaro &
Eslinger, 2016; Goddard et al., 2016). The brain responds to a social stimulus, which
can be seen as changes in the amygdala and some regions in the prefrontal and
temporal cortices, and a change in the level of hormones, such as oxytocin (Kanat,
Heinrichs, & Domes, 2014). Regions in the dorsal and ventral anterior insula have
distinct activation patterns and connectivity in response to stimuli from social events
if those events are perceived as “meaningful” by individuals (Odriozola et al., 2016).
It was therefore evident that social behaviour and response to social stimuli are highly

complex processes guided by distinct neurology.

One of the criteria for autism according to DSM-5 (American Psychiatric
Association, 2013) is social and communication impairment (American Psychiatric
Association, 2013). Typically, people make functional use of language to regulate
themselves socially during social interactions. Social interactions among neuro-
typical individuals and groups are governed by psychological inclinations (social
motivation) and biological mechanisms that direct them towards social interactions
(social orienting), to seek pleasure from social interaction (reward mechanism) and
then work towards maintaining the social contact (social maintaining) (Chevallier,
Kohls, Troiani, Brodkin, & Schultz, 2012). Children with autism find the ability to
make functional use of language in social situations difficult to varying degrees
(Joseph, McGrath, & Tager-Flusberg, 2005; Loucas et al., 2008). It is believed that

social difficulties in children with autism may be impacted by lack of social
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motivation and social cognition (i.e., understanding the social concept of language
and social information). Social motivation and social cognition are considered to be
evolutionary concepts for neuro-typical people and cause individuals to seek social
interactions, find them rewarding, and promote maintaining of effective social bonds
(Bernhardt et al., 2014), and these, in turn, foster relationships, cooperation, and
collaboration (Chevallier et al., 2012). In addition, social motivation may be
influenced by registering of the social stimulus such eye contact, whether the child
finds any reward from having eye contact and then be motivated to continue with the
social engagement (Kilroy et al., 2019). The paucity of social motivation among
children with autism may be explained by Mindblindness (Baron-Cohen, 1990) or by
atypical visual processing (Harms, Martin, & Wallace, 2010; Hellendoorn et al., 2014;
Irwin, Tornatore, Brancazio, & Whalen, 2011; Wiggins, Kurapati, Carrasco, &
Maslowsky, 2010), both of which lead to lack of interest in pursuing, initiating, and
maintaining both social interactions and experiences, in turn leading to difficulties in
social cognition. In recent times, research has investigated the reward mechanism that
may drive motivation, by looking for activation patterns and effects of oxytocin and
dopamine on social decision-making (Odriozola et al., 2016; Ruff & Fehr, 2014), as

levels of these neurotransmitters were found to be different in children with autism.

There are activation deficits in the bilateral middle temporal gyrus and post-
central gyrus during tasks that involve attributing mental states; similar activation
deficits were observed in the right nucleus accumbens during activities when the
participants were motivated by intrinsic or extrinsic rewards (Assaf et al., 2013;
Hadjikhani et al., 2004; Hadjikhani et al., 2007). Connectivity within neural structures

in the parieto-occipital tracts is thought to have an effect on multisensory integration.
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Connectivity within the temporal region, such as the fusiform-amygdala and fusiform-
hippocampus, was thought to impact socio-emotional processing and involved
auditory processing, visual memory, social skills and inattention (Carré et al., 2015;
Chang et al., 2014) as seen in Figure 2-3. The distinct connectivity and activation in
the above mentioned brain areas of autistic children are involved in processing of
social stimulus. The impact of this different connectivity and activation on observed

behaviours are discussed in detail as follows (Hoyson, Jamieson, & Strain, 1984).
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Figure 2-3. Brain areas that participate in social processing (Billeke & Aboitiz, 2013)
In Figure 2-3, EBA is extrastriate body area (parts of body), FFA fusiform face area (faces), AMY amygdala, Al anterior insulate,

ACC subgenual and perigenual anterior cingulate cortex, OFC orbitofrontal cortex, VS ventral striatum (biological motions), HTH

hypothalamus, dIPFC dorsolateral prefrontal cortex, mPFC medial prefrontal cortex, vPMC ventral premotor cortex, STS superior

temporal sulcus, PCC posterior cingulate cortex, and PC precuneous.
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The brain areas depicted in Figure 2-3 illustrate the regions with different

activation patterns and connectivity as explained earlier and coincide with social
behaviours unique to children with autism, as discussed henceforth. Behavioural
studies such as by Kim et al. (2015) have indicated that children with autism display
atypical social motivation and reduced sensitivity to reward within social situations.
In these studies, children with autism were also more involved in self-play and were
less motivated to interact with others (Corbett et al., 2014). A study investigating
social motivation reported that, while children with autism did not automatically
choose pictures with an expression of happier emotions, they also did not move away
from scenarios with negative emotions, indicating that children with autism do not
appear to be motivated by the emotional impact of a situation or of social stimuli
(Kim et al.; 2015). Chen, Bundy, Cordier, Chien, and Einfeld (2015) report that
diminished social motivation is associated with a higher level of social anxiety, and
that social anxiety, in turn, leads to negative emotions (such as fear and anxiety about
social situations), resulting in controlling behaviour, such as resisting change and
rigid routines (Factor, Condy, Farley, & Scarpa, 2016). Children with a higher level of
social anxiety appear to perceive social situations as difficult to face (Chen et al.,
2015) and this leads to further social motivation deficits (Factor, Condy et al, 2016).
While social motivation influenced task performance for most individuals, the
performance of children with autism is not affected by the level of motivation (Geurts,
Luman, & Van Meel, 2008); although autistic children were aware of being different,
which caused them to make fewer attempts at initiating social interactions (Chen et
al., 2015). The absence of social motivation affects the way adolescents with autism

represent themselves to others, with only a marginal increase in social interaction
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when they were offered a reward or incentive (Scheeren, Banerjee, Koot, & Begeer,

2016).

In summary, social interactions are found to depend on the level and intensity of
social motivation and whether or not the individual found the interaction rewarding.
Social interactions are influenced by fear and anxiety, and the feeling of being
“different”. This explained the varied social behaviours of children with autism:
controlling behaviours, shutting out other people, appearing to ignore social

conventions, talking over other people, and so forth.

Neurology for emotional regulation in autism

Emotion is described as a positive or negative response to external stimuli and is
an internal experience that causes behavioural and environmental changes (Ochsner &
Gross, 2005). Emotional regulation is defined as the different strategies employed to
recover from an emotional experience, such as, amplifying, maintaining, altering, and
managing (Gyurak, Gross, & Etkin, 2011; Ochsner & Gross, 2005; Roberts, Clarkson,
Cummings, & Ragsdale, 2017; Tarrega et al., 2014). The neural networks implicated
in emotional regulation are different regions within the prefrontal cortex and
subcortical regions, as well as the amygdala, insula, hypothalamus, hippocampus,
parahippocampal gyrus, fornix, mammillary body, septal nuclei, cingulate gyrus and
the dentate gyrus on both sides of the thalamus (Kilroy et al., 2019; Phillips,
Ladouceur, & Drevets, 2008; Richey et al., 2015). Emotional regulation is initiated by
the prefrontal and dorsolateral cortices, while the ventrolateral prefrontal cortex
signals the significance and need to modulate a response (Kohn et al., 2014). In

autism, dynamic changes are found in the amygdala and prefrontal cortex (Diano et
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al., 2017; Mazefsky et al., 2013), thus indicating a significant influence on the process
of emotional regulation. Other brain areas, such as the insula, are also thought to be
connected to anticipation of negative experiences and the effect of this anticipation on
heightened level of anxiety (Mazefsky et al., 2013). It has been observed that there
was a neutral response to pleasant textural inputs and an extraordinarily strong
response to unpleasant texture inputs in the somato-sensory areas of the brain
including the posterior cingulate cortex and the insula (Kilroy et al., 2019). The socio-
cognitive process of emotional regulation starts with a successful review of the
stressor, resulting in lowered anxiety and an increase in positive emotion. This change
is reflected by activation in the medial and prefrontal cortical regions along with
decreased connectivity between the amygdala and the prefrontal and visual cortices
(Uchida et al., 2015). While most children learn emotional regulation by observing
adults and peers, and socio-cognitive coaching, children with autism and intellectual
disability are known to struggle with recognising emotion in themselves and others,
and to struggle with naming emotions, and these struggles make it difficult for them

to regulate their emotions (Mazefsky et al., 2013; White et al., 2014).

It has been observed that anxiety and fear co-exist and impair emotional
regulation for individuals with autism (Marin & Milad, 2016; White et al., 2014). The
typical behaviours observed are rumination on events, remaining focused on the
stressors, and either emotional arousal or shutting down (Mazefsky, Borue, Day, &
Minshew, 2014). Children with autism experienced more emotional disruptions, less
amusement, and used fewer strategies for emotional regulation compared to their
neuro-typical counter-parts (Samson, Hardan, Lee, Phillips, & Gross, 2015; Samson,

Hardan, Podell, Phillips, & Gross, 2015; Samson et al., 2014; Samson, Wells,
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Phillips, Hardan, & Gross, 2015). It is considered that reduction or lack of emotional
regulation is closely related to all of the core features of autism and social anxiety, as
well as having a strong association with restrictive and repetitive behaviours (Samson
et al., 2014; Swain, Scarpa, White, & Laugeson, 2015). In summary, current research
into neurology of autistic brain connectivity and activation patterns support the earlier
hypotheses made by A. Jean Ayres in her sensory integration theory: difficulties
experienced by autistic children to formulate an adaptive behavioural response are
due to difficulties experienced in sensory registration, sensory modulation and /or

motivation (Kilroy et al., 2019; Lane et al., 2019).

Neurology of intellectual disability in autism

Genomic research into the comorbidity of intellectual disability and autism has
identified some chromosomal mutations caused by deletion and duplication (Berryer
et al., 2013; Mefford , Batshaw , & Hoffman 2012; Srivastava & Schwartz, 2014).
Smith and Matson (2010); Tallantyre and Robertson (2013) identified that individuals
having dual diagnosis of intellectual disability and autism had behaviour problems,
with higher the number of mutations, higher the severity. These genetic studies have
helped scientists to track molecular pathways affecting neural synaptic dysfunctions
in the neural networks of the brains of people with both intellectual disability and
autism (Berryer et al., 2013; Zoghbi & Bear, 2012). Structural differences observed in
the brains of people with dual diagnoses are reduced grey matter density in the
thalamus and increased white matter density in the left superior temporal gyrus
(Spencer et al., 2006). These areas have previously been seen (see Neurology for
auditory processing and for emotional regulation in autism) to be involved in

language processing, auditory processing, and processing of emotions. There is,



EFFECTS OF A SENSORY INTEGRATION INTERVENTION

59
however, a paucity of research into how the structural and functional neurological
networks correlate and connect in the brains of individuals with dual diagnosis of

autism and intellectual disability.

These neurological insights into brain-behaviour relationships of people with
autism and intellectual disability indicate that automatic processing of sensory
information is challenged and that children experienced sensory overload and anxiety
which may lead to behavioural difficulties. The unique neural activation and
connectivity within different brain areas appear to have an effect on motivation by
affecting reward mechanisms and impact cognitive processing, as well as sensory
processing. Ashburner et al. (2008) reported high incidence of differentiated sensory
processing causing hyper- or hypo-reactivity to the sensory nature of stimuli within
the environment, which is one of the diagnostic criteria for autism according to the
DSM-5 (American Psychiatric Association, 2013). As evident from literature
examined, specific neural networks are impacting observable behaviours such as task
engagement, social interaction and emotional behaviours. It would be prudent then, to
examine what interventions may be available to support the children with autism and
intellectual disability to formulate adaptive responses to the sensory stimuli in their

environments such as a classroom environment.

Thus, sensory processing in autism needs to be studied further as it can often have

significant impact on classroom behaviours for students with autism.
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Intervention Strategies

Existing interventions and intervention strategies

Most known interventions have addressed social, communication, and behavioural
challenges faced by children with autism. There are 27 interventions identified as
Evidence-Based Practices (EBPs) (Odom, Collet-Klingenberg, Rogers, & Hatton,
2010; Wong et al., 2015), such as antecedent based intervention and cognitive
behavioural intervention. The National Professional Development Centre on Autism
Spectrum Disorders (NPDC) published a report identifying evidence-based
interventions that had been clearly developed to facilitate replication of desired effect,
had a sufficient number of independent studies to support their efficacy, and had a
large number of participants (Wong et al., 2015). The report acknowledged 30
Comprehensive Training Models (CTMs), such as the TEACCH programme
developed by Schopler, Brehm, Kinsbourne, and Reichler (1971), The Early Start
Denver Model developed by Smith, Rogers, and Dawson (2008), the Young Autism
Programme developed by Lovaas (1987) and the LEAP programme developed by

Hoyson et al. (1984).

The NPDC report also identified 27 focused intervention strategies that targeted
specific learning goals for the individual which might be a behavioural,
developmental or an academic goal, and facilitated replication through a clear
documented process and was conducted over a definite period of time shorter than the
time involved in CTMs. Some of these focused interventions were discrete trial
teaching, pivotal response training, prompting, video-modelling, and so on (Odom et

al., 2010; Wong et al., 2015). EBPs are delivered in a home setting, community
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setting, or clinical setting. Of the 27 EBPs, only Exercise, used increased physical
activity to increase desirable behaviours such as time on task, correct responding, and
decrease in undesirable behaviours, such as aggressive behaviours or self-injury; other
EBPs were systematically instruction-based intervention procedures. Researchers
found that when exercise was used as an antecedent to academic activities, task
engagement and correct responding increased proportionate to the amount of time
spent exercising for students (Nicholson, Kehle, Bray, & Heest, 2011; Oriel, George,
Peckus, & Semon, 2011). Several other studies used swimming, aqua-exercises, horse
riding, and kata techniques (to be found in martial arts) as antecedent procedures and
found similar results (Bahrami, Movahedi, Marandi, & Abedi, 2012; Celiberti, Bobo,
Kelly, Harris, & Handleman, 1997; Gabriels et al., 2012; Kern, Koegel, & Dunlap,
1984). One study compared walking versus jogging as an antecedent intervention
strategy and found positive results for jogging but not for walking (Celiberti et al.,
1997). It may be useful to identify the specific type of sensory feedback offered by
these forms of exercise, since the classic form of sensory integration is based on

proprioceptive, tactile and vestibular feedback (Ayres, 1972).

Many other antecedent and consequence-based EBPs address the challenges of
sensory difficulties by mitigating the sensory stimuli in the environment, such as,
taking regular breaks during a classroom task, withdrawing to a quiet space to avoid
sensory overload caused by classroom noise, and using noise-cancelling headphones
for the same purpose. Similarly, sensory seeking students can be offered sensory
activities at regular intervals to maintain their level of alertness (Wilbarger &
Wilbarger, 2002). Such interventions, while addressing sensory difficulties, are based

on modifying the environment.
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While the EBPs included exercise, the NPDC report excluded sensory diet and
sensory integration as an EBP due to having insufficient evidence to support inclusion
as an EBP. At the same time, sensory integration and sensory-motor programmes are
the only interventions aimed towards directly addressing sensory difficulties
experienced by children with autism by claiming to effect a change in the modulation
or processing within the nervous system (Ayres, 1972, 1976, 1978, 1980; Ayres &
Tickle, 1980). The sensory integration intervention based on Ayres’ principles of
sensory integration (stimulus enriched environment, child-initiated activities and
tailored for the individual play based activities) is a more direct intervention based on
the principle of neuroplasticity compared to other behaviour based or cognition based
EBPs that also focus on bringing about change in the adaptive response, but through
the antecedent and consequence based models (Kilroy et al., 2019; Lane et al., 2019).
Given these facts, it was important to study the effectiveness of interventions that

target sensory processing.

Interventions targeting engagement and challenging behaviours

Traditionally, sensory integration intervention was provided by an occupational
therapist (OT) in a clinical one-on-one setting. This practice followed an established
delivery model of evaluation, goal setting, intervention, and re-evaluation (Fisher &
Jones, 2009), and was based on the principle that task demands and environment
demands combined with “person factors” and “body functions”, produce occupational
outcomes such as motor skills, social interactions, and so forth. The “person factors”
referred to a person’s values, beliefs, habits and roles, and the “body functions”

referred to memory, cognitive and perceptual skills, motor planning, emotional
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regulation, fine motor coordination, speech, joint mobilisation, and pain management

(Fisher & Jones, 2009, p. 249).

Trials of integrating occupational therapy in a school setting produced
improvement in fine motor skills, visual motor skills, hearing, and sound
identification among students with and without disability (Bazyk et al., 2009; Case-
Smith, 2002). These studies also identified the need for a collaborative model of
intervention that included parents and school staff in the goal setting and intervention
process (Bazyk et al., 2009; Case-Smith, 2002; Villeneuve & Shulha, 2012). Parents’
perspectives suggested that there were barriers for parent participation in the
assessment, goal setting, intervention, and re-evaluation process (Tucker & Schwartz,
2013), while teacher perspectives indicated that a lack of clear understanding of roles
and responsibilities, along with insufficient teacher training, interfered with effective
collaboration among the key participants (Koegel, Matos-Freden, Lang, & Koegel,

2012; Villeneuve & Shulha, 2012).

There is therefore a consensus promoting collaborative practice among educators,
families, and intervention specialists such as OTs. Examples of collaborative
programmes are the Partnering For Change (P4C) initiative (Campbell, Missiuna,
Rivard, & Pollock, 2012; Missiuna et al., 2012; Sayers, 2008; Villeneuve & Shulha,
2012) and the Occupational Therapy in Schools (OTiS) programme (Hutton, 2009).
The role of therapists in these models was to help teachers recognise and identify
motor issues with the children, make necessary environmental adjustments, and tailor
instructional strategies that would help individuals or groups of students. Onsite

presence of therapists meant that teachers were supported with flexible strategies for
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incidental issues that cropped up frequently in the classroom (Campbell et al., 2012;

Koegel et al., 2012; Missiuna et al., 2012; Villeneuve & Shulha, 2012).

The PAC model of intervention involved seven community based OTs who were
trained extensively in the model delivery and received ongoing coaching support from
their trainers through the school year. Their role was to assist teachers to identify at-
risk students, help make adaptive changes to the classroom environment and
equipment, help the teachers to develop instructional strategies, and model the
delivery of those strategies to individual, small groups of, or the whole group of
students as was deemed necessary. The emphasis of the model was on therapist
perspectives, and the key outcomes of the model were reported to be a feeling of
increasing confidence by the continued partnership with the therapist community, a
sense of wellbeing through building strong collaborative relationships with the school
staff, and the successful partnerships built between the children, therapists and the

teaching staff (Campbell et al., 2012; Missiuna et al., 2012).

The OTIS programme implementation included the OTs offering a motor
coordination programme alongside teachers and paraprofessionals. The two therapists
were allocated to two schools and visited the schools twice a week over two school
terms. The goals at the participant schools were: increasing student participation and
engagement, and included colouring, cutting, writing, using cutlery for eating, and
physical activities. The therapists also delivered a motor coordination programme
alongside the teachers and paraprofessionals. The programme outcomes recorded
from staff interviews identified an increased level of knowledge, skills and

confidence, and a collaborative sense of team spirit (Hutton, 2009).
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In both the programmes described above, it was observed that, when compared
with the pull-out model (where the therapist worked with the students away from the
classroom), teachers were more likely to continue the programme as a result of their
increased confidence, and a wider student population could receive the therapeutic
intervention. However, it was found that the OTiS programme was at risk of
stagnation after the therapist was withdrawn, along with subsequent loss of interest by
students and teachers. One more example of collaboration between a private service
provider and educators was (OT for Kids) in the UK, which offered teacher training
and continued support with consultation; educators from at least four schools, namely,
Crumpsall Lane Primary School, Trinity High School, St Georges Primary School,
and so forth have participated in the programme. The positive response from the
participating staff and outcomes for children led to development of a resource bank of
occupational therapy for use in primary schools (Hutton, 2009), supporting the
collaborative model of intervention. in the Australian context, the Queensland
Department of Education (2012) has provided guidelines for management and
provision of Speech and Language Therapy services at state level, region level and
local school level to support inclusion for students. Similar programs to support
Speech and Language, Psychology services and Vision and Hearing support exist
within all states, but there are no collaborative models for occupational therapy
services. Since the SDAC reported that 83.7% children with autism and intellectual
disability needed different types of support at school and more than 44.1% students
did not receive all the support they needed (Australian Bureau of Statistics, 2015); this
indicates a need for more collaborative models to provide necessary support for
therapies beyond speech & language, vision and psychological services, such as

occupational therapy, to support students and foster inclusion.
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A study of classroom based interventions for students with autism and other

developmental and intellectual disabilities indicated that teacher training is a systems-
based challenge that has an impact on learning outcomes for students (K. & Dunlap,
2001; Koegel et al., 2012). Recommendations for improving outcomes for students
having issues with engagement, communication, social interactions, and challenging
behaviours were: adequate training in interventions, consistent team work between
educators, therapists and parents, and transferring the interventions across multiple
settings (Boyer & Lee, 2001; Busby, Ingram, Bowron, Oliver, & Lyons, 2012;
Campbell et al., 2012; Koegel et al., 2012; Machalicek, O’Reilly, Beretvas, Sigafoos,
& Lancioni, 2007; Missiuna et al., 2012; Robertson, Chamberlain, & Kasari, 2003;

Robinson, 2017; Villeneuve & Shulha, 2012).

Research into interventions employed in inclusive general education classrooms
indicated that teaching functional communication, self-management, and instructional
strategies such as pre-task sequencing, pivotal response training, and so forth assisted
in increasing task engagement. These interventions also facilitated peer interactions,
peer modelling, increasing social motivation, increasing social initiation, appropriate
social responding, and decreasing interrupting behaviours increased the chances and
success of social interactions (Crosland & Dunlap, 2012; Goodman & Williams,
2007; Koegel et al., 2012; Williams White, Keonig, & Scahill, 2007). The literature
from Brosnan and Healy (2011); Machalicek et al. (2007); Matson and Shoemaker
(2009); Matson et al. (2011); Visser, Berger, Prins, Van Schrojenstein Lantman-De
Valk, and Teunisse (2014) indicated that challenging behaviours had a significant
impact on communication, social interactions, and task engagement for students with

autism, developmental disability, and intellectual disability.
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It has been found that challenging behaviours, especially aggression, were a
common feature in children and adults with autism and intellectual disability
(Brosnan & Healy, 2011; Machalicek et al., 2007; Matson & Shoemaker, 2009;
Matson et al., 2011), and such behaviours continue to be a major barrier to social and
task engagement (Machalicek et al., 2007; Visser et al., 2014). Research indicated that
aggression was most commonly observed as a result of difficulties in shifting
attention between tasks, topics, persons, and places; these difficulties being features of
autism, intellectual disability, and developmental disability (Brosnan & Healy, 2011;
Matson & Jang, 2014; Visser et al., 2014). While there are several medication-based
interventions currently employed to manage challenging behaviours, a comprehensive
review of interventions suggests that a cognitive-behavioural model of intervention
may be more successful in reducing such behaviours (Matson & Jang, 2014; Matson

etal., 2011).

Other interventions employed to manage challenging behaviours have been
antecedent based methods such as social stories, video modelling, cue cards, and
exercise. Outcomes of these studies indicated that any change in behaviours appeared
to depend on the baseline levels of behaviours and varied individually (Machalicek et
al., 2007). Change in classroom-based instructional context, such as using a therapy
ball for students to sit on, customising classroom instruction and making an
instruction schedule, prompting strategies, embedded instruction, and so forth, all had

positive outcomes (Hess, Morrier, Heflin, & lvey, 2008; Machalicek et al., 2007).
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What is sensory integration?

As discussed above, there are varying interpretations of what sensory integration
is and what sensory integration intervention is. In recent years, effort has been made
to clarify the terms ‘sensory integration’ and ‘sensory integration intervention’. As a
result, now, there is the trademarked term Sensory Integration®, that adheres to Ayres’
principles of sensory integration in theory and implementation, which is accompanied
with a Fidelity Measure to ensure fidelity of the intervention (Smith Roley et al.,

2007).

A survey of intervention strategies used across all school levels, preschool to high
school, and across general education, mixed, and special schools, indicated that
intervention using sensory integration is deemed promising and is employed in more
than 90% of instances (Hess et al., 2008; Rogers & Ozonoff, 2005). This popularity
was despite a paucity of rigorous research into sensory integration intervention. There
was, however, a lack of clear understanding of what sensory integration meant
(Bundy & Murray, 2002). It is described as a spiral process of self-actualization that
incorporated inner drive, sensory intake, sensory processing, and adaptive behaviour
in response to sensory intake (Fisher & Murray, 1991), and as an automatic,
integrated experience of mind and body that is mediated by the central nervous
system (Kielhofner & Fisher, 1991). Sensory integration is also defined as a
formulation of behaviour through computation of inputs from multiple senses
(Lawson, 2013), and as a synchronous processing of information within two or more

sensory cortices of the brain (Collignon et al., 2013).
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As has been discussed, sensory processing within individual sensory systems is
challenging for people with autism, who also have difficulties unifying information
from more than one sensory system (Marco et al., 2011a). Multiple studies report
reduced responses from children with autism when presented with auditory and visual
stimuli simultaneously (Courchesne et al., 1985; Courchesne et al., 1989). It has also
been observed that there is an atypical sequence affecting the latency and magnitude
of neural activity when processing information from multiple sensory systems (Russo
et al., 2010). In groups and in crowded social situations, when one has to focus on
auditory messages, it was typical for individuals to rely on visual processing through
lip reading or facial expression to supplement the disturbance in auditory information.
For children with autism however, this augmented multisensory processing is a deficit
(Foxe et al., 2013; larocci, Rombough, Yager, Weeks, & Chua, 2010; Russo et al.,

2010; Stevenson, Segers, Ferber, Barense, & Wallace, 2015).

There are few interventions that specifically address sensory processing
difficulties for children with autism and intellectual disability. The literature viewed
thus far has established a link between sensory processing difficulty and observed
behaviours that may impact classroom engagement and the learning process of
children with autism and intellectual disability; for example, a child struggling to
focus on teacher instruction in a busy classroom, or a child struggling to transition

between consecutive lessons (Ashburner et al., 2014; Ashburner et al., 2008).

There are three sensory-based interventions that exclusively address sensory
processing and arousal difficulties: sensory-motor interventions such as the sensory
diet, the Alert programme®, and sensory integration (SI) (Ayres, 1972, 1989; Kawar,

2002; Wilbarger & Wilbarger, 2002; Williams & Shellenberger, 2002). Of these, the
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Alert programme® depends on a cognitive awareness in conjunction with sensory
strategies to support behaviour and learning, as well as supporting individuals to self-
regulate their levels of sensory arousal; while other programmes such as the
Wilbarger Approach or the Vestibular-Occulomotor Protocol focused on passive
participation in sensory stimulatory activities and protocols (Kawar, 2002; Smith

Roley et al., 2007; Wilbarger & Wilbarger, 2002).

Sl intervention is the only one of these that evaluates an individual’s needbased on
a systematic assessment of multiple sensory systems by qualified OTs to develop a
sequence of activities targeted to improve individual outcomes and to develop skills.
For this reason and for the purpose of this study, the researcher adapted the
intervention based on Ayres’ theory of sensory integration (ASI) intervention for use
in a special school with a moderate sample of children with a dual diagnosis of autism
and intellectual disability (Ayres, 1972, 1976, 1978, 1980). It is important to
acknowledge that the ASI® was not originally intended for implementation in a

classroom atmosphere due to limitations around space and equipment.

Theoretical framework for sensory integration and learning

Sensory integration is defined as an unconscious process of the brain that
organizes information provided by all senses, making any experience meaningful and
allowing us to act or respond appropriately to a situation, purposefully forming an
adaptive response (Ayres, 1972). It is also the basis of self-management and
organisation towards developing functional skills (Humphry, 2002). This process
forms an underlying foundation for academic learning and social behaviour by

enabling attention to task, acquisition of skills, application of knowledge, attainment
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of fluency and automaticity, and an ability to generalize knowledge and skills across
situations, with adaptations being made when necessary (Westwood, 2004). Such
skills, of which sensory integration was foundational, were highlighted as important
components of various theories of learning including: stages of cognitive development
(Piaget, 2013), and operant learning by Skinner, (1937) as cited in (Reese, Howard,
& Reese, 1978), social learning theory by Bandura, (1977, 1986), sociocultural theory
of cognitive development by Vygotsky, (1978), and information processing (schema)
theory by Miller, (1956) all cited in (Vaughn & Bos, 2009). These theories of
learning, and where sensory integration fits within each theory, are discussed in brief

in this section.

In the stages of development outlined by Piaget there were four factors involved
in acquisition of knowledge or learning: maturation of the nervous system, how the
child’s experience of his or her physical environment affects the structure of
intelligence, social transmission (such as language), educational transmission, and
equilibration and self-regulation (Piaget, 1964). Piaget’s theory was based on the
developmental stages of the child as his or her nervous system matured, the effect of
playful and learning experiences of the child, and the information received by the
child to make sense of those experiences at each level of understanding (from basic to
complex levels). Piaget theorised that each level of understanding and knowledge had
to be satisfied completely before the learning went to the next level of understanding,
a process that Piaget termed as “equilibration”. Piaget’s theory was based on the

natural developmental process or “maturation” of the nervous system.

The operant conditioning theory (or operant learning) by Skinner (1937) proposed

that positive or negative reinforcement trained an individual by altering his or her
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behaviour through shaping or modifying that behaviour (Reese et al., 1978). This
theory implied that experiences, positive or negative, altered a child’s behaviour
according to the child’s perception of those experiences. Instruction based on this
theory was supposed to be highly adaptable for the classroom to increase skill
acquisition by students and decrease disruptive behaviours in the classroom.
However, it relied on the child’s behavioural response to the experiences that
determined if the experiences were positive (reinforcers) or negative (deterrents) for
learning to occur (expressed as shaping of behaviour or behaviour modification)
(Reese et al., 1978), and it did not explain all of the cognitive processes involved in
learning. The child’s perception of experiences as reinforcers or deterrents might be
influenced by neurological activation within the brain areas of reward mechanism and

motivation (Mazefsky et al., 2013; Ruff & Fehr, 2014).

The social learning theory proposed that children were able to learn only when
they were focused on a task (attention), were able to internalise information
(retention), were able to reproduce a previously learned skill or knowledge, and were
able to do all of these only when highly motivated (Bandura, 1977). Hence, the
neurological network involved in the social learning theory was the same as those
involved in task engagement, continued attention to task and finding the tasks

engaging (Danzl et al., 2012; Pisha & Coyne, 2001).

The sociocultural theory of learning proposed that a child’s cognitive development
and learning occurred as a result of the child’s social experiences and interactions
with language (Vygotsky, 1980). Vygotsky theorised that the basic mental functions
of a child, such as attention, sensation, perception, and memory, developed to a higher

order when the child interacted in a rich socio-cultural environment. In spite of the



EFFECTS OF A SENSORY INTEGRATION INTERVENTION
73
contrast between Vygotsky’s theory (socio-cultural experiences lead to learning and
development) and Piaget’s theory (development precedes and facilitates learning),
both involved development and maturation of the nervous system, whether as a cause

or effect of learning.

The information processing model, as hypothesized by Miller (1956), was based
on a child creating “schemas” (learning blocks) from any new experience, skill, and
knowledge, and these schemas were based on prior learning (Axelrod, 1973). The
information processing theory involved cognitive processes such as perception,
recognition, imagining, remembering, thinking, judging, reasoning, problem
solving, conceptualizing, and planning (Vaughn & Bos, 2009), with these cognitive
processes occurring within the different cortical areas of the brain. As examined
previously, memory skills, social motivation, self-regulation, decision making and
moral behaviour (Assaf et al., 2013; Axelrod, 1973; Barrasso-Catanzaro & Eslinger,
2016; Bernhardt et al., 2014; Carré et al., 2015; Chen et al., 2015; Goddard et al.,

2016; Greimel et al., 2012; Williams, Goldstein, et al., 2005)

The above-mentioned teaching and learning theories involved the sensory systems
and sensory processing as they include developmental stages and cognitive processes,
such as perception, memory, and so forth. Building on prior learning to acquire new
skills and knowledge, as suggested by the afore-mentioned learning theories is made
possible with sensory integration, when different pieces of information processed in
different brain areas is integrated to make sense (Collignon et al., 2013; Kielhofner &

Fisher, 1991; Lawson, 2013).


https://en.wikipedia.org/wiki/Perception
https://en.wikipedia.org/wiki/Reasoning
https://en.wikipedia.org/wiki/Problem_solving
https://en.wikipedia.org/wiki/Problem_solving
https://en.wikipedia.org/w/index.php?title=Conceptualizing&action=edit&redlink=1
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Sensory integration intervention

Development of sensory integration intervention

Ayres (Ayres, 1972, 1976, 1978, 1980) proposed the Sl theory and tested it at
various times (Ayres, 1972, 1976, 1978, 1980) on children with sensory integration
dysfunction and auditory language problems. Ayres and Tickle (1980) found that
their participants with autism and SPD made significant gains in reading and auditory
language even though these were not the targeted variables of the study. Hyper-
reactive children in this study indicated more gains compared to hypo-reactive
children. This indicated that the ASI® (Smith Roley et al., 2007) had a more direct
impact on sensory modulation than on registration or orientating to the sensory
stimuli. This study proposed a hypothesis that vestibular and tactile input influenced
other sensory systems such as the auditory system which improved vocabulary and
reading. Ayres’ testing was based on the principle of changing a child’s sensory
systems by using an intervention programme consisting of two stages. Prior to 1980s,
A. Jean Ayres used the Southern California Sensory Integration Tests (SCSIT) to
assess the children and identify any sensory processing disorder; in late 1980s the
Sensory Integration and Praxis Tests were developed for assessment of sensory
processing difficulty (Ayres, 1989; Mailloux, 1990) so that intervention could be

developed keeping in mind the child’s individual needs.

The first stage is a clinical assessment of the child, using the Sensory Integration
and Praxis Tests (SIPT) to determine whether Sl intervention would be appropriate
for the child (Ayres, 1989). The SIPT consists of a battery of tests conducted for

children between four years to eight years and eleven months of age, over a period of
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two hours. The SIPT scores identified the underlying difficulties in a child’s sensory
systems that impacted the child’s learning behaviours in terms of seventeen domains:
space visualization, figure-ground perception, standing/walking balance, design
copying, postural praxis, bilateral motor coordination, praxis on verbal command,
constructional praxis, postrotary nystagmus, motor accuracy, sequencing praxis, oral
praxis, manual form perception, kinesthesia, finger identification, graphesthesia, and
localization of tactile stimuli. Each domain could be tested separately over ten
minutes if the child was not able to stay focused on task for the necessary two hours
to administer the entire battery of tests. The child’s performance scores in each of
these domains were then compared against the national norms derived from testing

over two thousand age-matched children.

The second stage of the process would be the intervention which involved the
therapist planning a series of personalised intervention activities aimed at addressing a
child’s specific sensory difficulties within any or all of the seventeen domains (Ayres,
1989; Mailloux, 1990). The planned activities ensured that the child would receive
plenty of proprioceptive, tactile, and vestibular feedback while working through the
increasingly complex planning to complete the activity (Ayres, 1989; Bundy &

Murray, 2002).

There are other sensory integration-based interventions, such as brushing and
sensory diets (Wilbarger & Wilbarger, 2002) and the Alert program® for self-
regulation (Powell, 2013; Williams & Shellenberger, 2002). However, they do not
target all elements of Sl intervention identified by the Fidelity Measure for Ayres’ SI®
(Parham et al., 2011). Sl intervention and sensorimotor intervention (Miller,

Wilbarger, & Stackhouse, 2002/2007) were both based on gross-motor activities,
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although they are distinct from one another. The sensorimotor intervention was
therapist directed, involved groups of children and was highly structured in nature,
whereas Sl intervention was self-directed (by the child) and kept flexible to suit
individual needs by a therapist (Anzalone & Murray, 2002). The difference between
the two was that a SI intervention uniquely used suspension equipment and graded
multisensory input as antecedents, targeting the vestibular, proprioceptive, and tactile
sensory systems through activities. The presence of all the ten elements of the Fidelity
Measure (Parham et al., 2011) distinguishes Sl intervention from sensorimotor

intervention.

Theoretical framework for sensory integration intervention

Earlier in this chapter neurophysiological differences regarding the structure,
connectivity, and activation patterns of the autistic brain were discussed. It is useful to
look at some bottom-up intervention that is aimed at improving the process of sensory
integration in order to improve learning outcomes, such as outlined by afore-

mentioned theories of learning for students with autism.

