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Abstract
Anxiety is a fundamental human experience that is usually adaptive but when chronic in adults can
interfere with social interactions, and general behaviours including visual perception, visual attention
and learning. However, less is known about the role chronic anxiety plays in children especially
during school years. Thus, this thesis sought to investigate the role of chronic anxiety on visual
perception and attention in school age children who require additional support at school. Research
was conducted at a specialist school holiday program for children experiencing social, emotional and
academic difficulties, i.e., children with Additional Health and Developmental Needs (AHDN), and
at a general primary school (Typically Developing [TD] children) in Melbourne, Australia. The first
study aimed to explore the behavioural profile of children with AHDN and the relationships between
anxiety, autism-like traits and sleep behaviours as measured by parent-rated questionnaires- the
Spence Children’s Anxiety Scale- Parent version (SCAS-P), Autism Spectrum Quotient- Child (AQ-
Child) guestionnaire, and the Sleep Disturbance Scale for Children (SDSC). The results highlighted
chronic anxiety as a common biomarker in this population, regardless of clinical diagnosis. The
second study examined visual perceptual bias using a Navon global/local task but found no
significant bias in children with AHDN compared to TD children suggesting that although chronic
anxiety is commonly experienced in children with AHDN, it does not necessarily affect acute short
duration transient attention. The third study investigated the contribution of chronic anxiety to
performance on Posner’s Attention Network Task (ANT) in children with AHDN, finding that a less
efficient alerting network is associated with higher levels of anxiety in these children, while children
with ADHN tended to show greater impairment in executive control when compared with TD peers.
Overall our results suggest that anxiety is an endemic problem in many school age children
especially those classified as having AHDN, and as such warrants more extensive consideration by
clinical psychologists and educationalists, with further research needed to understand the relationship

between anxiety and sustained attention in school age children.
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Chapter 1- General Introduction to Topic and Thesis Overview

At least 1 in 5 children in Australia require extra support at school due to various
diagnosed and undiagnosed developmental, behavioural and emotional difficulties (Goldfeld,
O'Connor, Sayers, Moore, & Oberklaid, 2012). Hence the earliest possible identification of
the specific nature of potential educational and/or mental health difficulties and the need for
developmentally appropriate early interventions for such children is crucial (Atkins,
Cappella, Shernoff, Mehta, & Gustafson, 2017; Noam & Hermann, 2002). These children
may be characterised as having ‘Special Health Care Needs’, or as this group has more
recently been classified in Australia, as Additional Health and Developmental Needs
(AHDN) (McPherson et al., 1998). Children with AHDN include “those who have, or are at
increased risk for a chronic physical, developmental, behavioural, or emotional condition and
who also require health and related services of a type or amount beyond that required by
children generally” (McPherson et al., 1998, p. 138). AHDN is a broad term that includes
children with both diagnosed and undiagnosed needs (Goldfeld, O’Connor, Quach, Tarasuik,
& Kvalsvig, 2015). The detection of such difficulties often first occurs at school, emphasising
the importance of the education system in supporting young people with AHDN (Lawrence et
al., 2015). Children who struggle at school are more likely to experience anxiety, poor sleep
and social difficulties (Rzepecka, McKenzie, McClure, & Murphy, 2011), and their families
often sustain significant emotional and financial stressors (Elkins, Van Kraayenoord, &
Jobling, 2003; Looman, O'Conner-Von, Ferski, & Hildenbrand, 2009; Mattson & Kuo, 2019;
Van Dyck, Kogan, McPherson, Weissman, & Newacheck, 2004). Thus psychological input is
also often necessary for children with AHDN who require additional support (Cavanagh,
2017), given that they are at a greater risk of being bullied, having poorer academic outcomes

and displaying more disruptive behaviour (Forrest, Bevans, Riley, Crespo, & Louis, 2011).
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To date, there is limited research on Australian or any other country’s school children
with AHDN [rationale for choice of the terminology of AHDN is discussed further under
Methodological Issues in Chapter 3] meaning that potential shared characteristics of a
cognitive profile (e.g., atypical attention), biological processes (e.g., sleep quality and eating
patterns) and mental health co-morbidities (e.g., anxiety) are largely unknown. Thus there is
an urgency to expand the evidence base associated with this population to ensure that
assessment of difficulties can shift beyond the single focus of access to funding and support
services, towards prioritising the earliest identification of children requiring support and early
intervention for educational success (O'Connor, O'Connor, Quach, Vashishtha, & Goldfeld,
2019).

Although inclusion and valuing of the diverse needs of students is a key principle for
the Victorian State Government Education Department (State of Victoria, 2016), there
appears to be a substantial portion of children who ‘fall through the cracks’ and do not
receive adequate support (Macaulay, Deppeler, & Agbenyega, 2016; Walker et al., 2018).
Such neglect is also evident in the allocation of funding and support in Australia, which is
often restricted to children who fit within strict diagnostic criteria, and who meet a particular
level of severity (McDowell & O'Keeffe, 2012). In fact, the educational and social outcomes
for children who have additional needs in Australia are currently unknown as they are often
excluded from standardised testing such as the National Assessment Program- Literacy and
Numeracy (NAPLAN) (Dempsey & Davies, 2013). Where academic literature and
government policies have included AHDN, severe disabilities have been targeted meaning
that children with undiagnosed or mild-moderate challenges have been largely overlooked,
even though these children still appear to experience poor outcomes (Goldfeld et al., 2015;
Newacheck et al., 1998). Furthermore the allocation of resources even for the same diagnosis

is known to be highly variable under the National Disability Insurance Scheme (NDIS)
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federal funding initiative (Mavromaras, Moskos, & Mahuteau, 2016), with a child’s problems
sometimes being overstated by parents, schools and professionals in order to receive a severe
enough diagnosis to access services (Skellern, Schluter, & McDowell, 2005).

Contrary to current system limitations, a non-categorical approach that focuses on the
individual needs of the child along with parent involvement has been recommended
(O’Connor et al., 2015). For instance, research has shown that an emphasis on the
functioning of the child, referred to as the ability or limitation to engage and participate in
meaningful activities, rather than diagnosis has improved outcomes for the child and their
families (Miller, Shen, & Masse, 2016; World Health Organisation [WHO], 2001). Children
who struggle at school experience difficulties that are also highly likely to be psychologically
stressful, and induce persistent fear and anxiety, that in turn may negatively affect social
interactions, visual perception, attention and learning in the school environment (Eysenck,
Derakshan, Santos, & Calvo, 2007; Fox, Russo, Bowles, & Dutton, 2001; Reimherr,
Marchant, Gift, & Steans, 2017).

Whilst it is also acknowledged educationally that children with AHDN need
recognition, psychological support is seldom forthcoming clinically, as behaviourally obvious
‘anxiety’ is often overlooked in children given ‘anxiety’ per se is not recognised as a core
component of the latest Diagnostic and Statistical Manual of Mental Disorders (DSM-5)
(American Psychiatric Association [APA], 2013) or International Classification of Diseases,
11" Revision (ICD-11) (WHO, 2018) disorder categorisation of neurodevelopmental
disorders. This may be because anxiety is looked at as a response to academic
underachievement rather than as a part of the problem. Thus, this thesis set out to investigate
the role of anxiety in the school experience of children categorised as having AHDN and in
terms of their ability to attend rapidly and appropriately to short duration visual stimuli, and

how they preferentially perceive a dynamic environment.
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Although anxiety is not clinically associated with neurodevelopmental anomalies by
DSM-5, it is a common descriptive term associated with normal and abnormal responses to
threat or a fearful emotional state. Acute anxiety is experienced by all children during
development and is usually adaptive in safeguarding a child from potential immediate danger.
Acute anxiety is often first observed in closely aligned fears, for example infants commonly
fear caregiver separation and preschool aged children may be scared of animals (Gullone,
2000). More persistent anxiety in adults and children is characterised by excessive worry
about a particular issue across different areas of life, leading to poor concentration, and
physical symptoms such as difficulty sleeping, feeling on edge, irritability, muscle tension
and fatigue beyond developmentally appropriate periods (APA, 2013). As a biopsychological
term anxiety is associated with systemic neurophysiological, psychological and behavioural
changes in response to a threatening situation (Steimer, 2002). However anxiety is
predominantly used as a behavioural description of ‘nervous actions’ such as pacing or
wringing by clinical psychologists (Beidel & Alfano, 2011; Fonseca & Perrin, 2011). When
such behaviours become frequent and persistent they tend to interfere with daily functioning
and if not responded to appropriately in childhood (Beesdo, Knappe, & Pine, 2009) may lead
to a lifelong trajectory of pathological levels of fearfulness. Hence, the term ‘anxiety’ in this
thesis is used to encompass anxiety as a spectrum that includes symptoms and behaviours
that do not necessarily reach the threshold of a clinical diagnosis.

Currently DSM-5 has no category to cover the vast heterogenous group of children with
AHDN who experience school difficulties of one sort or another and for which the
complexity and level of functional impairment exists along a continuum (Bramlett, Read,
Bethell, & Blumberg, 2009). In fact, it is the heterogeneity of this large group that has led to
there being little research regarding the identification of shared characteristics of this

population (Garvey, O'Connor, Quach, & Goldfeld, 2020; O'Connor et al., 2019). As alluded
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to above, this situation has been exacerbated in Australia where school support and
intervention funding is often tied to clinical diagnosis of a specific neurodevelopmental
disorder (Skellern et al., 2005).

What remains to be investigated more comprehensively is the impact that likely ongoing
anxiety may have on persistent school difficulties on the current behaviour and future
potential of any child struggling at school. In particular for these children, if chronic anxiety
is a common occurrence then it is likely to be intimately linked to their current and future
academic and/or social behaviours since the physical responses of fear and anxiety are
closely aligned to autonomic nervous system and endocrine system ‘fight and flight’
behaviours. Whilst psychologists and teachers alike often think that a child’s anxiety is
reactionary to their situation and subsides when the child has academic and social success,
the developmental trajectory of anxiety is often not adequately considered.