Given the importance of sensory integration as a foundation for critical skills
emphasized throughout theories of learning, in addition to its role as a valid predictor
of learning outcomes (Parham, 2002), it is imperative that educators have a basic
understanding of sensory integration theory itself, before implementing a sensory
integration programme (SI intervention). The sensory integration (SI) theory is
defined as “the neurological process of organizing sensory input so that the brain

produces a useful body response and useful perceptions, emotions and thoughts”
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(Ayres, 1980, p. 28). This theory is based on three assumptions (Bundy & Murray,

2002):

1. Learning is dependent on information received by the senses from the
environment and this information is used to form an adaptive response.

2. Individuals with dysfunctional ability in processing sensation also have
difficulty in producing appropriate responses.

3. Increased sensation through meaningful activities improves the ability to

process sensation, thus leading to better adaptive behaviour.

The assumptions of Sl theory have informed the development of sensory
integration programmes used throughout clinics internationally for children with a
variety of special education needs (Ayres, 1972; Ayres & Tickle, 1980; Parham,
2002). Meaningful activities referred to in Sl theory are translated into practice by
focusing on the vestibular, proprioceptive, and tactile sensory systems. These
activities can include rolling, jumping, bouncing, and swinging with the help of
suspension equipment (Koomar & Bundy, 1991). It is important that the activities are
meaningful to the child and are self-directed. It is also vital that the activities are
success oriented, yet present a “just-right challenge” (Koomar & Bundy, 1991), which
is described as one that supports a child to strive and reach a goal, but is not so
difficult that the child becomes frustrated and gives up. This challenge can be
maintained by being vigilant of the child’s response to signs of stress and by
modifying the activity in frequency, duration, intensity, and complexity (Koomar &
Bundy, 1991). A Sl intervention should ideally be administered for 30-40 minutes,
three to four times a week over a period of six months to one year (two if required)

(Koomar & Bundy, 1991).
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Fidelity of sensory integration intervention

The wide interpretation of the term “sensory integration” highlighted a need to
develop guidelines to maintain fidelity of a SI programme, and so a fidelity tool was

developed to address inconsistencies in sensory integration intervention.

The Ayres Sensory Integration® Fidelity Measure (Parham et al., 2007; Parham et
al., 2011) defined Sl intervention and operationalised the intervention for the
practitioner of Sl intervention. Prior to this, the STEP-SI model (Miller et al.,
2002/2007), based on sensory input, task requirements, environment modification,
predictability of routines, self-monitoring, and supportive interactions, helped to
individualize Sl intervention programmes. At the commencement of this present
study, the Fidelity Measure and the training for it was not available to the researcher,
hence the researcher used the available literature about the Fidelity Measure and
developed a checklist (Parham et al., 2007; Parham et al., 2011) to implement a Sl
intervention programme. For consistency of understanding, the intervention or
treatment in the present study will be referred to as a sensory integration programme

(SI intervention).

Meta-analyses for sensory integration intervention

Ayres’ hypothesis was that a sensory integration intervention brings about a
change in a child’s central nervous system, thereby influencing his or her sensory
processing (Ayres, 1979). This hypothesis may be supported by the principle of
neuroplasticity in recent research (Mottron, Belleville, Rouleau, & Collignon, 2014;
Moucha & Kilgard, 2006). The study of sensory integration intervention has not yet

extended into classroom-based research or into neurological investigation. The last
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four decades have widely examined the effects of Sl intervention in clinical settings,
and for children with a wide range of developmental conditions, with varying

outcomes, as described below.

Recent meta-analysis of research on Sl intervention (Leong et al., 2015) examined
the effect on 1434 individuals, of both genders, aged between 0 and 18 years, by
reviewing 30 comparison group studies on sensory integration intervention for people
with intellectual disability, learning disability, autism, and other disabilities. The
analysis on sensory integration intervention, which is termed “sensory integration
therapy” in the study, revealed a significant but small effect of the intervention when
compared to no treatment. However it found a non-significant result when compared
to other interventions. This study concluded that intervention by sensory integration
therapy (Leong et al., 2015) should not be recommended outside a research context,
even though it has been widely implemented in clinical contexts. The authors of this
meta-analysis had several reservations: questioning the fidelity of the treatment, lack
of documentation to support replication of the treatment programme, poor quality of
research methodology used, diverse and multiple outcome variables, and the wide

range of disabilities in the inclusion criteria being addressed by the treatment.

Leong et al. (2015) concluded that intervention using sensory integration therapy
required further evaluation within research contexts and suggested that researchers
pay particular attention to fidelity, have accurate and clear documentation to enable
replication, use a rigorous research methodology, have specific and defined outcome
variables, and narrowly focus on disability type per research design. These cautionary
measures were reiterated by other researchers (Case-Smith & Arbesman, 2008;

Harvey, 2013). Case-Smith and Arbesman (2008) noted that Sl intervention enhanced
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the children’s ability to modulate their behaviour, participate in play, reduce
sensitivity, and participate in social interactions. The study also suggested positive
outcomes were based on certain characteristics shared by Sl intervention and other
intervention approaches: creating a stimulating environment that also promoted social
interactions, setting up a just-right challenge, providing positive social reinforcement,
and allowing the child extra time to formulate their response. However, the study also

reported a small sample size and a lack of control groups in the studies.

Another systematic review investigated five studies involving Sl therapy and 14
studies involving sensory-based intervention between 2000 and 2012 for children with
autism and coexisting sensory difficulties (Case-Smith et al., 2014). Of these, two
randomised controlled trials had a low- to moderate-positive effect (Cohen’s d,
between 0.72-1.62) for Sl intervention. When the Sl intervention was based in a clinic
with an environment enriched with sensory feedback and child-initiated activities,
improvement was observed in individualised parent determined goals using Goal
Attainment Scales (Mailloux et al., 2007). The non-randomised studies investigating
effects of Sl therapy found reduced problem behaviours one hour after S therapy (p =
0.02) compared to one hour after behavioural intervention. The same studies also
found significantly decreased problem behaviours from week 1 to week 4 (p = 0.04).
The investigation of the 14 studies involving sensory-based intervention found that
the use of single items in classroom-based strategies (such as wearing a weighted
vest; sitting on a therapy ball; various forms of vestibular stimulation by bouncing or
swinging; and a sensory diet of brushing, swinging and jumping) on the child’s levels

of arousal did not provide consistent positive results as a result of intervention. Hence,
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Case-Smith et al. (2014) recommended further investigation into the efficacy of Sl

intervention by using randomised control trials.

Other reviews (e.g.Barton, Reichow, Schnitz, Smith, & Sherlock, 2015; Lang et
al., 2012; May-Benson & Koomar, 2010) studied the effect of Sl intervention on
children with issues of sensory processing and sensory modulation, with or without
some form of learning disability, but they did not specifically study the effect of SI
intervention on children with ASD. These reviews reported gains in sensorimotor
skills, motor planning, socialisation, attention, and regulatory behaviours when

exposed to Sl intervention.

Barton et al. (2015) reviewed 30 studies with a total of 856 participants for the
effect of sensory-based interventions, such as swinging, deep pressure, therapy balls,
sensory diet, brushing protocol (Wilbarger & Wilbarger, 2002), chewy tubes,
specialised seating, and so on. Some of the studies in Barton’s review (2015)
explained in great detail how the materials were used, whereas others had little detail.
The studies varied in the duration of intervention sessions from 4 to 240 minutes, the
frequency of sessions varied from 5 to 20 sessions when reported, and the reported
length of the entire intervention period varied from ten days to twelve months. A
well-documented protocol, to ensure fidelity of intervention, was employed in only 11
studies. Half of the investigated studies used a group design and the other half
employed a single case design. The group design studies exposed a high risk of
performance bias (100%) and lack of fidelity (73%), while the single case studies
exposed a high degree of performance bias due to lack of fidelity (100%). Overall, the
review by Barton et al. (2015) reported a paucity of consistent positive outcomes in

the reviewed studies and exposed a lack of rigor and consistency in the research
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designs and methods of intervention. The review recommended using effective
neurological measures to establish a causal relationship between sensory-based

intervention and outcomes.

Lang et al. (2012) systematically reviewed twenty-five studies that investigated
efficacy of intervention with Sl therapy for children with diagnoses of autism,
Asperger’s syndrome, or Pervasive Development Disorder, Not Otherwise Specified
(PDD-NOS). The studies investigated the effect of intervention on various target
behaviours, such as self-stimulation and stereotypical behaviours (six studies),
language and communication skills (four studies), and social skills and emotional
behaviours (four studies). They investigated additional behaviours such as task
engagement, focus, sharing joint-attention with a partner, problem behaviours, and so
forth. Intervention techniques reviewed included using a weighted vest, brushing,
joint compression and stretching, swinging and rocking. In occupational therapy, a
weighted vest is used to apply pressure and calm children who need added
proprieoceptive feedback or are prone to anxiety and stress. There is a general
guideline of limiting the added weight to 5% of the child’s body weight and wearing
it for not more than one hour at a time (Dunn, 1997). The review reported fourteen
studies with no efficacy of intervention with this version of Sl therapy, eight studies
with mixed results, and only three with positive outcomes. Even these three studies
demonstrated a low level of certainty due to the inconsistent design issues. Overall,
the review did not find consistent positive outcomes from a sensory integration

intervention.

May-Benson and Koomar (2010) reviewed twenty-seven studies that investigated

effects of a sensory integration intervention on children with learning disabilities,
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autism, motor delays, sensory modulation disorders, developmental coordination
disorders, and neurological disorders. Intervention sessions varied in frequency from
one to five per week and the duration varied from one week to twelve months. The
total intervention time varied from 5 to 72 hours. When compared to children who
had no intervention, this evidence-based review indicated positive outcomes in
sensorimotor skills, motor planning, socialisation, attention, regulation of behaviour,
and reading skills. When a sensory integration intervention was compared with
alternative interventions, such as perceptual-motor based activities, the review found
that positive outcomes were more sustainable for sensory integration intervention.
The review recommended more quantitative and qualitative studies to investigate the

efficacy of sensory integration intervention.

Meta-analysis by Vargas and Camilli (1999) included twenty-seven studies from
1972-1997, including eight studies reviewed earlier by Ottenbacher (1982), and
compared the effect of sensory integration intervention to those of no treatment and of
alternate treatment. In reviewing earlier studies (1972-1982), Vargas and Camilli
(1999) found positive gains in sensorimotor skills and motor planning, socialization,
attention and behaviour regulation, reading skills, participation in active play, and
achievement of individual goals; replicating findings from Ottenbacher (1982). They
found that gains made in gross motor skills, self-esteem, and reading were sustained
from three months to two years. In the review of later studies (1983-1997), in studies
with positive effect, larger effect sizes were observed in psycho-educational measures
(such as language skills, memory, eye-hand coordination, attention, planning ability,
and academic skills, such as reading, writing, spelling and mathematics) and motor

measures (movement, strength, planning, agility, and so forth).
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A more recent investigation into the efficacy of Ayres’ SI® (ASI) intervention has
produced additional evidence (Schaaf, Dumont, Arbesman, & May-Benson, 2018;
Schoen et al., 2019). Schaaf and colleagues (Schaaf et al., 2018) examined five
studies between 2007 and 2015 that used ASI® intervention for children with autism.
Two of the studies included used the manualised protocol outlined by the ASI Fidelity
Measure (ASIFM) (Parham et al., 2007; Parham et al., 2011), while the remaining
three followed the principles of ASI® as closely as possible. The results of this
systematic review provided strong evidence for improving individual goals around
functioning and participation using Goal Attainment Scaling (Mailloux et al., 2007),
moderate evidence for improvement in autistic behaviours and reduced assistance by
care-givers. There was limited evidence of changes in language development, social
skills and play (Schaaf et al., 2018). Schoen et al. (2019) scanned studies between
2006 — 2015 and identified three studies that met the CEC standards for evidence-
based practices in special education (CEC, 2014). Schoen et al. (2019) confirmed the
following elements: the context and setting met the ASI® fidelity measure;
participants with autism and ID who also had sensory processing difficulties; sensory
integration trained implementation personnel; clearly operationalised intervention
procedure; applied fidelity elements or used the fidelity measure (Parham et al.,
2011); the studies maintained internal validity by applying experimenter control over
the independent variable which was ASI®; clearly defined outcome measures were
used; appropriate data analysis techniques to ensure change and use of calculated
effect sizes (i.e. partial n?). The review concluded that ASI® intervention may be
considered as an evidence-based intervention for children with autism who

experienced difficulties with sensory processing and/or sensory modulation (Schoen
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et al., 2019).The above discussion highlights similarities and differences between the
various studies reviewed. The discussion also indicates inconsistencies around a wide
variety of selection criteria employed in the studies, such as interpretation of what
sensory integration means, the age of participants, disability criteria for inclusion, and
inconsistency of rigor among the research designs. For example, reviews by Case-
Smith and Arbesman (2008) and Lang et al. (2012) included studies where therapists
employed sensory integration principles (being based on gross motor activities) but
did not adhere to the principles in the use of suspension equipment or by providing
activities with vestibular, proprioceptive, and tactile feedback. These inconsistencies

throw significant doubt on conclusions drawn about Sl intervention.

Systematic review of research on sensory integration intervention

Meta-analyses of literature as illustrated above, on sensory integration
intervention revealed a tendency to examine the same twenty to thirty studies and to
raise concerns of methodological issues. There has been effort to address the
perceived lack of rigorous study and to introduce a fidelity protocol for the sensory
integration intervention (Noddings, 2012; Parham et al., 2011; Ragonese, 2008).

Studies that reflect such efforts are the basis for this research.

Summary of research on outcomes of sensory integration intervention

Twenty three studies targeting the efficacy of sensory integration interventions
have been identified as relevant to this research, as they involved participants
diagnosed with autism displaying high sensory needs. Miller et al. (2007) is included,

despite participants having diagnoses other than autism, because all had a common
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diagnosis of sensory modulation disorder (SMD). Table 2-1 summarizes the papers

studied.
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Table 2-1. Summary of sensory integration intervention literature for children with autism

Author Year Participants Method Type of intervention Findings
n= (age) (Setting)
Diagnoses
Ayres & Tickle 1980 10 (3-13 years) Initial evaluation Touch, vestibular stimulation ~ Therapeutic procedures more effective on hyper-
Autism followed by individual (clinical setting) reactive children (p < 0.05)
subject changes
Riley, et al. 1983 18 (6-12 years) Single subject Swinging on a bolster swing Fine motor table top activities elicited more variety
Autism Comparison of two and bouncing of speech (p = 0.05), longer sentences (p = 0.01)
treatments (setting not mentioned) and less autistic speech (p = 0.04)
Larrington 1987 1 (15 years) Case study Vibration, weighted vest/lap Increased calmness, improved posture, and so
Autism & ID robe, scooter board, forth. Decreased self-harm
trampoline
(home setting)
Ray, et al. 1988 1 (9years) Pre-, post-stimulation Vestibular stimulation, Increased vocalizations during stimulation, acquired
Autism & DD and during stimulation  platform swing with bouncer 13 new words during 4 weeks of treatment
period attachment
(therapy room)
McClure & 1991 1 (13 years) Case report Arm splints, vestibular Decreased self-stimulation and self-injurious
Holtz-Yotz Autism & ID stimulation, warm baths behaviour, increased ability to interact with others
(clinical setting)
Zisserman 1992 1 (8years) Case report Deep pressure with gloves Decreased self-stimulation with garment/gloves on,
Autism, seizures, and pressure garment finding did not transfer into classroom after
DD (classroom setting) garment/glove was taken off
Linderman & 1998 2 (3 years) Single subject AB Sensory integration-based Significant improvement in social interactions (SD =
Stewart PDD design occupational therapy 0.31)(SD = 0.35), approaching new activities (SD =
(clinical setting) 0.71), response to holding, hugging and movement
(SD =0.35) (SD =0.52)
Case-Smith & 1999 5 (4-5 years) Single subject AB Sensory integration Decrease in non-engaged behaviour (4 students; p
Bryan Autism design intervention activities based =0.011, p =0.036, p = 0.024, p = 0.036), increase

on Ayres’ principles
(preschool setting)

in goal-directed play (3 students; p = 0.025, p =
0.0.11, p = 0.003), no effect on interaction with




EFFECTS OF A SENSORY INTEGRATION INTERVENTION

88

Fertel-Daly et
al.

Smith,et al.

Miller, et al.

Schaaf &
Nightlinger

Watling &
Dietz

Schoener, et
al.

Reichow, et al.

Devlin, et al.

Bonggat &
Hall

Pfeiffer, et al.

2001

2005

2007

2007

2007

2008

2009

2009

2010

2011

5 (2-4 years)
PDD

7 (8-19 years)
PDD & ID

24 (6-7 years)
SMD

1 (4 years)
SPD

4 (3-5 years)
Autism

1 (18 years)
Autism & SLD

3 (4-5 years)
Autism & DD

1 (10 years)
Autism

3 (4-5 years)

Autism (2) & DD

1)

37 (5-12 years)

Single subject ABA
design

Single subject ABAB
design

Alternating treatment
design

Case study

Single subject ABAB
design

Case report

Alternating treatment
design

Alternating treatment
design

Alternating treatment
design

Comparison study

Weighted vests
(preschool setting)

Sensory integration
intervention vs control
intervention
(residential setting)

OT sensory integration
intervention, control
treatment, no treatment
(clinical setting)

OT sensory integration
intervention
(therapy setting)

Ayres’ sensory integration
intervention and play scenario
(clinical setting)

Sensory integration
intervention
(treatment room at school)

Use of weighted vests
(school setting)

Sensory integration
intervention and behaviour
therapy

(school setting)

Sensory integration
intervention-based activities
and attention control
(preschool setting)

Sensory integration
intervention activities and fine

adults or peers

Increased attention to task, decreased self-
stimulating behaviour, decreased distracting
behaviour as found by comparing phase means

Self-stimulating behaviours reduced 11% (p = 0.02)
more after sensory integration activities compared
to control activities

Significant gains on GAS, Attention subtest and
Cognitive/Social composite of the Leiter Scale-
Revised (p = 0.03) compared to no treatment, (p =
0.07) compared to other treatment

Notable improvements on GAS, increased
participation at home, school and family activities

No substantially different effect on undesired
behaviours and engagement

Reported and observed increased motor skills

Null findings

Results from behaviour intervention were more on
self-injurious behaviour than sensory intervention

No difference in estimated percentages of time on
task in either treatment

More significant changes on GAS for Sl group
compared to fine motor group (control) (p<0.05
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Autism motor activities parent-reported, p<0.01 teacher-reported),
(therapeutic activity significant decrease in autistic behaviours in Sl
programme) group (p<0.05)
Devlin, et al. 2011 4 (6-11 years) Alternating treatment Sensory integration treatment  Decreased challenging behaviours in behaviour
Autism design and behaviour intervention intervention phase compared to Sl phase
(classroom setting)
Schaaf, et al. 2014 32 (4-8 years) Randomised control OT sensory integration OT SI group scored significantly higher on GAS (p =
Autism trial design intervention treatment 0.003), improved outcomes for self-care (p = 0.008)
(clinical setting) and socialization (p = 0.04)
Mills & 2016 1 (8 years) Critical case study Sensory Activity Schedule Challenging behaviour incidents reduced (83 to 14)
Chapparo Autism, mild ID based on Sensory Diet
(classroom setting)
Mills, et al. 2016 4 (5-8 years) AB single system Sensory Activity Schedule Significant total PRPP task analysis scores for 3 out
Autism, ID research design based on Sensory Diet of 4 students (p = 0.038, 0.004, 0.002)
Mills & 2017 7 (5-8 years) AB single system Sensory Activity Schedule Significant total PRPP task analysis scores for 2
Chapparo Autism, ID research design based on Sensory Diet out of 7 students (p = 0.012, 0.001), clinically
significant scores for 3 students (p = 0.074, 0.340,
0.570)

Note: GAS — Goal attainment scales. Perceive, Recall, Plan, Perform (PRPP) task analysis (Chapparo & Ranka, 2006). Also refer to
the Glossary.
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Twelve of the twenty three studies in Table 2-1 used Sl therapy developed by
Ayres, and all reported some positive outcomes (Ayres & Tickle, 1980; Bonggat &
Hall, 2010; Case-Smith & Bryan, 1999; Linderman & Stewart, 1999; Miller, Coll, &
Schoen, 2007; Pfeiffer, Koenig, Kinnealey, Sheppard, & Henderson, 2011; Reilly,
Nelson, & Bundy, 1983; Schaaf et al., 2014; Schaaf & Nightlinger, 2007; Shoener,
Kinnealey, & Koenig, 2008; Smith, Press, Koenig, & Kinnealey, 2005; Watling &
Dietz, 2007). Other studies (Fertel-Daly, Bedell, & Hinojosa, 2001; Larrington, 1987;
McClure & Holtz-Yotz, 1991; Reichow, Barton, Sewell, Good, & Wolery, 2009;
Reilly et al., 1983; Zissermann, 1992) had some elements of Sl intervention, such as
using proprioceptive and vestibular elements, and all reported positive outcomes
similar to the twelve studies mentioned earlier (for example, Ayres & Tickle, 1980).
The remaining two studies compared effects of Sl intervention and other interventions
on self-injurious and challenging behaviours of children with autism , but found
positive effects from other interventions compared to Sl intervention (Devlin et al.,
2011; Devlin et al., 2009). The latest three studies (Mills & Chapparo, 2016, 2017;
Mills, Chapparo, & Hinitt, 2016) employed a classroom based sensory activity

schedule and found positive outcomes on the task analysis scores for the participants.

Limited empirical evidence is available regarding the effect of Sl intervention for
children with autism in a classroom setting, and even less on differences in
implementation by OTs, teachers supported by OTs, and by teachers alone. Hence it is
necessary to understand the supporting and controversial evidence of effects of Sl
intervention on the classroom behaviours of children with autism in order to increase
the quality and time of engagement with curriculum tasks. It must be remembered that

effects of Sl intervention may not be uniform across all participants, as children with
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autism have a considerable degree of variability in their behaviours and skills. It is
also vital to note that ASI® was not originally intended as a classroom based
intervention, though the changes in sensory processing and/or sensory modulation

have an impact on classroom behaviours and learning outcomes.

Research supporting sensory integration intervention

Several studies reported increased desirable behaviours, particularly goal
attainment, engagement, increased social behaviour (interactions and improved
tolerance to touch by parents), and increased emotional regulation following Sl
intervention (Case-Smith & Bryan, 1999; Larrington, 1987; Linderman & Stewart,
1999; McClure & Holtz-Yotz, 1991; Mills & Chapparo, 2016, 2017; Mills et al.,
2016; Pfeiffer et al., 2011; Ray, King, & Grandin, 1988; Reilly et al., 1983; Schaaf &
Nightlinger, 2007). Several others reported decrease of undesirable behaviours
(Fertel-Daly et al., 2001; Larrington, 1987; Linderman & Stewart, 1999; McClure &

Holtz-Yotz, 1991; Shoener et al., 2008; Smith et al., 2005; Zissermann, 1992).

Goal attainment and engagement. Studies of Sl intervention noted increased
goal directed behaviour, decreased disengaged behaviour, improvement in goal-
attainment scaling scores where the goals were: sensory processing or sensory
regulation, functional fine-motor skills and social-emotional skills; and decreased
frequency and duration of disruptive behaviour was also noted (Case-Smith & Bryan,
1999; Fertel-Daly et al., 2001; Pfeiffer et al., 2011; Schaaf & Nightlinger, 2007).
Case-Smith and Bryan (1999) administered an AB design with sensory integration-
based activities to a group of five children aged 4 to 5 years, and reported benefits

including decreased disengaged behaviours in four participants and increased goal-
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directed behaviour in three participants. Fertel-Daly et al. (2001) investigated the
effects of weighted vests on five 2- to 4-year-old children in a single case ABA design
and found increased engaged behaviour, with an improved focus on task and a
reduction in the number of distractions. Pfeiffer et al. (2011) randomly assigned 37 6
to 12-year-old children to a fine motor and sensory integration intervention group and
administered pre- and post-test measures, and found significant improvement using
Goal Attainment Scales (Mailloux et al., 2007) and increased ability to perform either
fully or partially on a standardised neurological screening test (Mailloux et al., 2007).
Schaaf and Nightlinger (2007) conducted a case study of an 8-year-old child using
OT-led sensory integration treatment and reported a notable improvement on Goal
Attainment Scales (Mailloux et al., 2007). Increased praxis and motor skills have been
reported as a result of exposure to sensory integration intervention (Shoener et al.,
2008). A more recent randomised controlled trial reported a significant improvement

in goal attainment scales after 30 sessions of Sl intervention (Schaaf et al., 2014).

Social behaviour. Several studies reported an improvement in social behaviours
of their participants following sensory integration intervention (Fertel-Daly et al.,
2001; Linderman & Stewart, 1999; Pfeiffer et al., 2011; Ray et al., 1988; Reilly et al.,
1983; Schaaf & Nightlinger, 2007; Zissermann, 1992). Linderman and Stewart (1999)
examined the effects of sensory integration-based occupational therapy for two 3-
year-old boys with a diagnosis of Pervasive Developmental Disorder. This single
subject study involved a two-week baseline phase followed by an eleven-week
intervention at home. The participants showed significant improvement in social
interaction, response to movement, hugging, and approaching new activities.

However, the participants in this study had concurrent interventions, such as vitamins,
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speech therapy, and had started preschool, making it difficult to attribute the gains to

the sensory integration intervention alone.

Other studies reported a decrease in distracting behaviours (Fertel-Daly et al.,
2001), “decreased autistic mannerisms “ (Pfeiffer et al., 2011, p. 8), and parent-
reported improved behaviour with increased ability to participate in activities at
school and home (Schaaf & Nightlinger, 2007). Two other studies examined the
effects of vestibular stimulation with swings and bouncing for an 18-year-old male
(Reilly et al., 1983) and a 5-year-old male (Ray et al., 1988), and found increased

amount and variety of vocalisation during and after the intervention.

Emotional regulation. Several studies reported on an improvement in emotional
regulation after the exposure to sensory integration intervention (Fertel-Daly et al.,
2001; Larrington, 1987; McClure & Holtz-Yotz, 1991; Smith et al., 2005;
Zissermann, 1992). Larrington (1987) and McClure and Holtz-Yotz (1991) reported
case studies of a 15-year-old and a 13-year-old respectively, with both participants
receiving vestibular and proprioceptive stimulation, and reporting decreased self-
injurious behaviours and increased calmness and interaction with others. All of the
above-mentioned studies reported a decrease in self-stimulation and self-injurious
behaviour. Shoener et al. (2008) examined the effects of sensory integration
intervention on an 18-year-old male and reported a general increase in happiness and
wellbeing for the participant. Similar findings were repeated in a study by Smith et al.
(2005) along with greater body awareness, and improved muscle tone and self-esteem

in seven boys with ages 8 to 18 years.
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Research not supporting sensory integration intervention

To increase engagement with table-top activities in an inclusive classroom,
Reichow et al. (2009) used weighted vests for three 4- to 5-year-old children using an
alternating treatments design and, unlike Fertel-Daly et al. (2001) , found that this use
was not effective. Bonggat and Hall (2010) found no difference in the percentage of
time on task when they administered weighted vests to three 4-year-old children in an
alternating treatment design. Watling and Dietz (2007) used Sl therapy and play
scenarios for four three-year-old participants in a single case ABAB design and, in
contrast to other reports, reported inconclusive effects of therapy on undesirable
behaviours. Other studies (Devlin et al., 2011; Devlin et al., 2009) found behavioural

intervention more effective than Sl intervention or found inconclusive results.

Such contradictory evidence seems to arise from studies that used a variety of
interpretations of sensory integration intervention, had small sample sizes, used
clinical settings (as opposed to natural environments), and had inconsistent design
rigour. This suggests further investigation into the efficacy of sensory integration
intervention for improving learning outcomes in terms of task engagement, social

interaction and emotional behaviour is required (Leong et al., 2015).

Research design limitations

Design of the studies in Table 2-1 needed to include a design method, an ability to
compare treatments, children with autism, fidelity (by focussing on the principles of
sensory integration), reliability, and measurement of effects. Design method is
important in study design. Recent reviews of intervention by sensory integration

therapy (Case-Smith et al., 2014; Lang et al., 2012; Leong et al., 2015) and the NPDC
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report (Wong et al., 2015) have also talked about the design related issues involving
lack of fidelity and rigour. Thus, research design of individual studies needed to be
investigated. In the twenty studies analysed (Table 2-1), five employed case studies,
two ABAB , two AB,, one ABA, and four alternating treatment designs; and two
randomised controlled trials, two comparison studies, and two pre- and post-test
design studies. As an AB design lacks the opportunity for replication or withdrawal, it
is not considered an experimental design, rather a pre-experimental design. ABA and
ABAB designs are types of withdrawal designs, although with limitations: (a)
treatment effect may continue even after treatment is withdrawn (despite stopping the
measurement of effects), (b) it may not be desirable for the target behaviour to return
to baseline (for example, in cases of self-injury, aggression, and so forth), and (c)
withdrawal of effective intervention may prove unethical in the case of dangerous
behaviours (Richards, Taylor, & Ramasamy, 2013b). Therefore, ABA and ABAB are

often not the design of choice under such circumstances.

When considering design method, the studies in Table 2-1 can be roughly divided
into two parts: earlier studies, prior to the year 2000, and later studies, after 2001. As
can be seen in Table 2-1, studies prior to the year 2000 employed a variety of research
designs suited to the purpose of piloting new ideas for intervention; of the eight
studies, three were based on case studies and two on pre-experimental AB designs.
These studies created the basis for further research, as recommended for single case
experimental designs (SCED) (Beeson & Robey, 2006). Applying the
recommendations, the SCEDs should ensure rigor in the research designs, to ascertain
if the positive outcomes from sensory integration intervention could be replicated for

a larger cohort of participants with autism within a heterogeneous classroom
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environment (Kratochwill et al., 2010). From 2001, studies in Table 2-1 included one
ABA design, two ABAB designs, four alternating treatment designs, one comparison
study, two randomised controlled trials, and two case studies. The replication effect is
most clearly observed in the ABAB design (Smith et al., 2005; Watling & Dietz,
2007) that demonstrates the effects of intervention with the first withdrawal of
intervention and the second instalment of intervention, while it is observed only once
in the ABA design (Fertel-Daly et al., 2001), making the ABAB design a more
desirable design. While the replication effect helped to strengthen the research
studies, dependent variables such as self-stimulating behaviours, self-injury or
emotional regulation being under investigation, bring ethical issues about effect of
withdrawing the treatment on reoccurrence of those injurious behaviours into the

forefront (Richards, Taylor, & Ramasamy, 2013a).

The ability to compare effects of treatments is important. The studies selected for
this literature review compared effect of intervention between two treatments, for
example, by Miller et al. (2007) and Pfeiffer et al. (2011); the alternating treatment
designs employed by Reichow et al. (2009), Devlin and Leader (2009), Devlin and
Healy (2011); while Bonggat and Hall (2010) randomly assigned groups of
participants to each treatment. The advantage of these designs was their ability to
compare the effect of one treatment with another, while their disadvantages were the
possibility of a “sequencing effect” (where the benefits of the first treatment are
ascribed to the second) and the possibility of undesirable behaviours (such as self-
injury, aggression to others, property destruction etc.) returning after changing from

the useful treatment (Richards et al., 20133, p. 171).
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It is important to this research that participants with autism are studied. Fifteen of

these studies from this literature review (Table 2-1) investigated effects of the sensory
integration intervention on participants with autism. Some of these participants had
other co-existing disabilities, such as speech and language delay, seizures, and
intellectual disability. Five of these fifteen studies examined the effects on
participants with autism and intellectual disability or with autism and developmental
delay. One study was included because the participants had severe sensory

modulation disorder which caused behaviours similar to those with SPD.

In studies of sensory integration intervention it is important to maintain fidelity by
following Ayres’ sensory integration principles (proprioceptive, vestibular, and tactile
feedback with the use of suspension equipment). Of the twenty three studies (Table 2-
1), five studies used Ayres’ sensory integration principles (Case-Smith & Bryan,
1999; Linderman & Stewart, 1999; Miller, Coll, et al., 2007; Pfeiffer et al., 2011,
Watling & Dietz, 2007), five studies employed a variation (such as using a weighted
vest, arm splints, pressure gloves, and so forth) (Fertel-Daly et al., 2001; Larrington,
1987; McClure & Holtz-Yotz, 1991; Reichow et al., 2009; Zissermann, 1992), and the
remaining ten studies utilised a different interpretation of the principles (Ayres &
Tickle, 1980; Bonggat & Hall, 2010; Devlin et al., 2011; Devlin et al., 2009; Ray et
al., 1988; Reilly et al., 1983; Schaaf et al., 2014; Schaaf & Nightlinger, 2007; Shoener
et al., 2008; Smith et al., 2005). In some studies, the interventions did not consistently
maintain fidelity because interventions were delivered by OTs who had not undergone
specific training in ASI ( (Schaaf & Nightlinger, 2005; Watling & Dietz, 2007; Devlin
et al. 2009, 2011; Shoener et al., 2008; Bonggat & Hall, 2010). These studies did not

adhere to all the structural elements regarding training of intervention agents, pre-
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assessment procedures for participant children, physical environment and Sl
intervention process elements (Parham et al., 2011). Only three studies (Miller et al.,
2007; Pfeiffer et al., 2011; Schaaf et al., 2014) employed a documented protocol for
sensory integration intervention based on Ayres’ principles, while there was no
mention of a prescribed protocol in the studies that employed the sensory integration
intervention. Since the development of the ASI® Fidelity Measure (Parham et al.,
2011) and subsequent training of OTs in ASI® principles, future reviews of ASI®

literature will become stringent in selection of studies to be reviewed.

Reliability is a key element of study design. The “later” studies in Table 2-1 (after
the year 2000) employed a variety of reliability measures to strengthen their studies.
These measures were blinding on the person responsible for data collection and
analysing the data (Pfeiffer et al., 2011; Shoener et al., 2008; Watling & Dietz, 2007),
inter-observer agreement (Bonggat & Hall, 2010; Case-Smith & Bryan, 1999; Devlin
etal., 2011; Devlin et al., 2009), inter-observer reliability (Linderman & Stewart,
1999), and (in one case) multiple persons reviewing the video-taped data (Miller,
Coll, et al., 2007). Such reliability measures were absent in the “earlier” (before the

year 2000) studies.

In any study it is important to be able to observe and measure the effects that were
the object of the study. The studies in Table 2-1 included measures such as PRPP task
analysis (Chapparo & Ranka, 2006), Goal Attainment Scales (Mailloux et al., 2007),
functional behaviour outcome measures such as the Paediatric Evaluation of
Disability Inventory and the Vineland Adaptive Behaviour Scales were examined
along with biometric measures, such as salivary cortisol and electro-dermal skin

response. More of these standardised measurements were observed among the “later”
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studies (after the year 2000) in Table 2-1 than “earlier” studies (before 2000). These
“later” studies also demonstrated various methods of analysing the data, using
calculated statistical significance and effect size, rather than a reliance on visual

analysis of the “earlier” studies.

Summary

Literature discussed in this chapter indicated a link between distinct neurological
underpinnings and unusual sensory responses, anxiety, and restricted and repetitive
behaviours of children with autism. A review of EBPs and other intervention
literature indicated limited research on interventions directly targeting sensory
structures. Literature examining the effects of sensory integration intervention
demonstrated a need for well-constructed research addressing the inconsistencies
highlighted in that literature. Any future study of sensory integration intervention
should employ a strong research design allowing for replication of effect, have more
than one reliability measures, maintain fidelity to the intervention protocol, and use

statistical measures, such as significance and effect size, to support its findings.

This thesis used a combination of two well-structured experimental designs,
involved a large number of students within a consistent age range and diagnosis, using
well-defined dependent variables. The design allowed for multiple opportunities to
demonstrate replication of effect. In addition, inter-observer agreement and social

validation were incorporated.

Fidelity of the sensory integration intervention was ensured by using a checklist
based on the Fidelity Measure (Parham et al., 2011), which employed a multiple

baseline research design that allowed several opportunities for replication, along with
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administering the Sensory Processing Measure, a standardized measure (Miller

Kuhaneck, Henry, & Glennon, 2007).

Well-defined target behaviours were used as dependent variables and inter-
observer agreement (IOA) and social validation were applied to decrease the chance
of observer and researcher bias and determine the validity of outcomes according to

stakeholders

This study targeted 5- to 6-year old children in their first year of schooling, who
had little or no prior exposure to occupational therapy, unlike most of the earlier

studies that covered a range of ages, from pre-schoolers to adolescents.

In keeping with the aim of seeking useful interventions to improve classroom
behaviours of students with autism and intellectual disability, the study was mainly
set with daily sessions in the classroom and a weekly session in a school gym. Many

of the earlier studies, 12 out of 20, were in a clinical setting.