Thus, this thesis aims to characterise the population of children with AHDN with school
and learning associated problems in psychological, biological and social terms and to address
the question of whether there is a common behavioural phenotype or common biomarkers in
children with AHDN. It was hypothesised that children with AHDN would be characterised
by common behaviours typical of ‘chronic anxiety’ that would be readily identifiable to
parents and teachers using published questionnaires. Consequently, these characteristics

would be expected to have implications for the children’s cognitive and visual attention.

The Current Thesis

Given the known relationship of anxiety to neurodevelopmental disorders (Vasa et al.,
2014; Viggiano, Cacciola, Widmer, & Viggiano, 2015), it is probable that anxiety contributes
more broadly to children with AHDN across diagnoses. Hence a better understanding of the
shared commonalities in AHDN is urgently needed, given that research about this population

in Australia remains limited, resulting in a lack of health and education related recognition
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and access to resources for many children and families (McDowell & O'Keeffe, 2012). Thus,
this thesis has sought to investigate the interaction of anxiety and transient short duration
attention in children with AHDN. We are predicting that our findings will have greater
educational generality than has been previously investigated, given that we propose anxiety
as a common characteristic and context for behaviours in these children regardless of primary
diagnosis or presenting concern. It was initially expected that the current results would
indicate greater comorbidity of behaviours than has formally been recognised, suggesting that
perhaps there is a need for re-evaluation of current ways of identifying children experiencing
social, emotional and academic difficulties and extending beyond clinical boundaries of
diagnosis to prioritisation of the individual functioning of the child. We acknowledge that
other psychiatric disorders are also often co-morbid with neurodevelopmental disorders
making it likely that children with AHDN may show physiological signs that fall into
categories related to chronic anxiety or depression (Tofoli, Baes, Martins, & Juruena, 2011).
However for this thesis we have not included clinical assessments of depression given that
symptoms of anxiety typically precede the development of depression and other psychiatric
disorders, and because there has generally been very little evidence justifying the
classification of depression in children prior to puberty (Pine & Fox, 2015).

This thesis begins with a background literature review of anxiety, stress and fear in
children, and challenges the current system of defining clinical disorders using a categorical
diagnostic approach, such as relying on the DSM-5 and ICD-11. It is proposed that there is a
need to broaden overarching understanding of disorders to include biopsychosocial factors
and to prioritise the contribution of anxiety to children with AHDN (Chapter 2).

Chapter 3 includes a consideration of methodological issues acknowledging different
perspectives across the literature regarding how best to define children struggling at school.

Although the terms ‘Additional Education Needs’ or ‘Special Needs’ have been used
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previously, Additional Health and Developmental Needs is used primarily in this thesis to
reflect its use in an Australian context (O’Connor et al., 2015). Furthermore, Chapter 3
discusses the use of questionnaires such as the Autism Spectrum Quotient- Child Version
(AQ- Child) (Auyeung, Baron-Cohen, Wheelwright, & Allison, 2008) and Spence Children’s
Anxiety Scale- Parent Report (SCAS-P) (Nauta et al., 2004) to measure behavioural traits,
and a child version of the Attention Network Task (ANT) (Rueda et al., 2004) and Navon
Task (Navon, 1977) to measure attentional processes.

This thesis also seeks to address several key research questions including whether all
school children exhibit anxiety and/or have variations in their clinically defined
attention/concentration span and if these attentional anomalies affect performance on
traditional experimental attention tasks. Furthermore, we sought to investigate whether being
classified as having an AHDN exacerbated the impact on task performance. Chapters 4 to 6
are experimental chapters outlining the original research conducted for this thesis. The first
experimental chapter (Chapter 4) aimed to explore whether anxiety is a common biomarker
for children with AHDN, regardless of diagnosis. Acknowledging that clinical anxiety is
often quantified as an observable behaviour, common characteristics of anxiety were also
explored, as measured by the Sleep Disturbance Scale for Children (SDSC) (Bruni et al.,
1996), AQ- Child (Auyeung, Baron-Cohen, Wheelwright, & Allison, 2008), and Raven’s
Progressive Matrices for nonverbal intelligence (Raven, 1990).

The aim of the second experimental chapter (Chapter 5) grew out of the rationale that
neurodevelopmental disorders such as ASD and anxiety have been shown to affect a bias
towards local visual information, and so we set out to investigate whether anxiety contributed
to a more or less local/global perceptual bias in visual attention in our AHDN group, using a
Navon experimental paradigm (Bialystok, 2010; Navon, 1977). Indeed, most individuals

inherently sample a scene, i.e., rapidly acquire meaning or ‘gist’ of the whole visual scene
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such that there is ‘global precedence’. This means that they more readily first attend to a
larger view of the world and more global information, rather than specific details, often
referred to as seeing the ‘forest before the trees’ (Navon, 1977). On the other hand, a
superiority to preferentially extract local details is common amongst those on the autism
spectrum (Van der Hallen, Evers, Brewaeys, Van den Noortgate, & Wagemans, 2015).
Whether a general local processing bias is attributable to a superior or enhanced ability to
process local information (Enhanced Perceptual Functioning theory) (Mottron & Burack,
2001), difficulty integrating overall global meaning (Weak Central Coherence theory) (Happé
& Frith, 2006), or is situation or context dependent (Van Eylen, Boets, Steyaert, Wagemans,
& Noens, 2018) is contended across the literature, and will be examined here in children with
AHDN. Furthermore it is well known that local details are more readily processed in
individuals experiencing chronic anxiety while emotionally salient stimuli are usually
prioritised (Barrett & Bar, 2009; Tyler & Tucker, 1982).

The third experimental chapter (Chapter 6) aimed to investigate whether there is a
relationship between cognitive attention and chronic anxiety in children with AHDN. Posner
and colleagues have theoretically conceptualised attention as a cognitive model of three
separate networks, identified as relating to alerting, orienting and executive control, whereby
each network can be associated with different neural networks (Petersen & Posner, 2012;
Posner & Petersen, 1990) that have been hypothesised to be implicated in both acute and
chronic anxiety (Pacheco-Unguetti, Acosta, Callejas, & Lupiafiez, 2010). Much of the
research examining attention networks in adults and children has been conducted using the
ANT (Neuhaus et al., 2010; Posner and Rothbart, 2013; Rueda et al., 2004). Thus this study
used a customised child version of the ANT (Rueda et al., 2004) to explore whether Posner’s
orienting, alerting or executive control attention networks are associated with parental

perceptions of anxiety in their children who form our AHDN population.
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Finally, Chapter 7 provides a general discussion summarising the key findings of the
research presented in this thesis and a commentary on where these outcomes fit in the context
of relevant literature. This chapter acknowledges limitations to the research overall.
Importantly, the conclusion of the thesis highlights recommendations for psychologists to
integrate findings in an evidence-based way for clinical practice. It is contended that
psychologists can and should play a crucial role in advocating for children with AHDN and
contribute to conceptualisations beyond traditional diagnostic categories, such as through a

biopsychosocial approach.
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Anxiety, Stress and Fear as Potential Core Traits of Children with Additional Health
and Developmental Needs

Anxiety is a common descriptive term associated with a fearful, emotionally stressful
state. All children experience acute episodes of stress and occasional moderate anxiety as a
part of normal development. Anxiety is manifested in both adults and children as a number of
physical (e.g., muscle tension, racing heart, dry mouth, shortness of breath), physiological
(e.g., disturbed sleep and eating patterns), behavioural (e.g. avoidance, withdrawal,
restlessness) and cognitive (e.g., apprehension, rumination, difficulty concentrating)
responses (American Psychiatric Association [APA], 2013; World Health Organisation
[WHOQO], 2018). Such symptoms are characteristic of both acute state and chronic anxiety
(Guillen-Riquelme & Buela-Casal, 2014). Currently the prevalence of clinical anxiety
disorders in children as defined by DSM and ICD criteria is thought to be approximately 7%
both in Australia (Goodsell et al., 2017) and worldwide (Polanczyk, Salum, Sugaya, Caye, &
Rohde, 2015). Thus, this review aims to examine the biological and psychosocial
characteristics of childhood anxiety.

Indeed, for the ~20% of Australian children who find the school environment socially
and educationally difficult (Goldfeld, O'Connor, Sayers, Moore, & Oberklaid, 2012;
O’Connor, Quach & Goldfeld, 2020), daily functioning is also likely to be stressful resulting
in persistent anxiety and frequent episodes of acute fear. For these children, commonly
referred to as children with Additional Health and Developmental Needs (AHDN), life is
likely to be characterised by excessive worry that they cannot explain easily to themselves or
others, and which in turn negatively impacts upon many aspects of their school environment
such as the ability to attend to teachers or parents, to learn, or to stay on task (i.e., concentrate
for long periods of time) (based on Eysenck, Derakshan, Santos, & Calvo, 2007). Sleeping

and eating routines are also likely to be perturbed and accompanied by feelings of irritability,



36

worthlessness, muscle tension and fatigue beyond developmentally appropriate periods
(APA, 2013). Anxiety has been shown to have a detrimental impact on cognition, particularly
sustained and other types of attention (Basso, Schefft, Ris, & Dember, 1996; Becker et al.,
2017; Eysenck & Calvo, 1992; Eysenck et al., 2007; Janelle, 2002; Mankowska, Harciarek,
& Heilman, 2020) and working memory (Shackman et al., 2006).