Thus, this study met most of the recommendations for single subject research
(Kratochwill et al., 2010; Logan, Hickman, Harris, & Heriza, 2008), as well as
recommendations for research into effectiveness of sensory integration intervention
(Leong et al., 2015). Chapter 3 details the method and design of the present study
incorporating the above recommendations for rigorous single-case experimental

design.
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Chapter 3

Method

Introduction

This chapter consists of the following sections: overview of the method,
participants, ethical approvals, dependant variables, instruments, single case multiple
baseline design, repeated measures design, data collection, data analysis, and

summary.

Research design

The present study used a combination of two quantitative methods to investigate

the Sl intervention:

@ Single-case, experimental, multiple-baseline design to investigate individual
changes in task engagement, student initiated social interactions, and emotional
behaviours, in terms of their frequency and cumulative duration during routine days at

school.

(b) Repeated measures pre-intervention (T0O), post-observation of intervention
(T1), and maintenance (T2) design to evaluate changes in sensory processing
subsystems and overall sensory processing capacity at a group level, as perceived by

the class teachers.

An experimental design was considered the preferred selection, with the multiple-

baseline design chosen to provide adequate replication effect with its staggered
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introduction of the sensory integration intervention at different points over the period

of treatment (Kratochwill et al., 2010).

The central research method used in this study is a single-case experimental
design (SCED). A multiple baseline approach was used, and involved direct
observations of target behaviours: task engagement, student initiated social
interactions, and emotional behaviours of participants. It was supplemented by the

repeated measures design that is discussed later in this chapter.

Single case experimental designs (SCED) are used regularly for research in the
field of special education (Horner et al., 2002; Kennedy, 2004, 2005), especially when
the experimentation aims to modify behaviour and study the effect of intervention
(Gabler, Duan, Vohra, & Kravitz, 2011; Shadish, 2014; Shadish & Sullivan, 2011).
SCEDs are typically used for participant groups that are inherently diverse from each
other and effects of any intervention are better studied by using the participants as
their own control (Gabler et al., 2011; Kennedy, 2005; Shadish & Sullivan, 2011).
The key requirements of a SCED are stability of performance without much
variability at baseline followed by ongoing assessments during intervention to track

any changes without the need to institute a trend line (Kazdin, 2016).

Designing the single case multiple baseline design

This study used a multiple baseline (phase A) and intervention (phase B) design
for 6 participants in 2012, 6 participants in 2013 and 11 participants in 2014. The
study examined the effect of a Sl intervention on four dependent variables (task
engagement, student-initiated social interactions, frequency and cumulative duration

of emotional behaviours). This design is commonly recommended when there is more
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than one target behaviour under investigation within the same individual and subject
to the same intervention (Tawney & Gast, 1985), or when there are multiple
participants with similar target behaviours participating in the same intervention
(Kratochwill et al., 2010; Richards et al., 2013b). The design enables a researcher to
predict variability of change in target behaviours based on underlying theoretical
principles (Neuman & McCormick, 1995). Multiple baseline SCED designs also
provide an opportunity for replication and verification of the predicted change in
response to intervention (Richards et al., 2013b). Multiple baseline designs typically
involve multiple baselines across behaviours, settings, or, as observed in this study,
multiple participants (Kratochwill et al., 2010; Richards et al., 2013b). Multiple
baseline SCEDs are effective when the effects of intervention are not reversible
(Creswell, 2008; Kazdin, 2016; Kennedy, 2005; Kratochwill et al., 2010; Richards et

al., 2013b).

This study conducted five or more baseline observations to establish baseline
performance stability, and at least twenty observations during the intervention phase
as recommended with a staggered implementation of intervention across participants
for each year (Kazdin, 2016; Richards et al., 2013b). The baseline phase and
introduction to the Sl intervention were staggered across participants in each year
cohort. A minimum of five data points was collected during the baseline phase.
During the intervention phase a maximum of 20 data points for each participant was
recorded. After the intervention was implemented for the first participant,
observations were recorded simultaneously with baseline data collected for the
remaining participants. This staggered implementation of intervention was

implemented across all participants for the three years. These data were collected for
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three days every week throughout the study, during baseline as well as the
intervention phase. In 2012, the staggered implementation of the multiple baselines
was somewhat different, as the implementation was between two groups of three
students instead of staggered between individual students. The decision of
implementing of Sl intervention for two groups of three students each was based on
student need identified from observations and sensory subscale scores. One group of
three children went through the baseline conditions first and then transitioned into the
Sl intervention. Once stability in the behaviours was evident after participation in the
Sl intervention in the first group, intervention was implemented for the next group of
remaining three students. Despite this, data were collected and analysed individually
instead of by group. The staggered intervention was fully implemented for individual

participating students for 2013 and 2014.

Direct observations were conducted at the same time every day to rule out any
systemic differences in parts of the school day influencing participant behaviour, such
as change in the level of alertness or interest. An example of staggered intervention is
profiled in Figure 3-1 which shows intervention being implemented in a staggered
manner for four communities (Hawkins, Sanson-Fisher, Shakeshaft, D’Este, & Green,

2007).
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Figure 1. Hypothetical example of a multiple baseline design used to assess behavior change following an intervention in four

communities.

Figure 3-1. Example of a staggered Multiple Baseline SCED (Hawkins et al.,
2007)

This multiple baseline SCED examined the effects of the Sl intervention on the

dependent variables through direct observations of the participants.

Repeated measures design

Traditionally, an experimental research design recommends measurement of
dependent variables multiple times during the course of the experimental process
(Creswell, 2002, 2008). A repeated measures design across pre-intervention (T0),
post-observation (T1), and maintenance (T2) phases of the study was employed to
evaluate changes in sensory subsystems and overall sensory processing ability by

yearly cohort (2012, 2013, 2014) as the students participated in the intervention.

The repeated measures design was considered a supplementary research method in
this study due to the nature of evaluating children with autism as a group, as children

with autism are not homogenous in the presentation of their differences. This design
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involved examining changes in sensory subsystems and overall sensory processing
using the Sensory Processing Measure (SPM) (Miller Kuhaneck et al., 2007) at
baseline observations (T0), the conclusion of the intervention-phase (T1), and at 6-12
months after intervention conclusion, also known as the maintenance phase (T2), for
participants within each of the three years of this study (2012, 2013, and 2014). The
(SPM) (Miller Kuhaneck et al., 2007) was used to collect information regarding
perceived changes in sensory processing at subsystem level (social participation,
vision, hearing, touch, body awareness, balance and motion, planning and ideas) and
at an overall sensory processing level (total sensory systems). The Sl intervention was
conducted in 2012 and 2013 by classroom teachers under close supervision by OTSs,
and in 2014 by student OTs under close supervision of OTs in 2014 when direct
observations were conducted during the SCED intervention phase. Once twenty
observations of intervention were completed for each participant, close monitoring
was reduced by ceasing direct observation of the participant and relaxing of staff
intervention as the participant continued to engage in activities. As mentioned earlier,
staff continued to offer activity visuals to the students at the beginning of each

session, monitor for safety, and provide occasional assistance as needed.

Traditionally, such type of intervention has been administered by an OT in a
clinical setting. Most prior studies have also been conducted in a clinical setting (see
literature review in Chapter 2). This study differed in the manner where the
intervention was implemented in a classroom as antecedent to curriculum tasks, to
translate the OT knowledge into classroom practice. The Sl intervention varied each
year in terms of the background and expertise of who implemented it, as described in

“Adult Participants” earlier in this chapter.
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Participants

The overall number of participants (n = 23) for this study was larger than those
reported in previous studies (Chapter 2). However, the within-year and between-year
numbers were considered small sample sizes for analyses using tools such as one-way

and repeated measures Analysis of Variance (ANOVA) (Bonett, 2002).

There were two groups of participants in this study: students (children with dual
diagnoses) and adults comprising of staff members, parents, and occupational therapy

professionals.

Student participants

The primary participants were twenty three 4- to 6-year old children, each with a
diagnosis of autism and intellectual disability, in their foundation year (first year of

formal schooling in Australia) attending a special school in South Australia.

The study took place across three years, with six children participating in 2012,
six in 2013, and eleven in 2014. None of the children were repeated across the three
years when the study was carried out. The inclusion criteria were a diagnosis of
autism characterized by reduced communication ability (absence of functional speech
and/or non-verbal communication), high sensory needs, minimal task engagement,
and poor social interaction, with additional frequent emotional crises (two to three per
day), including challenging behaviours. Information on the children was obtained
mainly from their pre-entry assessments, which are routinely assembled to decide
placement options (special school, special class, or mainstream class) and are
conducted by an educational psychologist following referral by parents and preschool

staff. All participants had an additional co-occurring intellectual disability confirmed
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by an educational psychologist. Table 3-1 provides information about the participants

for each year of the study.

Table 3-1. Participant details (students)

Year Students Gender Age (years and months)
(n)
M F Minimum Maximum Mean

2012 6 6 - 4 years 10 5 years 3 months 5 years 1 month
months

2013 6 6 - 5years 1 5 years 8 months 5 years 4.5 months
month

2014 11 8 3 4 years 11 6 years 0 months 5 years 4 months
months

As evident in Table 3-1, there were more males (n = 20) compared to females (n =
3) participating in this study. This proportion is roughly in line with the general
population, where the male-to-female ratio is reported as between 2:1 and 5:1 (Lai,
Lombardo, Auyeung, Chakrabarti, & Baron-Cohen, 2015). The age range of

participants was 4.10 years to 5.1 years, with an average age of 5.3 years.

Adult participants

The secondary participant group in this study consisted of staff members at the

school and parents as depicted in table 3-2.

Table 3-2. Participant details (adults)

Year SPM Direct IOA Fidelity Social
observations checklist validation
2012 Teacher (1) Teacher (1) TA (1) Expert OT (1) Parent (1)
completed
retrospectively
2013 Teachers Teachers (2), Researcher Expert OT (1) Parents (2)
(2) TA (1) completed
retrospectively
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2014 Teachers Teachers (3) Researcher Expert OTs (2) Parents (4)
3 TAs (7)

Note: TA — teacher assistant.
Number in brackets indicate the number of adult participant as described

Staff. Staff included six teachers, seven teaching assistants, two occupational
therapists (OT) who were experienced in Sl intervention, and four OT students, who
were completing a practicum requirement of the fourth (final) year of study. They
were involved in administering the Sensory Processing Measure Main Classroom
Form (Miller Kuhaneck et al., 2007) as described below. In 2012, one teacher
collected the main data and one teaching assistant collected concurrent data for inter-
observer reliability. In 2013, two teachers and one teaching assistant collected the
main data, with the researcher providing inter-observer reliability. In 2014, three
different teachers and seven teaching assistants collected the main data across three
separate classrooms, with the researcher collecting data simultaneously for inter-

observer reliability.

The researcher and participating teachers underwent some basic training in
occupational therapy and Sl intervention techniques in 2011 and 2012. One OT
provided expert consultation with the class teachers in 2012, and consulted with
teachers once a fortnight about participant behaviours and sensory subscales that
scored as “some problems” and “definite dysfunction” on the Sensory Processing
Measure (Miller Kuhaneck et al., 2007) at baseline. Intervention activities were
guided by the OT’s suggestion and implemented by a class teacher. The researcher
worked with class teachers and their teaching assistants to describe and score the
target behaviours until more than 80% agreement scores were reached and data

collection could begin.
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In 2013, the consulting OT was able to conduct fortnightly visits and to observe
participating students in their classrooms. At baseline, the researcher and class teacher
discussed each participant’s classroom difficulties and any sensory subscales scores in
the “some problems” and “definite dysfunction” categories of the SPM. The SI
intervention was implemented by the class teacher and teaching assistants based on

these discussions and on OT’s observation-based recommendations.

In 2014, there were three participating classrooms with three class teachers and
their teaching assistants. The teachers administered the Sensory Processing Measure
(Miller Kuhaneck et al., 2007) and collected the main data. The researcher collected
data concurrently for inter-observer reliability. There were two OTs who guided and
supervised the Sl intervention, which was implemented by the fourth year OT
students, who also conducted pre-intervention assessments with the participating
students. Intervention activities for individual students were planned by the OT
students based on the sensory subscale scores of the child and the findings from the
baseline assessments. Individual goals were determined by the OT students and the
class teachers that would help the child in the classroom for task engagement and

manage their emotional behaviours.

It is important to note that the participant cohort of children with autism and 1D
changed each year and none of the children were repeated during, as the study
targeted the implementation to the children in their beginning year of schooling for

2012, 2013 and 2014.
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Parents. The other adult participants in the study were randomly selected seven
parents, one in 2012, two in 2013 and four in 2014, who viewed the videotapes of

their child and completed a social validation questionnaire.

Researcher. The researcher was a teacher employed at the special school, and had
conducted a pilot study at the same school in 2011. Hence, the researcher could train

other staff for their part in data collection.

Ethical approvals

As a part of regular school practice, the staff collected baseline data on all first-
year students with autism and intellectual disability and subject to the Sl intervention
in 2012 and 2013. The researcher obtained the data retrospectively for analysing the
effects of intervention on six students from 2012 and six students from 2013 after
receiving ethical approval from the education organisations, permission from the
school leadership and informed consent from the parents of the students in the study
to obtain (Appendix I, letter of consent for retrospective data). Ethical approval,
permission from school leadership, and informed consent from parents were obtained
for the collection and analysis of data for all participants in 2014 (Appendix F, letter
of consent for Principal of school; Appendix G, letter of consent by parents for social
validation and Appendix H, letter of consent by parent to collect data from student
participants). Permission to conduct research at a school was also sought from the
South Australian Department for Education (Appendix J) and the Flinders University,

Social and Behavioural Research Ethics Committee (Appendix K).
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Dependent variables

In the multiple-baseline SCED of this study, the primary target behaviours — the
dependent variables — were identified as periods of task engagement, frequency of
student-initiated social interactions, and frequency and duration of emotional
behaviours. Dependent variables for the repeated measures design of this study were
the Sensory Processing Measure Classroom subscales scores: balance and motion,
body awareness, hearing, planning and ideas, social participation, touch, vision, and
the total of all subscales scores (Miller Kuhaneck et al., 2007). The SPM Main
Classroom form also collects information about the senses of Taste and Smell,
however, these two items were not found to provide valid scores. Data were collected

at baseline (T0), post observation (T1), and at maintenance (T2).

Dependent variables for the multiple baseline SCED design

This study aimed to examine the changes during and after exposure to the Sl
intervention in the following target behaviours for students with autism and

intellectual disability.

Task engagement. Task engagement was characterized by behaviours such as
attending to an instructor (by looking at or orientating towards the instructor),
listening or responding to instruction, looking at a task, touching or handling

materials, interacting with the teacher, and working at the task to its completion.

Student-initiated social interaction. Student-initiated social interaction was
defined as social behaviours that were initiated by the student, such as looking at a
person with intention, approaching another person, touching a person intentionally,

holding or tugging someone’s hand, and vocalizing or using words directed towards
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another individual. These behaviours were observed during the absence of sustained

social interaction, which are characterized by conversation and shared activities.

Emotional behaviour. Emotional behaviour in this study related to behaviours
experienced and exhibited by students, and identified by expression of emotional
distress, such as crying, loud or repetitive vocalisations, agitated movements (pacing,
hand flapping, rocking, and so forth), self-injurious behaviour, dropping to the
ground, and aggressive acts (kicking, head-butting, biting, scratching, spitting, and so

forth) towards staff, other students, or property.

Dependent variables for the repeated measures design

Dependent variables for repeated measures design of this study were: balance and
motion, body awareness, hearing, planning and ideas, social participation, taste,

touch, vision, and the total of all subscales scores (Miller Kuhaneck et al., 2007).

Balance and Motion scale (BAL). This referred to the vestibular sensory system,
which enabled an individual to stay upright against gravity, holding one’s balance and
orientation. In a child, a high score on this scale indicated either excessive vestibular
input or poor postural control, along with over- or under-responsivity, and the child
would have difficulty in maintaining balance and with physical movements. This
could cause the child to experience muscular weakness and tiredness, to make their
movements clumsy and awkward, and to display a fear of having their feet off the
ground. All of these issues would undermine the child’s ability to physically

participate in school activities and thereby affect their social and emotional wellbeing.

Body Awareness scale (BOD). This referred to the proprioceptive sensory system.

High scores in the items for this scale indicated atypical sensory seeking behaviour
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and difficulty in processing proprioceptive information. A child with a high score
would experience difficulty in judging and controlling the force, direction, and speed
of their movement, be rough with objects and people, and would likely seek intense
stimulation to joints and muscles. These issues would impact participation in activities

that required coordinated movements.

Hearing scale (HEA). This indicated difficulties in auditory processing and over-
or under-responsiveness, and can cause sensory-seeking or sensory-avoiding
behaviour. Children with high scores on this scale would likely display some of the
following: covering their ears, making noise to drown out external sound stimulus,
and avoiding noisy areas. Such children would find it difficult to orient on a sound,
filter out background noise to focus on instruction, and make sense of a verbal

instruction.

Planning and Ideas scale (PLA). This scale referred to praxis, which incorporates
ideation (conceptualizing, planning, and organizing of movements) and motor
planning (planning and executing motor actions). A child with high scores on this
scale would have impacted performance in activities that need flexible thinking and
planning, and could manifest as controlling behaviours and rigid, repetitive, and

manipulative actions.

Social participation scale (SOC). The social participation scales measured the
child’s ability to get along with his or her peers and participate in the classroom
activities appropriately. This ability includes comprehending and expressing verbal
and non-verbal communication, being flexible in social situations and conflict

resolution. Higher scores in this scale indicated the child’s difficulties to function
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across one or more settings. A child with high scores in this scale would experience

difficulty with peer and adult interactions or to transition between lessons.

Taste and Smell items. Taste and smell scores addressed the issue of over- and
under-responsiveness, seeking and avoiding behaviours, and perception using these
senses. Taste and smell were not recorded as separate scales, but were instead used to

calculate the total score.

Touch scale (TOU). A child with high score on the items in this scale would have
difficulty in processing tactile information. This would be expressed as avoidance of
physical contact or nearness to people; the child may not orient to a touch, or be able
to process the intensity and duration of a touch. Such a child would indicate tactile
defensiveness resulting in avoidance or on the other hand, be seen to seek tactile
feedback, by prolonged engagement with sensory stimuli (for example, deep pressure

or heavy touch) that others may find painful.

Vision scale (VIS). The items in the vision scale represented difficulties
experienced by the child in visual processing, either over-responsiveness or under-
responsiveness to visual stimulation, atypical sensory seeking of visual stimulation,
and difficulty with visual perception and ocular-motor function. High scores on this
scale indicated dysfunction, either moderate or high. A child with high scores would
be distracted and confused in a visually rich environment and would display a
difficulty in visually demanding activities, such as reading and attending to

information on or copying from a board in a classroom.

Total Sensory Systems scale (TOT). This scale combined scores from the balance

and motion, body awareness, hearing, , touch, and vision scales along with taste &
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smell items. A high score on the total scale indicated “some problems” or “definite
dysfunction” (Sensory Processing Measure) in one or more sensory sub-systems and
pointed to over- or under-responsiveness and seeking or avoiding behaviours, which,

in turn, signify a general sensory processing dysfunction.

Instruments and data collection

The study used the following instruments: direct observation record, a social
validation questionnaire, Sensory Processing Measure (Miller Kuhaneck et al., 2007),
which is a standardised instrument, and Fidelity checklist, based on the Fidelity

Measure (Parham et al., 2011). These instruments are discussed in this section.

Direct observation record

The researcher developed a record sheet that was trialled during a pilot in 2011
and refined to the requirements for this study (see Appendix A). This sheet recorded
the target behaviours using three methods of data collection, (a) whole interval
recording, (b) frequency and (c) duration. Task engagement was measured using
whole intervenal recording of thirty second periods of task engagement over ten
minutes. Frequency of student-initiated social interactions over ten minutes of yard
play were measured, and frequency and duration of emotional behaviours over a
routine school day were measured using the observation record sheet (Appendix A).
These observations were recorded for three days of a school week for 6-7 weeks, i.e.

20 intervention points.

Data collection methods to measure changes in each of these variables are

outlined in Table 3-3. The “retrospective data” mentioned in Tables 3-3 and 3-4 for
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years 2012 and 2013 refer to the data collected by the school as a routine practice and
obtained for purpose of this study with ethical permissions from the educational

organisations and parents of the participating students.

Table 3-3. Data Collection for multiple baseline SCED

Year Sample Minimum data ~ Minimum data Maintenance
points points
(style of intervention) (n=) Baseline Intervention
2012 (n=6) 5 20 None
Retrospective data (3 weeks or (7-8 weeks of
more) intervention)
2013 (n=6) 5 20 None
Retrospective data (3 weeks or (7-8 weeks of
more) intervention)
2014 (n=11) 5 20 None
(3 weeks or (7-8 weeks of
more) intervention)

The Excel Package of Randomisation Tests (EXPRT v.2.1) was used to analyse
data from direct classroom observations (Levin, Evmenova, & Gafurov, 2014). This
software was not available to the researcher at the commencement of data collection
for this study, therefore intervention start points for successive students was done
purposefully for the year 2012 based on student need, and subsequently by random
selection decided by participating teachers for the years 2013 and 2014. Ideally, The
ExXPRT (v.2.1) would have randomised intervention start points for the students, if the

researcher had knowledge or access to it at the commencement of the study.

One of the requirements of EXPRT (v.2.1) for the multiple baseline (MB) design
was that there should be a staggered implementation of intervention for all
participants (Kratochwill & Levin, 2014). This study complied with staggered

intervention between individual participants in 2013 and 2014; however, the
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intervention was managed differently for the six participants in 2012. Due to some
intensity of behaviours, the class teacher and the consulting OT felt there was a need
to plan the intervention for this cohort in such a way that three of the students
received intervention after six predetermined baseline sessions. There was an ethical
responsibility to deliver intervention as required to the students made evident by the
high incidence of challenging behaviours. However, it was also a limitation for the
staggered intervention start points of the multiple baseline design. Stability of target
behaviours was observed in all cases before commencing intervention. The other three
students began intervention following ten baseline observations as per the intended
research design. Though the intervention was delivered to participants in two groups,

the observations were recorded and analysed individually for each student.

Data were collected for 30 second periods when the student was engaged with a
table task during 10 minutes of task engagement. Students were observed and marked
every time they initiated any form of social interaction such as speaking, vocalising,
looking at, touching or reaching out to another child or adult during 10 minutes of
yard play. The observations for the duration of emotional behaviours were collected
by making note of the time when the behaviours started and when they stabilised to
the level before the start of the behaviours. The emotional behaviours for each
participant were described through careful observation of the start-escalation-
stabilisation cycle and by comparing notes with all the staff working with the

participants (Kazdin, 1982a).
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Sensory processing measure

The group design used in this study required an appropriate standardised measure
to identify the target sensory subscales that are necessary for adaptive behaviours
(Brown, 2008; Brown & Dunn, 2010; Brown, Morrison, & Stagnitti, 2010). A
norm-referenced questionnaire, Sensory Processing Measure (SPM), complemented
direct observations by enabling teachers and occupational therapists to tailor the types
and intensity of Sl intervention activities for each child individually, and to identify
changes in sensory scores from pre- to post-observation. The SPM Main Classroom
Form (Miller Kuhaneck, 2007) was selected for use in this study to provide norm-
referenced scores for the following sensory areas: balance and motion, body
awareness, hearing, planning and ideas, social participation, touch, vision, and total

sensory systems (see Appendix C, the SPM Main Classroom Form).

While being relatively new as a diagnostic tool, the SPM has been used in other
studies where the SPM variables have proven to be strong indicators of autism and of
severity of symptoms, especially in the home environment compared to school
(Fernandez-Andrés, Pastor-Cerezuela, Sanz-Cervera, & Tarraga-Minguez, 2015;

Sanz-Cervera et al., 2015).

Internal consistency estimates for the SPM ranged from 0.75 to 0.95 (median =
0.86), and test-retest reliability estimates ranged from 0.95 to 0.98 (median = 0.97)
(Miller Kuhaneck et al., 2007). The normative sample used for standardisation of the
SPM consisted of 1051 children aged between 5-12 years, living in the United States,
and had no identified developmental disabilities. The scores in each sensory domain

were compared for change at baseline before the intervention (T0), after the direct
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observations concluded (T1) and at maintenance (T2). The maintenance scores
provided information on the changes in sensory subscales at 12-months (for 2012
participants) and 6-months (for 2013 and 2014 participants). Data collection for
maintenance scores was done after 12 months for the participant group in 2012 due to
administrative challenges experienced during scheduling of other activities and staff
availability. Scores obtained for social participation were similar to the direct
observations on social initiation, while scores for planning and ideas, vision, and

hearing may have a link with the direct observations for task engagement.

The SPM Main Classroom Form (Miller Kuhaneck et al., 2007) was administered
by the class teachers at three times: baseline (T0), post-observation (T1) which was at
the end of twenty intervention data points, and maintenance (T2) which was twelve
months after intervention in 2012 and six months after in 2013 and 2014. As for
collection of SCED data, the retrospective data for 2012 and 2013 was initially

collected as routine school practice.

Table 3-4. Data collection for repeated measures design

Year Sample Baseline Intervention Maintenance
(style of intervention) (n=) Method (when) Method (when) Method (when)
2012 n=6 SPM SPM SPM
Retrospective data (At Week 0) (After 20 data points) (After 12 months)
2013 n=6 SPM SPM SPM
Retrospective data (At Week 0) (After 20 data points) (After 6 months)
2014 n=11 SPM SPM SPM

(At Week 0)

(After 20 data points)

(After 6 months)
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Inter-observer agreement (reliability)

Studies that rely heavily on data obtained through human observations are subject
to human error and bias. To minimize this subjectivity and to ensure reliability in the
data, inter-observer agreement (IOA) was introduced (Kazdin, 1982a). IOA helps to
obtain consistency of observation and also to decide whether the target behaviours or

dependent variables are clearly defined (Kazdin, 1982a).

In this study, inter-observer agreement involved another observer (the researcher)
recording observations simultaneously with the primary observer (the class teacher),
using the same instruments. These instruments are described in their relevant sub-
sections. Reliability of the observations was achieved by first discussing the defined
behaviours to be observed for task engagement, social interaction, and emotional
behaviours and second by practising as a team to consistently observe the same

behaviours.

In this study, inter-observer agreement involved another observer (the researcher)
recording observations simultaneously with the primary observer (the class teacher)
for 2013 and 2014. On a fixed day each week (2013 and 2014), the researcher went to
each participant classrooms and carried out independent observations simultaneously
with the class teacher, using a separate data-recording sheet to collect data on task
engagement and social interactions. However, in 2012, one teacher collected the main

data and one teaching assistant collected concurrent data for inter-observer reliability.

It should be noted that simultaneous observation could not be conducted for

frequency and duration of emotional behaviours. This is because of the need to record
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these observations as they occurred throughout the school day, and provision of an

independent observer could not be made for an entire school day each week.

Inter-observer agreement observations were conducted for 20% of baseline and
intervention sessions for each participant, in agreement with the recommended
acceptable standards in SCED research (Kazdin, 1982c; Kennedy, 2004; Kratochwill
et al., 2010). Both observers marked their respective observation data sheets when
each noted occurrence of the target behaviour. Simultaneous non-observance of
behaviour was not counted to avoid inflating the agreement ratio according to
research recommendation (Kazdin, 1982c). The number of IOA observations to be
conducted (20%) was calculated for each participant depending on when they started
intervention, such that students who underwent intervention earlier in the study had

fewer IOA observations.

A point-by-point method was used to calculate the agreement ratio for periods of
task engagement and student-initiated social interactions because they were discreet

behaviours (Kazdin, 1982c). The agreement ratio used the following formula:
- i -4
Point-by-point agreement = IR 100
Where, A = agreements for the observed behaviour

D = disagreements for the observed behaviour

The 10A thus provided a measure of reliability for the present study. There were

further fidelity and validity measures implemented as discussed later in this chapter.



EFFECTS OF A SENSORY INTEGRATION INTERVENTION

123

Fidelity Measure checklist

At the commencement of this study, the researcher did not have access to the

ASI® Fidelity Measure (ASIFM) (Parham et al., 2011), nor access to the training for

administering it. Hence, the researcher developed a checklist to ensure fidelity of the

Sl intervention with Ayres’ principles of sensory integration® based on the work by

Parham et al. (2011) when it was in the process of being finalised (see Appendix D,

Fidelity Measure Checklist). The checklist consisted of:

(@) Structural elements — These included:

Therapist qualifications, supervision by qualified therapist.

Components of pre-assessment — case history, previous

referrals, and student observation.

Physical environment — adequate space for physical activity,
flexible arrangement for equipment, availability of hooks for
suspended equipment, use of rotational devices, provision of a
quiet space, bungee cords, mats/cushions/pillows, equipment
adjustable for child’s size, monitoring of equipment for safe
use, storage of unused equipment, documentation of

equipment for safety, variety of equipment.

Communication with parents — negotiated goal setting with
parent/teacher/therapist, as well as family and teacher

education.
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(b) Sensory integration programme process elements — physical safety, sensory
opportunities, challenges to postural/ocular/oral/bilateral motor control, challenges
for praxis and organization of behaviour, collaboration with the student, providing
a just-right challenge, success oriented activities, provision of motivation to play

and therapeutic alliance.

During the intervention a conscious effort was made to include the ten key
strategies from the Fidelity Checklist (Appendix D) developed to ensure that the
therapeutic strategies closely followed Ayres’ sensory integration® principles (Parham

et al., 2007; Parham et al., 2011). The key strategies which were implemented are:

(a) Arranging the room to entice encouragement — the arrangement of the
equipment and the choice of the equipment itself was changed weekly so the

students did not lose interest through over exposure.

(b) Ensuring physical safety — staff used the time before and during baseline
observations to build rapport and a relationship of trust with the participants.
In addition, staff were vigilant during the time that participants were engaged
with equipment. To ensure the safety of participants, soft-foam filled mats or

gym mats were used to cushion the floor around the equipment.

(c) Presenting sensory opportunities — a variety of equipment with tactile,
proprioceptive and vestibular feedback was offered and interchanged to avoid

loss of interest of participants.

(d) Attaining and maintaining arousal levels — ensured by manipulating the

activities to maintain the participants’ attention, engagement and comfort.
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(e) Tailoring the activities to present a just-right challenge — staff were alert to
increase the level of challenge for the activities once the students became
proficient. For example, when the student could walk on the balance board
confidently, they were given a ball in a pan to carry across, thereby increasing
the level of challenge. Other times, the number of repetitions of an activity

would be increased.

() Ensuring that activities were successful — managed by presenting and
modifying the activities in such a way that the participant experienced success

with either the entire activity or a part of it.

(g) Guiding the self-regulatory behaviour — achieved by allowing the students to
make their own choice of activities and the sequence in which they attempted
the activities, getting their help in setting up the activity and by allowing them

enough independence to plan the execution of the activity.

(h) Creating a playful context — by encouraging the students’ natural desire to

explore and play and by fostering social, emotional, motor or object play.

(i) Collaborating in activity choice — by allowing the student to make their own
choice of the activities and their sequence. The staff did not pre-determine the

choice or sequence of the activities without student’s voice.

(J) Fostering therapeutic partnerships — by developing a relationship of trust,
being respectful and being mindful of the physical and emotional safety of the

students.
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These ten areas align with Ayres’ sensory integration® principles in three main
domains of modifying the environment to provide maximum sensory inputs to the
child, fostering adaptive responses through keeping the challenge at a just-right level,
and encouraging the building of a rapport with the child. This last was achieved
through creating an element of trust and rapport by ensuring that the children were
physically safe and also perceived themselves as safe by addressing structural and

procedural elements of the intervention.

Data for the fidelity study were produced when the two OTs completed the
Fidelity Measure checklist for each classroom and for the gym, once each year (see
Appendix E for 2012, and 2013; see Appendix D for 2014) during the intervention.
The researcher provided the OTs with the checklist and verbal instruction to (a) mark
the elements along a Likert scale for 2014, and (b) mark the elements retrospectively,
if they were present in 2012 and 2013 (Likert, 1932). The two OTs independently
marked the checklist following the observation of concurrently occurring intervention
sessions delivered by four OT students in their fourth year of the OT degree
programme in 2014. The sessions were conducted in different parts of a large gym
concurrently as the participating children were withdrawn from their classroom for
intervention. During the sessions, each fourth year OT student worked with a child
assigned to them on a one-on-one basis to complete the activities. In 2013, the OT
observed the classroom staff deliver the intervention activities to each participating
child on a fortnightly basis. In 2012, the OT had a consulting role and observed the set
up in the classroom and the gym separately. The OTs observed the intervention being

delivered in the classroom on random single occasions each year to score the fidelity
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checklist. Hence, it is acknowledged that the fidelity of intervention was at its

maximum in 2014 compared to 2013 or 2012.

Data for the fidelity study were produced by OTs completing the Fidelity Measure
checklist. The items on the checklist formed a Likert scale with five points: strongly
disagree, disagree, neutral, agree, and strongly agree (Likert, 1932). Items receiving
“agree” or “strongly agree” were: therapist qualification (for consulting and
supervising), close observation of student space for activity, hooks for equipment, use
of rotational devices, safety devices (landing mats, cushions), monitoring of
equipment for safety, documentation for safe use, variety of equipment,
communication between therapist and teacher, ensuring physical safety of students,
sensory opportunities, opportunities for optimal level of alertness, challenges for
sensory feedback (postural, ocular, oral, bilateral motor control), challenges (praxis
and organization), student collaboration with activity, just-right challenge, success-
oriented activities, supporting intrinsic motivation and establishing therapeutic
alliance. Pre-assessment (case history and previous referrals) received a “disagree”
mark, flexible arrangement of equipment and adjustable equipment for student size
received a “neutral” mark, and provision of a quiet space in the gym area and use of
bungee cords for most of the suspension equipment received “neutral” or “disagree”

marks.

Points on the checklist scale were coded numerically, with 1 for strongly disagree,

2 for disagree, 3 for neutral, 4 for agree, and 5 for strongly agree.
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Materials and setting

To set up the intervention, all classes were furnished with a sensory kit containing
oral motor tools, tactile fidget tools, lycra body socks, gym balls, hammock and an air
mattress. The purpose of this kit was to provide the students with proprioceptive,
vestibular, tactile and oral motor stimulus in a structured manner. These materials
were made available to the students in their classroom when they felt the need to seek

out sensory stimulation as illustrated in Figures 3-2 through 3-12.

Figure 3-3. Oral motor tools
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Figure 3-4. Nuk Brush (oral motor tools)

Figure 3-5. Foam filled mats and cushions

Figure 3-6. Peanut shaped gym ball
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Figure 3-7. Mini trampoline

Figure 3-8. Hammock
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Figure 3-10. Swing



EFFECTS OF A SENSORY INTEGRATION INTERVENTION

132

Figure 3-11. Scooter board

Figure 3-12. Tadpole swing

The equipment in the gym consisted of suspended ropes, ladders, rings and swings
and hammocks. In addition, there were landing mats, squeeze tunnels, balance beam,
trampolines, scooter boards, ramps, and various tactile surfaces as observed in Figures

3-13 through 3-17.
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Figure 3-14. Foam pit

Figure 3-15. Suspension equipment: hammock, ladder, ropes, rings
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Figure 3-17. Giant trampoline

Baseline procedures

The participants were exposed to all the materials in the classroom for the first
few days before commencement of direct observations. The participants familiarized
themselves with the equipment by looking at it, and/or manipulating it without any

adult involvement and without any task demand. On their weekly visit to the gym,
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they were allowed to familiarize themselves with the equipment laid out, and the
participants could freely explore without adult intervention. The only role of staff
during the baseline phase was to ensure the safety of the participants around the
equipment, by staying within reach or placing landing mats around the equipment.
The baseline phase also included administering a SPM (Miller Kuhaneck et al., 2007)
and collecting the sensory subscale scores for each participant (see Appendix C), and

the SPM dependent variables described above.

Intervention procedures

The intervention was designed to suit individual participants whose needs were
indicated from the SPM. In a typical formal therapy session, an OT would administer
a detailed battery of assessments to a child before selecting therapy activities.
However, this was not possible in a school setting. Instead, the SPM (Miller
Kuhaneck et al., 2007) was administered and sensory scores were discussed with the
OT, along with relevant observations of any difficult behaviours. Activities were
selected based on the OT’s suggestion and children chose which activities they would
participate in and were allowed to move to another before they crossed the threshold

of tolerance or boredom.

In 2012, the intervention was implemented by classroom staff with once-a-
fortnight consultation from OTs qualified in the practice of sensory integration. The
OT had no classroom interaction, but based their recommendation on observations by
the classroom teacher and the sensory subscale scores within the “Some Problems”
and “Definite Dysfunction” range on the SPM (Miller Kuhaneck et al., 2007). In

2013, the intervention was again implemented by classroom staff, but was monitored
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by an OT during fortnightly consultation visits, with the OT observing the participants
in the classroom as they continued their normal routine. The OT made
recommendations based on these observations and on discussion of the participant’s
SPM scores. In 2014, implementation of the intervention was primarily conducted by
the fourth-year Occupational Therapy students with close supervision by the
supervising Occupational Therapists. In 2014, the student participants were
individually assessed by the OT students and supervised by the expert OTs. They used
these assessments and the SPM scores to develop individual goals and an
individualised plan of activities for each student. This plan was communicated to the

classroom staff and parents before commencing the intervention.