Persistent and chronic childhood anxiety symptoms have often been associated with
decreased quality of life (Martinsen et al., 2016) and an enduring vulnerability to clinically
defined anxiety and depressive disorders during adolescence and adulthood (Beesdo, Knappe,
& Pine, 2009; Koenen et al., 2009; Kovacs & Lopez-Duran, 2010) as well as other associated
adolescent and adult mental health issues (McGorry, 2013; Ong, Wickramaratne, Tang, &
Weissman, 2006; van Os, 2013). This is particularly true if the childhood anxiety is not
responded to appropriately at the time (Beesdo et al., 2009). Furthermore, the fact that
anxiety is the most commonly occurring psychiatric disorder in adulthood, and across the
lifespan in general, resulting in significant global, social and financial impacts on individuals
and the community in general (Bandelow & Michaelis, 2015; Beesdo et al., 2009; Koenen et
al., 2009), highlights the need for intervention during childhood.

The group of school children falling into the AHDN category includes those with
neurodevelopmental disorders. Such neurodevelopmental disorders are usually characterised
by impairments in cognition, communication and behaviour arising from atypical central
nervous system development (Dietrich et al., 2005; Jablensky et al., 2001; Moreno-De-Luca
et al., 2013; WHO, 2013) and anxiety (Grahame & Rodgers, 2014), though DSM-5 does not
include anxiety as a diagnostic criteria. However contrary to DSM-5 in 2013, many later
studies have suggested that anxiety contributes to and exacerbates common symptoms of

Autism Spectrum Disorder (ASD) such as social and cognitive deficits (Vasa et al., 2014)
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and some have gone so far as to argue that chronic anxiety in children should be considered a
neurodevelopmental disorder per se (Viggiano, Cacciola, Widmer, & Viggiano, 2015).

Anxiety levels in 40-80% of children with ASD are reported to be higher than found
in the general population (Bandelow & Michaelis, 2015; Green & Ben-Sasson, 2010;
Hollocks, Lerh, Magiati, Meiser-Stedman, & Brugha, 2019; Lidstone et al., 2014; Renno &
Wood, 2013; van Steensel, Bogels, & Perrin, 2011; White, Oswald, Ollendick, & Scahill,
2009; Wijnhoven, Creemers, Vermulst, & Granic, 2018). Anxiety is also common in
Attention Deficit and Hyperactivity Disorder (ADHD) where 13-50% are reported as
clinically anxious (Manassis, Tannock, Young, & Francis-John, 2007).

In an Australian school context, ASD is one of the most important
neurodevelopmental disorders to address as it has become the most commonly teacher
identified disorder for children with AHDN (O'Connor, O'Connor, Quach, Vashishtha, &
Goldfeld, 2019). ASD is a neurodevelopmental disorder that is characterised by restricted
interests and deficits in social interaction and communication (APA, 2013) and such children
frequently require additional educational support (Boulet, Boyle, & Schieve, 2009). As noted
above, individuals diagnosed with ASD are at a particularly increased risk of experiencing
mental health problems including anxiety during childhood (Kim, Szatmarxi, Bryson,
Streiner, & Wilson, 2000) and as adults (Kim, Szatmari, Bryson, Streiner, & Wilson, 2000;
Lugo-Marin et al., 2019; Underwood et al., 2019). This is not surprising, as anxiety has
featured in the conceptualisation of ASD since the concept was first formalised by Leo
Kanner in the 1940s when he described several early cases as experiencing persistent
fearfulness, worry and phobias (Kanner, 1943; Kerns & Kendall, 2014).

Whether anxiety is a core feature or rather a co-morbidity of ASD has long been
debated in the literature, given that it can be difficult to differentiate anxiety from symptoms

of ASD such as inflexibility in routine and social impairments (Gotham et al., 2013; Green &



38

Ben-Sasson, 2010; Grondhuis & Aman, 2012; Kerns & Kendall, 2014; Renno & Wood,
2013; Uljarevic, Nuske, & Vivanti, 2016). As a consequence it is even more difficult to
assess whether such difficulties have anxiety or autism-based origins with important
implications for targeting treatment (Vasa et al., 2016). Past research has also indicated that
individuals in the general population who have high levels of non-clinical autism traits
experience a similar occurrence of comorbid anxiety and depression compared to those with a
clinical diagnosis of ASD (Freeth, Bullock, & Milne, 2013; Ketelaars et al., 2008; Rosbrook
& Whittingham, 2010).

The manifestation of anxiety symptoms is also reported across many disorders of
neurodevelopmental origin, which the literature suggests may be the cause or result of social
and psychological factors such as the inability to cope with uncertainty, language or learning
problems (Beitchman et al., 2001), 1Q (Grisham et al., 2011; Koenen et al., 2009; Martin et
al., 2007), or of feeling different from peers (Flensborg-Madsen, Tolstrup, Sgrensen, &
Mortensen, 2012; Martin et al., 2007). However, what the literature has not yet adequately
considered is whether these social, emotional and academic observations are indeed
behavioural symptoms of endemic biological anxiety. What remains to be investigated is the
relationship between anxiety in children with AHDN who may not necessarily be clinically
diagnosed with a neurodevelopmental or other clinical disorder, but who still struggle at
school. Given that these children are likely to experience high levels of anxiety (Cross,
Goharpey, Laycock & Crewther, 2019), it is imperative that research be initiated into how
best to determine if it possible to characterise the large heterogeneous group of children with
AHDN and to determine how best to monitor and intervene early to treat their ongoing
anxieties.

Anxiety, Stress and Fear as Central Nervous System Responses
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Anxiety (worry about the unknown future), fear (response to immediate threat) and
stress (fear and anxiety generated by the ongoing here and now which includes the current
social environment) are labels that tend to be semantically dissociable in terms of the time
duration with which they are associated and how the situation is perceived by the observer,
though all conditions are interlinked behaviourally, psychologically and physiologically and
probably have the same biological basis (Duval, Javanbakht, & Liberzon, 2015; Shin &
Liberzon, 2010). Subsequently, interaction with stressful environments are complex and
incorporate brain driven responses that are most easily defined in terms of the
neuroendocrine, autonomic and behavioural systems that have evolved in most vertebrates to
enhance an individual’s ability to cope with transient threats to safety (Radley, Morilak,
Viau, & Campeau, 2015). Stress from a physiological point of view can be broadly
considered as a disruption to the body’s state of ‘harmonious balance’ or homeostasis
(Johnson, Kamilaris, Chrousos, & Gold, 1992). While transient stress and feelings of anxiety
can be considered to be an adaptive process, chronic stress and associated chronic anxiety is
also known to be harmful to overall health (Cohen, Janicki-Deverts, & Miller, 2007),
especially if endured during development (Teicher, Samson, Anderson, & Ohashi, 2016).

Anxiety is the perception of stress and if the prolonged exposure to stress-related
hormones continues can lead to the development of an anxiety disorder. As alluded to above,
the chronic aspect is associated with behavioural changes in attention, sleep, appetite,
cognitive processes and social engagement (Eysenck, 2000; Eysenck & Calvo, 1992; Racic et
al., 2017; Wiegner, Hange, Bjorkelund, & Ahlborg, 2015). Thus, anxiety can be
distinguished from stress as a reaction that is sustained after the potentially fearful threat of
the stressor has subsided and often endures for a longer period of time (Davis, Walker, Miles,
& Grillon, 2010). Anxiety tends to be more concerned with other non-evidential future

potential threats. In regards to the nature of the threatening stimuli, anxiety generally occurs
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in relation to the anticipation of a threat and fear as a response to an actual acute threat
(Grupe & Nitschke, 2013; Tovote, Fadok, & Lithi, 2015).

Recent physiological understandings of anxiety have highlighted the roles of the
central nervous system and the peripheral autonomic nervous system in fear, stress and
anxiety responses (reviewed extensively in Wiener, Rohr, Naor, Villringer, & Okon-Singer,
2020). Earlier understanding of neural systems involved with anxiety occurred in the 1990’s-
2000’s when the role of the amygdala, and limbic system more generally, became more
recognised as part of the brain’s response to anxiety (LeDoux, 2000; LeDoux & Pine, 2016).
However, it has been Eysenck and colleagues (Eysenck & Calvo, 1992; Eysenck, Derakshan,
Santos, & Calvo, 2007) who were among the first to develop a model (Attentional Control
Theory) that highlights the close relationship between anxiety and cognition. Eysenck’s
Attention Control Theory (1992; 2007) holds that anxiety impairs efficient processing of the
goal directed attentional system by increasing attention to threat related/perceived stimuli and
detracting from the original task. In particular this theory proposes that the relationship
between anxiety impacts the effectiveness or ‘quality of performance’ rather than the ability
to complete the task. Increased effort to overcome anxiety has also been shown to result in
higher blood pressure resulting in emotional dysregulation associated with increased
activation of the visually driven subcortical pulvinar amygdala network (that drives rapid

activation of the ‘social brain’) (Wiener et al., 2020).

Neuroanatomy of Fear, Stress and Anxiety Circuits

As discussed above, the differentiation of anxiety and fear has long been debated
across the cognitive literature with the consensus being that they are separate but overlapping
constructs (Gullone, King, & Ollendick, 2000). From a clinical viewpoint when childhood
fears persist beyond typical developmental periods, and are associated with an excessive

response beyond normal response times they are defined as persistent anxiety or a phobia



41

(APA, 2013; Miller, Barrett, & Hampe, 1974; Ollendick, King, & Muris, 2002). Such clinical
definitions are supported by more recent neuroscientific understanding of transient fear and
anxiety as involving common neuroanatomical circuits with stressors usually being perceived
by the visual system (or at least drawing the attention of the eyes) (McFadyen, Mattingley, &
Garrido, 2019; Wiener et al., 2020). Relevant visual information is projected from the retina
to the superior colliculus for control of appropriate eye movements and thence to pulvinar
and V5 (middle temporal area), and parietal attention areas, with the pulvinar also projecting
to areas of the amygdala and the hippocampus (Shin & Liberzon, 2010). As alluded to above,
this subcortical network of emotional processing areas was previously often referred to as the
limbic system (Wiener et al., 2020). More recent evidence demonstrates cortical regions,
forming part of the Default Mode Network, as the site of persistent worry and rumination
(DelJong, Fox, & Stein, 2019; Misaki et al., 2020; Nolen-Hoeksema, Wisco, & Lyubomirsky,
2008; Zhang & Volkow, 2019).