The intervention was based on Ayres’ sensory integration® theory characterized
by extensive use of suspension equipment and activities that supported vestibular,
proprioceptive, and tactile feedback. A checklist was created by the researcher based
on the Fidelity Measure (Parham et al., 2007) to ensure the rigour of the intervention

(see Appendix D).

The sensory integration intervention included 40 minutes of structured sensory-
stimulating activities in the classroom each day and a one-hour gym session each

week. These activities are described in the following sub-sections.

Classroom activities. The teachers asked the students to choose three to four
activities by offering them photographs of the equipment. Once the student selected
the activities, the teacher would lead them one-on-one through a gross motor trail of
the chosen activities. The activities varied from crawling on different surfaces, stable

or made dynamic by use of cushions or foam filled landing mats. Sometimes the
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students walked, crawled, and rolled on inclined and horizontal planes. Other
activities involved bouncing on gym balls for some time and doing belly rolls on the
ball alternating weight bearing on feet and hands. Also included were bouncing on a
trampoline or air mattress while holding the hands of an adult, simultaneously
clapping and counting, or while throwing and catching a ball. The students used a
variety of swings and hammocks by propelling themselves with their hands and feet,
or pulling on a rope held by an adult. Sometimes they propelled themselves on scooter
boards navigating around an obstacle course set by the staff, or going back and forth
completing an activity such as stacking of blocks or a jigsaw puzzle. Figures 3-2

through 3-12 are indicative of the equipment used for the classroom intervention.

The staff acted as facilitators as they gently guided students into the chosen
activity initially, then stepped back to allow the student to continue independently.
The students would indicate when they wanted a change and were allowed to move to
the next activity according to their choice, which was set up in a circuit. The
participants engaged in these activities for approximately 30-40 minutes every day
before commencing with their daily school routine. The staff maintained one-on-one
supervision and interaction with the participant students throughout the direct

observation phase of intervention.

Gym activities. Students participated in similar activities to those of the
classroom, but with increased intensity and with additional suspension swings,
ladders, ropes, and rings. They would be asked to throw rings at a target while
swinging in a hammock and collecting objects scattered under the hammock in a
widening circle as they became adept at the task. They would propel themselves with

their hands while lying prone in the hammock and pull on a bungee rope held by staff.
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They would lie prone on a scooter board, roll down an incline and come to a halt at a
foam wedge. A favourite activity was to take a running start and crash into a foam
pad. They climbed an A-frame, walked across a balance beam, or carried loose balls
in a pan or spoon as they walked across the beam. These activities targeted vestibular

activation, visual-motor coordination and improved core strength and balance.

The challenge in all activities was raised at appropriate times, just when the
participants became adept at the activity. For instance, when the student could jump
on a giant trampoline to a count of ten, they would move on to catch and throw a ball
while jJumping, or alternating jumps with landing flat on their back on the trampoline,

by following verbal instructions by staff.

A strict one-on-one supervision and interaction by staff members with the
participants was maintained during the direct observation phase of intervention, which
lasted over twenty data points (approximately 7 - 8 weeks). The staff presence
ensured a smooth transition of the participants between activities. The school
provided extra staff to enable efficient delivery of the intervention to all students. The
staff also provided supervision for safety and some assistance to the students in the
nature of occasional support and stabilizing of the equipment as they used it. The
students indicated their choice of activities for the session using visuals and engaged
with them in their own sequence. These activities lasted an hour once per week.

Figures 3-13 through 3-17 depict the equipment in the gym.

Maintenance phase

Direct observations were carried out for twenty data points during the intervention

(phase B). This encompassed around six weeks, with data collected three days each
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week. The period after the direct observations were discontinued was termed the
“maintenance phase” in this study. At the culmination of direct observations, the
intervention continued for the rest of the year as per the school policy, but it was
characterized by the fact that while the activities were still offered to individual
students, with the same manner of choice, they were no longer attended by staff in
exclusive one-on-one manner, as was part of the intervention. The students still
selected the activities they wanted, the staff member still offered the photographs at
the beginning of the session and supervised the group of students as they progressed
through the programme activities. Supervision in this phase was only intended to
maintain safety of the students and offer occasional help if it was needed. New goal-
directed activities were added only because the child lost interest in some activity, but
the addition was not guided by any of the processes used in the intervention. The
maintenance of the fidelity measure was therefore not as rigorous as it was during the

direct observation phase of intervention.

Maintenance data were not collected for direct observations. Direct observations
required a lot of administration to execute, with the arrangement of teacher time and
simultaneous researcher time for the inter-observer agreement. This made direct
observations difficult to repeat over the maintenance phase due to administrative
limitations of the school routines and resources such as staff allocation and change in

classroom programmes.

Social validation

Parents of seven participating students were randomly chosen using a blind draw

of names. These names were drawn after all observations were concluded in 2014.
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The draw resulted in one parent from the 2012 cohort, two parents from 2013, and

four parents from 2014.

The students were recorded on video for ten minutes during table-tasks and for ten
minutes at yard play, during the same time as the direct observations. Video was
collected at the start of baseline observations (T0) and again at the end of observations

for the intervention phase (T1).

Each parent was given a DVD with video of his or her child. The DVD had two
parts, baseline and intervention, with each part having table-tasks and yard play. In
order to remove any bias, the two parts were labelled “T” and “R” and were included

in random order on each parent’s DVD.

Parents watched the two parts (T and R), each consisting of table tasks and yard
play. While watching table tasks, in each thirty-second interval, parents recorded their
questionnaire each time they observed their child engaged on-task. Afterwards they
rated their child on a Likert-type scale from “no focus on task” to “prolonged focus on
task” and made comments on their child (Likert, 1932). While watching yard play,
parents recorded each time their child initiated social interaction in the yard during the
ten minutes of observation. Afterwards, they rated the interaction on a Likert-type
scale from “no interaction” to “frequent interaction” and made comments on their
child. The questionnaire was developed for a pilot in 2011 and was refined according
to the needs of this study. The social validation questionnaire is reproduced in
Appendix B. Social validation questionnaires (see Appendix B) were completed by
parents after watching videos of their children. Results from questionnaires were

tabulated, with columns for time intervals of task engagement, parent comments about
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the nature of their child’s task engagement, frequency of social interactions, and
parent comments about their child’s social behaviour. Time intervals and frequency
were scored (by parents) on Likert-type scale of “none”, “occasional”, “rare”, and

“frequent” (Likert, 1932).

Data analysis

Two data sets were produced in this study, corresponding to the two experimental
designs employed: multiple baseline SCED design and repeated measures design. In
addition, data for social validation was produced from parent surveys. Last, data were
gathered to analyse the reliability and fidelity of the study. This section describes

these data analyses:

(a) Analysing data for multiple baseline SCED design

(b) Analysing data for repeated measures design

(c) Analysing data for social validation — discussed on page 134

(d) Analysing data for the reliability of data from inter-observer agreement —

discussed on page 115

(e) Analysing data for the fidelity of the intervention — discussed on page 117

Analysing data for multiple baseline SCED design

The direct observations were analysed by using the Excel Package of
Randomizing Tests version 2.1 (ExPRT) (Levin et al., 2014) to obtain statistical
significance (p- values), decision of significance (S-significant, NS-Not significant)

and two effect sizes for intervention (d- value and NAP index), along with graphs
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showing the staggered design to allow for visual analysis. EXPRT (v.2.1) is a set of
macro-enabled Microsoft® Excel-based (Microsoft® Office 2010) software for
conducting randomization and permutation statistical tests in a wide variety of single-
case intervention designs, including AB, ABA, ABAB, and Multiple Baseline
designs. EXPRT (v.2.1) is freely available to users (Gafurov & Levin, 2016; Levin,

Ferron, & Gafurov, 2016, 2017).

As mentioned above, EXPRT (v. 2.1) provided effect size Cohen’s d and NAP
along with statistical analyses and graphical output. Cohen’s d effect size was
obtained by calculating the difference between the standard deviation of the baseline
and intervention phases (Gafurov & Levin, 2016; Kratochwill & Levin, 2014b).
However, effect sizes could not be calculated when baseline observations were zero,
which occurred in the current data set for student-initiated social interactions across
the three years (Gafurov & Levin, 2016; Kratochwill & Levin, 2014a). Thus, the
researcher made a decision to use only the NAP from the EXPRT (v.2.1) and R-IRD
calculated effect sizes as an additional comparison to analyse the findings for
validation. Also, while NAP is considered more robust compared to other non-
parametric effect sizes such as, percentage of all non-overlapping data (PAND) and
percentage of data exceeding a mean (PEM), R-IRD is still more conservative
compared to the NAP (Chen, Hyppa-Martin, Reichle, & Symons, 2016; Parker &
Vannest, 2009). Further, the higher sensitivity R-IRD provided the reason why some
results from the ExPRT (v.2.1) generated NAP effect sizes were different from the
hand-calculated R-IRD effect for some of the students (Parker & Brossart, 2003;

Parker & Vannest, 2009; Parker, Vannest, & Brown, 2009).
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Randomized intervention start points. EXPRT (v.2.1) was used for entering data
and performing calculations, as noted previously. In 2012, it was not used to derive
randomized intervention start points for participants, as it was not available to the
researcher at the start of the research study. Instead, start points followed
recommendations by the class teacher and were based on a high incidence of
disruptive behaviours. The intervention start points for the participants in 2013 and

2014 were opportunistic, which were decided by no particular order.

p value calculation. According to Levin et al. (2014) it is possible to request a
one-tailed test when A phase (baseline) mean is expected to be more than B phase
(intervention) mean, or a two-tailed test when A phase mean is expected to be less
than B phase mean. In case a wrong prediction was made and a one-tailed test was
requested instead of a two-tailed test, the result would simply appear as “NS, A>B or
A<B” to indicate that one should not expect any statistically significant p- values in a
wrong-sided prediction situation. The same occurred if a two-tailed test was requested

instead of a one-tailed test.

Effect size calculation. The EXPRT (v.2.1) provided two effect sizes: effect size d
and NAP. Calculation for both effect sizes are discussed as follows, however, only
NAP was utilised in this study. The effect size d is calculated as B phase mean
subtracted from A phase mean divided by standard deviation. In certain variables, or
in some participant observations, the effect size d appeared as a negative value, which
simply indicated an average mean decrease between A phase (baseline) and B phase

(intervention). (Gafurov & Levin, 2016), explained by the formula as follows:

d = (B phase mean — A phase mean) + A phase SD
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EXPRT (v. 2.1) offered two measures for effect size: Cohen’s d and the proportion
of non-overlapping pairs of data points, also known as the NAP index. Effect size d is
calculated for each case as well as a summary of all cases, which is the simple
average of all individual effect sizes for the participant group. The effect size d is
interpreted as small (¢ = 0.2), medium (d = 0.5) and large (d = 0.8) (Cohen, 1988,
1992) which did not suit the present study as several zero baseline observations for
social interactions rendered the effect size d incalculable . A negative d value
indicated a decrease in the target behaviour (Gafurov & Levin, 2016) and would have
been desirable in case of dependent variables such as the frequency and duration of
emotional behaviours, but not so desirable for others such as task engagement and
social interactions. However, as there were more robust effect sizes available (such as

NAP), the results section of this study did not discuss effect size d.

NAP calculation. NAP offered the proportion of A phase and B phase that was
non-overlapping (Parker & Vannest, 2009). Initial analysis indicated that the
proportion of non-overlapping data point observations in baseline phase A and
intervention phase B supported the average effect size d as reported by EXPRT
(v.2.1). A large effect size d was corroborated by the proportion of non-overlapping
data points that indicated B < A in case of decreasing behaviours and B > A in case of
increasing behaviours. In the present study, periods of task engagement and student-
initiated social interactions were expected increasing behaviours; while the frequency
of emotional behaviours and cumulative duration of emotional behaviours were
expected decreasing behaviours. EXPRT (v.2.1) software did not provide an average

NAP index as there could be a combination of some B < A and B > A observations
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within the same group (Gafurov & Levin, 2016). Figure 3-18 illustrates an example of

a hand calculation method to calculate effect size NAP (Parker & Vannest, 2009).
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Figure 3-18. Example to calculate NAP (Parker & Vannest, 2009, p. 360)

The arrows in Figure 3-18 demonstrate the overlap for only one data point in the
6" data point with value of 7. This method is applied where each data point in phase
A is compared with each data point in phase B. This is called the hand calculation
method. Hand calculation method was carried out by counting all non-overlapping
pairs or by counting all overlapping pairs and subtracting them from total possible
number of pairs (Parker & Vannest, 2009). The total possible number of pairs (N) is
the product of number of data points in phase A and number of data points in phase B
(that is, N = N phase A X N phase B). NAP effect is considered small (NAP = 0-
0.31), medium (N = 0.32-0.84) or large (N = 0.85-1.0) (Parker & Vannest, 2009). The
NAP, the second measure of effect size offered by the ExPRT (v.2.1) was selected as a
more sensitive effect to report in this study instead of the effect size d (Parker &

Vannest, 2009).



EFFECTS OF A SENSORY INTEGRATION INTERVENTION
146

R-IRD calculation. The researcher used the Robust Improvement Rate Difference
(R-IRD) method, in addition to NAP, to calculate effect of the intervention (Parker &
Brossart, 2003; Parker & Vannest, 2009; Vannest & Ninci, 2015) to ensure the
validity of direct observation data. R-IRD has a long history of application in the
medical field and is considered to have greater sensitivity compared to other non-
overlap tests. This higher sensitivity of the R-IRD could explain any different results
from the NAP and R-IRD effect sizes for some of these students (Parker & Brossart,

2003; Parker & Vannest, 2009; Parker et al., 2009).

R-IRD calculates the effect size in three steps, where step 1 consists of identifying
extreme scores in baseline phase and intervention phase. Step 2 involves visually
removing these scores so that there are no overlaps, then in step 3 proportion of
improvement in baseline and proportion of improvement in intervention phase are
subtracted to obtain effect size (Vannest & Ninci, 2015). These steps are explained
below. Figure 3-19 contains an example of how to calculate the R- IRD by balancing

quadrants.
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Figure 3-19. Example of how to calculate R-IRD (Parker, Vannest, & Davis, 2011,
p. 307)

Further elaboration of hand calculation of R-IRD is provided by Barton’s

explanation of R-IRD (Barton, 2015, pp. 59-60) as follows:

1. Determine the fewest data points to be visually removed to eliminate overlap. To do
this, draw a line (called overlap line for this purpose) on the graph.

2. The overlap line lies between the lowest data point in baseline and the highest point
in intervention for decreasing behaviours; the overlap line lies between the lowest
point in intervention and the highest point in baseline for increasing behaviours. In the
present study, task engagement and social interactions were considered increasing
behaviours; frequency and duration of emotional behaviours were considered
decreasing behaviours.

3. This overlap line now provides the observer with four quadrants, W and Y (baseline
phase) and X and Z (intervention phase).

4. Next, balance the quadrants in phase A and phase B using the formulae:
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e Y=Phase A=W + (W +Y)

e X=PhaseB=X=+(X+2)

5. RIRD=B-A

R-IRD of 0.5 indicates that 50% of the data points are overlapping between
phases, with no improvement. Therefore normally a R-IRD score of more than 0.7 is
of interest as it indicates a moderate improvement. The maximum R-IRD value is
1.00 (100% improvement). A negative R-IRD is also possible, and indicates
deterioration of behaviour beyond baseline (Parker & Vannest, 2009). R-IRD also
provides a confidence interval (Cl) at 95%, where a narrow width of CI indicates
more precision of effect (Harper, 1999). Thus, R-IRD is considered small or no effect
at (R-IRD = 0-0.5), medium at (R-IRD = 0.50-0.70) and large at (R-IRD = 0.70-1.00)
(Vannest & Ninci, 2015). A negative effect beyond the baseline would be a desirable
outcome for some variables, such as the frequency and duration of emotional

behaviours in the present study.

Analysing data for repeated measures design

SPM (Miller Kuhaneck, 2007) scores were analysed for statistical significance by
administering the Statistical Package for the Social Sciences version 23 (SPSS v.23),
using one-way and repeated-measures analysis of variance (ANOVA) tests. One-way
ANOVA tests were administered to check whether there was a significant difference
within the SPM scores for participants at baseline for the three years (2012, 2013, and
2014). If there was a significant difference at baseline, it would not be acceptable to
compare data from the years, as could not be certain that any observed difference was

only due to an effect of intervention. In this study, one-way ANOVA was conducted
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across all baseline scores for all 23 participants, even though such statistical tests are

usually applied to larger sample sizes.

Repeated-measures ANOVA was conducted within each year, rather than across
years, for six participations in 2012, six in 2013, and eleven in 2014, since the same
variables were measured repeatedly at baseline (T0), post-observation (T1), and
maintenance (T2). Traditionally, the ANOVA tests are administered to investigate
significant differences between group means and when there is a large sample size
(Verma, 2015). A repeated measure ANOVA yields the F-statistic, which is a
measure of the effect (variance) between groups. However, in this study, a repeated
measures ANOVA was employed to investigate the group differences across the years
and also to compare over time (TO, T1, and T2), especially as different people were

responsible for the implementation of intervention each year.

In this study, the group means were significantly different on the majority of SPM
subscales, which meant they could not be confidently compared across years. The
SPM subscale measures for the students could not be investigated together as a group
because the instruction was different for each year: by teacher with occasional
supervision by OT in 2012, by teacher with regular supervision by OT in 2013, and
by student OTs under supervision of expert OTs in 2014. Hence, a decision was made
to compare the changes within years based on exposure to teacher, teacher plus OT,
and OT (student OTs under supervision) conditions, and then compare the statistical
results of within-years and between-years changes with the changes reported by
parents on the social validation questionnaire. However, the one-way ANOVA and
repeated-measures ANOVA were analysis of a secondary data set, while the EXPRT

(v.2.1) analysis of direct observations were the primary findings.
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Summary

The present study employed a single-case multiple baseline design to measure
changes in periods of task engagement, frequency of student-initiated social
interactions, and frequency and duration emotional behaviours. A repeated measures
design was also employed to measure changes in scores for the sensory sub-systems

from the SPM.

The multiple baseline data were analysed using the EXPRT (v.2.1) software and
yielded effect size NAP and staggered graphs for visual analysis. A second effect size
R-IRD was calculated to support the NAP. The repeated measures data were analysed
for variance (ANOVA) using SPSS (v.23) and produced the F-statistic to measure the
effect between groups. Additional data such as I0A to provide reliability, the Fidelity
Checklist (Appendix D) provided fidelity of intervention, while analysis of the social
validation questionnaire provided a validity measure according to stakeholders

(Appendix B). The results from these analyses are discussed in Chapter 4.
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Chapter 4
Results
This chapter will discuss the results from analysing the data collected over three
years (2012, 2013, and 2014) measuring the effect of a sensory integration
intervention on three different groups of young students with a dual diagnosis of

autism and intellectual disability in a special school setting.

There were two main data sets: direct observation data, and the sensory subscales
scores. The direct observation data were collected on periods of task engagement,
frequency of student-initiated social interactions, and frequency and duration of
emotional behaviours, during baseline and intervention. The sensory subscales scores
were collected using a sensory processing measure (SPM) and represent teacher’s
perception of changes in sensory processing throughout baseline (T0), post-
observation (T1), and maintenance (T2) phases of the study. In addition, results for
social validation, reliability and fidelity of the study will be presented. This chapter

consists of the following sections:

1. Direct observation data

2. Task engagement

3. Student-initiated social interactions

4. Frequency of emotional behaviours

5. Duration of emotional behaviours

6. Repeated measures data
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7. Comparison of direct observation and SPM data

8. Social validation questionnaire data

9. Inter-observer agreement (reliability) data

10. Fidelity measure checklist (fidelity) data

11. Summary

Direct observation data

Direct observation data were collected on periods of task engagement, frequency
of student-initiated social interactions, and frequency and duration of emotional
behaviours, during baseline and intervention. A summary of data for all of these areas
is included in Table 4-1. Data on each area are reported in sections later in this

chapter.

Table 4-1 provides a summary of significance denoted by p-values across the four
dependent variables for the group of participants within each year. Note that in 2012
the intervention was delivered by teachers with occasional OT supervision, in 2013 by
teachers with frequent OT supervision, and in 2014 by student OTs under supervision

of expert OTs.



EFFECTS OF A SENSORY INTEGRATION INTERVENTION

153
Table 4-1. Summary p-values across years and dependent variables
Year Students Periods of Frequency of  Frequency of Duration of
task social emotional emotional
engagement interactions behaviours behaviours
2012 6 p=0.17 p=0.19 p = 0.47 p=0.14
2013 6 p = 0.02* p =0.06 p=0.44 p=0.30
2014 11 p < 0.001* p = 0.01* p = 0.01* p =0.06

Note: Here * denotes statistical significance

No significance was observed across the four dependent variables in 2012 (see
Table 4-1) indicated that observed change in target behaviours were due to chance or
other factors separate from Sl intervention. Results for task engagement indicated
statistical significance in 2013 and 2014 indicating that the change in target
behaviours may have occurred as a result of the Sl intervention. Observed changes in
student-initiated social interaction and frequency of emotional behaviours were
significant in 2014, but not in 2012 or 2013; again indicating that the changes in 2012
and 2013 may have been due to chance or factors other than Sl intervention. There
was no statistical significance for the cumulative duration of emotional behaviours
across all years. This meant that while some dependent variables indicated a
significant difference between baseline and intervention, analysis of individual effect
sizes was needed to provide more information about the effect of intervention
(Durlak, 2009). The remainder of this section will discuss the effect sizes measured
by NAP and R-IRD in addition to visual analysis of the graphical output between

years and individually within years.
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Data on each area are reported in sections later in this chapter: task engagement,
frequency of student-initiated social interactions, and frequency and duration of

emotional behaviours.

Task engagement

Task engagement data were gathered by direct observation. Participants were
observed across ten-minute periods that were divided into 30-second intervals. At the

end of each interval the student was assessed for his or her on-task behaviour.

Overall effects for task engagement

Overall effect sizes for task engagement across the three years (2012, 2013, and
2014) were calculated from the proportion of non-overlapping pair data (NAP index)
in baseline (phase A) and intervention (phase B). At a zero chance level, non-
overlapping pairs (NAP) scores are interpreted as small effect (values in the range 0-
0.31), medium effect (0.32-0.84), and large effect (0.85-1.0) (Parker & Vannest,

2009). NAP values and effects are presented in Table 4-2.

Table 4-2. Overall NAP scores for task engagement

Student
Year 1 2 3 4 5 6 7 8 9 10 11

2012 NAP 056 0.69 -0.57 043 -0.03 0.01
B>A B>A B<A B>A B<A B>A

*% *%* # *k # *

2013 NAP 0.25 0.14 0.20 0.17 0.85 0.65
B>A B>A B>A B>A B>A B>A
* * * *

*k% *%

2014 NAP 059 0.80 0.76 0.36 066 095 098 0.89 0.97 0.87 0.98
B>A B>A B>A B>A B>A B>A B>A B>A B>A B>A B>A

*k *%* *% *% *% *kk *kk *kk *kk *kk *kk

Note: * small effect, ** medium effect, *** large effect, # negative effect
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Across the three years, NAP scores indicated medium to large effect for periods of
task engagement for 91% (21 out of 23 students) and decrease or negative effect for

9% (2 out of 23 students).

Data were further analysed using R-IRD for individual participant outcomes for
each dependent measure, in this case, task engagement (Parker et al., 2009; Vannest
& Ninci, 2015; Vannest, Parker, & Gonen, 2011). R-IRD was used to validate the
NAP effect sizes due to its greater sensitivity. The R-IRD scores were discussed year
by year, and are compared with each year’s NAP scores. Overall, R-IRD scores
indicated a positive effect for 83% (19 out 23 calculated effect sizes for all three

years) for the intervention phase compared to baseline.

Task engagement results for 2012

Figure 4-1 shows periods of task engagement during the implementation of the
sensory integration intervention (by classroom teachers) in 2012. The figure shows 30
second periods of task engagement during ten-minutes of tabletop tasks, with the x-
axis showing the session number and the y-axis denoting the number of intervals of

engagement.
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Figure 4-1. Student task engagement during tabletop tasks, 2012

Table 4-3 contains NAP and R-IRD scores (at 95% confidence level) for the

students in 2012. In the table, NAP scores are interpreted as small effect (values in the
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range 0-0.31), medium effect (0.32-0.84), and large effect (0.85-1.0) (Parker &
Vannest, 2009). R-IRD scores are interpreted as small effect (0-0.50), medium effect
(0.50-0.70), large effect (0.71-0.75), and very large effect (0.75-1.00) (Parker &

Vannest, 2009).

Table 4-3. R-IRD and NAP scores for task engagement, 2012

Student Lower Upper R-IRD Effect NAP Effect
limit limit

1 0.068 0.887 0.57 Medium 0.56 Medium

2 -0.204 0.607 0.14 Small (none) 0.69 Medium

3 -0.286 0.235 -0.29 Negative -0.57 Negative
4 -0.352 0.394 0.00 No effect 0.43  Medium

5 0.004 0.722 0.41 Small (none) -0.03 Negative
6 -0.493 0.164 -0.24 Negative 0.12 Small

Note: Here “(none)” indicates the result is treated as no effect.

Overall, 50% (3 out of 6 students) indicated some increase, 33% (2 out of 6
students) indicated decrease or negative effect and 16% ( 1 student) indicated no
change. NAP and R-IRD scores from Table 4-3 indicated an agreement between
increased task engagement observed for student 1 (NAP = 0.56, R-IRD =0.57) and
student 2 ( NAP = 0.69, R-IRD = 0.14), and visual analysis was consistent with this
agreement. The NAP and R-IRD agreement of decrease (negative effect) for student 3
(NAP =-0.57, R-IRD = -0.29), again being consistent with visual analysis. For
student 4, R-IRD (0.00) indicated no effect of the intervention, whereas NAP (0.43)
indicated a medium increase in periods of task engagement during intervention phase
over baseline; the visual analysis was consistent with the NAP score indicating
medium effect. NAP (-0.03) for student 5 demonstrated a small decrease (i.e., B < A)
while R-IRD (0.41) found a small increase in task engagement; visual analysis was

consistent with the NAP score indicating a decrease in periods of task engagement.
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NAP for student 6 demonstrated a negligible increase interpreted as no effect in task
engagement (NAP = 0.12), while R-IRD indicated a negative effect (R-IRD = - 0.24)
denoting a small decrease. The visual analysis indicated that the effect of Sl
intervention was replicated across the two groups of three students, that is two out
three students in the first group indicated increased task engagement, while in the
second group one showed increase, one showed no change and one showed a

decrease, which agreed with the negligible change indicated by the NAP values.

Task engagement results for 2013

Figure 4-2 shows periods of task engagement during the implementation of the

sensory integration intervention (by classroom teachers with OT supervision) in 2013.
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Figure 4-2. Student task engagement during tabletop tasks, 2013

Table 4-4 contains NAP and R-IRD scores (at 95% confidence level) for the
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students in 2013. In the table, NAP scores are interpreted as small effect (values in the
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range 0-0.31), medium effect (0.32-0.84), and large effect (0.85-1.0) (Parker &
Vannest, 2009). R-IRD scores are interpreted as small effect (0-0.50), medium effect
(0.50-0.70), large effect (0.71-0.75), and very large effect (0.75-1.00) (Parker &

Vannest, 2009).

Table 4-4. R-IRD and NAP scores for task engagement, 2013

Student Lower limit Upper limit R-IRD Effect NAP  Effect
1 -0.352 0.390 -0.05 Negative 0.25 Small
2 -0.252 0.510 0.11 Small (none) 0.14 Small
3 -0.175 0.591 0.23 Small (none) 0.20 Small
4 -0.193 0.562 0.20 Small (none) 0.17 Small
5 0.325 0.905 0.70 Large 0.85 Large
6 -0.086 0.569 0.27 Small (none) 0.65 Medium

Note: Here “(none)” indicates the result is treated as no effect.

According to Table 4-4, R-IRD indicated an overall no effect for 83% students (5
out of 6 students) and a large effect for 17% students (1 out of 6 students). Individual
analysis indicated a negative effect indicating a small decrease in task engagement for
student 1 during the intervention phase (R-IRD = -0.05) whereas NAP indicated a
small increase (0.25). R-IRD in 2013 indicated a small increase interpreted as no
effect for student 2 (R-IRD = 0.11, NAP = 0.14), student 3 (R-IRD = 0.23, NAP =
0.20), and student 4 (R-IRD = 0.20, NAP = 0.17). R-IRD for student 5 demonstrated a
large increase in task engagement (R-IRD = 0.70) in agreement with the NAP (0.85).
R-IRD calculated a small increase interpreted as no effect (R-IRD = 0.27) for student
6 while the NAP calculated a medium increase in task engagement (NAP = 0.65). The
overall visual analysis indicated increased task engagement to varied degrees for all

students.
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Task engagement results for 2014

Figure 4-3 shows periods of task engagement during the implementation of the
sensory integration intervention (by student OTs under supervision of expert OTSs) in

2014.
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Figure 4-3. Student task engagement during tabletop tasks, 2014

Table 4-5 contains NAP and R-IRD scores (at 95% confidence level) for the
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students in 2014. In the table, NAP scores are interpreted as small effect (values in the
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range 0-0.31), medium effect (0.32-0.84), and large effect (0.85-1.0) (Parker &
Vannest, 2009). R-IRD scores are interpreted as small effect (0-0.50), medium effect
(0.50-0.70), large effect (0.71-0.75), and very large effect (0.75-1.00) (Parker &

Vannest, 2009).

Table 4-5. R-IRD and NAP scores for task engagement, 2014

Student | Lower limit | Upper limit | R-IRD Effect NAP | Effect
1 0.014 0.872 0.51 Medium 0.59 | Medium
2 0.077 0.889 0.58 Medium 0.80 | Medium
3 0.037 0.845 0.52 Medium 0.76 | Medium
4 -0.173 0.625 0.22 Small (none) | 0.36 | Medium
5 0.101 0.829 0.54 Medium 0.66 | Medium
6 0.095 0.802 0.51 Medium 0.95 | Large
7 0.320 0.904 0.70 Large 0.98 | Large
8 0.482 0.968 0.83 Very large 0.89 | Large
9 0.417 0.921 0.75 Large 0.97 | Large
10 0.280 0.833 0.62 Medium 0.87 | Large
11 0.538 0.955 0.83 Very large 0.98 | Large

Note: Here “(none)” indicates the result is treated as no effect.

The effect size calculations provided in Table 4-5 indicated the Sl intervention
had a medium effect on task engagement for 55% students (6 out of 11students), large
effect on 36% (4 out of 11 students) and no effect on 9% (1 out of 11 students).
Individual analysis indicated medium effect as follows: student 1 (R-IRD =0.512,
NAP = 0.59), student 2 (R-IRD = 0.58, NAP = 0.80), student 3 (R-IRD = 0.52, NAP
=0.76), student 5 (R-IRD = 0.54, NAP = 0.66) and student 6 (R-IRD = 0.51, NAP =
0.95). A large effect was noted for student 7 (R-IRD = 0.70, NAP = 0.98) and student
9 (R-IRD =0.75, NAP = 0.97). Small NAP effect was demonstrated for student 4 (R-
IRD =0.22, NAP = 0.36). Very large effects were found for student 8 (R-IRD = 0.83,
NAP = 0.89) and student 11(R-IRD = 0.83, NAP = 0.98). Student 10 had a medium

R-IRD effect (0.62), but a large NAP effect (0.87). These R-IRD findings were
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consistent with the medium to large effect of SI INTERVENTION on task
engagement for all students in 2014, evident by Figure 4-3. Overall visual analysis,

too, confirmed the medium to large increase in task engagement for all students.

Student-initiated social interactions

Student-initiated social interaction data were gathered by direct observation. The
participants were observed for ten-minute intervals during yard play for three days
each week during baseline and intervention periods. Frequency was recorded for each

time the student initiated any social interaction with another peer or adult in the yard.

Overall effects for student-initiated social interactions

Overall effect sizes for student-initiated social interactions across the three years
(2012, 2013, and 2014) were calculated from the proportion of non-overlapping pair
data (NAP index) for baseline (phase A) and intervention (phase B). At a zero chance
level, NAP scores are interpreted as small effect (values in the range 0-0.31), medium
effect (0.32-0.84), and large effect (0.85-1.0) (Parker & Vannest, 2009). NAP values

and effects are presented in Table 4-6.

Table 4-6. Overall NAP scores for student-initiated social interactions

Student
Year 1 2 3 4 5 6 7 8 9 10 11

2012 NAP -0.18 0.11 0.04 0.00 -0.18 0.05
B<A B>A B>A B=A B<A B>A
# * * # *

2013 NAP -0.16 0.02 -0.12 -0.71 -0.28 0.14
B<A B>A B<A B<A B<A B>A
# * # # # *

2014 NAP 033 045 015 061 022 -0.17 -022 074 0.73 -011 0.29
B>A B>A B>A B>A B>A B<A B<A B>A B>A B<A B>A

*% *% *% * # # *% *% # *

Note: * small effect, ** medium effect, *** large effect, # negative effect
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Table 4-6 indicates that across the three years, the intervention demonstrated a
small to medium effect size for 57% of students (13 of the 23 NAP effect sizes
calculated based on individual student data) and 43% (10 out of 23 students) indicated

a decrease in student-initiated social interactions or negative effect.

Data were further analysed using R-IRD for individual participant outcomes for
each dependent measure, in this case, student-initiated social interactions (Parker et
al., 2009; Vannest & Ninci, 2015; Vannest et al., 2011). R-IRD was used to validate
the NAP effect sizes due to its greater sensitivity. The R-IRD scores were discussed
year by year, and were compared with each year’s NAP scores. Overall R-IRD scores
showed small to medium effects for 26% of students (6 out of 23 participants across

2012, 2013 and 2014) when effect sizes were calculated using the R-IRD.

Student-initiated social interaction results for 2012

Figure 4-4 shows student-initiated social interaction during the implementation of
the sensory integration intervention (by classroom teachers) in 2012. The figure
shows the number of student-initiated social interactions during ten-minutes of yard
play, with the x-axis showing the session number and the y-axis the number of

interactions initiated by the student.
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Figure 4-4. Student-initiated social interaction during yard play, 2012
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Table 4-7 contains NAP and R-IRD scores (at 95% confidence level) for the
students in 2012. In the table, NAP scores are interpreted as small effect (values in the
range 0-0.31), medium effect (0.32-0.84), and large effect (0.85-1.0) (Parker &
Vannest, 2009). R-IRD scores are interpreted as small effect (0-0.50), medium effect
(0.50-0.70), large effect (0.71-0.75), and very large effect (0.75-1.00) (Parker &

Vannest, 2009).

Table 4-7. R-IRD and NAP scores for student-initiated social interaction, 2012

Student Lower limit Upper limit R-IRD Effect NAP Effect

1 -0.286 -0.286 -1.46 Negative -0.18 Small

2 -0.286 -0.286 -0.61 Negative 0.11  Small

3 -0.286 -0.286 -0.82 Negative 0.04  Small (hone)
4 -0.548 0.033 -0.35 Negative 0.00 No effect

5 -0.523 0.100 -0.31 Negative -0.18 Negative

6 -0.520 0.148 -0.27 Negative  0.05  Small (none)

Note: Here “(none)” indicates the result is treated as no effect.

Overall results indicated small or no effect for 83% (5 out of 6 students) and a
decrease or negative effect for 17% (1 student).The effect sizes in Table 4-7 indicated
a negative R-IRD effect and negligibly small NAP effect size for student-initiated
social interactions for all participants in 2012, as follows: student 1 (R-IRD = -1.46,
NAP = -0.18), student 2 (R-IRD = -0.61, NAP = 0.11), student 3 (R-IRD = -0.82,
NAP = 0.04), student 4 (R-IRD = -0.5, NAP = 0.00), student 5 (R-IRD = -0.31, NAP
=-0.18) and student 6 (R-IRD =-0.27, NAP = 0.05). This implied a decrease in
student-initiated social interactions during the intervention phase. The R-IRD findings
differed from the NAP scores for 2012, in that they indicated a negligible amount of
increased social interaction for three out of six students, a small decrease of
interactions for two students, and no effect for one student. These R-IRD results were

consistent with the visual analysis as observed in Figure 4-4. These results indicate
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that any changes in student-initiated social iteractions may be attributed to chance or

some other variables.