Anxiety is also a physiological concept associated with systemic neurophysiological,
endocrinological, psychological and behavioural changes in response to a threatening
situation (Steimer, 2002). When used by psychologists however, anxiety is usually described
behaviourally rather than defined biopsychosocially (Beidel & Alfano, 2011; Bylsma, Mauss,
& Rottenberg, 2016). At a basic evolutionary level, acute anxiety is understood as an
adaptive (‘freeze, fight, flight or fright’) response to threat, underpinned by complex
physiological responses involving autonomic, neural, cardiovascular and hormonal responses
via the sympathetic nervous system in an attempt to achieve and re-establish homeostasis
(Bracha, 2004; Bracha, Williams, & Bracha, 2004; Gladwin, Hashemi, van Ast, & Roelofs,
2016; Jansen, Van Nguyen, Karpitskiy, Mettenleiter, & Loewy, 1995). However if, as alluded
to earlier, anxiety becomes a chronic persistent trait, it tends to be maladaptive and generally

interferes with the ability to activate and maintain attention (i.e., concentration duration)
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(Betts, Mckay, Maruff, & Anderson, 2006; Moran, 2012). Chronic anxiety also interferes
with abilities relating to daily functioning such as academic learning and social interactions in
young children and has been reported to lead to a lifelong trajectory of pathological levels of
fearfulness (Broeren, Muris, Diamantopoulou, & Baker, 2013). Thus from a clinical
viewpoint, if anxiety is not addressed appropriately in childhood then it is increasingly
recognised as an important clinical risk factor for lifelong mental illness and decreased

quality of life (McGorry, 2013).

Attention and Anxiety

On a day to day level it is well established that anxiety impacts on the way in which
the world is perceived, however the relationship between attention and anxiety remains
complex (Heeren & McNally, 2016) but of great importance to a young child’s ability to
learn in a school situation. As indicated earlier, consciously directed behaviours are
dependent on attention to something in the environment, requiring working memory and
usually salience to create context that is influenced by emotions (Eysenck & Calvo, 1992;
Eysenck et al., 2007; Wiener et al., 2020). As a result, emotions are known to impact on
cognition and perception, therefore affecting sustained attention and behaviours (Brereton,
Tonge, & Einfeld, 2006; Ellenbogen & Schwartzman, 2009; Reinholdt-Dunne, Mogg, &
Bradley, 2009). Thus, for children with AHDN, the combination of chronically heightened
anxiety and as a consequence also impaired attention, means it would be expected that the
ability to engage in the classroom environment or appropriately in social interactions would
be significantly impaired.

Attention has long been referred to as a physiological cerebral blood based
competitive process (James, 1890) whereby the most salient information is prioritised in the
face of other information competing for limited cognitive resources of the individual (Fan et

al., 2012; James, 1890; Markett et al., 2014). ‘Attention’ when used clinically by
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psychologists is a particularly broad term with variable theoretical explanations (Johnston &
Pashler, 1998; Naatanen, 2018) but primarily relates to the ability to stay focussed on a task
(Betts et al., 2006; Moran, 2012). By comparison the perspectives of experimental
psychologists incorporate aspects of transient eye movement-driven spatial and temporal
attention that is needed for rapid on-line selection of salient goal-directed information
processing. Adopting this latter broad perspective, this thesis will focus on three key
theoretical understandings of attention (Goodale & Westwood, 2004; Johnson, 2005; Navon,
1977; Posner & Petersen, 1990).

In all primates including humans, the visual system predominates in driving attention
and working memory and is central to all goal directed behaviour (Corbetta & Shulman,
1998; Corbetta & Shulman, 2002; Zeil, Boeddeker, & Hemmi, 2008). Until recently the
conscious human visual system has usually been conceptualised (Goodale & Milner, 1992) as
two retino-geniculo cortical pathways implicated in transient eye movement driven attention
and behaviour with the dorsal stream (the ‘where’ action pathway) and the ventral stream (the
‘what’ or perception pathway) (Goodale, Kroliczak, & Westwood, 2005). More recently
interest has shifted back to the third evolutionarily oldest stream, the retina-brainstem
superior colliculus-pulvinar-amygdala pathway that is fast and predominantly important in
vision postnatally and in emotional processing later in life (Goodale & Westwood, 2004;
Johnson, 2005) (Figure 2.1 below) and is now very much tied to the impairment in emotion
regulation associated with both acute and chronic anxiety and depression (Weiner et al.,
2020). Hence, children who experience chronic anxiety are likely to have the lowest level of
top-down executive control using the less consciously, less verbally controlled subcortical
pathway.

In terms of development, the more rapidly conducting of the cortical streams that

drive attention and eye movements, the dorsal stream has been shown to be suspectable and
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vulnerable to impairment during development (Braddick, Atkinson, & Wattam-Bell, 2003;

Brown & Crewther, 2017; Klaver et al., 2008; Lovegrove, Bowling, Badcock, & Blackwood,

1980; Stein & Walsh, 1997). The dorsal stream is predominantly derived from the faster

conducting retinal magnocellular ganglion cells and is important for rapid activation and

direction of selective visual attention (Bullier, 2001; Laycock, Crewther, & Crewther, 2007).

Impaired dorsal stream functioning is proposed to exist in many neurodevelopmental and

psychiatric disorders including ASD (Pellicano, Gibson, Maybery, Durkin, & Badcock, 2005;

Spencer et al., 2000), Williams Syndrome (Atkinson et al., 1997) and Schizophrenia

(Schechter, Butler, Silipo, Zemon, & Javitt, 2003). Similar impairments are also known to

extend to subthreshold autism-like neurotypical samples (Sutherland & Crewther, 2010).
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for perception and action” by M. A. Goodale and D. A. Westwood, 2004 Current Opinion in

Neurobiology, 14(2), pg. 204.

Dorsal stream impairments have implications for learning as noted above but also for
survival in the sense of the need to be able to rapidly acquire meaning or ‘gist’ of the whole
visual scene (‘global precedence’) and then secondly to access the detailed (‘local’) parts to
form a global picture (Navon, 1977). Indeed, most individuals inherently sample a whole
scene meaning that they more readily first attend to a global view of the world, rather than to
specific details. On the other hand, a tendency to preferentially extract local details has been
reported amongst those with depression and trait or chronic anxiety (Basso et al., 1996; Tyler
& Tucker, 1982) as well as those on the autism spectrum (Van der Hallen, Evers, Brewaeys,
Van den Noortgate, & Wagemans, 2015). Whether the underlying mechanism for this
phenomenon is due to an enhanced ability to process local information (Enhanced Perceptual
Functioning theory) (Mottron & Burack, 2001), or a difficulty extracting global meaning
(Weak Central Coherence theory) (Happé & Frith, 2006), or a preference for detail but ability
to operate either way continues to be debated in the literature (Van Eylen, Boets, Steyaert,
Wagemans, & Noens, 2018). Regardless, emotionally salient stimuli are usually prioritised
(Barrett & Bar, 2009) with global or ‘gist’ level information generally found to be processed
through the direct superior colliculus- pulvinar- amygdala pathway (Méndez-Bértolo et al.,
2016), whereas it is local details that are more readily processed in individuals experiencing
chronic anxiety (Tyler & Tucker, 1982).

Attention is also often theoretically conceptualised as a cognitive model of three
separate networks, identified as relating to alerting, orienting and executive control, whereby
each network has an anatomical basis forming an attention system in the brain (Petersen &
Posner, 2012; Posner & Petersen, 1990). Much of the research examining attention networks

utilises the Attention Network Task (ANT), which is now a widely used attention-based task
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assessing these conceptual networks (Neuhaus et al., 2010; Posner & Rothbard, 2013; Rueda
et al., 2004). Indeed both acute and chronic anxiety have been shown to have differential
effects on these three attention networks, with some evidence that trait anxiety has
deleterious effects on the executive control network, while state anxiety is associated with
hyperfunctioning of the alerting and orienting (Pacheco-Unguetti, Acosta, Callejas, &

Lupiéafiez, 2010)

Clinical Diagnoses of Anxiety

Clinical diagnoses as drawn from DSM-5, defined anxiety in adults and children as an
umbrella term for a group of disorders characterised by a disproportionate anticipatory
response to a future threat that is closely associated with a fear-based response to real or
imagined immediate threats that result in behaviours such as avoidance (APA, 2013).
Generally speaking, the threshold for a diagnosis of an anxiety disorder in children is less
than in adults to allow for flexibility in characterisation. For example, in Generalised Anxiety
Disorder children only require one of six generalised anxiety physical symptoms whereas
adults require three over a six-month period (APA, 2013). More specially, the DSM-5
categorises a number of specific anxiety disorders including Separation Anxiety Disorder;
Selective Mutism; Specific Phobia; Social Anxiety Disorder; Panic Disorder; Agoraphobia;
Generalised Anxiety Disorder; and Anxiety Disorder- Substance/ Medication Induced or Due
to Another Medical Condition (APA, 2013). Acknowledging the malleable nature of the
categorisation of mental disorders, Obsessive-Compulsive and Trauma and Stressor Related
Disorders, previously listed as anxiety disorders in DSM-1V, have been moved to their own
categories in the DSM-5 (Stein, Craske, Friedman, & Phillips, 2014). However, this decision
remains controversial, given that many researchers and clinicians consider Obsessive
Compulsive/Trauma based disorders to be anxiety in nature (Abramowitz & Jacoby, 2014;

Friedman et al., 2011).
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Whether chronic anxiety can be defined differently in childhood compared with in
adulthood in terms of observable behaviours is debateable. However, this leads to many
broader anxiety-related behaviours in children being overlooked by psychologists
(Baumeister, Vohs, & Funder, 2007) and other primary health professionals such as GP’s
(Aydin et al., 2020; O’Brien, Harvey, Young, Reardon, & Creswell, 2017). Such lack of
diagnostic recognition has negative impact on the availability and access to treatment for
children. Indeed there is poor understanding and recognition of childhood anxiety in the
general population (Furnham & Lousley, 2013; Paulus, Wadsworth, & Hayes-Skelton, 2015),
including educators (Snyder et al., 2009) and parents (Reardon, Harvey, Young, O’Brien, &
Creswell, 2018) particularly in younger children. This situation particularly affects
undiagnosed children who experience school-based problems such as those among the child
population with AHDN. In addition, school-based childhood anxiety is often masked by other
behaviours such as social withdrawal (Rapee, Kennedy, Ingram, Edwards, & Sweeney,
2005), task or situation avoidance (Whiteside, Gryczkowski, Ale, Brown-Jacobsen, &
McCarthy, 2013), changes in attention or concentration (Mogg et al., 2015), disruptive
behaviour (Bubier & Drabick, 2009), fidgeting (Okazaki, Liu, Longworth, & Minn, 2002)
and/or problems sleeping (Fletcher et al., 2016).