Student-initiated social interaction results for 2013

Figure 4-5 shows student-initiated social interaction during the implementation of
the sensory integration intervention (by classroom teachers with OT supervision) in

2013.
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Figure 4-5. Student-initiated social interaction during yard play, 2013

Table 4-8 contains NAP and R-IRD scores (at 95% confidence level) for the
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students in 2013. In the table, NAP scores are interpreted as small effect (values in the
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range 0-0.31), medium effect (0.32-0.84), and large effect (0.85-1.0) (Parker &
Vannest, 2009). R-IRD scores are interpreted as small effect (0-0.50), medium effect
(0.50-0.70), large effect (0.71-0.75), and very large effect (0.75-1.00) (Parker &

Vannest, 2009).

Table 4-8. R-IRD and NAP scores for student-initiated social interaction, 2013

Student  Lower limit  Upper limit R-IRD Effect NAP Effect

1 -0.429 0.097 -0.35 Negative -0.16 Negative

2 -0.252 0.510 0.11 Small (none) 0.02 Small (none)
3 -0.465 0.225 -0.20 Negative -0.12 Negative

4 -0.600 -0.210 -0.60 Negative -0.71 Negative

5 -0.423 -0.039 -0.43 Negative -0.28 Negative

6 -0.271 0.402 0.07 Small (none) 0.14 Small

Note: Here “(none)” indicates the result is treated as no effect.

Overall results indicated small or no effect for 33% (2 out of 6 students) and a
decrease or negative effect for 67% (4 out of 6 students). Effect sizes from Table 4-8
indicated a decrease in student-initiated social interactions for student 1 (R-IRD = -
0.35, NAP =-0.16), student 3 (R-IRD =-0.20, NAP =-0.12), student 4 (R-IRD = -
0.60, NAP =-0.71) and student 5 (R-IRD = -0.43, NAP =-0.28), with a negligible
increase for student 2 (R-IRD = 0.11, NAP = 0.02) and student 6 (R-IRD = 0.07, NAP
= 0.14), interpreted as no effect. These results were consistent with visual analysis as
observed in Figure 4-5 signifying that the change could not be attributed to the Sl
intervention in the case of for students, and that there may be other factors influencing

the small effect for two students.

Student-initiated social interaction results for 2014

Figure 4-6 shows student-initiated social interaction during the implementation of

the sensory integration intervention (by student OTs) in 2014.
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Table 4-9 contains NAP and R-IRD scores (at 95% confidence level) for the
students in 2014. In the table, NAP scores are interpreted as small effect (values in the
range 0-0.31), medium effect (0.32-0.84), and large effect (0.85-1.0) (Parker &
Vannest, 2009). R-IRD scores are interpreted as small effect (0-0.50), medium effect
(0.50-0.70), large effect (0.71-0.75), and very large effect (0.75-1.00) (Parker &

Vannest, 2009).

Table 4-9. R-IRD and NAP scores for student-initiated social interaction, 2014

Student Lower limit Upper limit R-IRD Effect NAP Effect
1 -0.067 -0.367 0.01 Small (none) 0.33 Small
2 -0.273 0.244 -0.27 Negative 0.45 Small
3 -0.340 0.333 -0.16 Negative 0.15 Small
4 -0.048 0.720 0.37 Small (none) 0.61 Medium
5 -0.435 -0.115 -0.51 Negative 0.22 Small
6 -0.516 0.033 -0.39 Negative -0.17 Negative
7 -0.494 0.125 -0.26 Negative -0.22 Negative
8 0.161 0.799 0.54 Medium 0.74 Medium
9 0.090 0.716 0.45 Small (none) 0.73 Medium
10 -0.460 0.199 -0.15 Negative -0.11 Negative
11 -0.155 0.472 0.17 Small (none) 0.29 Small

Note: Here “(none)” indicates the result is treated as no effect.

Overall results indicate a small or no change for 36% (4 out of 11 students) and a
decrease or negative effect for 64% (7 out of 11 students). According to Table 4-9, the
individual effect sizes indicated a small increase for student 1 (R-IRD =0.10, NAP
=0.33) and student 11 (R-IRD = 0.17, NAP = 0.29). A small R-IRD effect with a
medium NAP effect was observed for student 4 (R-IRD = 0.37, NAP = 0.61) and
student 9 (R-IRD = 0.45, NAP = 0.73). Medium effect was observed for student 8 (R-
IRD = 0.54, NAP = 0.74). R-IRD and NAP effect were in agreement for decrease of
student initiated social interactions in case of student 6 (R-IRD =-0.39, NAP =-0.17),

student 7 (R-IRD = -0.26, NAP = -0.22) and student 10 (R-IRD =-0.15, NAP = -
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0.11). Additionally, the NAP indices indicated improvement in social interactions
during the intervention phase for student 2, student 3, and student 5, which was
consistent with visual analysis as observed in Figure 4-6; whereas, R-IRD scores
indicated a decrease in social interactions for these students. This difference may be
explained by the higher sensitivity of the R-IRD (Parker & Brossart, 2003; Parker &
Vannest, 2009; Parker et al., 2009). Overall visual analysis indicated increased social
interactions to varied degrees for four students and no change or some decrease for

seven students.

Frequency of emotional behaviours

Frequency of emotional behaviour data were gathered by direct observation. Data
were collected by counting the number of emotional behaviours displayed by the
participants in a routine day at school for three days each week (during the baseline

and intervention phases).

Overall effects for frequency of emotional behaviours

Overall effect sizes for frequency of emotional behaviours across the three years
(2012, 2013, and 2014) were calculated from the proportion of non-overlapping pair
data (NAP index) for baseline (phase A) and intervention (phase B). At a zero chance
level, NAP scores are interpreted as small effect (values in the range 0-0.31), medium
effect (0.32-0.84), and large effect (0.85-1.0) (Parker & Vannest, 2009). NAP values

and effects are presented in Table 4-10.

A lower mean during the intervention phase (in the table, B < A) was considered a

desirable outcome for the frequency of emotional behaviours, as this means those
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behaviours were less frequent during the intervention phase then pre-intervention. The

desired B < A result was depicted as negative (#) through the analysis.

Table 4-10. Overall NAP scores for frequency of emotional behaviours

Student

Year 1 2 3 4 5 6 7 8 9 10 11

2012 NAP 007 033 042 036 074 094
B>A B>A B>A B<A B<A B<A
* ** *% # # #

2013 NAP 0.24 010 0.02 0.14 0.93 0.09
B>A B>A B<A B<A B<A B>A
* * # # # *

2014 NAP 034 073 001 071 034 014 023 040 005 0.09 0.35
B<A B<A B<A B<A B<A B<A B<A B<A B<A B>A B>A
# # # # # # # # # * *

Note: * small effect, ** medium effect, *** large effect where B>A, # negative

effect B< A

Table 4-10 indicated that across the three years, small to large effect sizes in NAP
scores pointing to a decrease of emotional behaviours as suggested by lower
intervention mean scores (i.e., B < A) were identified for 70% (16 of the 23 effect
sizes across 2012, 2013 and 2014 calculated based on individual data) and small
increase for 30% (calculated effect sizes for 7 out of 23 students) of pre- to post-

intervention data on the measures of frequency of emotional behaviours.

Data were further analysed using R-IRD for individual participant outcomes for
each dependent measure, in this case, frequency of emotional behaviours (Parker et
al., 2009; Vannest & Ninci, 2015; Vannest et al., 2011). R-IRD was used to validate
the NAP effect sizes due to its greater sensitivity. The R-IRD scores were discussed
year by year, and were compared with each year’s NAP scores. Overall R-IRD scores

indicated 86.96 % (calculated effect sizes for 20 participants out of 23 across 2012,
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2013 and 2014) decrease in the frequency of emotional behaviours during the

intervention phase.

Frequency of emotional behaviours for 2012

Figure 4-7 shows the frequency of emotional behaviours during the
implementation of the sensory integration intervention (by classroom teachers) in
2012. The figure shows the frequency of emotional behaviours during a routine day,
with the x-axis showing the session number and the y-axis the frequency of emotional

behaviours for the student.



EFFECTS OF A SENSORY INTEGRATION INTERVENTION

Frequency Emotional Behaviours Frequency Emotional Behaviours Frequency Emotional Behaviours Frequency Emotional Behaviours Frequency Emotional Behaviours

Frequency Emotional Behaviours

student 1

—CDe— A Phase

—— B Phase

- e ------
)

>
1 2 3 a 5 617 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

1
I
1 1
i [] Student 2
] ]
]
1 ]
1 ]
1 ] —— A\ Phase
] : —— B Phase
1 ]
] ]
| ]
]
MWMVW---------
n
o
12 3 4 5 6:7 8 © 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
1
1 ]
1 1 Student 3
] ]
]
1 ]
4 ] —— A\ Phase
] : = B Phase
1 - B L L
M
| ]
]
1 ]
s

12 3 a4 5 6[7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

[

Student 4

—— A Phase

]
[}
]
]
]
[}
4 : = B Phase
]
]
[}
]
|

Student 5

—— A\ Phase
—— B Phase

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

Student 6

—— A\ Phase
—— B Phase

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

Figure 4-7. Frequency of emotional behaviours in a routine school day, 2012

Table 4-11 contains NAP and R-IRD scores (at 95% confidence level) for the
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students in 2012. In the table, NAP scores are interpreted as small effect (values in the
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range 0-0.31), medium effect (0.32-0.84), and large effect (0.85-1.0) (Parker &
Vannest, 2009). R-IRD scores are interpreted as small effect (0-0.50), medium effect
(0.50-0.70), large effect (0.71-0.75), and very large effect (0.75-1.00) (Parker &

Vannest, 2009).

Table 4-11. R-IRD and NAP scores for frequency of emotional behaviours, 2012

Student  Lower limit Upper R-IRD Effect NAP Effect
limit
1 -0.286 0.339 -0.18 Negative 0.07 Small
2 -0.504 0.181 -0.22  Negative 0.33 Small
3 -0.286 -0.286 -1.14  Negative 0.42 Small
4 -0.352 0.394 0.00 No effect 0.36 Small
5 0.118 0.810 0.53 Medium 0.74 Medium
6 0.418 0.964 0.80 Very large 0.94 Large

Overall results indicated negative effect signifying a medium to large decrease in
frequency of emotional behaviours for 33% (calculated effect sizes for 2 out of 6
students), a small increase for 50% (calculated effect sizes for 3 out of 6 students), no
effect for 17% (calculated effect size for one student). The calculated effect size for
student 1 (R-IRD =-0.18), student 2 (R-IRD =-0.22) and student 3 (R-IRD = -1.14)
indicated a negative effect due to a small increase in the frequency of emotional
behaviours as illustrated by Table 4-11 and figure 4-7. The NAP also indicated a
small increase in the frequency of behaviours for student 1, student 2 and student 3.
The R-IRD scores for student 4 (R-IRD = 0) indicated no effect of intervention on the
frequency of emotional behaviours though the NAP indicated a small increase;
whereas, effect values for student 5 (R-IRD = 0.53) and student 6 (R-IRD = 0.80)
agreed with the NAP scores indicating medium and large improvement by decreasing

the frequency of emotional behaviours. Overall visual analysis supported the NAP
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and R-IRD results indicating decrease for two students, increase for three students and

no effect for one student.

Frequency of emotional behaviours for 2013

Figure 4-8 shows the frequency of emotional behaviours during the
implementation of the sensory integration intervention (by classroom teachers with

OT supervision) in 2013.
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Figure 4-8. Frequency of emotional behaviours in a routine school day, 2013

Table 4-12 contains NAP and R-IRD scores (at 95% confidence level) for the

students in 2013. In the table, NAP scores are interpreted as small effect (values in the
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range 0-0.31), medium effect (0.32-0.84), and large effect (0.85-1.0) (Parker &
Vannest, 2009). R-IRD scores are interpreted as small effect (0-0.50), medium effect
(0.50-0.70), large effect (0.71-0.75), and very large effect (0.75-1.00) (Parker &

Vannest, 2009).

Table 4-12. R-IRD and NAP scores for frequency of emotional behaviours, 2013

Student Lower limit  Upperlimit R-IRD Effect NAP Effect
1 -0.390 0.318 -0.13 Negative -0.24 Negative
2 -0.272 0.501 0.10 Small -0.10 Negative
(none)
3 -0.254 0.525 0.14 Small 0.02  Small (none)
(none)
-0.400 0.335 -0.07 Negative 0.14 Small
5 0.393 0.938 0.76 Very large 0.93 Large
-0.359 0.314 -0.03 Negative -0.09 Negative

Note: Here “(none)” indicates the result is treated as no effect.

Overall results indicated that there was a negative effect indicating some increase
in frequency of emotional behaviours for 50% (calculated effect sizes for 3 out of 6
students) a small effect for 33% (calculated effect sizes for 2 out of 6 students) and a
large effect for 17% (calculated effect size for one student). The effect size
calculations for student 1 (R-IRD =-0.13), student 4 (R-IRD =-0.07) and student 6
(R-IRD =-0.03) indicated a very small increase in the frequency of emotional
behaviours as evident in Table 4-12, which was in agreement for student 1 and
student 6 with the NAP effect and visual analysis. However, the NAP indices for
student 4 (NAP = 0.14) indicated a small decrease. The R-IRD and NAP scores
indicated decreased frequency of emotional behaviours for student 3 (R- IRD =0.14,
NAP = 0.02). However, it is interpreted as no effect due to its small effect size. Scores
indicated very large decrease for student 5 (R-IRD =0.76, NAP = 0.93); the R-IRD

score for student 2 (R-IRD = 0.10, NAP =-0.10) indicated decrease in the frequency
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of emotional behaviours interpreted as no effect due to the small effect, while the
NAP score indicated a small increase in the emotional behaviours. Visual analysis
was consistent with the reported NAP increase in the frequency of emotional
behaviours for student 2. Small to large effect sizes suggested decrease in the
frequency of emotional behaviours, as observed through visual analysis for 50% (3
out of 6 students), a small increase indicated by negative effect for 33% (two

students) and no effect for 16% (one student).

Frequency of emotional behaviours for 2014

Figure 4-9 shows the frequency of emotional behaviours during the

implementation of the sensory integration intervention (by student OTs) in 2014.



EFFECTS OF A SENSORY INTEGRATION INTERVENTION

Frequency Emotional Behaviours Frequency Emotional Behaviours Frequency Emotional Behaviours Frequency Emotional Behaviours Frequency Emotional Behaviours

FrequencyEmotional Behaviours

110

920
80
70
60
50
a0
30
20
10

110
100
90
80
70
60
50
a0
30
20
10

110
100
20
80
70
60
50
40
30
20
10

110
100
20
80
70
60
50
40
30
20
10

110
100
20
80
70
60
50
40
30
20
10

110
100
20
80
70
60
50
40
30
20
10

Student 1

D A Phase
—— B Phase

M-----------------
1234 6 7 8 9101112134 51617181 PRI22XRLRER7282BOBI132833B435363 738394 0414243444546

Student 2

o ——————— —

gD A\ Phase
——— B Phase

123456l789101121NUEI61 71 RPRIZ2RLRER 22BO31323BABS5363 738B940414243444546

Student 3

e A Phase
—— B Phase

123456 7I8 910111213 4151617181 PR 22 RRRER 722 BB 13233435363 73839101142439M4 516

Student 4

—e— A\ Phase
——— B Phase

1234567 8 910111213141 51617181R@ 1222 B1323 0414243144546

Student S

g A Phase
—— B Phase

e —————

-

1234567 8910111213141 51617181L@1 B1323 7383910414243444546

Student 6

gD A\ Phase
——— B Phase

I ———————————

1234567 891011121314 516171812 ®@1 O E2 o313 7383910414243444546

184



EFFECTS OF A SENSORY INTEGRATION INTERVENTION

185

1
1
1
110 1
1 Student 7
100 - 1
£ 90 1
5
2 1
= 80 - 1
S
8 70 - 1
= 1
S 60 -
S 1 =g A\ Ph
£ 50 J 1 ase
fi]
= 1 —e— B Phase
2 40 4
El 1
g 30 4 1
=
fireg
20 - 1
10 | L,
o
12345678 o1anzabasaznaeereroe72829B801323334353637383940414243444546
1
110 :
n
100 4 1 Student 8
£ 90 o 1
2 1
= 80 1
= 1
[==] 70 -
= 1
S 60 - 1
] g A\ Phase
5 50 1
= 1 =G B Phase
2 a0 o 1
El
s 30 -4 1
[y
20 - :
-
10 Q 1
o
1234567 891012345678 PRRP2RLRR72RBOZIZBBIABSIEB7IBAI 1424144546
1
110 1
1 Student 9
100 - 1
£ 90 - I
2 1
= 80 - 1
S
oo 70 - I
£ 60 1
s 4
= 1
L% 50 - 1 g A\ Phase
= 1 =@ B Phase
2 a0 4
El 1
g 30 4 1
= 20 I
| .
10 1
o w
12345678 9101112131456l 7181 PR R2RLRER 2R BB 132333435363 7383104 14243144546
1
110 :
Student 10
100 1
£ 90 - 1
3 1
2
= 80 1
S
& 7o | 1
= 1
S 60 - 1
= e A Phase
5 50 1
= 1 -G B Phase
2 40 4
= 1
g 30 - 1
= 1
20 i
-
10 - ]
o w
12345678 910111213145161718l PR R2RLRER 2R BEBIZBBB5EEB BEBHN01 14243144546
1
110 :
uden
Stud t 11
100 - 1
£ 90 o 1
E]
2 1
E 80 4 1
S 70 4 1
= 1
S 60 - 1
k= g A\ Phase
5 50 1
= 1 - B Phase
2 40 o
= 1
g 30 4 1
= 1
20
10 '-1
12345678 9101112131415161 718l PR R 2R R R 7282B0B1328BB5363 73839404 1424314546

Figure 4-9. Frequency of emotional behaviours in a routine school day, 2014
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Table 4-13 contains NAP and R-IRD scores (at 95% confidence level) for the
students in 2014. In the table, NAP scores are interpreted as small effect (values in the
range 0-0.31), medium effect (0.32-0.84), and large effect (0.85-1.0) (Parker &
Vannest, 2009). R-IRD scores are interpreted as small effect (0-0.50), medium effect
(0.50-0.70), large effect (0.71-0.75), and very large effect (0.75-1.00) (Parker &

Vannest, 2009).

Table 4-13. R-IRD and NAP scores for frequency of emotional behaviours, 2014

Student Lower Upper limit  R-IRD Effect NAP Effect
limit

1 -0.217 0.056 -0.46  Negative 0.34 Small

2 -0.078 0.761 0.36 Medium 0.73 Medium

3 -0.314 0.419 -0.06  Negative 0.01 Small (none)

4 0.197 0.911 0.66 Medium 0.71 Medium

5 -0.166 0.583 0.21 Small (none) 0.34 Medium

6 -0.157 0.599 0.24 Small (none) 0.14 Small

7 -0.084 0.635 0.30 Small (none)  0.23 Small

8 0.102 0.759 0.49 Medium 0.40 Medium

9 -0.276 0.413 0.08 Small (none)  0.05 Small (none)

10 -0.402 0.270 -0.07  Negative -0.09  Negative

11 -0.536 0.090 -0.25 Negative -0.35 Negative

Note: Here “(none)” indicates the result is treated as no effect.

Overall results indicated negative effect for 36% (calculated effect sizes for 4 out
of 11 students) signifying some increase in frequency of emotional behaviours, and a
small to medium effect for 64% (calculated effect sizes for 7 out of 11 students). The
calculated effect in Table 4-13 indicated a negative effect identified by a small
increase in the frequency of emotional behaviours for student 1 (R-IRD = -0.46),
student 3 (R-IRD =-0.06), student 10 (R-IRD =-0.07) and student 11 (R-IRD = -
0.25). Effect size calculations using NAP supported R-IRD analysis for student 10

(NAP =-0.09) and student 11 (NAP = -0.35) with the frequency of emotional
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behaviours during the intervention negligibly more than the baseline (i.e., B > A). The
R-IRD scores for student 1 (R-IRD =-0.46, NAP = 0.34) and student 3 (R-IRD = -
0.06, NAP = 0.01) indicated a small increase in the frequency of emotional
behaviours which was not consistent with the respective NAP scores that indicated a
decrease. Visual analysis of Figure 4-9 was consistent with the NAP values. The R-
IRD values for student 2 (R-IRD = 0.36), student 5 (R-IRD = 0.21), student 6 (R-IRD
=0.24), student 7 (R-IRD = 0.30), student 8 (R-IRD = 0.49) and student 9 (R-IRD =
0.08) indicated a small effect identified by a decrease in the frequency of emotional
behaviours; however, this small decrease in R-IRD values is interpreted as no effect.
Visual analysis and the NAP scores were consistent with the reported decrease in the
frequency of emotional behaviours. R-IRD indicated a medium decrease in the
frequency of emotional behaviours for student 4 (R-IRD = 0.66), consistent with
visual analysis and the NAP score. The overall visual analysis indicated that there was
a decrease in frequency of emotional behaviours for 82 % (9 out of 11 students) and a

small increase for 18% (2 out of 11 students).

Duration of emotional behaviours

Duration of emotional behaviour data were gathered by direct observation. Data
were collected on participants in a routine day at school for three days each week
during the baseline and intervention phases. Duration was established by noting the
start time for each incidence of behaviour and its corresponding end time (when

behaviour returned to the level before the start time).
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Overall effects for duration of emotional behaviours

Overall effect sizes for duration of emotional behaviours across the three years
(2012, 2013, and 2014) were calculated from the proportion of non-overlapping pair
data (NAP index) for baseline (phase A) and intervention (phase B). At a zero chance
level, NAP scores are interpreted as small effect (values in the range 0-0.31), medium
effect (0.32-0.84), and large effect (0.85-1.0) (Parker & Vannest, 2009). NAP values

and effects are presented in Table 4-14.

A lower mean during the intervention phase (in the table, B < A) was considered a
desirable outcome for the duration of emotional behaviours, as this means those
behaviours were less frequent during the intervention phase then pre-intervention. The

B < A results were depicted as ‘negative’ (#) during the analysis.

Table 4-14. Overall NAP scores for duration of emotional behaviours

Student
Year 1 2 3 4 5 6 7 8 9 10 11
2012 NAP 057 048 0.46 045 0.70 0.94

B>A B<A B<A B<A B<A B<A
*k # # # # #

2013 NAP 0.24 0.10 0.05 0.10 0.80 0.05
B>A B>A B<A B<A B<A B<A
* * # # # #

2014 NAP 058 0.72 003 0.71 025 0.17 023 040 0.05 0.09 0.32
B<A B<A B>A B<A B<A B<A B<A B<A B<A B>A B>A
# # * # # # # # # * *

Note: * small effect, ** medium effect, *** large effect, # negative effect

Overall results from Table 4-14 indicated lower intervention (phase B) scores
compared to baseline (phase A) scores (that is, B < A) were identified for 74% of
students (calculated effect sizes for calculated effect sizes for 17 of the 23 effect sizes
calculated based on individual data across 2012, 2013 and 2014), signifying a

decrease in duration of emotional behaviours. Small effect or increase in duration of
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emotional behaviours (B > A) was indicated for 26% (calculated effect sizes for 6 out

of 23 students).

The overall R-IRD scores indicated 87% (calculated individual scores for 20 out
of 23 participants across 2012, 2013 and 2014) decreased in the duration of emotional

behaviours.

Duration of emotional behaviours for 2012

Figure 4-10 shows the duration of emotional behaviours during the
implementation of the sensory integration intervention (by classroom teachers) in
2012. The figure shows the duration of emotional behaviours during a routine day,
with the x-axis showing the session number and the y-axis the duration of emotional

behaviours for the student.
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Table 4-15 contains NAP and R-IRD scores (at 95% confidence level) for the
students in 2012. In the table, NAP scores are interpreted as small effect (values in the
range 0-0.31), medium effect (0.32-0.84), and large effect (0.85-1.0) (Parker &
Vannest, 2009). R-IRD scores are interpreted as small effect (0-0.50), medium effect
(0.50-0.70), large effect (0.71-0.75), and very large effect (0.75-1.00) (Parker &

Vannest, 2009).

Table 4-15. R-IRD and NAP scores for duration of emotional behaviours, 2012

Student Lower limit  Upper limit R-IRD Effect NAP Effect
1 -0.286 0.339 -0.18 Negative -0.57 Negative,

medium
2 -0.100 0.756 0.35 Small (none) 0.48 Medium
3 -0.246 0.523 0.04 Small (none) 0.46 Medium
4 -0.116 0.622 0.28 Small (none) 0.45 Medium
5 0.270 0.896 0.67 Medium 0.70 Medium
6 0.342 0.932 0.74 Large 0.94 Large

Note: Here “(none)” indicates the result is treated as no effect.

For five out of six students in 2012, the NAP index indicated a medium to large
effect size signifying a decrease in the cumulative duration of emotional behaviours
during the intervention (phase B) (that is, B < A) through a routine day at school (see
Table 4-15). According to overall visual analysis from Figure 4-10 and R-IRD as
observed in Table 4-15 indicated a large increase in the duration of emotional
behaviour for student 1 (R-IRD =-0.93, NAP = -0.57); this finding was consistent
with the corresponding NAP score. The R-IRD for student 2 (R-IRD = 0.35, NAP =
0.48), student 3 (R-IRD = 0.04, NAP = 0.46) and student 4 (R-IRD = 0.28, NAP =
0.45) indicated a small decrease in the duration of emotional behaviours, supported by
their NAP scores and visual analysis. The small decrease in the R-IRD for the

duration of emotional behaviours is interpreted as no effect. The R-IRD for student 5
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(R-IRD = 0.67, NAP = 0.70) and student 6 (R-IRD = 0.74, NAP = 0.94) indicated a
large decrease in the duration of emotional behaviours supported by their NAP scores

and visual analysis.

Duration of emotional behaviours for 2013

Figure 4-11 shows the duration of emotional behaviours during the
implementation of the sensory integration intervention (by classroom teachers with

OT supervision) in 2013,
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Table 4-16 contains NAP and R-IRD scores (at 95% confidence level) for the
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students in 2013. In the table, NAP scores are interpreted as small effect (values in the
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range 0-0.31), medium effect (0.32-0.84), and large effect (0.85-1.0) (Parker &
Vannest, 2009). R-IRD scores are interpreted as small effect (0-0.50), medium effect
(0.50-0.70), large effect (0.71-0.75), and very large effect (0.75-1.00) (Parker &

Vannest, 2009).

Table 4-16. NAP and R-IRD scores for duration of emotional behaviours, 2013

Student Lower Upper R-IRD Effect NAP Effect
limit limit

1 -0.289 0.468 0.05 Small (none) 0.24 Small

2 -0.272 0.501 0.10 Medium 0.10 Small

3 -0.232 0.535 0.16 Medium 0.05 Small (none)

4 -0.444 0.274 -0.13  Negative -0.10 Negative

5 0.153 0.776 0.52 Medium 0.80 Medium

6 -0.271 0.402 0.07 Small (none)  0.02 Small (none)

Note: Here “(none)” indicates the result is treated as no effect.

Overall results indicated a small to medium change signifying decrease in
cumulative duration of emotional behaviours for 83% (calculated effect sizes for 5 out
of 6 students) and a small increase for 17% (calculated effect sizes for one student).
Individual R-IRD effect sizes observed for student 2 (R-IRD = 0.05), student 3 (R-
IRD = 0.16), student 4 (R-IRD = 0.16), student 5 (R-IRD = 0.52) and student 6 (R-
IRD = 0.07) indicated a small to medium decrease in the duration of emotional
behaviours in 2013 (see Table 4-16). However, NAP for student 1 and student 2
indicated a negligible increase in the duration of emotional behaviours, while
supporting the small decrease of duration in emotional behaviour for student 3 and
student 6; visual analysis from Figure 4-11 was consistent with the NAP score
indicating a decrease for student 2, student 3 and student 6. Effect size for student 4
(R-IRD =-0.13, NAP = 0.10) indicated a small increase in the duration, while the

NAP score indicated a small decrease in the duration, visual analysis was consistent
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with the NAP score. R-IRD and NAP scores agreed for student 5 (R-IRD = 0.52,
NAP = 0.80) with a moderate decrease in the duration of emotional behaviours,

consistent with visual analysis.

Duration of emotional behaviours for 2014

Figure 4-12 shows the duration of emotional behaviours during the
implementation of the sensory integration intervention (by student OTs under
supervision of expert OTs) in 2014. The figure shows the duration of emotional
behaviours during a routine day, with the x-axis showing the session number and the

y-axis the duration of emotional behaviours for the student.
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Table 4-17 contains NAP and R-IRD scores (at 95% confidence level) for the
students in 2014. In the table, NAP scores are interpreted as small effect (values in the
range 0-0.31), medium effect (0.32-0.84), and large effect (0.85-1.0) (Parker &
Vannest, 2009). R-IRD scores are interpreted as small effect (0-0.50), medium effect
(0.50-0.70), large effect (0.71-0.75), and very large effect (0.75-1.00) (Parker &

Vannest, 2009).

Table 4-17. NAP and R-IRD scores for duration of emotional behaviours, 2014

Student Lower Upper R-IRD Effect NAP Effect
limit limit

1 -0.204 0.546 0.03 Small (none) 0.58 Medium

2 -0.078 0.761 0.36 Small (none) 0.72  Medium

3 -0.332 0.410 -0.08 Negative -0.03 Negative

4 0.090 0.827 0.53 Medium 0.71 Medium

5 -0.267 0.464 0.07 Small (none) 0.25 Small

6 -0.213 0.543 0.17 Small (none) 0.17  Small

7 -0.046 0.655 0.34 Small (none) 0.23 Small

8 0.086 0.753 0.48 Small (none) 0.40  Medium

9 -0.276 0.413 0.08 Small 0.05 Small (none)

10 -0.402 0.270 -0.07 Negative -0.09 Negative

11 -0.435 0.195 -0.13 Negative -0.32 Negative

Note: Here “(none)” indicates the result is treated as no effect.

Overall results for the cumulative duration of emotional behaviours experienced
by the students in a routine school day indicated a medium decrease for 36%
(calculated effect sizes for 4 out of 11 students), a small decrease for 36% (calculated
effect sizes for 4 out of 11 students) and a small increase for 26% (calculated effect
sizes for 3 out of 11 students). As illustrated by Table 4-17, R-IRD for student 1 (R-
IRD = 0.03), student 2 (0.36), student 5 (R-IRD = 0.07), student 6 (R-IRD =0.17),
student 7 (R-IRD = 0.34), student 8 (R-IRD = 0.48) and student 9 (R-IRD = 0.08)

indicated a small decrease interpreted as no effect in the duration of emotional
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behaviours; these findings were supported by the NAP scores indicating a small
decrease of the behaviours. R-IRD for student 3 (R-IRD =-0.08), student 10 (R-IRD
=-0.07) and student 11 (R-IRD =-0.13) indicated a small increase in the duration of
emotional behaviours. The NAP findings and visual analysis from Figure 4-12 were
consistent with this small increase in the duration of emotional behaviours for the
three students. The duration of emotional behaviours for student 4 (R-IRD = 0.53,
NAP = 0.71) indicated a medium decrease as indicated by both R-IRD and NAP

scores, also consistent with visual analysis.

Visual analysis and comparison of the effect size for the frequency and duration of
the emotional behaviours across all years indicated that a reduced frequency
coincided with the reduced duration for student 4, student 5 and student 6 in 2012,
student 4, and student 5 in 2013, and student 1, student 2, student 4, student 5, student
6, student 7, student 8, and student 9 in 2014. However, for some participants (i.e.
student 2 and student 3 in 2012, student 3 and student 6 in 2013, and student 11 in
2014) a decrease in the duration of emotional behaviours was observed despite the
small increase in the frequency of emotional behaviours. Conversely, the duration of
emotional behaviours increased even when the frequency decreased for student 1 in
2012, student 1 in 2013 and, student 3 and student 10 in 2014 (see Tables 4-10 and 4-
14). There appeared to be one incident of emotional behaviour during the baseline
and intervention observations for student 2 in 2013, signifying that the Sl intervention
may have had no effect; the one incident over the 31 days of baseline and intervention

observations does not provide sufficient information.



EFFECTS OF A SENSORY INTEGRATION INTERVENTION

200

Repeated measures design data

The overall sensory processing sensory scores and the various subscale scores
(balance & motion, body awareness, hearing, planning & ideas, social participation,

touch, taste, and vision) were obtained using the SPM.

This section consists of the following:

1. Assessing the validity of comparing year groups

2. How SPM scores are reported

3. SPM results for 2012

4. SPM results for 2013

5. SPM results for 2014

6. Analysis of patterns of significance

Assessing the validity of comparing year groups

To evaluate changes in sensory subscales and overall sensory processing, a series
of one-way ANOVAs was completed to compare year-group (2012, 2013, and 2014)
performance on baseline (TQ) raw scores from the SPM. The purpose of this analysis
was to identify if the three year-groups of children had significant differences (across
years) before the intervention was started. These results would influence subsequent
analysis as significant differences between year-groups at baseline (T0) would mean
that any subsequent between-group analyses at post-observation (T1) and

maintenance (T2) could not be attributed to the intervention alone, as significant
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differences already existed between each year-cohort at baseline as evident in the

following Table 4-18.

Table 4-18. Summary of one-way ANOVA results at baseline TO

Sensory subscales df F Means square p
Total 2,20 54.31 7591.18 0.00*
Social Participation 2,20 3.9 32.20 0.04*
Balance and Motion 2,20 31.93 379.97 0.00*
Body Awareness 2,20 6.98 150.42 0.01*
Planning and Ideas 2,20 35.71 821.45 0.00*
Touch 2,20 20.16 188.47 0.00*
Taste & smell 2,20 10.03 48.22 0.00*
Vision 2,20 24.09 118.13 0.00*
Hearing 2,20 0.17 76.25 0.85

* indicates significant at p < 0.05

One-way ANOVA results identified significant differences between each year-
group at TO on the SPM Total raw score and on the subscale raw scores for Social
Participation, Balance & Motion, Body Awareness, Planning & Ideas, Touch, Taste
and Vision. Results showed that between-year groups were not significantly different

on measures of the subscale scores of Hearing.

Since there were significant differences between scores (see Table 4-18),
comparisons between years could not be made, as changes in results could not be
attributed to the intervention alone. However, later in this chapter, findings from the
repeated measures ANOVA and EXPRT (v.2.1) will be compared year-wise only to
explore whether the different styles of intervention had any influence on the

outcomes.

Another reason for keeping analysis to within-year level was that the intervention

was implemented by individuals with different expertise and different qualifications,



EFFECTS OF A SENSORY INTEGRATION INTERVENTION
202
in each year of the study. In 2012, the intervention was delivered by classroom staff in
consultation with an OT, where the OT did not have access to the classroom. In 2013,
it was delivered by the classroom staff guided by fortnightly observations by an
expert OT, and then was delivered entirely by student OTs under supervision of

expert OTs in 2014.

It is important to acknowledge that the number of participants for this type of
analysis was small and that the SPM sensory subscale scores were considered a
secondary analysis to that data collected from direct observations (during the
multiple-baseline SCED). The analysis focused on within-year groups, and the
variance for between-year groups was investigated only to explore the extent to which
outcomes changed when the intervention was delivered by expert OTs. The results of
the tests of variance for within-year participant groups are discussed in the next

section.

How SPM results are reported

A repeated measures ANOVA was conducted to compare baseline (T0), post-
observation (intervention) (T1), and maintenance (T2) scores. This analysis helped to
identify the sensory subscales that showed improvement. As shorthand, a comparison
of the TO and T1 phases is written as ‘TO-T1’, a comparison of T1 and T2 phases is

written as ‘T1-T2’ and a comparison of TO and T2 phases is written as ‘T0-T2’.

Sustained improvement was indicated by significant changes in TO-T1 and TO-
T2, but not T1-T2, as this meant that change was retained in T2 (change in TO-T2)

and did not keep increasing after the invention ceased (no change in T1-T2).
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Unsustained improvement was shown by significant change in TO-T1, but not T1-T2

and not TO-T2, as this meant the significant change in T1 was lost by T2.

In terms of specific scores, on the SPM, scores from 40-60 represent expected
development, from 60-70 represent having some problems, and scores higher than 70
represent having definite dysfunction. Reducing scores over time therefore indicate

improvement.