Underlying physiological markers of anxiety may also be expressed as somatic
complaints such as headaches and stomach aches (Beidel, Christ, & Long, 1991) or seen as
‘just’ worries and fears (Borkovec, Ray, & Stober, 1998) but are not recognised as persistent
symptoms of chronic maladaptive anxiety or even depression (Nolen-Hoeksema et al., 2008).
Consequently, diagnostic categorisation based on behavioural symptoms cannot be solely
relied upon to detect anxiety disorders in young people and may also be more

comprehensively informed by objective biological measures (Aldao & De Los Reyes, 2016).

Worry and Cognitive Symptoms of Anxiety
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Vasey and Daleiden (1994) defined worry as “an anticipatory cognitive process
involving repetitive, primarily verbal thoughts related to possible threatening outcomes and
their potential consequences” (p. 186). As alluded to in Chapter 1, all children express worry
and fear as part of typical development (Muris, Meesters, Merckelbach, Sermon, &
Zwakhalen, 1998). It can therefore be difficult for parents, teachers and health professionals
to differentiate normal from pathological worrying (Caes, Fisher, Clinch, Tobias, &
Eccleston, 2016). Wilson (2010) summarises that normal and pathological levels of worry in
children are differentiated by higher levels of intensity and poorer control over worries but
not generally by the frequency of worry itself. The primary content of worry is
developmentally dependent on a child’s age and cognitive capacity. Reflecting this, Vasey,
Crnic and Carter (2004) and Muris et al. (1998) highlight that worries become increasingly
complex throughout childhood and progress from worrying primarily about physical health to
school performance and behavioural norms/ social evaluation with age. Muris et al. (2002)
propose that this is likely due to the emergence of the ability to consider multiple future
possibilities including the potential of negative consequences.

Accordingly, most children do not recognise that they feel anxious and are not able to
identify and verbalise their anxiety before seven years of age, consistent with Piaget’s
preoperational stage defined by egocentric thinking (Piaget, 1952). According to DSM-5
criteria, worry is most characteristic of Generalised Anxiety Disorder (APA, 2013), though it
is also present in all other anxiety disorders (Wilson, 2010), including in children and
adolescents (8-18 years) (Rabner, Mian, , Langer, Comer & Pincus, 2017), and in other
psychiatric disorders such as depression (Olatunji, Wolitzky-Taylor, Sawchuk, & Ciesielski,
2010). Similarly, other forms of repetitive negative thinking such as chronic rumination
(Ehring & Watkins, 2008; McEvoy, Watson, Watkins, & Nathan, 2013; Nolen-Hoeksema et

al., 2008; Smith & Alloy, 2009), and intolerance of uncertainty (Einstein, 2014; McEvoy &
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Erceg-Hurn, 2016) are identified in anxiety and mood disorders across the literature and are
referred to as the cognitive, emotional and behavioural ways a person responds in an
uncertain situation (Dugas, Freeston, & Ladouceur, 1997; Dugas, Gosselin, & Ladouceur,
2001; Osmanagaoglu, Creswell, & Dodd, 2018).

What is apparent from the above discussion is that regardless of the conceptualisation
of anxious thinking styles, such ideas share many underlying physiological processes and
behaviours associated with biological markers of chronic stress and anxiety (Everly & Lating,
2013) including increased heart rate (Coll, Kagan, & Reznick, 1984), higher blood pressure
and cortisol, lower heart rate variability, lower respiratory sinus arrythmia, higher skin
conductive level and greater left frontal activity (Aldao, Mennin, & McLaughlin, 2013;
Delgado et al., 2009; Hofmann et al., 2005; Ottaviani et al., 2016; Verkuil, Brosschot,
Borkovec, & Thayer, 2009), amygdala changes (Kalin, 2017; Schmidt et al., 1997), and
default network activity (Zhang & Volkow, 2019). Subsequently, these chronic physiological
responses contribute to anxious behaviours such as sleep disturbance (Pillai & Drake, 2015)

and impaired problem solving ability (Ottaviani et al., 2014).

Risk Factors and Aetiology of Anxiety Disorders

Anxiety disorders are moderately heritable (between 30-50%), suggesting that both
genetics and environmental factors contribute to their development (Bartlett, Singh, &
Hunter, 2017; Eley et al., 2003; Hettema, Neale, & Kendler, 2001; Hettema, Prescott, Myers,
Neale, & Kendler, 2005; Shimada-Sugimoto, Otowa, & Hettema, 2015). This reflects the
well-established diathesis-stress model, acknowledging the relationship between predisposing
genetic factors and stressors in the onset of psychiatric disorders (Smoller, 2016).
Accordingly, risk factors for the development of anxiety disorders can be identified very
early in life. There is much research to support behavioural inhibition, an anxious

temperament style and enduring pattern of behaviour of increased sensitivity, wariness and
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avoidance in novel or unfamiliar situations (Coll et al., 1984; Hudson, Dodd, Lyneham, &
Bovopoulous, 2011; Pérez-Edgar & Fox, 2005), in infancy or early childhood as being
associated with anxiety disorders including social and generalised anxiety later in life
(Hudson et al., 2011; Muris, van Brakel, Arntz, & Schouten, 2011; Pérez-Edgar & Guyer,
2014).

Families from both genetic and environmental viewpoints evidently play an important
role in the onset and maintenance of childhood anxiety (Bdgels & Brechman-Toussaint,
2006). Significantly increased levels of anxiety are observed in children of parents with
anxiety disorders (Beidel & Turner, 1997) as well as in first degree relatives of children with
anxiety disorders (Last, Hersen, Kazdin, Orvaschel, & Perrin, 1991). Thus, anxious parenting
styles strongly influence familial aggregation of anxiety (Van Gastel, Legerstee, &
Ferdinand, 2009) and children may be exposed to modelling of fear and avoidance
behaviours from their parents (Percy, Creswell, Garner, O’Brien, & Murray, 2016). Not
surprisingly, development of anxiety or mitigation of anxiety is mediated by an anxious
parenting style, parent stress and quality of relationship between the parent and the child
(Platt, Williams, & Ginsburg, 2016). In particular, overprotective and critical parenting styles
are most associated with an increased risk of anxiety disorders in the offspring of both
anxious and non-anxious parents (McLeod, Wood, & Weisz, 2007; Rapee, 1997; Segrin,
Woszidlo, Givertz, & Montgomery, 2013). Parents with their own anxiety disorder are more
likely to exhibit lower warmth and sensitivity to their children due to their preoccupation
with internal distress, thus resulting in either overinvolvement or increased punishment in
their parenting style (Bayer, Sanson, & Hemphill, 2006).

From a neurodevelopmental perspective, maternal stress while the child is in utero is
another significant risk factor for later development of anxiety in the child. From the critical

earliest phase of embryonic development, maternal stress and anxiety is associated with
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inflammation that inevitably affects maternal immune system functioning (Vasistha et al.,
2019) that can affect both maternal and embryonic gene transcription (i.e., epigenetic
changes), leading to long term influences on brain development (Bale et al., 2010; Litzky et
al., 2018). Maternal immune activation, for instance, is linked to the development of both
anxiety and ASD in the child (Estes & McAllister, 2016; Solek, Farooqi, Verly, Lim, &
Ruthazer, 2018). Maternal stress in the antenatal period is also known to affect foetal
development (Van den Bergh, Mulder, Mennes, & Glover, 2005).

At birth, these infants will demonstrate neurological signs known to be physiological
markers of stress, including cardiac vagal tone overactivity and perform worse on
behavioural examinations (Van den Bergh et al., 2005). Antenatal exposure to stress and
anxiety for the infant is also reported to be associated with negative effects on interactions
with caregiver, language, attention and emotional regulation in infancy, lower academic
performance, poor attention, hyperactivity and behavioural difficulties in childhood; and
impulsive behaviour, ADHD and behavioural disorders in adolescence (Van den Bergh, Van
Calster, Smits, Van Huffel, & Lagae, 2008). There is no single cause for the enduring
outcomes of early exposure to anxiety and stress, although a likely contributor is cortisol
crossing the placenta (VVan den Bergh et al., 2005). A general susceptibility to
psychopathology persists into adulthood, highlighting the intertwined biological relationship
between anxiety, cognition and behaviour.