SPM results for 2012

In 2012, the sensory integration intervention was implemented by teachers with
once a fortnight consultation with an OT. Table 4-19 contains a summary of the

significance of changes on the sensory subscales between the phases for 2012.
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Table 4-19. Summary of changes on sensory subscales, 2012
Subscale  Phases Mean Std. Sig.p  95% Confidence Interval for
Difference Error Difference
Lower bound  Upper bound
Total TO-T1 21.25 3.34 0.00* 1252 29.99
TO-T2 13.67 3.68 0.004* 4.06 23.28
T1-T2 - - - - -
Balance & TO-T1 18.62 0.75 0.00* 17.05 20.18
Motion TO-T2 1381 074  003* 12.26 15.37
T1-T2 - - - - -
Body TO-T1 15.35 1.01 0.01* 13.25 17.45
Awareness  T(0.T2 . . - - -
T1-T2 - - - - -
Hearing TO-T1 19.18 4.64 0.00* 9.49 28.86
TO-T2 12.10 0.643 0.00* 10.75 13.44
T1-T2 - - - - -
Planning &  TO-T1 - - - - -
Ideas TO-T2 . . . . .
T1-T2 - - - - -
Social TO-T1 - - - - -
Participation T0-T2 i i i i i
T1-T2 - - - - -
Taste & TO-T1 - - - - -
Smell T0-T2 ) ) ) ) )
T1-T2 - - - - -
Touch TO-T1 9.00 1.00 0.00* 547 12.53
TO-T2 - - - - -
T1-T2 - - - - -
Vision TO-T1 10.00 1.24 0.00* 5.62 14.38
TO-T2 - - - - -
T1-T2 - - - - -

Note: * indicates significant difference, - indicates no difference

Table 4-19 indicates that the Total sensory subscale scores and scores across
Balance & Motion and Hearing, were significantly different at post-observation (TO-

T1) and maintenance (TO-T2) compared with baseline scores; Body Awareness,
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Touch and Vision were significantly different at post-observation (TO-T1). However,
the significant difference was not maintained between the post-observation and
maintenance scores (T1-T2) for these sensory subscales. This result meant that once
the fidelity to the intervention elements was withdrawn, so were the gains. The
children still had access to the equipment and activities, but staff did not insist on the
fidelity elements, while maintaining supervision for safety purpose. There was no
change observed in the sensory subscales of Planning and Ideas, Social Participation

and Taste.

Details of the various sensory subscales are included in the remainder of this

subsection.

SPM Total Raw Score. A significant difference in SPM scores across time was
identified for the SPM total raw score [F (2, 10) = 24.79, p = 0.00]. Bonferroni post-
hoc tests identified a significant difference in the SPM Total raw score from TO-T1 (p
=0.00), with the mean score at baseline (TO = 125.17) being significantly higher than
the mean score at post-observation (T1 = 68.67). A significant difference between
baseline (TO = 125.17) and maintenance (T2 = 84.50) was also identified (p = 0.04).
No significant difference between post-observation and maintenance was identified (p
= 0.18). This indicates that significant changes in the overall ability of the students in
sensory processing took place during the intervention, as opposed to the maintenance

phase of the programme.

SPM Balance & Motion Raw Score. A significant difference in SPM scores
across time was identified for the SPM Balance & Motion raw score [F (2, 10) =

16.60, p = 0.00]. Bonferroni post-hoc tests identified that there was a significant
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difference in the SPM Balance & Motion raw score from baseline to post-observation
where the mean score at baseline (TO = 26.17) was observed to be higher than the
mean score at post-observation (T1 = 14.67) and was significant (p = 0.00). This
significant difference was also identified between baseline mean score (TO = 26.17) to
maintenance mean scores (T2 = 18.00) (p = 0.03). There was no significant difference
between the SPM raw score between post-observation (T1 = 14.67) to maintenance
(T2 = 18.00) where (p = 0.75). This indicates that significant changes in the student
ability for Balance and Motion took place during the intervention phase as opposed to

the maintenance phase of the programme.

SPM Body Awareness Raw Score. A significant difference in SPM scores across
time was identified for the SPM Body Awareness raw score [F (2, 10) =5.13,p =
0.03]. The mean raw scores for Body Awareness at baseline were (TO = 20.33), post-
observation (T1 = 12.00) and maintenance phase (T2 = 15.67). Bonferroni post-hoc
tests identified that there was a significant difference between the mean scores at
baseline (TO = 20.33) and post-observation (T1 = 12.00) (p = 0.01), but not significant
between baseline (TO = 20.33) and maintenance (T2 = 15.67) (p = 0.72). The
significance was also absent for post-observation (T1 = 12.00) to maintenance scores
(T2 =15.67) (p = 0.56). This indicates that there were significant changes in Body
Awareness for students during the intervention phase compared to the maintenance

phase.

SPM Hearing Raw Score. A significant difference in SPM scores across time
was identified for the SPM Hearing raw score [F (2, 10) = 36.18, p = 0.00].
Bonferroni post-hoc tests identified that there was a significant difference in the SPM

Hearing mean raw score at baseline (TO = 20.83) being significantly higher than the
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mean score at post-observation (T1 = 12.00) (p = 0.00). This significant difference
was also identified between baseline (T0) and maintenance (T2) where mean raw
score at maintenance (T2 = 12.1) was different from the mean score at baseline (TO =
20.83) (p = 0.00). There was no significant difference between the SPM Hearing raw
score between post-observation (T1 = 12.00) to maintenance (T2 =12.1) (p = 1.00).
This indicates that significant change in scores for hearing was observed during
intervention phase and sustained during the maintenance phase. There was no change
between the scores at post-observation phase and the maintenance phase. This meant
change in the raw scores for Hearing occurred during the intervention phase, and did

not regress to baseline scores.

SPM Planning & Ideas Raw Score. There was no significant difference in SPM
scores across time identified for the SPM Planning & Ideas raw score [F (2, 10) =
3.93, p = 0.05]. The mean raw scores for Planning and Ideas were (TO = 40.00) at
baseline phase, (T1 = 35.67) at the post-observation phase and (T2 = 31.83) at the
maintenance phase. These results indicated that S| intervention had no effect on the

scores for Planning & Ideas.

SPM Saocial Participation Raw Score. No significant difference in SPM scores
across time was identified for the SPM Social Participation raw score [F (2, 10) =
3.72, p = 0.06]. The mean raw scores for social participation at baseline were (TO =
39.33), post-observation (T1 = 35.67) and maintenance (T2 = 35.33). These results

indicated that Sl intervention had no effect on the scores for Social Participation.

SPM Taste & Smell items. No significant difference in SPM scores across time

was identified for the SPM Taste raw score [F (2, 10) = 1.99, p = 0.19]. The mean raw
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scores for taste at baseline were (TO = 9.33), post-observation (T1 = 7.00) and
maintenance (T2 =10.00) respectively. These results indicated that SI intervention had

no effect on the scores for Taste.

SPM Touch Raw Score. A significant difference in SPM scores across time was
identified for the SPM Touch raw score [F (2, 10) = 19.24, p = 0.00]. Bonferroni post-
hoc tests identified that there was a significant difference in the SPM Touch raw score
from baseline (TO) to post-observation (T1), with the mean score at baseline (TO =
21.67) being significantly higher than the mean score at post-observation (T1 = 12.67)
(p = 0.00). This significant difference was not observed between baseline (T0) and
maintenance (T2 = 14.50) (p = 0.06) or between the SPM raw score between post-
observation (T1 = 12.67) and maintenance (T2 = 14.50) (p = 0.65). This indicated
there was a significant improvement in the student ability to process touch during the

intervention phase, however, the change was not sustained to maintenance phase.

SPM Vision Raw Score. A significant difference in SPM scores across time was
identified for the SPM Vision raw score [F (2, 10) = 22.06, p = 0.00]. Bonferroni
post-hoc tests identified that there was a significant difference in the SPM Vision raw
score from baseline (TO) to post-observation (T1) (p = 0.00), with the mean score at
baseline (TO = 20.33) being significantly higher than the mean score at post-
observation (T1 =10.33). This significant difference was not identified between
baseline (TO = 20.33) and maintenance (T2 = 14.17) (p = 0.07) or between the SPM
raw score between post-observation (T1 = 10.33) and maintenance (T2 = 14.17) (p =
0.10). This indicated that student ability for vision processing improved significantly

during the intervention phase, but was not sustained during the maintenance phase.
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SPM results for 2013

In 2013, the sensory integration intervention was implemented by teachers with
once-a-fortnight observation and consultation by an OT. Table 4-20 contains a
summary of the significance of changes on the sensory subscales between the phases

for 2013.
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Table 4-20. Summary of changes on sensory subscales, 2013
Subscale Phases Mean Std. Sig.p  95% Confidence Interval for
Difference Error Difference
Lower bound Upper bound
Total TO-T1 56.50 6.91 0.04* 32.07 80.93
TO-T2 40.67 10.75 0.04* 2.66 78.67
T1-T2 - - - - -
Balance & TO-T1 5.00 1.03 0.01* 135 8.65
Motion TO-T2 . . . . .
T1-T2 - - - - -
Body TO-T1 - - - - -
Awarenes  ToT2 5167 336  0.00* -63.55 -39.78
> T1-T2 -50.17 3.28 0.00* -61.76 -38.57
Hearing TO-T1 3.50 1.03 0.05* -0.12 7.12
TO-T2 - - - - -
T1-T2 - - - - -
Planning & TO-T1 9.50 291 0.07* -0.77 19.77
Ideas TO-T2 - - - - -
T1-T2 - - - - -
Social TO-T1 - - - - -
Participati  1o.T2 - - - - -
on
T1-T2 - - - - -
Taste & TO-T1 - - - - -
Smell TO-T2 ) ) ) ) )
T1-T2 - - - - -
Touch TO-T1 - - - - -
TO-T2 - - - - -
T1-T2 - - - - -
Vision TO-T1 - - - - -
TO-T2 - - - - -
T1-T2 - - - - -

Note: * indicates significant difference, - indicates no difference

There were some mixed patterns in improved sensory processing ability of
students in 2013. Table 4-20 indicates that the total scores were significantly different
at post-observation and maintenance in 2013. This meant that students’ ability for

sensory processing improved during the intervention phase and were sustained in the
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maintenance phase. A significant difference was also observed between post-
observation and baseline scores for sensory subscales Balance & Motion and Hearing.
This indicated an improved sensory processing ability of students for those subscales
during intervention phase that did not continue in the maintenance phase (where staff
maintained supervision for safety purpose and did not insist on fidelity to elements of

intervention).

Significant differences between the Body Awareness scores at maintenance (TO-
T2 and T1-T2) indicated a gradual improvement in Body Awareness. There was an
improvement in the Hearing subscale during the intervention phase, but this was not
sustained in the maintenance phase. Student ability in processing within the Planning
and Ideas subscale was sustained in the maintenance phase, with smaller gains
between the post-observation and maintenance phases i.e., TO-T2. This may indicate
gradual improvement from baseline to maintenance. There was no change within the

sensory subscales for Social Participation and Taste.

Details of the various sensory subscales are included in the remainder of this

subsection.

SPM Total Raw Score. There was a significant difference in SPM scores across
time for the SPM total raw score [F (2, 10) = 5.10, p = 0.03]. The mean raw scores for
sensory processing were at baseline (TO = 84.00), post-observation (T1 = 66.83) and
maintenance (T2 = 74.67). Bonferroni post-hoc tests identified that there was a
significant difference in the SPM total raw score from baseline (TO = 84.00) to post-
observation (T1 = 66.83) (p = 0.04) and between baseline (TO = 84.00) and

maintenance (T2 = 74.67) (p = 0.04). However, the significance was not observed
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between the SPM total raw score between post-observation (T1 = 66.83) to
maintenance (T2 = 74.67) (p = 0.24). This indicated a significant improvement in the
overall sensory processing for students occurred during the intervention phase and

was sustained during the maintenance phase.

SPM Balance & Motion Raw Score. A significant difference in the SPM scores
across time was identified for the SPM raw score for the Balance and Motion subscale
[F (2, 10) = 7.31, p = 0.01]. The mean raw scores for Balance and Motion were at
baseline (TO = 17.50), post-observation (T1 = 12.50) and maintenance (T2 = 14.50).
Bonferroni post-hoc tests identified that a significant difference was identified
between the SPM Balance & Motion raw score from baseline (TO = 17.50) to post-
observation (T1 = 12.50) (p = 0.01), but not between baseline (TO = 17.50) to
maintenance (T2 = 14.50) (p = 0.41) or between the SPM raw score between post-
observation (T1 = 12.50) to maintenance (T2 = 14.50) (p = 0.41). This indicated there
was a significant improvement in student ability to the processing of Balance &
Motion during the intervention phase that were not maintained, but regressed to

baseline level.

SPM Body Awareness Raw Score. A significant difference in the SPM scores
across time was identified for the SPM Body Awareness raw score [F (2, 10) =
205.98, p = 0.00]. Bonferroni post-hoc tests identified that there was no significant
difference in the SPM raw score from baseline (TO = 11.00) to post-observation (T1 =
12.50) (p = 1.00). However, a significant difference was identified between baseline
(TO = 11.00) to maintenance (T2 = 62.67) (p = 0.00) and between the SPM Body
Awareness raw score between post-observation (T1 = 12.50) to maintenance (T2 =

62.67) (p = 0.00). This indicated a significant improvement in student ability to the
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processing of Body Awareness gradually from baseline phase (T0) to maintenance

phase (T2), with only a small increase noted at post-observation phase (T1).

SPM Hearing Raw Score. A significant difference in the SPM scores across time
was identified for the SPM Hearing raw score [F (2, 10) = 4.85, p = 0.03]. Mean raw
scores for Hearing were (TO = 15.33) at baseline, post-observation (T1 = 11.83) and
maintenance (T2 = 14.83). Bonferroni post-hoc tests identified that a significant
difference was identified in the SPM Hearing raw score from baseline (TO = 15.33) to
post-observation (T1 = 11.83) (p = 0.01) but not between baseline (TO = 15.33) to
maintenance (T2 = 14.83) (p = 1.00) or between the SPM total raw score between
post-observation (T1 = 11.83) to maintenance (T2 = 14.83) (p = 0.10). This indicated
improved student ability to the processing of hearing during the intervention phase

that was not sustained in the maintenance phase.

SPM Planning & Ideas Raw Score. There was a significant difference in SPM
scores across time identified for the SPM Planning & Ideas raw score [F (2, 10) =
4.75, p = 0.04]. Mean raw scores for Planning and Ideas at baseline (TO = 33.67),
post-observation (T1 = 24.17) and maintenance (T2 = 28.17). Bonferroni post-hoc
tests indicated that there was no significant difference identified in the SPM raw score
from baseline (TO = 33.67) to post-observation (T1 =24.17) (p = 0.07), or between
post-observation (T1 = 24.17) to maintenance (T2 = 28.17) (p = 0.38), and no
significant difference was observed between the SPM Planning & Ideas raw score
between baseline (T0) and maintenance (T2) (p = 0.64). This indicated that there was
a very slight possibility of significant improvement in student ability to process within
the Planning & ldeas subscale gradually from the baseline phase to the maintenance

phase.
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SPM Social Participation Raw Score. No significant difference in the SPM
scores across time was identified for the SPM Social Participation raw score [F (2,
10) = 1.46, p = 0.28]. Mean raw scores for Social Participation were (T0O = 37.00) at
baseline, (T1 = 33.17) at post-observation and (T2 = 34.33) at maintenance. This

finding indicated that Sl intervention had no effect on scores for Social Participation.

SPM Taste & Smell items. No significant difference in the SPM scores across
time was identified for the SPM Taste raw score [F (2, 10) = 3.59, p = 0.07]. Mean
raw scores for Taste at baseline (TO = 8.83), post-observation (T1 = 6.83) and
maintenance (T2 = 7.00). These results indicated that Sl intervention had no effect on

the scores for Taste.

SPM Touch Raw Score. There was no significant difference in the SPM scores
across time identified for the SPM Touch raw score [F (2, 10) = 1.73, p = 0.23]. Mean
raw scores for Touch at baseline (TO = 15.00), post-observation (T1 = 14.00) and
maintenance (T2 = 15.83). These results indicated that SI intervention had no effect

on the scores for Touch.

SPM Vision Raw Score. No significant difference in the SPM scores across time
was identified for the SPM Vision raw score [F (2, 10) = 1.16, p = 0.35]. Mean raw
scores for Vision at baseline (TO = 13.17), post-observation (T1 = 12.83) and
maintenance (T2 = 11.83). These results indicated that Sl intervention had no effect

on the scores for Vision.
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SPM results for 2014

In 2014, the sensory integration intervention was implemented by expert OTSs.
Table 4-21 contains a summary of the significance of changes on the sensory

subscales between the phases for 2012.
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Table 4-21. Summary of changes on sensory subscales, 2014

Subscale Phases Mean Std. Sig.p  95% Confidence Interval for
Difference Error Difference

Lower bound Upper bound

Total TO-T1 0.03 *
TO-T2 - - - - -
T1-T2 - - - - -
Balance TO-T1 - - - - -
& TO-T2 - - - - -
Motion T1-T2 i i ) ) )
Body TO-T1 - - - - -
Awareness  T(0.T2 - - - - -
T1-T2 - - - - -
Hearing TO-T1 - - - - -
TO-T2 - - - - -
T1-T2 - - - - -
Planning TO-T1 - - - - -
& TO-T2 - - - - -
Ideas T1-T2 ) ) ) ) )
Social TO-T1 4.18 1.04 0.01* 1.20 7.17

Participation .2

T1-T2 - - - - -

Taste & TO-T1 - - - - i
Smell TO-T2  -2.09 0.64 003* -3.92 -0.26
T1IT2 - - - - -

Touch TO-T1 - - - - -
TO-T2 - - - - -
T1-T2 - - - - -

Vision TO-T1 - - - - -
TO-T2 - - - - -
T1-T2 - - - - -

Note: * indicates significant difference, - indicates no difference

There were no patterns apparent in the scores across different sensory subscales in
2014. Only the Total for all sensory subscales score and scores for Social

Participation were significantly different at post-observation, and the scores for Taste
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were significantly different at maintenance (see Table 4-21). This indicated that
sensory processing ability of students in 2014 improved for Total scores and Social
Participation during intervention phase but not during maintenance; whereas, it
improved gradually to maintenance phase for Taste with little change from post-
observation to maintenance phase. The gains made during the intervention phase
regressed once active intervention was withdrawn (that is, staff continued supervision
for safety and children had access to the equipment and activities, however, staff did
not insist on fidelity to intervention elements). No change was indicated by the
repeated measures ANOVA findings for Balance and Motion, Body awareness,

Hearing, Planning and Ideas, Touch and Vision subscales.

Details of the various sensory subscales are included in the remainder of this

subsection.

SPM Total Raw Score. There was a significant difference in SPM scores across
time for the SPM Total raw score [F (2, 20) = 4.27, p = 0.03]. Mean raw scores for
sensory processing at baseline (TO = 62.64), post-observation (T1 = 72.55) and
maintenance (T2 = 71.64). Bonferroni post-hoc tests identified a significant difference
between the SPM total raw score from baseline (TO = 62.64) to post-observation (T1
=72.55) (p = 0.04) but not between baseline (TO = 62.64) to maintenance (T2 =
71.64) (p = 0.06) or between post-observation (T1 = 72.55) to maintenance (T2 =
71.64) (p = 0.71). This indicated that there was improved student ability in the overall
sensory processing during the intervention phase, which was not sustained in the

maintenance phase.
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SPM Balance & Motion Raw Score. No significant difference in SPM scores
across time was identified for the SPM Balance & Motion raw score [F (2, 20) = 2.48,
p = 0.11]. The mean raw scores for Balance & Motion at baseline, post-observation
and maintenance were (T0 = 12.18), (T1 = 14.27) and (T2 = 13.82), respectively.
These results indicated that S intervention had no effect on the scores for Balance &

Motion.

SPM Body Awareness Raw Score. There was no significant difference in SPM
scores across time identified for the SPM Body Awareness raw score [F (2, 20) =
3.37, p = 0.06]. Mean raw scores for processing of Body Awareness at baseline, post-
observation and maintenance were (TO = 11.55), (T1 = 13.45) and (T2 = 13.91),
respectively. These results indicated that S| intervention had no effect on the scores

for Body Awareness.

SPM Hearing Raw Score. No significant difference in SPM scores across time
was identified for the SPM Hearing raw score (F (2, 20) = 9.82, p = 0.39). Mean raw
scores for sensory processing of Hearing at baseline, post-observation and
maintenance were (TO = 21.36), (T1 = 12.45) and (T2 = 12.36), respectively. These

results indicated that SI intervention had no effect on the scores for Hearing.

SPM Planning & Ideas Raw Score. A significant difference in SPM scores
across time was not identified for the SPM Planning & Ideas raw score [F (2, 20) =
1.29, p = 0.30]. Mean raw scores for processing of Planning and Ideas at baseline,
post-observation and maintenance were (TO = 20.55), (T1 = 21.64) and (T2 = 22.27),
respectively. These results indicated that Sl intervention had no effect on the scores

for Planning & Ideas.
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SPM Social Participation Raw Score. A significant difference in SPM scores
across time was identified for the SPM Social Participation raw score [F (2, 20) =
5.49, p = 0.01]. Bonferroni post-hoc tests identified significant difference in the SPM
Social Participation raw score from baseline (T0O) to post-observation (T1) (p = 0.01)
with mean scores at baseline (TO = 35.27) considerably higher than mean scores at
post-observation (T1 = 31.09). However, significance was not observed between
baseline (TO = 35.27) and maintenance (T2 = 32.09) (p = 0.20) or between post-
observation (T1 = 31.09) and maintenance (T2 = 32.09) (p = 1.00). This indicated that
there was a significant improvement in the Social Participation raw scores for the
students during the intervention phase, but this was not sustained during the

maintenance phase.

SPM Taste & Smell items. A significant difference in SPM scores across time
was identified for the SPM Taste raw score [F (2, 20) = 7.433, p = 0.00]. The mean
scores at baseline were (TO = 5.00), post-observation (T1 = 6.82) and maintenance
(T2 =7.09). Bonferroni post-hoc tests identified that there was no significant
difference in the SPM Taste raw score from baseline (TO = 5.00) to post-observation
(T1=6.82) (p = 0.07), or between the post-observation (T1 = 6.82) and maintenance
(T2 =7.09) (p = 1.00). However, there was a significant difference between baseline
(TO) and maintenance (T2) (p = 0.02), which indicated an improvement in the sensory
processing for Taste occurred gradually between the baseline to post-observation and

maintenance phases.

SPM Touch Raw Score. There was no significant difference in SPM scores
across time identified for the SPM Touch raw score [F (2, 20) = 1.81, p = 0.19]. The

mean raw scores at baseline, post-observation and maintenance were (T0 = 11.82),
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(T1=13.18) and (T2 = 13.72), respectively. These results indicated that Sl

intervention had no effect on the scores for Touch.

SPM Vision Raw Score. A non-significant difference in SPM scores across time
was identified for the SPM Vision raw score [F (2, 20) = 1.04, p = 0.37]. Mean raw
scores for processing of Vision at baseline, post-observation and maintenance were
(TO=10.73), (T1 =11.73) and (T2 = 10.73), respectively. These results indicated that

Sl intervention had no effect on the scores for Vision.

Analysis of patterns of significance

Table 4-22 summarises findings for significance of change resulting from

intervention across years for 2012, 2013 and 2014.

Table 4-22. Summary of significant differences within years

Year
Subscale 2012 2013 2014
TO- TO- T1- TO-  TO- Ti- TO- TO- Tl
T1 T2 T2 T1 T2 T2 T1 T2 T2
Total 4 v - v v - v
Balance & v v - v
Motion
Body Awareness v - - - v
Hearing v v - v
Planning & Ideas - - - v
Social - - - - - - v
Participation
Taste & Smell - - - - - - v
Touch v
Vision - v

Note: v indicates significant difference, - indicates no significance
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Table 4-22 indicated 66.67% (18 out of the total 27 sensory subscale measures,
including total scores) displayed a significant difference for at least one point during
either intervention or maintenance phase. Of the eight sensory subscales for each year,
five areas had significant difference in 2012 where three areas maintained the change;
four areas had significant difference in 2013 with two areas maintained the change;

and three areas had significant difference in 2014 with none maintaining the change.

This observation may have some important implications for classroom practice,
considering that the intervention was delivered solely by classroom staff with
fortnightly consultations with an OT in 2012, by classroom staff with fortnightly
consultation following an observation by an OT in 2013, and delivered entirely by
student OTs supervised by expert OTs in 2014. Possible explanations for this

observation are discussed in Chapter 5.

Comparison of direct observation and SPM data

Direct observations included task engagement, frequency of student-initiated
social interactions, and frequency and duration of emotional behaviours. The SPM
scores across sensory subscales — balance & motion, body awareness, hearing,
planning & ideas, social participation, touch, taste, vision — and by total raw scores of
all sensory subscales. It is reasonable that the data from parts of the direct observation

should be able to be compared with data from comparable parts of the SPM.

Literature provides links between sensory processing difficulties and behaviours
of students (Ashburner, Ziviani and Rodger, 2008; Gal, Dyck and Passmore 2010).
This suggests that p values for the social participation subscale from the SPM could

be compared with student-initiated social interactions data from direct observation.
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As noted in Chapter 2, there is neurophysiological involvement of the premotor
cortex, visual cortex, and auditory cortex in task engagement (Ciesielski et al., 2006;
Danzl et al., 2012; Minshew & Keller, 2010). This suggests that scores from balance
& motion, body awareness, hearing, planning & ideas, and vision subscales from the

SPM could be compared with task engagement data from direct observation.

Similarly, there are neurophysiological links between the amygdala, hippocampus,
prefrontal cortex, and visual cortex with emotional regulation (Diano et al., 2017;
Kohn et al., 2014; Samson, Hardan, Podell, et al., 2015; Samson et al., 2014; Swain et
al., 2015). Since these neural networks involve the emotion, movement, vision, and
other sensory subscales, this suggested that total raw scores from the SPM may be
compared with both frequency and duration of emotional behaviours from direct

observation.

Comparisons in these three areas are contained in the following sub-sections.

Comparison of direct observation and SPM data for task engagement

Table 4-23 compared direct observation data for task engagement with SPM
sensory subscale scores for balance and motion, body awareness, hearing, planning &
ideas, and vision. In the table, differences in the SPM scores are reported as “T0-T2”
or “T0-T1”, which are shorthand for baseline (T0) to maintenance (T2) or baseline
(TO) to post-observation (T1). TO-T2 indicated the effect was sustained, or not,
through to maintenance (even if not significant), while TO-T1 indicated there was

improvement, or not, during intervention but not sustained to maintenance.
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Table 4-23. Comparison of direct observation and SPM data for task engagement

Year
2012 2013 2014
Direct observation (Randomisation test of significance)
Task engagement p = 0.17 0.01~* 0.001 *
SPM scores (Bonferroni post hoc test of significance)
Balance & Motion p = 0.03 * 0.04 * 0.11
(phase) (TO-T2) (TO-T2) (TO-T2)
Body Awareness p = 0.03 * 0.00 * 0.06
(phase) (TO-T2) (TO-T2) (TO-T2)
Hearing p = 0.01* 0.1 0.39
(phase) (TO-T2) (TO-T2) (TO-T2)
Planning & ldeas p = 0.11 0.02 * 1.00
(phase) (TO-T2) (TO-T2) (TO-T2)
Vision p = 0.07 0.23 0.19
(phase) (TO-T2) (TO-T2) (TO-T2)

Note: * indicates significant difference

2012. Direct observation scores for task engagement were not significant (p =
0.17). SPM scores for balance & motion (p = 0.03) and hearing (p = 0.01) had
significant difference between baseline and maintenance (T0-T2). Body awareness (p
=0.01) and vision (p = 0.07) showed significant difference between baseline and
intervention (TO-T1) that was not sustained during maintenance (TO-T2 or T1-T2).
The planning and ideas scores had no significant difference between baseline and

maintenance phase (T0-T2).

2013. Direct observation scores for task engagement were significant (p = 0.01).
SPM scores for body awareness (p = 0.00) and planning & ideas (p = 0.02) were
significantly different from baseline to maintenance phase (T0-T2). Balance & motion
(p =0.01) and hearing (p = 0.01) were significant during the intervention phase (TO-
T1), but not sustained during maintenance (TO-T2 or T1-T2). Vision subscale scores

were not significant from baseline and intervention phase.
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2014. Direct observation scores for task engagement were significant (p = 0.00).

None of the SPM scores for sensory subscales were significant.

This indicated that sensory subscale scores as perceived by the teachers were not
sustained once the fidelity to the intervention elements was removed during the
maintenance phase, even though the children still had access to the equipment and

staff maintained supervision for safety purposes.

Comparison of direct observation and SPM data for social behaviours

Table 4-24 compared direct observation data for task engagement with SPM
sensory subscale scores for social participation. In the table, differences in the SPM
scores are reported as “T0-T2” or “T0-T1”, which are shorthand for baseline (TO) to
maintenance (T2) or baseline (T0) to post-observation (T1). TO-T2 indicated the
effect was sustained through to maintenance (even if not significant), while TO-T1

indicates the effect was not sustained to maintenance.

Table 4-24. Comparison of direct observation and SPM data for social behaviours

Year
2012 2013 2014
Direct observation (Randomisation test of significance)
Social interactions p = 0.19 0.06 0.01*
SPM scores (Bonferroni post hoc test of significance)
Social participation p = 0.06 0.28 0.20
(phase) (TO-T2) (TO-T2) (TO-T2)

Note: * indicates significant difference
2012. Direct observation scores for social interactions were not significant (p =

0.19). SPM scores for social participant were not significant (p = 0.06).

2013. Direct observation scores and SPM scores were not significant.
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2014. Direct observation scores were significant (p = 0.01) as were SPM scores
during the intervention phase (TO-T1) (p = 0.01), although not sustained during the

maintenance phase (T0-T2).

Over the three years, direct observations for student-initiated social interactions
and SPM subscale scores for social participation were consistent. Both the direct
observations and the SPM scores for social participation indicated that there was no

effect as the result of Sl intervention.

Comparison of direct observation and SPM data for emotional behaviours

Table 4-25 compared direct observation data for frequency and duration of
emotional behaviours with the total scores of SPM sensory subscale scores. In the
table, differences in the SPM scores were reported as “T0-T2” or “T0-T1”, which are
shorthand for baseline (T0) to maintenance (T2) or baseline (TO) to post-observation
(T1). TO-T2 indicated the effect was sustained through to maintenance (even if not

significant) while TO-T1 indicated the effect was not sustained to maintenance.

Table 4-25. Comparison of direct observation and SPM data for emotional

behaviours
Year
2012 2013 2014
Direct observation (Randomisation test of significance)
Frequency of emotional behaviours p= 0.93 0.44 0.02 *
Duration of emotional behaviours p = 0.14 0.29 0.05 *
SPM scores (Bonferroni post hoc test of significance)
Total scores p = 0.04 * 0.05* 0.06
(phase) (TO-T2) (TO-T2) (TO-T2)

Note: * indicates significant difference

2012. Both frequency and duration of emotional behaviours from direct

observations were not significantly different. The total score for all sensory subscales
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was significantly different in 2012 (p = 0.04) and was sustained to the maintenance

phase (TO-T2).

2013. Both frequency and duration of emotional behaviours from direct
observations were not significantly different. The total score for all sensory subscales
was significantly different in 2013 (p = 0.05) and was sustained to the maintenance

phase (TO-T2).

2014. Both frequency (p = 0.02) and duration (p = 0.05) of emotional behaviours
from direct observations were significantly different (p = 0.05) during intervention

phase (TO-T1), although not sustained to the maintenance phase (T0-T2).

This inconsistency between the results may have various reasons. While the
original intent of SPM was only to collect subjective information from people who
know the child well, the instrument has a strong evidence of reliability and validity.
Thus, the present study compared the two data sets obtained from administration of
direct observations and the SPM which indicated inconsistency between their results.
First, SPM total scores did not reflect the full range of reasons a child could
experience emotional distress that is reflected by direct observations scores. Second,
direct observations recorded behaviours as they occurred during class time, while the
SPM was administered by the teachers outside class time. Third, direct observations
recorded each behaviour for individuals and then significance was calculated, while
SPM Total sensory scores was a group comparison of all sensory subscales for each
student. A possible fourth reason may be the presence of OTs in the classroom during

the intervention phase. Once the fidelity of the Sl intervention elements was
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withdrawn, so did the effect on behaviours, even though the children still accessed the

equipment and activities.

Social validation

Parents of seven participating students were chosen randomly to view video
recordings of their children during table tasks (task engagement) and during yard play
(social interaction) at both baseline (T0) and post-intervention (T1). Parents viewed

the recordings and completed a questionnaire (Appendix B).

Table 4-26 presents the number of times the student was engaged with a task (or
task materials), the overall focus on the task, and any comments, for both baseline

(TO) and post-observation (intervention) (T1).
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Table 4-26. Parent data for task engagement
Baseline (T0) Post-observation (T1)
Parent Number Focus Comments Number Focus Comments
(year)
1 0 Rare Looked agitated, 6 Some Interested,
(2012) unhappy, happy, willing,
unsettled engaged,
distracted by
numbers
2 31 Occasional Seemed anxious 40 Some Distracted but
(2013) and aggressive attentive
(touched the
screen
repeatedly
during the task)
3 7 Rare Sluggish, 20 Some Engaged,
(2013) distracted lacked
motivation
4 20 Some Engaged with 24 Prolonged Satisfied,
(2014) task, interested in
uninterested in task and
teacher teacher
5 8 Occasional Engaged, calm, 15 Prolonged Engaged,
(2014) happy calm, happy
6 7 Occasional Distracted 29 Prolonged Engaged
(2014)
7 0 Rare Agitated, 6 Some Interested,
(2014) unhappy, happy,
unsettled engaged,
willing

When comparing baseline and post-observation data, parents found all students
had improved focus on-task and increased task engagement. Comments indicated that
parents thought children were engaged with the task longer and with fewer
distractions, indicating more focus on task. The comments also indicated a change in
the quality of student behaviour, with a change from agitation, distraction,
sluggishness, and disinterest to increased engagement, interest, alertness and

happiness.
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Table 4-27 recorded the number of times the student initiated social interactions,
the overall quantity of social interactions, and any comments, for both baseline (T0)

and post-observation (intervention) (T1).

Table 4-27. Parent data for social interaction

Baseline (T0) Post-observation (T1)
Parent Number Quantity @ Comments Number Quantity Comments
(Year)
1 17 Some Happy, calm, 36 Frequent Calm, curious,
distracted happy
2 2 None Sad, upset 4 Rare Calm
3 3* None Calm, 5* None More aware of
sluggish surroundings, looks
at others, but no
interactions
4 0 None Calm, happy O None Calm, happy
None Calm, happy O None Calm, happy
6 5 Rare Upset at 9 Occasional Calm, happy
times
7 4 Rare Tired, 8 Some Happy, enjoying
uninterested himself
in play

Note: * indicates the child looked at other children rather than actually interacting.

When comparing baseline and post-observation data, most parents observed an
increased number and overall quantity of interactions, and increases in calmness,
awareness of surroundings, and enjoyment. For two children no changes observed by

their parents.

Inter-observer agreement (reliability)

In 2012, data were collected by the class teacher, and concurrently by the teaching
assistant. In 2013 and 2014, the researcher carried out the simultaneous observations
with the classroom teacher as the primary observer. Simultaneous observations were

conducted for the 20% of observations as recommended by Kennedy (2004);




EFFECTS OF A SENSORY INTEGRATION INTERVENTION
230
Kratochwill and Levin (2014a) during the baseline and intervention phases for task
engagement and social interactions. Simultaneous non-observance of behaviour was

not counted to avoid inflating the agreement ratio (Kazdin, 1982c).

Tables 4-28, 4-29 and 4-30 summarised inter-observer agreement for task
engagement observations made in 2012, 2013 and 2014 respectively. The
conventional benchmark of acceptance of inter-observer agreement ratio is 80%

(Kennedy, 2004).

Table 4-28. Inter-observer agreement for task engagement, 2012

Observations

Student Agreed (A) Disagreed (D) Total (A+D) Ratio of agreement
1 138 8 146 94.5%

2 71 6 77 92%

3 158 15 173 91%

4 85 9 94 90%

5 32 6 38 84%

6 112 11 123 91%

Table 4-29. Inter-observer agreement for task engagement, 2013

Observations

Student Agreed (A) Disagreed (D) Total (A+D) Ratio of agreement
1 147 8 155 95%

2 164 9 173 95%

3 31 8 39 79.5%

4 156 33 189 82.5%

5 138 17 155 89%

6 85 7 93 91%
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Table 4-30. Inter-observer agreement for task engagement, 2014

Observations

Student Agreed (A) Disagreed (D) Total (A+D) Ratio of agreement
1 117 13 130 90%
2 64 8 72 89%
3 79 5 84 94%
4 104 9 113 92%
5 114 20 134 85%
6 118 11 129 91.5%
7 116 7 123 94%
8 115 6 121 95%
9 138 5 143 96.5%
10 84 13 97 87%
11 144 6 150 96%

All but one (79.5%) of the ratios of agreement for 2012 (Table 4-28), 2013 (Table
4-29) and 2014 (Table 4-30) were at least 80%, and indeed fell within the accepted
range of 85%-100% (Kennedy, 2004). This indicated that the data collected from
direct observations for periods of task engagement within a 10-minute observation

while the students were engaged in a tabletop task were reliable.