Currently there is no evidence that single genes cause an anxiety disorder, though
there is emerging evidence for the role of a range of individual genes (see Shidama-
Sugimoto, Otow & Hettema, 2015 for a review) and more generalised metabolic and
bioenergetic pathways and epigenetic changes, that are known in other physiologically
stressful situations to be affected by prolonged environmental stressors and anxious

behaviours (Park et al., 2019). Genome-wide analyses have also implicated several candidate
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genes in anxiety regulation in both animal and human models (Gottschalk & Domschke,
2017; Morris-Rosendahl, 2002; Norrholm & Ressler, 2009; Sokolowska & Hovatta, 2013).
These include phosphodiesterase 4B (PED4B) for anxiety in relation to chronic stress (Meier
et al., 2018) and associated negative educational outcomes (Meier et al., 2019), glutamic acid
decarboxylase 2 (Gad2) in anxiety disorder predisposition and regulator of g-protein
signalling 2 (Rgs2) in emotionality (Rangasamy, D’Mello, & Narayanan, 2013; Sokolowska
& Hovatta, 2013). The role of stress induced epigenetic changes in the genome are now being
viewed as offering potential therapeutic treatments for anxiety disorders especially those
associated with early childhood trauma (Park et al., 2019). Adverse childhood events, such as
severe illness, trauma and exposure to violence, are linked to the development of anxiety
disorders in childhood (Spinhoven et al., 2010) and are evident in the accelerated shortening

of telomere length in DNA to the development of anxiety.

Assessment of Anxiety

Evidence-based assessment of anxiety in children is generally aligned to DSM or ICD
criteria conducted as a diagnostic interview, using instruments such as the Diagnostic
Interview Schedule for Children (Rapee, 2012). Although structured diagnostic interviews
are considered the ‘gold standard’ method for the assessment of childhood anxiety, they are
seldom used by clinicians in the community presumably due to limited access to assessment
instruments and time availability, as well as a current belief that they are not helpful in
clinical practice (Whiteside, Sattler, Hathaway, & Douglas, 2016). Self or parent report
questionnaires are commonly used to assess the presence and the severity of anxiety
symptoms in children (Rapee, 2012). Instruments such as the Spence Children’s Anxiety
Scale (SCAS) (Nauta et al., 2004; Spence, Barrett, & Turner, 2003) and the Screen for

Anxiety and Related Disorders (SCARED) (Birmaher et al., 1997) are commonly utilised and
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are often considered to be advantageous in assessing anxiety as they are more time and cost

efficient compared to clinical interviews (Nauta, 2005).

Enhanced Approaches to Clinical Diagnoses of Anxiety

Acknowledging the limitations of assessing anxiety and other clinical diagnoses when
relying on diagnostic categorisation, there is currently growing criticism challenging the
nosology of anxiety and other neurodevelopmental and psychiatric disorders as categorised in
the DSM-5 and ICD-11. Of note, emerging approaches to diagnosis have emphasised a
dimensional rather than categorical conceptualisations of disorders, such as Research Domain
Criteria (RDoC) (Cuthbert, 2014) and Hierarchical Taxonomy of Psychopathology (HiTOP)
(Kotov, Krueger, & Watson, 2018). RDoC continues to use the concept of mental disorders
even though it has been established to highlight key domains of human behaviour and
functioning in the context of biological (as well as behavioural and environmental) systems
(Cuthbert, 2014; Insel & Cuthbert, 2015). These domains include Negative Valence
(anxiety); Positive Valence (motivation for reward when engaging in different tasks);
Cognitive (particularly attention and visual processing); Social (ability to communicate
socially) and Arousal/Regulatory (sleep and biological processes of anxiety) (Insel et al.,
2010; Insel, 2014).

However in regards to translating the theoretical conception of clinical frameworks
that prioritise biological processes in clinical practice for psychologists, the RDoC
framework remains a developing evidence base (McKay & Tolin, 2017) and has so far
provided little guidance for clinicians (Weinberger, Glick, & Klein, 2015). Thus, RDoC has
been criticised for overly emphasising biological factors despite the framework’s attempts to
be inclusive of social and environmental contributions to the development and maintenance
of clinical disorders (Franklin, Jamieson, Glenn, & Nock, 2015; Hershenberg & Goldfried,

2015). Similarly, although HiTOP has a strong clinical focus (Hopwood et al., 2019; Ruggero
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et al., 2019), the theory remains in its infancy and requires more research in order to provide
a mainstream evidence based approach. It is subsequently imperative that an integrated
approach that addresses the current criticisms of RDoC and HiTOP, and bridges the gap
between experimental research and clinical approach, is applied to psychological practice,

such as utilising the well-established Biopsychosocial Model (Engel, 1977).

The Biopsychosocial Model of Anxiety

The Biopsychosocial Model (Engel, 1977) is a complex and multifaceted
comprehensive framework contending that biological, psychosocial and social factors all
contribute to the development of physical and psychological disorders. Comprehensive
biopsychosocial formulation from a psychological point of view incorporates predisposing
contributions (e.g. genetics), precipitating (e.g. stressors) and perpetuating factors (what
keeps the problem going- e.g. inadequate support at school) and the child’s strengths or
protective factors (Selzer & Ellen, 2014). While the Biopsychosocial Model is considered by
many to be a useful clinical tool, it has been criticised for being overly simplistic, lacking a
clear evidence base, and not accounting for the complexities of mental health, particularly
from the field of psychiatry (Alvarez, Pagani, & Meucci, 2012; Ghaemi, 2011). Furthermore,
although conceived as an advance on exclusive emphasis on biological factors (i.e.,
biomedical model), there have been concerns as to what determines an over or under
emphasis of biological, psychological or social elements. Indeed it has been argued that
psychiatry, despite adopting the biopsychosocial model, still has an overwhelming emphasis
on the biological (Benning, 2015). On the other hand, the biopsychosocial model is
considered central to psychological practice and has been proposed as a way of increasing the
evidence base of the profession by providing a scientific framework to bring together varied
theoretical perspectives (Karunamuni, Imayama, & Goonetilleke, 2020; Melchert, 2007;

Melchert, 2010).
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In general, psychologists tend to prioritise psychological and social elements in their
assessments and subsequently overlook biological contributions (Suls & Rothman, 2004).
This is reflected in international clinical practice guidelines, where ‘gold-standard’
approaches do not include the examination of biological processes. Guidelines for the
management of Generalised Anxiety Disorder and Panic Disorder by the National Institute of
Clinical Excellence, for instance, fail to include assessment of biological indicators of anxiety
beyond differentiating panic from an acute medical condition in an Emergency Department
setting (National Institute for Health and Care Excellence, 2011). Biological factors are also
important in treatment where there is potential for the implementation of individualised
management strategies that accurately pinpoint targets for therapeutic change such as sleep or
irritability in anxiety and is measured by objective biological outcomes (Hofmann, Curtiss, &
McNally, 2016). The implementation of methods to assess biological contributions of anxiety
in clinical assessment settings is likely to be accessible to psychologists through
physiological, behavioural and cognitive biomarkers. A behavioural ‘biomarker’ in this
thesis is defined as a measure of biological processes, and as noted above, includes
biologically driven behaviours such as sleep and anxiety. The term ‘biological’ in this context
can be broad and includes such factors that may have led to the development of the child’s
current diagnoses and ongoing difficulties, including genetics, physical conditions and
medications (Campbell & Rohrbaugh, 2013).

Biological Measures of Anxiety

A biopsychosocial assessment and subsequent treatment of anxiety in children should
prioritise both psychological information and physiological data in order to ascertain a more
comprehensive understanding of the presentation (e.g. changes in cortisol that may not be
evident in behaviour), to confirm the relationship between biological processes and

behaviours and to guide the most appropriate interventions (Kagan, Reznick, & Snidman,
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1987). Psychologists generally assess these responses through client or parent self-report
questionnaires more often than behavioural observation (Baumeister et al., 2007) or objective
physiological data in adults and children (Aldao & De Los Reyes, 2016; De Los Reyes &
Aldao, 2015). On the other hand, experimentalists have long used the physiological measures
of neuroendocrine arousal responses such as increased cortisol, heart rate, galvanic skin
response and blood pressure, but psychological and physiological responses are seldom
studied together (Baum, Grunberg, & Singer, 1982). Despite this, psychophysiological
research suggests that there is often a discrepancy between subjective reports and objective
biological measures of anxiety (Blechert & Wilhelm, 2014).

Biomarkers of acute anxiety are associated with sympathetic nervous system
responses, including increased heart rate, temperature changes and hot flushes, sweating,
nausea, shaking and changes in bowel movements (Richards & Bertram, 2000). For instance,
the DSM-5 includes symptoms of muscle tension and associated features to include somatic
symptoms (sweating, nausea, diarrhea) and symptoms of autonomic arousal (heart rate,
shortness of breath, dizziness) for a diagnosis of Generalised Anxiety Disorder (APA, 2013),
though these are based on self-report rather than direct measurement.

Rather than relying on autonomic arousal, the identification of chronic anxiety may be
evident in child behaviours recognisable by professionals, teachers and parents such as
changes to eating and sleeping patterns. Such behaviours are likely to provide clinical
information in children who will sometimes not be able to voice their worries. In children
with ASD and their parents, there is generally a discrepancy in reported levels of anxiety -
i.e., those with ASD tend to underreport their symptoms and this is often contributed to by
the child’s communication difficulties (Kalvin et al., 2020; Magiati, Chan, Tan, & Poon,
2014). Changes in eating behaviour are common associations with anxiety, whereby the

cortisol response to stress is associated with increased or decreased snacking and food
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consumption (Newman, O’Connor, & Conner, 2007). Sleep also shows a bidirectional
relationship with anxiety (Alfano, Ginsburg, & Kingery, 2007) and is known to affect
behaviour in both typical and atypical development. Children who have ASD or an
Intellectual Disability (ID) are at an increased risk of experiencing sleep problems compared
to typically developing peers (Rzepecka, McKenzie, McClure, & Murphy, 2011).
Importantly, sleep problems and anxiety are thought to exacerbate challenging behaviours
expressed in children with neurodevelopmental disorders (May, Cornish, Conduit,
Rajaratnam, & Rinehart, 2015; Rzepecka et al., 2011).

Childhood sleep difficulties are associated with generalised anxiety, increased
behavioural and physical health issues and attention problems (Fletcher et al., 2016; James &
Hale, 2017; Simola, Liukkonen, Pitkdranta, Pirinen, & Aronen, 2014). Early sleep
disturbances often persist beyond childhood (Sneddon, Peacock, & Crowley, 2013; Thome &
Skuladottir, 2005) and are predictive of anxiety in adulthood but not depression where
symptoms are more associated with low mood and loss of interest and motivation (Gregory,
Caspy, Elley, Moffitt, O’Connor, & Coulton, 2005) and often prolonged sleep patterns
(Dregan & Armstrong, 2010). This highlights the importance of exploring sleep in anxiety
assessment despite the fact that common sleep measures used in research, such as actigraphy
or smart watches which are relatively easy to utilise, are not commonly considered in clinical

practice.

Conclusions and Future Directions

The aim of this review was to explore various biopsychosocial perspectives in the
conceptualisation of childhood anxiety. In order to determine an evidence-based
understanding of anxiety, current neuroanatomical and cognitive definitions of anxiety were
explored, and the literature of the aetiology of anxiety and associated risk factors was

summarised. It was clear from this review that biological underpinnings are central to the
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manifestation of anxiety symptoms and should be used to inform clinical assessment of
anxiety in children beyond diagnostic categorisation. Accordingly, this review highlights that
the physiology of anxiety is likely to substantially affect a child’s ability to maintain
concentration and engagement in educational and social contexts and should therefore be
fundamental to informing the clinical assessment and treatment of anxiety in children.
Acknowledging that contemporary experimental research advocating for biological based
approaches such as the RDoC framework requires broad clinical applicability, a
biopsychosocial approach is proposed as a way of enhancing current methods of recognising
anxiety.

Despite extensive research, the bridging of experimental science and clinical psychology
remains inadequate in the context of childhood anxiety. Further research is needed to explore
how anxiety can be best recognised biopsychosocially in children, particularly in “at risk’
populations such as those with AHDN (O’Connor, Quach, & Goldfeld, 2020). These
investigations are likely to have far reaching preventative impacts by providing an
opportunity to recognise and treat both disordered and subthreshold anxiety that may alter the

trajectory of development for any child.
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Chapter 3- Methodological Issues
This chapter provides background and context to the methods used in the
experimental chapters of this thesis including participant choice, participant numbers and

study design.

Population Characterisation

Given that this thesis aimed to examine a wide range of children who require additional
support at school for social, emotional and/or academic reasons, a key methodological
consideration was how to best define the population. It was evident when reviewing
academic literature and government frameworks that terms used to describe children
experiencing various types of difficulties were either not adequately defined, or the definition
varied across contexts and cultures (Norwich, 2013; Van Der Lee, Mokkink, Grootenhuis,
Heymans, & Offringa, 2007). Several labels were contemplated for our population, and it
should be acknowledged that many aspects of each label had overlap. A summary of

considerations regarding population characterisation is outlined below.

Disability

Disability has been defined by the International Classification of Functioning, Disability
and Health, a framework for the World Health Organisation, as “an umbrella term for
impairments, activity limitations, and participation restrictions, denoting the negative aspects
of the interaction between an individual (with a health condition) and that individual’s
contextual factors (environmental and personal factors)” (World Health Organisation, 2011,
p.7). Exactly what constitutes a disability, and whether this is best viewed through the lens of
a medical or social model, has been the subject of much ongoing debate (Anastasiou &
Kauffman, 2013). Generally speaking, the medical model proposes that disabilities are

impairments of biological origin distinct from psychosocial factors (Brittain, 2004) whereas
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the social model of disability highlights the barriers of society from overall inclusion (Oliver,
2013). The World Health Organisation has historically distinguished impairment and
disability with an impairment defined as a “loss or abnormality of psychological,
physiological, or anatomical structure or function” (World Health Organisation, 1980, p. 45)
whereas a disability can be “any restriction or lack (resulting from an impairment) of ability
to perform an activity in the manner or within the range considered normal for a human
being” (Bickenbach, Chatterji, Badley, & Ustiin, 1999, p. 1175). Not all children who require
extra support at school have a disability, and therefore we did not consider the term to be
adequately reflective of the population group used in this thesis. Thus, Special Health Care
Needs is used more frequently in the healthcare system than ‘disability’ (Krahn, Walker, &

Correa-De-Araujo, 2015).

Additional and Special Educational Needs

Dempsey and Davies (2013) defined Additional Educational Needs as children requiring
a specialist intervention at school, such as additional educational support. Although this
definition refers to children in Australia excluded from NAPLAN testing, the exact time
frame and frequency of intervention remains variable and particular to each child, though
usually it is for prolonged duration during primary school at least. Using an Australian
population, they considered ‘Additional Education Needs’ to include children with varied
diagnoses, not limited to learning disabilities, emotional and behavioural difficulties and
autism (Dempsey & Davies, 2013). The terms Additional Support Needs in Scotland and
Special Education Needs in England are used to describe children requiring extra support in
those particular countries, though again what is included in this definition (e.g. learning,
emotional and behavioural difficulties) is varied and has been expanding due to increased
recognition of difficulties and unusual needs of many children (Farrell, 2001; Riddell &

Carmichael, 2019). For example, Additional Needs has also been broadly associated with
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learning difficulties that require support and therapeutic intervention (Wong & Press, 2017).
Whilst the notions of Additional and Special Educational Needs is important in identifying
children requiring extra support at school, the label did not appear to adequately emphasise
the inclusion of subthreshold or undiagnosed emerging needs required for this thesis.
Additionally, Special Needs has been criticised as an ineffective euphemism for disability
that is less inclusive of different types of disability such as neurodevelopmental disorders

including ASD and ADHD (Gernsbacher, Raimond, Balinghasay, & Boston, 2016).

Additional Health and Developmental Needs and Special Health Care Needs

Special Health Care Needs and Additional Health and Developmental Needs are both
commonly used across the literature to include “children with special health care needs ....
who have or are at increased risk for a chronic physical, developmental, behavioural, or
emotional condition” (McPherson et al., 1998 p. 138) that may affect participation at school.
Importantly, the definition highlights that children with Additional Health and
Developmental Needs may “also require health and related services of a type or amount
beyond that required by children generally” (McPherson et al., 1998, p. 138). Regardless of
the term used, the fundamental principles of Additional Health and Developmental/ Special
Health Care Needs are that the definition is deliberately broad to be inclusive of children with
varied difficulties that would benefit from early intervention (Newacheck, Rising, & Kim,
2006), does not require a clinical diagnosis (O'Connor, Quach, Vashishtha, & Goldfeld,
2019) and considers the difficulties children face as existing along a continuum (O’Connor,
Quach, & Goldfeld, 2020). Additional Health and Developmental/ Special Health Care Needs
have important clinical implications given that at least 20% of Australian school children are
reported to experience Additional Health and Developmental Needs in their first year of
formal education (Goldfeld, O'Connor, Sayers, Moore, & Oberklaid, 2012), reflecting a shift

towards inclusive funding for all students using a non-categorical approach while
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emphasising the need to prioritise the identification of individual learning needs for each
child (Sharma, Forlin, & Furlonger, 2015).

Additional Health and Developmental/ Special Health Care Needs are considered to be
either established (diagnosed at school entry) or emerging (at risk of a chronic condition and
often identified by teachers) (Goldfeld, O’Connor, Quach, Tarasuik, & Kvalsvig, 2015).
Established and emerging needs are conceptualised as falling within the following areas;
physical disability, visual impairment, hearing impairment, speech impairment, learning
disability, emotional problems, behavioural problems, home environment and trauma
(Goldfeld et al., 2012; O'Connor et al., 2019; O'Connor, Rosema, Quach, Kvalsvig, &
Goldfeld, 2016). Specific examples of encompassing diagnoses are varied but include
neurodevelopmental disorders such as ASD or cerebral palsy, learning disability such as
reading problems, and medical conditions like asthma (Goldfeld et al., 2012; O’Connor et al.,
2020).

Although undiagnosed or emerging needs often fall within a ‘grey area’ (Goldfeld et al.,
2015; Newacheck et al., 2006), recent Australian literature has attempted to identify these
from both teacher and parent perspectives. O’Connor and colleagues (2016; 2019)
determined that emerging needs could be identified by teachers as those children requiring
additional support, impacting on ability to engage in the classroom and/or the need for further
assessment based on data associated with the Australian Early Development Census
(Brinkman, Gregory, Goldfeld, Lynch, & Hardy, 2014). Similarly, emerging needs at school
and more generally were recognised when parents reported that their child would require
medication or medical, mental health or educational services or treatment more than their
peers overall based on data from the Longitudinal Study of Australian Children (O'Connor et

al., 2016).
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This thesis will adopt the label Additional Health and Developmental Needs rather than
Special Health Care Needs. The most important rationale for this decision was based on
considerations of the current population. Although Special Needs is often used
interchangeably with Additional Needs (Rowe et al., 2017), the word ‘special’ has been
criticised by disability advocates as noted above (Sussman, Kattari, Baezconde-Garbanati, &
Glackin, 2020). Importantly, the term Additional Health and Developmental Needs has been
commonly accepted by the Murdoch Children’s Research Institute (Australia’s largest child
health research facility) (e.g. O’Connor et al., 2015) and the Australian Federal Government
(e.g. Howell-Meurs et al., 2014) and used to define population groups for research purposes
similar to that used in the current thesis. Thus, Additional Health and Developmental Needs
has been used and established in the same community as the population used in this thesis
(i.e. children in Melbourne, Australia) and is reflected in relevant government policy and

funding models.

Recruitment, Inclusion Criteria and Determining the Sample Size

Once the definition of the population was established, we set out to best understand
the attention and anxiety profile of children with Additional Health and Developmental
Needs. This research was conducted with the approval of the La Trobe University Human
Ethics Committee (Approval number: HEC16-121/HEC18139), Victorian Department of
Education Ethics Committee (Approval number: 2017 _003294) and the Victorian Catholic
Schools Ethics Committee (Approval number: CEM00889). Participants with Additional
Health and Developmental Needs were recruited from a school holiday therapy program in
Melbourne, Australia called SHINE (www.shine.org.au). The aim of SHINE is to target
children experiencing significant difficulties at school and to ascertain a more generalised
and comprehensive assessment and treatment plan in order to make or confirm a clinical

diagnosis using standardised measures from a multi-disciplinary team of allied health
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professionals, including psychologists, speech pathologists and occupational therapists at no
financial cost.

The program occurs annually during school hours in the first three weeks of January
before the school year begins and children usually attend daily for one week. Children are
usually identified as candidates for SHINE by their teachers if they are behind academically
(e.g. reading ability) or socially (e.g. limited friendships). Teachers suggest the program, but
children have to be referred by their parents with supporting information from practitioners
and teachers including any past medical and psychological reports, information regarding
medication and therapy or treatments, school report and assessments of intelligence. Parents
provided information about a child’s, vision and hearing, however further screening (eye
examination by an optometrist and hearing tests by an audiologist) were completed on-site
when potential for sensory problems was indicated.. At the time of data collection, children
who attended SHINE had either formally diagnosed or undiagnosed difficulties recognised by
teachers. As of 2019, the criteria to attend the program has been narrowed and now only
accepts formally diagnosed children.

Children attending this program were deemed to have Additional Health and
Developmental Needs by virtue of requiring more support than their peers generally
(McPherson et al., 1998). Inclusion criteria for the Additional Health and Developmental
Needs sample reflected children attending the therapy program, and included a range of
diagnosed and undiagnosed needs including Attention Deficit Hyperactive Disorder
(ADHD); Auditory Processing Impairments and Disorders; Communicative Social Deficits;
Confidence & Self- Esteem Difficulties; ASD; Language Delay; Language Impairment;
Language Disorders; Specific Language Impairment; Anxiety; Reading Delay, Impairment or
Disorder; Dyslexia, Semantic and Pragmatic Disorders; Sensory Processing Disorders;

Speech Sound Disorders and Dyspraxia; Spelling Delay or Impairment; Writing Delay,
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Impairment or Disorder; and Dysgraphia. Children with physical disability, intellectual
disability, medical issues, or major mental health concerns related to trauma were excluded
from the program despite these children still meeting criteria for Additional Health and
Developmental Needs. A small typically developing sample of nine participants was also
recruited from St Margaret Mary’s Primary School in Melbourne, Australia and were
excluded if they had received any clinical developmental or mental health diagnosis or
required ongoing additional help from school. There were no reported hearing difficulties
reported, however eye examinations were also completed by an optometrist when indicated.
The low participant numbers in the control group is due to the community and school
lockdowns that followed COVID-19 impacts in Australia. To date, these restrictions are still
in place and further completion of data collection has subsequently not been possible prior to
the submission date of this thesis.

A power analysis was conducted to determine the sample size needed for each of the
three experimental studies in this thesis, though the required sample size for controls was not
attained in the time available given the prolonged COVID pandemic here in Australia.
Additionally, the participant focus of this thesis was children with Additional Health and
Developmental Needs (as discussed in Chapter 1). Thus, it is the intention of the research lab
associated with this thesis to continue data collection among both populations as part of
ongoing research projects. In terms of the current thesis, the Additional Health and
Developmental Needs group participant numbers vary between the experimental chapters due
to the exclusion of outliers and incomplete data for some children. All three experimental
chapters of this thesis are inclusive of the same overall AHDN and TD samples, including the
age-matched subsamples.

Choice of Tests and Final Design
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The choice of tests employed reflects the general hypotheses of this thesis (outlined in
Chapter 1) that chronic anxiety would be a common characteristic amongst children with
Additional Health and Developmental Needs and that prolonged heightened anxiety would
affect visual attention and performance and potentially contribute to educational
performance. Although the use of physiological measures is known to be important but
underutilised in the assessment of anxiety (Wilhelm & Roth, 2001), they were not used
directly in experimental methods of this thesis given it was important for the tests used to be
widely accessible and easily implemented for psychologists, other health professionals and
teachers.

In order to investigate anxiety, we chose a widely used parent-rated questionnaire the
Spence Children’s Anxiety Scale- Parent Report (SCAS-P) (Appendix E). The SCAS-P is a
measure of childhood anxiety with good reliability (Cronbach's o = 0.89), convergent validity
and divergent validity (anxious group: Z = 387. 7, p < 0.001; control group: Z =49.8, p <
0.001) when correlated with the Child Behaviour Checklist (CBCL) externalising and
internalising subscales (refer to Nauta et al., 2004 for further details of psychometric
properties). We also included a measure of autism traits and sleep scales as a way to assess
behaviours that we predicted would be associated with anxiety. The Autism Quotient (AQ-
Child) (Appendix F) is a well-known measure of autism-like behaviours with good test-retest
reliability (r = 0.85, p < 0.001) and good construct validity as demonstrated by high
specificity (95%) and sensitivity (95%) in identifying children with ASD using a cut off score
of 76 (Auyeung, Baron-Cohen, Wheelwright, & Allison, 2008). We chose the Sleep
Disturbance Scale for Children (SDSC) (Bruni et al., 1996) (Appendix G) to measure sleep as
an extensively used questionnaire in childhood sleep literature with reasonable test-retest
reliability (r = 0.71) and good validity (AUC = 0.91), sensitivity (0.89/89%) and specificity

(0.74/74%) in identifying childhood sleep disorders with a cut off score of 39.
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Behavioural questionnaires that are known to be effective in the experimental
identification of developmental symptoms such as anxiety and inattention in childhood were
also utilised to explore how anxiety and related behavioural characteristics might impact on
the ability of our two samples to function day to day, particularly at school where children
with Additional Health and Developmental Needs generally have poorer education
engagement and academic outcomes (Forrest, Bevans, Riley, Crespo, & Louis, 2011;
Goldfeld et al., 2015). Although such screening tools have been suggested to increase
communication of parent perceived potential developmental vulnerabilities to health care
professionals across cultures, they are currently not in standard clinical use in Australia (Garg
et al., 2018).

We chose to use widely used experimental measures of attention- computerised child
versions of the Attention Network Task (Rueda et al., 2004) and a Navon Task (Navon,
1977). Attention was measured using a computer based psychophysical approach. Such
methodological approaches are considered to be a rigorous, practical and accessible method
of neuroscience research (Read, 2015), and likely to answer questions that are often clinically
considered to be affected by anxiety. A psychophysics approach is also proposed to be a non-
invasive technique to bridge the gap between cognitive neuroscience and education (Ansari,
Coch, & De Smedt, 2011; Goswami, 2006). In children, it is recommended that a
psychophysiological approach to research is conducted alongside the collection of
generalised classroom behavioural data given the ability of psychophysics to measure neural
processes and performance over a short period of time (i.e. milliseconds) compared to
behaviours that are usually measured across hours to months (Mercier & Charland, 2013;
Mercier, Léger, Girard, & Dion, 2012) and thus this approach was used across the

experimental chapters of this thesis.
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Chapter 4 - Anxiety as a Common Biomarker for School Children with Additional

Health and Developmental Needs Irrespective of Diagnosis

This chapter has been published in the journal ‘Frontiers in Psychology’:

Cross, A. J., Goharpey, N., Laycock, R., & Crewther, S. G. (2019). Anxiety as a Common

Biomarker for School Children with Additional Health and Developmental Needs

Irrespective of Diagnosis. Frontiers in Psychology, 10, 1420.
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Abstract

Currently very little evidence is available regarding the biological characteristics and
common comorbid behaviours that are associated with children characterised by learning
difficulties who require additional support at school. These children are usually referred to as
having Additional Health and Developmental Needs by the Australian Government and the
associated public education systems more broadly though the problems may arise from
academic, social and/or emotional stressors and may or may not include children with
clinically diagnosed neurodevelopmental disorders. Thus, the aim of this study was to
investigate the relationship between anxiety levels (Spence Children’s Anxiety Scale- Parent
Report), autism traits (Autism Spectrum Quotient — Child Version) and sleep quality (Sleep
Disturbance Scale for Children) in children with Additional Health and Developmental Needs
without an intellectual disability, but with either a diagnosis of Autism Spectrum Disorder
(ASD) (N = 25), Speech and Language Impairment (N = 37) or Other Diagnosis (N = 22).
Our results demonstrated that these children with Additional Health and Developmental
Needs showed atypically high levels of anxiety and impaired sleep quality, with the ASD
group reporting more impairments associated with comorbid anxiety and sleep quality than
either of the other clinically diagnosed groups. In fact, greater anxiety level was associated
with a greater number of autism traits and poorer sleep quality regardless of diagnostic group
suggesting that anxiety is a common experience for children with Additional Health and
Developmental Needs. It is suggested that assessment of anxiety, sleep behaviours and
autism traits may be useful markers for early identification of children within this population,
thus providing scope for early and targeted intervention.

Keywords: Anxiety, Autism Spectrum Disorder, Autism Traits, Sleep, Language

Impairment, Learning Difficulties, Additional Needs Children
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Anxiety as a Common Biomarker for School Children with Additional Health and
Developmental Needs Irrespective of Diagnosis

Childhood is the most critical developmental period (Irwin, Siddiqi, & Hertzman,
2007), making the identification of educational and mental health difficulties and the need for
developmentally appropriate early intervention fundamental (Atkins, Cappella, Shernoff,
Mehta, & Gustafson, 2017; Noam & Hermann, 2002). It is estimated that at least 1 in 5
children in Australia require extra support at school due to a wide range of diagnosed and
undiagnosed developmental disorders, learning, behavioural and/or emotional difficulties
(Goldfeld, O'Connor, Sayers, Moore, & Oberklaid, 2012). These children are classified by
the