Tables 4-31, 4-32 and 4-33 summarised inter-observer agreement data for social
interactions observations made in 2012, 2013 and 2014 respectively. The
conventional benchmark of acceptance of inter-observer agreement ratio is 80%

(Kennedy, 2004).
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Table 4-31. Inter-observer agreement for social interactions, 2012

Observations

Student | Agreed (A) | Disagreed (D) | Total (A+D) | Ratio of agreement
1 25 3 28 89%

2 0 100%

3 0 100%

4 33 6 39 85%

5 3 0 3 100%

6 66 8 74 89%

Table 4-32. Inter-observer agreement for social interactions, 2013

Observations

Student Agreed (A) Disagreed (D) Total (A+D) Ratio of agreement
1 25 2 27 92.5%

2 2 0 2 100%

3 45 13 58 78%

4 100%

5 4 4 100%

6 27 31 87%
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Table 4-33. Inter-observer agreement for social interactions, 2013

Observations

Student Agreed (A)

Disagreed (D) Total (A+D)

Ratio of agreement

3
3
13
10
2
13
21
29
19
2
9
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5
4
16
13
3
17
23
36
20
3
12

60.00%
75.00%
81.25%
76.92%
66.67%
76.47%
91.30%
80.56%
95.00%
66.67%
75.00%
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In 2012 the ratios fell in the range 85% to 100% (Table 4-31), in 2013 the ratios

fell in the range of 77% to 100% (Table 4-32) and in 2014 60% to 95% (Table 4-33).

While 80% agreement is conventionally acceptable, a lower figure of agreement is

considered useful and acceptable depending on the conditions where the participant

displays infrequent occurrence of the target behaviour (Kazdin, 1982c). The point-by-

point method of calculating agreement takes into account the agreement and

disagreement of the observed behaviours by both observers. In this case, low

agreement ratio was observed with a low number of student-initiated social

interactions, and the ratio improved with the higher number of interactions, which

might have been influenced by individual motivation.

As mentioned in Chapter 3, inter-observer agreement could not be calculated for

frequency and duration of emotional behaviours due to administrative reasons.
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Fidelity measure checklist (fidelity) data

Data for the fidelity study were produced by OTs completing the Fidelity Measure

checklist. Table 4-34 summarises responses to the fidelity measure.

Table 4-34. Fidelity measure checklist responses

2012 2013 2014
OTs 1 1 2
Classroom:
Structural elements (2 items) 50% 100% 100%
Components of pre-assessment (3 items) 40% 40% 40%
Physical environment (12 items) 84% 92% 92%
Communication with parents (2 items) 50% 100% 100%
Intervention process elements (10 items) 90% 90% 100%
Gym:
Structural elements (2 items) 50% 100% 100%
Components of pre-assessment (3 items) 40% 40% 40%
Physical environment (12 items) 100% 100% 59%
Communication with parents (2 items) 50% 100% 100%
Intervention process elements (10 items) 100% 100% 100%

As is evident from Table 4-34, 50%-100% agreement occurred for structural
elements, physical environment, communication with parents, and the intervention

process elements across the years and both the classroom and the gym.

In 2012, parent communication involved giving initial information and obtaining
permission for student participation in the intervention. In 2013 and 2014, with
greater involvement of professional OTs, there was increased communication with the

parents, as evident in the higher scores for parent communication in 2013 and 2014.

The component of pre-assessment received the lowest scores as the pre-

assessment involved included observation of the students in their classroom and gym
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environment prior to completing the SPM for each participant. This may be due to
difficulties in obtaining case histories and prior referrals consistently for each

participant.

The low score for physical environment in 2014 was likely due to the OT
judgment on having limited flexibility with suspension equipment and bungee ropes
when compared to usual clinical environment for OTs. The fidelity data indicated that
a high level of fidelity across all elements was maintained in 2014 with close
involvement of expert OTs, compared to that in 2012 and 2013 when there was only

periodic involvement of expert OTs.

Summary

There were two main data sets in the study, namely, direct observations and the
SPM scores for sensory subscales, along with data sets for IOA, social validation and
fidelity. The ExPRT (v. 2.1) was administered to analyse the direct observation data.
This analysis indicated increased task engagement, and decreased frequency and
duration of emotional behaviours when intervention was delivered by expert OTs;
whereas no change was observed in student-initiated social interactions regardless of
the mode of delivery of Sl intervention. SPSS version 23 was used to analyse the
SPM sensory subscale scores by employing within-year repeated measures ANOVA.
The results indicated that significant changes were observed within six out of nine
sensory subscales when teachers delivered the intervention, compared to only three
subscales when OTs delivered the intervention. Some of the sensory subscale scores
were further compared to the dependent variables based on the literature, namely, task

engagement, student-initiated social interactions, frequency and duration of emotional
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behaviours with consistently no findings for social interactions and inconsistent
findings for task engagement and emotional behaviours. The implications of these

findings are discussed in the following chapter.
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Chapter 5
Discussion
Supporting students with a dual diagnosis of autism and intellectual disability to

be ready to learn within a classroom setting is important for ensuring equitable access
to educational opportunities. The overarching aim of this thesis was to evaluate
whether Sl intervention as part of classroom practice for 5 to 6-year-old students in a
special school setting was effective in increasing (a) task engagement and (b)
initiation of social interactions, and (c) decreasing negative emotional behaviours.
Three different groups of children participated in the study over the three years when
this study was conducted. This chapter will discuss the results of the analysis of the
two data sets, the implications of those findings for practice, limitations of this study
and future directions. The discussion will first focus on how the findings of this study
compared with the current literature base by paying close attention to methodological
issues highlighted by previous studies. The results from this study will then be
interpreted in relation to the study of research questions, specifically how Sl
intervention influences task engagement, social initiation, duration and frequency of
emotional behaviours, and sensory processing for children with autism and

intellectual disability.

As discussed in the literature review (see chapter 2), Sl intervention has been quite
controversial. The report by the National Professional Development Centre on ASD
(Wong et al., 2015) identified Sl intervention as a ‘focused intervention practice’ that
was excluded from the evidence-based practice list for lack of sufficient evidence
(Wong et al., 2015). The reasons for exclusion were; insufficient studies undertaken

by diverse groups of researchers, lack of a wider participant cohort, and the need for
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rigorous research designs. The 27 identified EBPs were mostly of social-behavioural
nature, with exercise being the only EBP as an intervention involving whole body

movement.

The literature reviewed has documented mixed findings regarding the efficacy and
effectiveness of Sl intervention for students with autism and other disabilities. Earlier
literature (1972-1982) indicated that there were some positive gains following Sl
intervention in psycho-educational measures (i.e., language skills, memory, eye-hand
coordination, attention and planning ability and academic skills such as reading,
writing, spelling and mathematics) and motor measures (i.e., movement, strength,
planning, agility, and so forth) (Ottenbacher, 1982). Positive gains were also reported
in sensorimotor skills and motor planning, socialization, attention and behaviour
regulation, participation in active play and achievement of individual goals (Vargas &
Camilli, 1999). The later reviews (e.g., Brosnan, 2011; Case-Smith, 2008; Case-
Smith, 2014; Machalicek, 2007; May-Benson, 2010; Schaaf, 2014; Schaaf, 2018)
revealed mixed results.Case-Smith and Arbesman (2008) identified that there was
limited evidence for positive changes in behaviours of children; Case-Smith et al.
(2014) found positive evidence of Sl intervention but there was limited fidelity to
intervention elements. Two reviews by Brosnan and Healy (2011) and Machalicek et
al. (2007) found that successful interventions addressing challenging behaviours
among children with autism and/or developmental disabilities did not necessarily have
sensory integration intervention. The others mentioned above found positive
outcomes from Sl intervention, especially for children with autism without
intellectual disability, but recommended a cautionary approach due to the paucity of

studies with fidelity of ASI® (Smith Roley et al., 2007).
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Reliability measures

The researcher employed three reliability measures to (a) eliminate observer bias
and (b) ensure fidelity of intervention. Of these, inter-observer agreement (I0A)
aimed to reduce observer bias (Kazdin, 1982c). The calculated agreement ratio for
2013 and 2014 data for task engagement fell in the accepted range of 80 % - 100 %

(Kazdin, 1982c).

Validity measures

Social validation was assessed through subjective evaluation to determine whether
stakeholders supported the observed changes in behaviours after intervention
(Richards et al., 2013a). Social validation was one of the recommended procedures to
ensure that the intervention produced the desired effects and possibilities of an
observer bias were reduced (Kazdin, 1982b; Richards et al., 2013a). The social
validation in this study was provided by seven randomly selected parents of
participants. Social validation confirmed that parents found the children more
engaged during the table task and more relaxed during yard play after twenty

intervention sessions (i.e., after six to seven weeks of Sl intervention).

A checklist based on the Fidelity Measure (Parham et al., 2011) was created by
the researcher and used to ensure fidelity of the intervention. The Fidelity Measure
checklist (Parham et al., 2011) provided a validity measure for the intervention
programme, with the process section of the checklist providing reliability and validity

checks when OTs trained in the Sl intervention scored the measure.
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Replication effect

A SCED is considered to have met the standard if the study included at least three
attempts to establish intervention effect at three different points in time (Kratochwill
et al., 2010; Kratochwill & Levin, 2014b). SCED literature recommended that
multiple replications evident in a study demonstrated that the intervention effect was
less due to coincidence with greater confidence in the intervention effect (Richards et
al., 2013a). A clearly outlined and documented intervention procedure was used to
facilitate future replication (see Chapter 3). The multiple baseline research design,
too, contributed to producing the replication effect throughout the study and
maintained inter-subject reliability (Kratochwill et al., 2010; Richards et al., 2013a).
This study demonstrated experimental control by replicating the change only after the
intervention had been introduced across the participants. The rigour in this study was
provided by this experimental control across participants as observed in the multiple

baseline design.

Effect of SI intervention on task engagement

This research question asked whether classroom-based implementation of a SI
intervention for children with a dual diagnosis of autism and intellectual disability,
aged 5-6 years in their first year of schooling, had a significant impact on duration of
task engagement. Task engagement of students with autism reportedly relied on early
developmental neural networks where there is greater cerebellar activity, along with
increased activity in the visual and auditory systems; that is, Sl intervention within
two or more sensory systems (Ciesielski et al., 2006; Danzl et al., 2012). Further, task

engagement occurred as a result of challenged and engaged neural networks; where
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the engagement was achieved through active participation, meaningful activities, and
deliberate application of effort that was apparent through the action of starting and
continuing a task (Danzl et al., 2012). These features can be supported through
classroom-based Sl intervention. Task engagement involved neural networks of the
recognition system that receives sensory inputs and recognise their patterns, the
strategic system to plan and execute the action, and the affective system that relies on
individual preferences (Pisha & Coyne, 2001). The present study investigated task
engagement based on these facts. As reported, Table 4.2 (Chapter 4) demonstrated
that across the three years, along with individual differences, an overall large effect
size (NAP) was identified for 91.30 % of participants for task engagement. The R-
IRD scores also supported improved task engagement for 82.61 % of participants.

(Tables 4-3, 4-4, 4-5; Chapter 4).

Effect size (NAP) findings and significant ANOVA findings for Vision in 2012,
Body Awareness for 2012 and 2013, and Planning and Ideas for 2013, aligned with
improved task engagement. The literature on effects of Sl intervention has not
investigated task engagement as a dependent variable but used Goal Attainment
Scales (Mailloux et al., 2007) as one of the measures (e.g.,Miller, Coll, et al., 2007;
Pfeiffer et al., 2011; Schaaf et al., 2014). While the aforementioned studies used
specifically developed goals for individual participants by the therapist and parent,
they mention only that the goals were broadly from the areas of sensory processing,
functional fine motor skills, and social-emotional skills. The present study used a
clear and consistent measure of task engagement, with clearly defined target
behaviours, but it is difficult to compare the two due to lack of details of the goals

from the GAS. While some studies reported significant improvement in Goal
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Attainment Scales (e.g.,Miller, Coll, et al., 2007; Pfeiffer et al., 2011; Schaaf et al.,
2014; Schaaf & Nightlinger, 2007), as did task engagement from the present study,
two studies did not find similar improvement in task-engaged behaviours of
participants (Bonggat & Hall, 2010; Watling & Dietz, 2007). Earlier meta-analyses
indicated a negligible weighted effect (0.29) in goal attainment (VVargas & Camilli,

1999), especially in comparison to other interventions (0.09) (Leong et al., 2015).

Previous studies examined effect of intervention on individual Goal Attainment
Scales (Mailloux et al., 2007), which could not be used for comparison of effect for
this study, due to a lack of defined target behaviours. Also, the limitations of previous
research (i.e., Miller, 2007; Pfeiffer, 2017; Schaaf, 2014; Schaaf, 2007) made it
difficult to assign improvement in task engagement to the implementation of Sl
intervention; the rigour of this study indicated that task engagement could improve in
young students with autism and intellectual disability after participation in the Sl
intervention for four to five days per week over six or more weeks. The effects for
improving task engagement in the present study were moderate to large indicating that
the Sl intervention had clinically significant benefits that may warrant the time and

effort needed for implementation.

Effect of SI intervention on social initiations

This research question asked whether classroom-based implementation of S
intervention for children with a dual diagnosis of autism and intellectual disability,
aged 5-6 years in their first year of schooling, had a significant impact on frequency
of social initiations during free play opportunities in the school-yard. Social

interaction in autism relies on language and communication ability (APA, 2013;
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Joseph et al., 2005; Loucas et al., 2008) as well as social motivation, which in turn
relates to perceived rewards and anxiety connected to social interaction (Chen et al.,
2015; Chevallier et al., 2012; Factor et al., 2016; Ruff & Fehr, 2014). The findings in
this study did not indicate improvement in measures of student initiated social
interactions from baseline to intervention across the three years. Table 4-6 (Chapter 4)
demonstrated that, an overall effect size (NAP) indicated small to negligible effects of
Sl intervention on student-initiated social interactions for half of the participants
across all three years, whereas, R-IRD findings showed small effects for fewer
participants (percentage) (see Tables 4-7, 4-8, 4-9, Chapter 4). As observed in task
engagement, there were individual differences observed in student-initiated social

interactions.

Comparison of effect sizes (NAP) between years showed some interesting results.
In 2012, effect sizes (NAP) showed that there was no improvement in social
interaction; ANOVA findings for the sensory subscale scores for Social Participation
had no significant difference either. In 2013, again, there was no effect on student
initiated social interaction observed in effect size (NAP) with only 33.33% of
participants showing a small increase in student initiated social interaction and no
improvement in ANOVA results. The high number of social interactions in the case of
participants 1, 4 and 5 during baseline observations in 2013 were indicative of a
highly anxious attachment to staff members in the yard environment and
demonstrated a decrease during the intervention, as reported by staff members. In
2014, effect size (NAP) indicated that there was a small to medium increase in the
frequency of student initiated social interactions during the intervention phase (TO-

T1). The repeated measures ANOVA indicated significant difference for Social
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Participation with the Bonferroni tests indicating that the significance was between
baseline and post-observation (TO-T1). The within-years and between years effect of
Sl intervention on student-initiated social interactions as discussed, contradicts
findings from the previous literature. Previous studies reported improved social
interactions (Linderman & Stewart, 1999; McClure & Holtz-Yotz, 1991; Schaaf et al.,

2014).

The studies with positive outcomes for social interactions (e.g., Linderman, 1999;
McClure, 1991; Schaaf, 2014) did not specify the particular details for measuring
social interaction and the observation periods varied from ten minutes to thirty
minutes. The present study used ten minutes of observations during yard play for
measures of student-initiated social participation; however, ten minutes may not be an
adequate timeframe for a reliable measurement of social participation or initiation of
social interactions. Social behaviour during the ten-minute period did not address
issues of motivation or anxiety experienced by participants related to social
interactions, either with adults or with peers, (Corbett et al., 2014; Geurts et al., 2008;
Kim et al., 2015). Inappropriate social behaviour or lack of initiation of interactions is
attributed to communication difficulties and language ability in autism (Williams
White et al., 2007). The literature informs us that social motivation depends on
receiving intrinsic rewards from social interaction (Corbett et al., 2014; Geurts et al.,
2008; Kim et al., 2015). Children with autism are often subject to social anxiety and
experience fear in social situations affecting their social motivation and ultimately, the
quantity and quality of social interactions experienced by them (Chen et al., 2015;
Corbett et al., 2014, Factor et al., 2016; Geurts et al., 2008; Kim et al., 2015).

Literature has widely documented that children with autism require targeted social
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skills training and development of communication skills as effective intervention for
improving social skills and social interactions, rather than a sensory integration-based
programme such as the Sl intervention. In the course of this study, communication or
language ability were not a direct focus of instruction during the Sl intervention;
teaching students to interact or initiate social interaction was not explicitly taught to
the participants as an integral focus as the students engaged in sensory activities. In
the future, it could be seen if enhancing the Sl intervention with a focus on initiating
interactions has an effect on social initiations. In the present study, improved social
interactions that were observed for three participants in 2013 were from children who
experienced anxiety every time they were away from familiar adults during yard play,

causing them to seek out staff for reassurance.

The limited effect of Sl intervention on the initiation of social interaction observed
in this study was similar to the findings from previous studies (Dawson, Meltzoff,
Osterling, Rinaldi, & Brown, 1998; Swettenham et al., 1998). This limited effect of Sl
intervention on social interaction in the present study may be due to numerous factors
such as observation parameters, duration of observations, exclusion of communication
and language ability measure, and observation in only one context; that is, the
observations for social interaction took place during yard play which was an
unstructured environment. Since social interactions are influenced by language and
communication ability along with intrinsic motivation that is fostered by reward
mechanism, Sl intervention may not be a sufficiently targeted intervention to improve

social interactions.
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Effect of SI intervention on emotional behaviours

This research question asked whether classroom-based implementation of Sl
intervention for children with a dual diagnosis of autism and intellectual disability,
aged 5-6 years in their first year of schooling, had a significant impact on frequency
and duration of emotional behaviours in a routine day at school. Literature informs us
of the link between fear and anxiety with emotional regulation (Marin & Milad, 2016;
White et al., 2014). Transitions, communication difficulties, attention shifting and
inhibiting response to stimuli causes an emotional response and may result in
persevering behaviours or cause emotional behaviours (Roberts et al., 2017; Rogers &
Ozonoff, 2005). The neural networks implicated in this emotional mechanism are the
connectivity and activation within different regions of the prefrontal cortex and the
amygdala (Diano et al., 2017; Kohn et al., 2014; Mazefsky et al., 2014; Phillips et al.,
2008). Changes in the activation patterns that decrease connectivity between the
amygdala and regions of the prefrontal cortex along with posterior cingulate and
posterior visual cortices result in increased emotional regulation response (Uchida et
al., 2015). In practice, programmes such as cognitive behaviour therapy or the Alert
programme based on cognitive intervention and a sensory diet have proved effective
with teaching adaptive forms of emotional regulation by bringing about a change in
the neural networks (Samson, Wells, et al., 2015; Uchida et al., 2015; Wells,
Chasnoff, Schmidt, Telford, & Schwartz, 2012). It may be important to investigate
whether emotional regulation could be improved by other forms of intervention. The
underlying principle of SI was that the intervention changed the child’s central
nervous system through implementation of specialist activities described in the

method section (Chapter 3), thus influencing emotional behaviour (Ayres, 1972).
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Emotional regulation in the context of this study constituted a decrease in the
frequency and cumulative duration of emotional behaviours (dysregulation). This
section discusses the two measures together as two dimensions of the same observed
behaviour. Emotional dysregulation leads to challenging behaviours such as
aggression, injury to others or self, crying, withdrawal or property damage, and are
often addressed through various behavioural interventions (Heyvaert et al., 2014;

Horner et al., 2002; Lewis & Sugai, 1999).

There were no Bonferroni post hoc tests of significance directly for emotional
behaviours, hence the Total scores for all sensory subscales were utilised for
comparison. It was also noted that the SPM Main classroom Form (Miller Kuhaneck
et al., 2007) was never intended to be used as a measure for emotional regulation or
emotional behaviours, though it is recognised that difficulties with sensory processing
and/or modulation may cause disruptive behaviours that may be indicative of
emotional dysregulation. Again, while there were individual variations in the findings
of the present study, the randomisation test for significance indicated that there was an
overall improvement in emotional behaviours qualified by a decrease in the frequency
and duration of emotional behaviours for 73.9 % (17 out of 23 of the participants).
The findings demonstrated an overall decrease in frequency of emotional behaviours
and duration of emotional behaviours (see Chapter 4). Findings from the R-IRD
scores indicated some variation with small to medium effects for decrease in the
frequency of emotional behaviours compared to the medium decrease in the
cumulative duration of emotional behaviours. These results were similar to reduction
of challenging behaviours reported by Devlin and colleagues (2011), Pfeiffer and

colleagues (2011), reduction of self-injurious behaviour (Devlin et al., 2009;
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Larrington, 1987; McClure & Holtz-Yotz, 1991), reduced self-stimulatory behaviours
(Fertel-Daly et al., 2001; Smith et al., 2005) and reduced distractive behaviours
(Linderman & Stewart, 1999). Contradicting these results were two studies that
reported no change in behaviours in response to Sl intervention (Reichow et al., 2009;

Watling & Dietz, 2007).

The results indicated that the participants experiencing reduced frequency also
experienced decreased duration of emotional behaviours. In a few instances the
decreased duration of emotional behaviours was experienced even when there was a
small increase in the frequency, such as students 2 and 3 (2012), student 6 (2013) and
for student 10 (2014). As reported earlier, emotional regulation is achieved when
activation in amygdala decreases with a simultaneous increase in activation within the
prefrontal cortical region. Factors influencing this change are yet to be explained. The
role of serotonin and oxytocin secretion in reward mechanisms, as well as in
emotional regulation is well established in the literature (Corbett et al., 2014; Kanat et
al., 2014; Neuhaus et al., 2010; Rubenstein & Merzenich, 2003; Ruff & Fehr, 2014).
These hormones act as neurotransmitters influencing the limbic region, amygdala and
hippocampus, which is the emotional centre of the human brain (Farhud, Malmir, &
Khanahmadi, 2014). Thus, when an individual perceives something as a reward, these
neurotransmitters are secreted, in turn influencing emotional regulation. This might
explain the reason why some participants experienced decreased frequency and
duration of emotional behaviours and others did not. The independent variable under
investigation was the Sl intervention; hence, other changes occurring on a

neurological level were outside the scope of this study. However, the secretion of
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neuro-transmitters or the selectivity of their secretion within some individuals could

be a variable to be examined in future.

Presently, cognitive behaviour therapy and Positive Behaviour Intervention and
Support (PBIS) are widely used to address challenging behaviours preceded by the
Functional Behaviour Assessment (FBA). PBIS employs analysis of environments,
and behaviour data to plan an effective intervention (Bradshaw, Koth, Thornton, &
Leaf, 2009; Bradshaw, Waasdorp, & Leaf, 2012). Sl intervention involved specialised
environments and focused on physical activities. It was beyond the scope of this study
to directly investigate whether there was a change in the neural networks involved in
emotional behaviours. However, this study did indicate some positive outcomes
through a decrease in the frequency and duration of emotional behaviours. More
investigation may inform how and why the Sl intervention influenced the decrease of

emotional behaviours among some participants (73.9 %) and not in others (26.1 %).

Relationship between direct observations and SPM scores

The research question asked whether there was any relationship between the
outcomes of Sl intervention for task engagement, student-initiated social interactions
and frequency and duration of emotional behaviours and for sensory processing
abilities such as balance & motion, body awareness, hearing, planning & ideas, social
participation, touch, taste, and vision. It must be noted here that the SPM does not
primarily measure emotional behaviours; it provides a measure of sensory subscale
scores that may contribute to emotional behaviours. Another factor of interest in this
study was the comparison between the findings from direct observations and the SPM

sensory scores. An overall summary of direct observations indicated moderate to large
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effects in one target behaviour in 2012 when teachers delivered the Sl intervention;
two target behaviours in 2013 when the teacher received some guidance by a
professional OT; and all four target behaviours in 2014 (see Table 4-1, Chapter 4)
when the programme was delivered by professional OTs. There was a corresponding
significant difference observed for the same target behaviours in years 2013 and 2014.
This observation indicated the importance of the fidelity of the Sl intervention
(Parham et al., 2007; Parham et al., 2011). Conversely, the summary of SPM sensory
scores indicated a significant improvement in 66.69% (6 out of 9 sensory scores) in
2012, 55.55% (5 out of 9 sensory scores) in 2013 and only 33.33% (3 out of 9 sensory
scores) in 2014 (see Table 22, Chapter 4). Thus, while target behaviours improved
during professional supervision in 2014, improvement in the sensory scores on the
SPM (Miller Kuhaneck et al., 2007) were the lowest. This difference questioned the
objectivity of the person administering and scoring the SPM; the pilot of this study
(Phatak, 2012) indicated there were differences in sensory scores of the same
participant when the scorer was the teacher or a paraprofessional such as the teaching
assistant. To offset this issue of reliability, only teachers did the scoring of the SPM in
this study. However, the teachers involved in this study may have had different levels
of understanding of sensory processing and resulting behaviours, raising a challenge
with reliability of the SPM, as the teachers were the primary recorders of the sensory
subscale scores on the SPM and the direct observations. This also raised an issue of
training or awareness of teachers before they scored the students while administering
the SPM. The data gathered by the SPM was subjective in nature based on the
teacher’s knowledge of the child and cannot be considered clinical, which may

explain the differences in recording the sensory subscale scores.
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The SPM has reported a high reliability by consistently scoring a child’s

behaviours in each sensory modality. However, this study has presented evidence that
scoring may be influenced by (a) scorer’s understanding and interpretation of
observed behaviour and (b) the nature of interaction between the scorer and the child
may impact on how they score the child’s behaviour for each sensory modality. Thus,
while the SPM may help to give a broad understanding of scoring bands denoting ‘no
difficulty or normal’, ‘some difficulty’ and ‘definite difficulty’, it may be less reliable
for research purposes or may not be sensitive enough to measure small changes
following intervention; thus, this tool did not provide the diagnostic rigor of the
traditional battery of tests applied by expert occupational therapists. Further, the SPM
sensory subscale scores were analysed at a group level, not at individual level, thus
influencing the results. Future studies may examine results by matching individual

SPM data with direct observation data.

Efficacy of Sl intervention

Efficacy of the Sl intervention under examination will be discussed first by the
observed improvement in the dependent variables, followed by a discussion of
participants who did not show improvement. The overall results of this study
indicated increased task engagement, limited increase in student-initiated social
interactions, and a moderate improvement of emotional regulation (i.e., decrease in
frequency and duration of emotional behaviours). However, it would be beneficial to

review the participants who did not indicate improvement after the Sl intervention.

This study resulted with the highest change in task engagement, followed by the

frequency and duration of emotional behaviours. Student-initiated social interactions
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had the least change and no effect. Task engagement had a large effect size, while the
frequency and duration of emotional behaviours had a small to moderate effect. This
study was conducted over three years and involved two to three school terms each
year. This was a large investment timewise, and a maturation effect for the
participants over the extended intervention period may be perceived as a threat to its
external validity; especially, as children with intellectual disability need a longer time
for skill mastery compared to age matched neuro-typical peers. These results need to
be examined for the efficiency of the intervention programme. The longitudinal study
involved significant funding of equipment, investment in staff training, prolonged
staff engagement and provision of external occupational therapy supervisory staff.
This level of resourcing may not be sustainable for schools that do not offer internal
school-based therapy services. The extents to which the benefits outweigh the costs

require further consideration.

It has been documented that sensory integration based occupational therapy is one
of the most sought after interventions, with 37 %- 39 % of families choosing it for
their children, next to speech therapy and visual schedules (Green et al., 2006; Hess et
al., 2008). However, the limited evidence of the effectiveness of sensory integration
intervention has prompted recommendations of a cautious approach (Leong et al.,
2015; May-Benson & Koomar, 2010; Wong et al., 2015). The high cost in equipment
and training involved in this intervention programme compared to the limited

evidence requires consideration for alternative delivery models.

The improvement may have been related to factors incorporated into the Sl
intervention such as the trust established between the participants with the concerned

staff member and the resulting close interactions during the activities. Literature
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informs that a close relationship and intensive joint participation in activities does
have positive effects on behaviours of individuals with autism (Caldwell, 2005;
Gutstein & Sheely, 2002). Other aspects of the intervention that may have assisted the
improved outcomes might be: (a) the quality of interaction with a skilled therapist, (b)
the explicit organisation of the child’s attention for specific tasks, (c) the stability of
having familiar repeated activities and (d) reinforcing consequences of certain
behaviours, independent of the particulars of the sensory experience (Rogers &
Ozonoff, 2005). This could explain the fact that out of the fourteen significant sensory
subscale scores from the SPM, only five sensory domain scores were found to be
significantly different (see Table 4-26, Chapter 4), between baseline and maintenance
phase (TO-T2). Conversely, nine sensory domain scores were found to be significantly
different between baseline and post-observation phase (TO-T1); where the longer
duration of the intervention phase allowed the fostering of closer interactions between
participants and staff. However, between 2012, 2013 and 2014 there was only one
significantly different sensory subscale score between post-observation to
maintenance (T1-T2). In future, a longer exposure to Sl intervention may be

investigated to see whether a longer intervention influenced participant behaviours.

The reported improvement in three out of four target behaviours (i.e., task
engagement, and frequency and duration of emotional behaviours) may be attributed
to the physical workout the participants received through participation in the activities
of the Sl intervention. As reported previously (see Chapter 2), exercise is identified as
one of the established EBPs, while sensory integration is reported as an intervention
that required more research by different groups employing rigorous research design

with adequate replication (Odom et al., 2010). In addition, the effect of exercise on
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the secretion of neurotransmitters, thereby, on behaviour is also well-documented
(Meeusen & De Meirleir, 1995; Van Praag, Kempermann, & Gage, 2000). Exercise is
supposed to increase a neuro-plastic response, which is activity dependent, and
becomes evident as changed behaviour. Neurotransmitters such as norepinephrine,
dopamine and serotonin, released after exercise, are involved in sensory motor
integration and motor control (Meeusen & De Meirleir, 1995). Whereas, no
biomarkers indicating the presence of cortisone or any neurotransmitters were
involved in this study; hence, any observed gains could not be confirmed as caused by

increased neuroplasticity.

According to Leong et al. (2015), mixed findings regarding the benefits of SI may
be due to variability in methodologies between studies, in particular, differences in
interpretation of sensory integration and article selection criteria such as the presence
of control group or comparison with other interventions. This meta-analysis made
several recommendations to improve methodological standards such as employing a
rigorous research design, clearly defined dependent variables, instilling reliability
checks and random assignment of participants to intervention, with opportunity for

replication (Kratochwill et al., 2010; Richards et al., 2013Db).

The present study addressed several of the above-mentioned recommendations.
First, the present study evaluated the effects of classroom-based Sl intervention for
five to six year-old students with a diagnosis of autism and intellectual disability on
measures of duration of task engagement, frequency of student initiated social
interactions, and the frequency and duration of emotional behaviours. All participants
exhibited varying degrees of challenging behaviours. Second, all participants received

the Sl intervention in a randomly staggered manner. Third, the researcher clearly
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defined and documented functional dependent variables at the start of the study (see
Chapter 3). Fourth, measurement tools were developed and trialled before the start of
direct observations. Fifth, this study implemented three types of reliability and
validity measures: inter-observer agreement (discussed in Chapter 3), social validation
(discussed in Chapter 3) and a fidelity checklist (discussed in Chapter 3) for the Sl
intervention. The present study met the standards for rigorous SCED and hence adds
further to the body of evidence for evaluating Sl intervention as a potential EBP
(Kratochwill & Levin, 2014b; Leong et al., 2015; Odom et al., 2010; Wong et al.,

2015).

Since sensory integration theory was first proposed (Ayres, 1972), it has been
debated often. While the earliest systematic reviews of studies supported sensory
integration theory (Ottenbacher, 1982; Vargas & Camilli, 1999), subsequent studies
yielded mixed results, until the latest systematic review which has categorically
rejected the claims made by sensory integration theory (Leong et al., 2015). Further
reviews of ASI® intervention have since provided stronger evidence of the efficacy of
Sl intervention (Schaaf et al., 2018; Schoen et al., 2019; Smith Roley et al., 2007).
Keeping this in mind, the researcher started with a null hypothesis that there would be
no change in target behaviours of participants due to the sensory integration

intervention.

As discussed above, the current study addressed the gap in literature highlighted
by the NPDC report (Wong et al., 2015) by engaging a single case experimental
multiple baseline design to evaluate the impact of Sl intervention for 5-6 year old
students with concomitant autism and intellectual disability. The present study

investigated the effect of a Sl intervention on the periods of task engagement, the
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frequency of student-initiated social interaction and emotional dysregulation denoted
by the frequency and cumulative duration of emotional behaviours of the participants
in a routine day at school. Data from direct observations and SPM scores were
analysed separately and in unison throughout Chapter 4 and discussed in this chapter
to inform classroom practice as well as policy around staffing and professional
learning in regards to Sl intervention for students with autism. As discussed earlier,
this study addressed the methodological issues identified by recent literature (Leong
et al., 2015; Odom et al., 2010; Wong et al., 2015) to answer the research questions as

follows.

The report on EBPs (Odom et al., 2010) and the meta-analysis by Leong et al.
(2015) recommended a cautious approach adopted towards Sl intervention. In
accordance, the present study used a SCED multiple baseline design combined with a
comparison of pre, post, and maintenance scores of sensory domains to investigate the
effects of the Sl intervention, with data collected from 5-6 year old participants just
beginning their formal schooling. This study used a fidelity checklist for the Sl
intervention, and inter-observer agreement with social validation to ensure reliability

and validity of data.

Implications for practice

The findings from this study indicated that task engagement in the classroom
could be increased and emotional behaviours in the classroom could be decreased
following participation in the Sl intervention, especially when the delivery was
several times a week (i.e., four to five days each week) over nine weeks or more. In

current practice, OTs typically deliver Sl intervention therapy under clinical
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conditions, away from the classroom. This study indicated the benefits of Sl
intervention within a classroom for three different foundation level classes across
three different years, where delivery of intervention was guided by student behaviour
which was a result of facing daily challenges within a classroom situation. With the
requirement for equitable opportunities in education for students with disability in
Australia, there is a need for a paradigm shift regarding autism intervention such as
moving away from popular interventions to evidence based intervention practices
(AITSL; DECD, 2017; Disability Discrimination Act, 2005; Ruddock, 2005). Hence,
the need is for consideration towards the inclusion of class-based approaches that
include a focus on sensory integration as a mechanism to support task engagement
and potentially the reduction in the frequency and duration of emotional behaviours.

Several factors require careful consideration for this to occur.

Professional learning

Generally when teachers encounter challenging behaviours in the classroom,
behavioural interventions are often employed as a corrective measure, especially if the
teacher is not cognisant of PBIS practices (Bradshaw et al., 2009; Bradshaw et al.,
2012). In a typical classroom, the teachers become aware that something is amiss
when an incident has occurred. The perception is that teaching children with autism
and related behavioural difficulties requires highly specialised training and certain
teacher disposition (Bazyk et al., 2009; Busby et al., 2012; K. & Dunlap, 2001).
Misunderstanding that behavioural difficulties, at times and for some students, may be
linked to sensory processing challenges can result in less effective behavioural
approaches being engaged as a corrective measure (Greimel et al., 2010; Lombardo

et al., 2010; McPartland, Webb, et al., 2011; McPartland, Wu, et al., 2011; Monk et
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al., 2010; Neuhaus et al., 2010; O'Donnell, Deitz, Kartin, Nalty, & Dawson, 2012;

Piggot et al., 2009; Vivanti et al., 2013).

Understanding the difference between neurological processing in typical children
and children with autism would inform teacher practice. Existing neuroscience
literature details the highly individualistic processing of auditory, visual,
proprioceptive, vestibular, tactile, olfactory and taste sensory subscales in the case of
children with autism and intellectual disability (Bauman & Kemper, 2005; Catani et
al., 2016; Henderson et al., 2002; Leekam et al., 2007; Loh et al., 2007; McAlonan et
al., 2004; Vargas et al., 2005). The impact of this unique neurological pattern of
sensory processing in autism and its effect on behaviour is also evident in the
scientific literature (Corbett et al., 2014; Greimel et al., 2012; Greimel et al., 2010;
Kleinhans, Muller, et al., 2008; Kleinhans, Richards, et al., 2008; McPartland, Webb,
etal., 2011; McPartland, Wu, et al., 2011; Snijders et al., 2013). Students with autism
exhibit highly individualistic characteristics in task engagement, self-initiated social
interactions and emotional behaviours due to these unique patterns (Ciesielski et al.,
2006; Danzl et al., 2012; Diano et al., 2017; Joseph et al., 2005; Kohn et al., 2014;
Loucas et al., 2008; Odriozola et al., 2016). A child struggling to stay focused on task,
or fidgeting in their seat may be offered movement based activities to help them to
settle down. Children who find fine motor skills difficult to master could be helped
with vestibular activities that involve eye-hand coordination such as throwing quoits
while swinging, or activities that involve propelling themselves with the use of a

scooter board that improve the upper body strength and muscle tone.

Equipped with the knowledge and understanding of sensory processing, teachers

would be able to proactively note the triggers and guide the student into a stabilising
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activity before the challenge becomes overwhelming; and link this knowledge of
sensory processing to other areas of difficulty so that they know what strategies to use
and when. As an example, when a teacher noticed disengagement of a student in the
class, the teacher could investigate the cause of disengagement, whether the student
had lost their place in the lesson (attention, shifting focus), had not comprehended the
instruction (auditory processing), or did not know how to begin the task (executive
functioning). Possession of knowledge about sensory processing in students with
autism may assist the teacher to perceive that student behaviours such as not
beginning or completing the given task as originating from a possible challenge with
working memory or long-term memory dysfunction, difficulty in auditory processing
or difficulty in praxis, rather than being oppositional defiant or ‘naughty’ (Bazyk et
al., 2009; Campbell et al., 2012; Missiuna et al., 2012; Villeneuve & Shulha, 2012).
After identifying the difficulty, the teacher could organise appropriate adjustments
and accommodations such as providing keywords, a checklist of tasks to be
completed or step-by-step instructions to commence the task, work through the steps

and subsequently complete the task.

Student behaviours such as constantly fidgeting or moving, hitting other children,
banging objects, or making noises, may direct the teacher equipped with sensory
processing knowledge to plan an appropriate intervention to divert and redirect the
distracting behaviours, rather than imposing punitive measures such as warnings or
time-out. An insight into teacher perceptions indicated that the teacher training
programmes need to be less segregated and more inclusive to prepare future teachers
with knowledge of sensory processing in autism, the difference between sensory

processing of typical children and children with autism, and possible interventions
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(Boyer & Lee, 2001; Busby et al., 2012; Robertson et al., 2003). Additionally, the
teachers indicated that they may need more field experience in special education
settings, be supported with evidence based practices, assisted to select the appropriate
practice and to conduct behavioural assessment following data collection processes

(Boyer & Lee, 2001; Busby et al., 2012; Robertson et al., 2003).

Currently, over forty universities in Australia offer educational neuroscience
courses, where the focus is usually on the complex processes underpinning memory,
speech and language, thinking and learning. While these courses give some basic
understanding of the topic, they do not provide a complete understanding of the ways
and the degree to which disability disrupts these processes and interferes with
learning. This lack of knowledge influences teacher perspective of student
disengagement or student behaviour as oppositional, distractive, unmotivated,
obsessive or wilful. In addition to the need of specialist knowledge, literature has also
identified the need for guided field experiences, collection and assessment of
behavioural data, planning and implementing interventions as necessary to augment
teacher training (Boyer & Lee, 2001; Busby et al., 2012; Robinson, 2017). Hence,
education systems may require a creative and flexible approach towards professional
learning for teachers that incorporates understanding of the sensory challenges
experienced by students with autism, their specific needs and possible EBPs to

support them.

There may be a possibility of a two-prong approach, with inclusion of
neurological processes in various disabilities and their impact on student learning in
teacher preparation programmes. There is a further possibility of inter-professional

training within university programs (i.e., allied health sciences teaching into some
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pre-service and post-graduate education courses) and vice versa. The second approach
would be to target continued professional learning of experienced teachers. Teacher
practice in South Australia has adopted the professional standards prescribed by the
Australian Institute for Teaching and School Leadership (AITSL). The first
professional standard recommends that teachers know their students and how they
learn through (i) physical, social and intellectual development and characteristics of
students, (ii) understand how students learn, (iii) students with diverse linguistic,
cultural and socio-economic backgrounds, (iv) strategies to teach aboriginal and
Torres Strait islander students, (v) differentiate teaching students with different
abilities and skills, (vi) strategies to support students with disabilities. Thus, continued
professional learning could extend teachers’ understanding of how neurological

processes influence different styles of learning.

The sixth professional standard recommends engaging in professional learning by
(i) identifying and planning professional learning needs, (ii) engaging in professional
learning and improving practice, (iii) engaging with colleagues and improving
practice, and (iv) applying the professional learning to improve student learning.
Experienced teachers could continue to develop their knowledge of neurological or
sensory processes involved in learning and use it to inform their practice. The
literature has indicated that this professional development could take the form of
focused training by expert occupational therapists during the school holidays, in-class
coaching by therapists, formation of peer support groups and peer mentoring (Boyer
& Lee, 2001; Busby et al., 2012; Robertson et al., 2003).This model was used by the
participating special school in this study. The staff received some sessions of after

hour training by OTs, followed by continued classroom consultations. The staff also
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organised themselves for continued support through forming a professional learning
community. The Queensland Department of Education implemented a similar
collaboration model with the speech pathologist-educator integrative programme
(Department of Education, 2012). Another initiative of collaborative practice between
OT services and educators was the OT for Kids programme (OT for Kids) (Hutton,
2009). Such high quality inter-professional networks may provide the cross-over of
knowledge, skills and expertise through training, mentoring and instructional

coaching.

Staffing and equipment

During the present study, the school funded a specially equipped gym and a
sensory room along with specialised equipment in the classroom. Implementation of
the Sl intervention also needed release time for teachers to receive training in the
application of the programme. A full-time person, a teacher’s aide employed with the
school, was in charge of setting up and maintenance of equipment in the gym. The
teacher’s aide consulted with the supervising OT to understand what was needed to
set up the gym before the sessions. Engaging OTs trained in the sensory integration
methodology to supervise the programme incurred additional cost. This contributed to
the costs borne by the school through its programme funding and fundraising
activities. However, this model could not be sustained in the long term by individual
schools. Such specialised training models require implementation at a systemic level.
A system-wide support would need development of a policy statement, appropriate
approvals, and allocation of funds at state level as demonstrated by other collaborative
models discussed in Chapter 2 (Department of Education, 2012; Hutton, 2009;

Missiuna et al., 2012; Sayers, 2008; Villeneuve & Shulha, 2012). This gives rise to
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several questions: what systemic specialist resources are currently available to
teachers; what action research can inform the implementation of collaborative models
such as discussed earlier; how can specialist training be enhanced for special
education teachers? Does this mean that funding occupational therapists for special
schools, classes and units be supported by the education system? With limited
evidence, a cautious approach is needed before committing significant funding.
Hence, as suggested by Leong et al., (2015), Sl intervention must gather more

empirical evidence.

Policy

Lastly, to set up a comprehensive intervention programme, there should be a
professional OT on site or be accessible to support the school as required. As this
study indicated, the results improved when expert OTs delivered the Sl intervention.
Traditional occupational therapy targets skills such as adaptive skills, motor
coordination, and visual-spatial skills as well as Sl intervention. In the current
scenario, the public school sector in South Australia does not offer occupational
therapy for students at school. Parents of children who are challenged by the above
mentioned skill areas seek private therapy in a clinical setting which is now being
funded through the National Disability Insurance Scheme (NDIS). The transference of
such therapeutic intervention to classroom is not automatic. In most cases, therapy
and classroom practice are secluded, whereas, some of the therapeutic activities may
be successfully integrated into classroom practice, as demonstrated by the current
study. In recent times, the National Disability Insurance Agency implementing the
NDIS has played a main role in assessing the child’s need and providing the funds

necessary to implement therapeutic programmes (NDIA, 2017), though this practice
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remains exclusive due to individual funding for children. There is no collaboration of
OTs with the school staff. However, it is often noted that parents prefer for their child
to receive therapy during time at school, which is an opportunity for collaboration
(Missiuna et al., 2012; Sayers, 2008; Villeneuve & Shulha, 2012). The South
Australian context demonstrated that delivery of therapy during school hours needed
formulation of a policy in terms of supervision and Duty of Care (DECD, 2016,
2017). The policy from the Department may further formalise collaborative practice
of OTs in schools under a scheme such as NDIS to better support the students within
their everyday learning environment and support parents around organisation of

delivery of the therapy.

At present, there are no occupational therapists employed by public schools in
South Australia at present. However, the National Disability Insurance Scheme
(NDIS) has ensured that there are more children than ever before, accessing therapy
services in and out of school hours. In many instances, parent preference is for the
therapy to be administered onsite with the school’s permission (DECD, 2016). There
is an opportunity for a dialogue between the therapist, teacher and the parent about the
specific challenges the child experiences at school. The therapy goals could focus on
developing skills to address the challenges in the classroom or in the wider school
environment, which are also transferrable to the home and community settings.
Currently, these consultations are more incidental than structured in nature. It would
benefit the child, parents and the educators if they happened on a regular basis in a
pre-determined manner with common goals to work towards (Missiuna et al., 2012;
Sayers, 2008; Villeneuve & Shulha, 2012). For instance, a child who had difficulty

with handwriting may also have difficulty involving fine motor tasks such as eating
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with cutlery at home and in the community. A child who had difficulty transitioning
between learning areas may also have difficulty transitioning between different
activities at home and in the community. Sensory sensitivities involving touch, smells,
and sounds may cause difficulty for the child at school, home as well as in the
community. Hence, a therapist that collaborated with parents and teachers could
support the child’s skills, abilities, attention, memory, and learning as a holistic
experience. This type of collaboration between therapists and educators offer a
possible transdisciplinary model of intervention in future (Campbell et al., 2012;
Department of Education, 2012; Hutton, 2009; Missiuna et al., 2012). The capacity
building aspect of such a collaboration would enable the teachers to identify the
frustration and difficulties experienced by the children sooner than later, and be able
to deliver appropriate accommodations and adaptive strategies before resulting in
academic, physical and mental frustration (Campbell et al., 2012; Missiuna et al.,

2012).

There are a few more possibilities to explore to support making such a
commitment of incorporating specialist interventions such as Sl intervention in
special school settings. There has been a previous pull-out model for school based
occupational therapy with limited success (Missiuna et al., 2012; Sayers, 2008). As
discussed in Chapter 2, this model has changed to more collaborative models, namely,
Partnering for Change (P4C) (Campbell et al., 2012; Missiuna et al., 2012) and
Occupational Therapy into Schools (OTiS) (Hutton, 2009). The P4C model had a
focus on capacity building, collaboration and coaching instead of ‘curing’ or ‘fixing’
the student’s difficulties; the OTiS model was based on the therapist being situated

directly in a school and providing learning intervention activities alongside the
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teachers for the whole group. These models have reported successful outcomes for
teachers who felt more supported and felt more confident in being able to identify
difficulties among students, find an appropriate adaptive strategy or make a suitable
accommodation before the child developed secondary challenges that interfered with
their engagement and learning (Campbell et al., 2012; Missiuna et al., 2012). The
OTiS model also reported that the students, teachers and paraprofessionals were at

risk of losing interest as the programme became ‘stagnant’.

However, the success of these models in Canada and UK has encouraged
development of similar collaborative models in Scotland and New Zealand (Campbell
et al., 2012; Missiuna et al., 2012). In the local South Australian educational context,
a comparable pilot project could be set up in collaboration with the Occupational
Therapy programmes at universities, where the graduating students may complete
their professional experience component with special schools, special classes, and
disability units under the expert supervision of their tutors. This was a model adopted

by the participating special school in 2014 for this study.

Two occupational therapists in charge of the practical component of the university
programme supervised the graduating occupational therapy students in their
practicum placement. The OT students administered initial assessment of participating
students, planned individual activity programmes and later implemented the
intervention under their supervisors and class teachers. The supervising OTs guided
the teachers to add certain learning activities for their students in the classroom and
the teachers in turn supported the participation of their students in the intervention

programme. This collaboration proved successful with the teachers and
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paraprofessionals feeling supported and the graduating occupational students getting

adequate field experience under expert supervision.

The present study employed a longitudinal SCED multiple baseline and repeated
measures design with reliability and validity measures such as a replication effect,
IOA, social validation and fidelity checklists to strengthen the research. However, the

study also had certain limitations that will be discussed as follows.

Limitations

In conjunction with several positive outcomes from this study and associated
implications for practice, there were also several limitations that need to be
acknowledged and addressed in future research. The researcher focused on 5-6 year
old children in a special school who had the dual diagnosis of autism and intellectual
disability, where all participants had a reported high level of sensory behaviours
associated with autism. This meant the findings from this study could not be
generalised for all children with autism, given that not all children have an intellectual
disability and the severity of sensory behaviours could be variable for each child. The
relatively small number of participants, n = 23, was another limitation that prevents

generalisation of findings across all children with autism.

While the study was conducted over three years, the mode of delivery was
different for each year. Prior to commencement of the study, the participating teacher
and the researcher had undergone professional learning on the delivery of Sl
intervention. Teachers, with a fortnightly consultation with a qualified OT in 2012
undertook implementation of Sl intervention, where the OT relied on the teacher’s

report of student behaviours. The items on the fidelity measure checklist were marked



EFFECTS OF A SENSORY INTEGRATION INTERVENTION

268
together by the teacher and researcher for 2012 retrospectively, when the checklist
based on the Fidelity Measure (Parham et al., 2011) was developed. In 2013, the OT
visited the school, carried out observations in the classroom for the participants and
suggested specific activities of the Sl intervention for them. This helped the OT to
complete the fidelity measure checklist at the end of the programme in 2013. Expert
OTs closely supervised the implementation of Sl intervention in 2014 and had the
highest level of fidelity. The varying nature of the fidelity of SI intervention may have
influenced the different year-wise findings for each year cohort in the study. Analysis
of the fidelity checklist indicated a 90 % - 100 % adherence to the programme
requirements with highest fidelity for physical environment, parent communication,
and programme process. Pre-assessment of participants was the lowest scoring
element on the fidelity checklist as the application of the detailed battery of tests in a
school environment was difficult. Structural elements, such as professional training of
individuals in charge of programme delivery, scored low in 2012, but were high in

2013 and 2014 with the involvement of trained OTSs.

One of the main limitations was the high level of dysfunction denoted by very
high sensory scores on the SPM for the 2012 cohort, compared to the cohort in 2013
and 2014. The high level of challenging behaviours among the participants in 2012
was a confounding variable in this study. The pilot for this study in 2011 had outlined
that the nature of the interaction between participant and the scorer (for example,
teacher) influenced the marking of scores. While the teacher’s main interactions with
the participants were around task engagement and social behaviours, the
paraprofessional’s interactions were around personal care and social behaviours.

Thus, for the present study, individual class teachers alone administered the SPM and
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marked scores. Inter-observer reliability was ensured for the direct observation data in
this study, but not for administering the SPM. This may have left the SPM open to
subjectivity by the scorer, depending on individual’s knowledge and experience of

sensory processing and related behaviours.

The calculated 10A for social interactions fell in the lower range at 60 % - 100 %;
this range is acceptable according to Kazdin (1982c), as social interactions were
infrequent behaviours for most of the participants. Another reason for the lower I0OA
range may have been the added challenge of tracking the participants across a large
outdoor play area. The distance at which the primary observer and reliability observer
stood from the participants may have caused them to miss some interactions. The
agreement ratios for task engagement and social interactions were within acceptable

range and met one requirement of IOA as a reliability measure in this study.

This study relied on direct observations of target behaviours and sensory scores
from the SPM. It did not make use of fMRI scans, pulse rate monitoring, body
temperature, cortisol levels in saliva or electrical resistance response of skin as
biomarkers. While fMRI scanning may be an expensive measure to implement,
collecting saliva samples and monitoring of pulse rate and temperature is relatively
inexpensive. Literature has provided evidence of cortisol in saliva, a faster than
normal pulse rate and the difference in body temperature as a response to stress. In the
absence of such biomarkers, it is not clear if the positive outcomes of this study were
the genuine effects of the SlI intervention or other influences (Caldwell, 2005;
Gutstein & Sheely, 2002; Odom et al., 2010). Neurophysiology related to task
engagement and emotional regulation, using medical imagining, would provide

interesting verification as to the effect of Sl intervention; however, the ability to
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measure this in real-life classroom contexts needs further consideration in terms of

practical application.

Recommendations for the future

The results of the present study have extended existing information about the
efficacy and efficiency of a Sl intervention. However, there are several
recommendations for further research. They are: (i) Further studies to be conducted
by diverse researchers (e.g., from different backgrounds), incorporating the robust
methodological recommendations by Leong et al. (2016) (ii) Future studies into Sl
intervention should examine its implementation in the classroom context, across
different year levels such as Early Years Centres, rather than clinical contexts alone
(iii) Additional studies using randomised controlled trials or studies employing an
alternating treatments design will provide a more robust comparison of the effects of
two or more interventions (iv) Use biometric measures in addition to behavioural
observations for definitive conclusions (v) This research would be further informed
by studying the effects of the Sl intervention on older groups of students, students
with autism but without co-existing intellectual disability, adolescents with autism, or

younger children as early intervention.

Conclusion

This study was conducted at a special school where school placement is
determined by diagnoses of autism with intellectual disability. This study indicated
some gains in task engagement and decrease in frequency and duration of emotional
behaviours with no effect observed on student initiated social interactions for 5 — 6-

year-old students diagnosed with autism, intellectual disability and high sensory
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needs. It is also important to note that previous systematic literature reviews and
meta-analyses of the effects of Sl intervention have investigated the same limited
number of studies, which possessed several design-related challenges along with
challenges around inclusion criteria. Since Sl intervention is the only intervention that
targets sensory processing difficulties, which now feature in the diagnostic criteria for
autism; it requires further investigation with larger participant groups. Randomised
control trials comparing effects of Sl intervention with other treatments and sufficient
replication of effect would be beneficial. Introduction of biomarkers such as pulse rate
or cortisol levels in saliva at pre, post and during intervention over the study, or
examining of fMRI scans pre and post-intervention would clearly identify
physiological effects of Sl intervention on individual students. This study also
identified the need for professional training and/or mentoring of teachers to
understand that challenging behaviours maybe due to specific sensory needs and
relevant interventions to address them. Finally, the study identified the need of

school-based expert OTs to support teachers and students.
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Appendix A.
Direct Observation Record Form

Student Observation Record- Name:

Social Behaviour- initiation of interaction with adult or peer (Frequency)

Tally of social interactions Yard play-30 minutes (ten-minutes per student)

Dayl

Day 2

Day 3

Engagement with task- partial interval recording of focus on table task

Imin | 2min | 3min|{4min|5min|6min | 7min | 8min | 9 min | 10 min

Day 1

Day 2

Day 3

Emotional behaviour- Frequency (F), duration (D) (measured from the time started to

time finished)
Day 1
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Appendix B.

Social Validation Questionnaire

You will view 4 pre- and post-intervention video tapes of a student during yard play. Complete &
guestionnaire for videos labeled T and another for videos labeled R. You are requested to view
each tape one at a time and then complete the questionnaire. For question |, you are required to
indicate the frequency of initiation of social interaction by putting a tick every time you view
specific behaviours like looking at another person, approsching or touching another person,
verbalizing or vocalizing at another person. Then in Q2, rate the nature of initiation of social
interaction you consider most appropriate for the student by puiting a tikk in the appropriate box

on the given scale.

1. Mumber of times vou saw the siudent: looking at another person, approaching or touching

another person, verbalizing or vocalizing of another person (using either sounds or words)

| Clip T

| ClipR

2, What is the observed nature of initiation of social interaction by the sudent?

Siwdent Mo lnitation | Hare Oecasional Some Freguent
initiations initiations initimtion inftiation

ClipT

Clip R

3. How did the student appear during the social interaction? eg. Calm, happy

Clip T

Clip R

o nm

329

Figure B. Social validation questionnaire for student initiated social interactions

(side 1)
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VYalidator -

You will view 4 video tapes of the same students, pre and post-intervention, engaged in a routine
tabletop task, You are requested to view cach student one at a time and indicate your perception
ofthe student's focus on task. First, pul a tick every time you view the stwdent exhibit behaviours
thet indicate their engagement with task, e.g. looking' touching/interacting with study material
and/or interacting with instructor, for Q4. Then indicate it on the given scale for Q5 by putting a

tick in the appropriate box.

4, Number of times you saw the student: looking' touching/interacting with study material,

interacting with instructor.

|Clip T

| Clip R

5. What is the observed nature of focus an task by the student?

Student Mo focus Rare focus Dreeasional Some focus | Prolonged
foeus Tocus

Clip T !

Clip R i

4, How did the student appear while working &t the tabletop task? Ep. Engaged, satisfied/
atlentive, distracted, anvthing else

Clip T

ClipR
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Figure B. Social validation questionnaire for student initiated social interactions

(side 2)
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Appendix C.

Sensory Processing Measure Form

mam uiassroom rorm T.oisves 3y
WESTERN PSYCHOLOGICAL SERVICES
Pro'"e sheet 12031 Wiishire Boulevard
Heather Mifier Kuhaneck. M.S. OTRAL WPSn Los Angeles, CA 90025-1251
Processing Measure Dleey B tiney. WS, GIHIL, - <0 W plishirs and Distributors ——
non. 4.0, OTRAL, FAOTA
Name {or 1D#): Age: ___ Grade: _ Gender: OM [IF
Date this form S, School Teacher =
Reason for assessment . e
%ile T S0C VIS HER T0U 80D BAL PLA 101 T %ile
80 38-40 26-28 24-28 25-9 25-28 34-36 40 130-168 80
79 25 23-24 23-24 3 39 118-129 i
78 38 24 22-23 21-22 31-32 38 117-118 78
7 37 22-23 il 2 115-116 7
76 36 20-21 18-20 2 30 ar 109-114 76
75 19 18 19 21 28-29 36 108 75
599 74 3 17 27 -35 9-107 74 >9
8 M 34 18 18 26 32-33 96-98 B9
72 33 17 16 17 20 24-25 30-31 94-95 72
8. M z 29 88-a3 7 98
70 32 1% 16 19 2 28 87 70
97 69 31 15 18 21 84-86 69 97
9% 68 30 15 17 2 82-83 68 96 =
67 15 14 14 - 16 20 26 80-81 67 g
85 66 29 15 19 25 78-719 66 95 [
93 65 28 1" 13 13 14 TA-TT 65 93 =
82 B4 27 13 18 24 71-73 64 22 =
% 83 % 12 12 13 17 23 69-70 63 9 o
8 8 P 12 21-22 67-63 & 88 &
8 61 24 1 1 12 16 20 64-66 61 8% =
8 60 2 15 19 62-63 60 84 w
82 59 2 " 10 1 18 60-61 59 & S
79 58 10 14 17 58-59 58 79 =
7% 57 2 0 10 16 56-57 57 76 =
56 20 9 13 55 % 7 &
69 55 15 53-54 55 69 =
6 54 19 9 14 52 5 66 o
62 53 18 ] 9 12 51 53 62 =
58 52 17 8 13 50 52 58 i
54 51 8 11 49 51 54 =
50 50 16 12 4 50 50 =
46 49 15 47 49 46 =
2 @ 8 8 4 &
38 47 " 10 1 46 47 38 =
4 6% 6 34 =
31 & 13 45 LA | | §
2 4 12 8 @ 27 w
24 43 7 4 8 M
21 &2 7 2 2
18 4 11 a8
16 40 10 7 9 10 42-43 0 16
%lle T soc vis HEA Tou 80D BAL PLA ToT T %ile
Raw Score > A s H ~ < Raw Score
T-Score b = 2 e 2 = ____ < T-Score
Interpretive Range
Typical : = -
wor-sory O 0 0 (m] m] o o o
Some Problems B
(607-697) o a O o O ] 8]
Daflnite ion
ksl o o a) o o 5] o
Scores from SPM School Environments Form
ART MUS PHY REC CAF BUS
Cutolf value: 29 29 28 29 27 19
O o a O a 0
Check box if score fs greater than or equal to cutoff value. Check indicates that student displays more problems than is typical in that environment.
Additional coples of this form (W-466B) may be purchased from WPS. Please contact us at 800-648-8857, Fax 310-478-7838, o www. wpspublish.com
W-4668 Copyright © 2007 by WESTERN PSYCHOLOGICAL SERVICES, Not to be reproduced in whele of in part withoet written permission. All rights reserved. Printed in U.S A 23456789

Figure C. Sensory Processing Measure, Main Classroom and School Environments Form
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that record: Balance and motion (BAL), body awareness (BOD), hearing (HEA), planning

and ideas (PLA), social participation (SOC), touch (TOU), vision (VIS), and total sensory

systems (TOT).
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Appendix D.
Fidelity Checklist (2014)
Table D. SI INTERVENTION Fidelity checklist 2014. For the checklists for 2012

and 2013, see Appendix E.

Strongly | Disagree | Meutral | Agree | Strongly
disagraa agrae

Structural elements

Therapist gualifications {training in sensory
|_Integration]

supervision by gualified theraplst (min 1
hrfweek by an expert of 5yrs of providing 0Tto |
childran based on 5l principles) i

Compoanents of pre-assessment
a. Case history {admission reports,
medical/pricr schog! reparts)
b. Previous referrals

c.  Student obsarvation (maotor
coordination, gross motor skills and
praxis, self-organisation, sensory
procescing, postural ooular control,
wisual-percapteal and fine rmotor skills)

Physical environment

a. _Adequate space for vigorous activity

b. Flexible arrangement for equipment

c. Hooks for suspendad equipment

d.  Use of rotatlona! devices attached to
celling support

. uuietsgm !ltl‘ll.‘ adjacent roorm)

f.  Bunges cords for suspended equipment

g Mtats, cushions, pillows

h. Equipment adjustable for child's size

i. Monltoring of equipment for safe use

] Storage of unused equiprment for safety

k. Documentation for safe use of
suspensien equipment

I wartety of equipment availablz 2. g.
trampolines, therapy balls, thera-bands
and ropes for pulling, swings, scoatar
oard and ramp, weighted balls, bean |
bags, massagers, crash pillow, wibrating
toys, tactibe mabarial, visual targets,
climbing equipment, props for play

Communication with parents

a. Megotiated goal setting discussed with
parent, teacher and therapist [

k. Family andfor teacher education ]

Sensory integration Programme- Procass i
! elemants
&, Ensures physical safety |
b, Prasents sengory GRROrtUnites

¢,  Helps the child to attain and maintain
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_optimal level of alertness
d. Challenges postural, ocular, oral and/ar
biltateral mator contral
&, Challenges praxs and organization of
behavigur |
f. Colaborates In activity of cholce
g Presents just-right challenge
h
|

. Activities are success-oriented

. Supports child’s intrinsic maotivation to
| play

| j.  Establishes therapeutic alliance

Adapted from (Parham et al., 2011)
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Fidelity Checklist (2012, 2013)
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Table E. SI INTERVENTION Fidelity Checklist (2012, 2013). For the checklist for

2014, see Appendix D.

2012

2013

Structural elements

Therapist gualifications (training in sensory
integration}

Supervision by aualified tharapist (min 1
hef month by an expert of 5 yrs of providing OT
|t chibdren based on 51 principlas)

Components of pre-assesiment

d. Casa history [admission reports,
medical/prior school reporis]

&, Previous referrals

f. Student observation [motor
coordination, gross motor skills and
pranis, sell-organisation, sensory
processing, posteral ocular control,
vigual-perceptual and fine motor skills)

Fhysical anvironmant

m. Adeguate space for vigorous activity

n. _Flexible arrangement for equipment

Hooks for suspended equipmeant

o.
p.  Use of rotational devices atizeched te
ceiling support

q. Cuiet space [tent, adjacent room)

. Bungee cords for suspended equipment

Mats, cushions, pillows

t. Eguipment adjustable for child's size

u.  Manitoring of eguipment for safe wsa

v. Storage of unused equipment for safety

w. Docurnentation for safe use of
suspension equipment

w. Wariety of eguipment available e.g.
trampalines, thesapy balls, thera-bands
and ropes for pulling, swings, scooter
board and ramp, welghted balls, bean
bags, massagers, crash pillow, vibrating
toys, @ctile material, visual targets,
clirmbing equipment, props for play

Communication with parents

t.  Megotiated goal setting discussed with
parent, teacher and therapist

d. Family and/or teacher education

Sensory inbegration Programme- Process
alements

k. Ensures physical safaty

I.  Presents sensory opportunities

m. Helps the child to attain and maintain
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optimal kevel of alertness |
n. Challenges pestural, ocular, ofal andfar |
bilateral motor control i
o. Chaflenges praxis and arganisation af
behaviour
Collaborates i activity of chaice
Presents just-right challenge
Activities are success-oriented
Supparts child's intrinsic motivation to
play
t. Establishes therapaytic alliance

|l e = ]

Adapted from (Parham et al., 2011).
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Appendix F.

Letter of consent — Principal

H Flinders ————
HIVERSITY a8,
|
LETTER OF FERMISSION TO CONDUCT RESEARCH AT SCHOOL

beipg tha Principal of the schonl wher= the razsarch iz propoead to ba undartskben, harshy

givepamizsion to Mz, Swati Phatsk, to conduct data collaction from the sslactsd studants

foq the rszearch projact on “The Effacts of a Senory Intagration Prosramme on bahaviours of
studants with sutizm- task sngasement, zocial interactions and emotionsl crises’

1. Ihavs read the information provided.

2. Iazrsa toup to four, ten-minwte vidso recording of =ach child participating in tsbls task
snd during vard play, which will be weed to verify data collactad in the study. Theass
r=coqdings will remain complataly confidentisl and parents will ba asked to view thess at
tha end of data collection for social validation of the study. Vidsos will be tsken in the
sight-view of ztaff at tha school.

3. I am aware that I should retain a copy of the Information Shest and Conszant Form for
firture refaremoa.

4. I undorstand that:

« I will ba asked to distributs Parents/Guasrdisn: Information Shest: and
Paremtz Guardisns Conzant Forms.

#» I will ba raguirsd to aszist in r=creiting teachers to participats in the stody.

#  Whila the information sained in thiz study will ba publizhed as axplainad, the school
of the studentz: participating in the study will not b identifisd and individwal
information will rsmain confidantisl.

# Ths razsarcher will have only minimal contact with patticipating stedant: when
aszizting the clazs teacher to make obesrvation: for inter-rater ralishility.

5. I have had the opportundty to dizowss taking part in fhizs reeesrch with colleaspss, staff
mambers and parents of participating studants.

Participant™ signatare. ... ... Date ...

I cortify that I have explainad the stody to the voluntesr snd consider that shahe undsrstands
what iz invelved apd fesly consants to participation.

Researcher’s mame.. Swati Phatalk
Besearcher’s signatare. ... .....Date ...

NEB: Do signed copies showld be obrained  The copy rerained by the researcher waqy then
De used for auhorisation of Fems § and 8. a5 appropriate
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Appendix G.

Letter of consent — parent (social validation)

H Flinders

LETTER OF CONSENT TO PARTICIPATE IN SCCIAL VALIDATION

emotional crises.”

| have read the information provided.

reference.
| wnderstand that:
= may mot directly benefit from taking part in this research.

;R e

=| am free to withdraw from the projectat any time and am free to decline to answer particular

questions.

«\While the information gained in this study will be published as explained, the students or schod
will not be identified, and individual information will remain confidential.
6. | have had the opportunity to discuss taking part in this researchwith coleaguees, family member

or friend.

Participant's signature............... Date

| certify that | have explained the study to the vountesr and consider that she'he understands what is

invelved and fresely consents to participation.
Researcher's name... Swati Phatak

Researcher's signature..........oiii s Date

NB:  Two signed copies showld be obfained  The copy refained by the researcher may fthen

be used for authonsation of ffems 8 and 5. as appropnafe.

consent to paricipate in the research project on ‘The Effects of 8 Sensory Integration
Programme on behaviours of stude nts with autism- task engasgement, social interactions and

Detsils of procedures and any risks have been explained to my satisfaction.

| agres to view the video recording of participating students at my school and completing a
questionnaire after viewing with wnitten permission from participants’ parents.

| am aware that | should retain a copy of the Information Sheet and Consent Form for future
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Appendix H.

Letter of consent — parental consent

k) Flinders

PARENTAL CONSENT FOEM FOR CHILD PARTICIPATION IN RESEARCH
CONSENT FORM FOR PARTICIFATION IN RESEARCH

(By participation in the programme)

beipg over the ame of 11 years heraby coneant to my child ..o
paticipatipg, a: raguastad, in the Latter of Introduction for the rszasrch poojact on tha
Effectz of a Sensory Interration Prosrsmme on behaviowrs of students with autizm- tazk
engarsmant s0cial interactions and emotionsl crizes
I hava read the information providad.
Diatails of procedur=s and any rizks have besn explained to my satizfaction.
I ampen to video reconding of my child's enpasement at a table tazk and at yard play.
I am swarz that I should retsin a copy of the Information Shest and Consent Fomm for firtrs
reforEmoe.
I understand that:
# My child may not ditectly benafit fom taking patt in this research.
# My child is fiee to withdtsw fiom the project &t any time and iz fi=e to dedline to
answar particular questions.
#  Whila the information gainad in this study will bs published a: explained my child will
not be idantified, and individual information will remain confidantial.
»  Whethar my child participatss or not, or withdraws after participating, will have no
affact on hiz'her progres: in hiz/har coursa of schooling, of results gainad.
# My child may ask that the recording'obeervation be stopped at any time, and he/she may
withdraw af any time foom the zaszion of the resasch without dizadvantasa

. Tagfea to the videp tape being mads gvailsble to the ressarcher and two other teaching staff for the

purposs of social validation.

. Tagrea to view the video clips of my child sngasad in a table task and at vand play and complata a

questionnaire sbout it, once it ha: besn explained to me by the research student.

. I hava had the opportunity to dizouss taling part in thizs rezasch with a family member or Friend.

Participants signature. ... ..o Date .

I cortify that I have explained the study to the voluntesr and consider that sha'he understands what iz
imvolved and fealy consent: to participation.

Eesearcher's mame. . Swati Phatal
Reearcher’s signatare. ... ..ocJDatee L
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Letter of consent — parent (retrospective data from 2012 and 2013)

[ O =

Appendix I.

k) Flinders

PARENTAL CONSENT FOFM FOR CHILD FPARTICIFATION IN RESEARCH
CONSENT FOEM FOR PARTICIPATION IN EESEARCH

(By partidipation in the programme)

being over the age of 18 vyears herby consent to my chid
eerene e eeneee e e eeeeeeneee e PATICIALING, 85 requested, in the Letter of Introduction for the
research project on

The Effects of 8 Sensory Integration Programrne on behaviours ofstudents with sutism-
task engagement, sodal interactons and emational crises’.

. | have read the information provided.
. Detsils of procedures and any risks have been explained to my satisfaction.
. | agree to aliow the researcher to obiein and analyse documentary data and video tapes of

my child when he/she was first introduced to the sensory integration programme at schoaol
during the years 2012/2013.

. | amaware that | should retain a8 copy of the Information Sheet and ConsentFomn for future

referance.

. | understand that:

» My child may not directly benefit from taking part in this researnch.

= My child is free to withdraw from the project st any time and is free to dedine to
answer paricular questions.

» While the informstion gainedin this study will be published as explzined, my
child will not be identified, and individual information will remain confidential.

* Whether my child paricipates ornot, orwithdrews after paricipating, will have
no effect on histher progress in hisfher course of study, or results gained.

. lagree to the video tape being made available tothe researcher and one other teaching

staff for the purpose of social validation.

. l agree to view the video clips of my child engaged in a table task and at yard play and

complete a questionnaire sbout it, once it has been explained to me by the research
student.

. I have had the opportunity to discuss taking part in this research with & family member or
friend.
Participant's signature._.. ... Date. ...l

| cerify that | have explained the study to the volunteer and consider that shefhe
understands what is involved and freely consents to participation.
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Appendix J.

Ethical approval — Department for Education
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Appendix K.

Ethical approval — SBREC, Flinders University

FINAL APPROVAL NOTICE

Project No - 6320

Project Title: Effects of a Sensory Integration Programme on behaviours of students with
autism- task engagement, social interactions and emotional crises

Principal Researcher: ‘ Mrs Swait Phatak |

Email: ‘ Phat0003@flinders. edu.au |
. 18 December Ethics Approval Expiry

Approval Date: 2013 Date: 31 December 2014

The above proposed project has been approved on the basis of the information contained in the application, its
attachments and the information subsequently provided.

MODIFICATION (No.2) APPROVAL NOTICE

Project No 6320

Project Title Effects of a Sensory Integration Programme on behaviours of students with autism- task
engagement, social interactions and emotional crises

Principal Researcher: | Mrs Swait Phatak |
Email: | Phat0003@flinders.edu.au |
Medification Ethics Approval

Approval Date: 4 May 2018 e 31 December 2018

| am pleased to inform you that the extension of time / ethics approval expiry date request submitted for project 6320 on the 3
IMay 2018 has been reviewed and approved by the SBREC Executive Officer.

Approved Modification

Extension of ethics approval expiry date (ONLY) X





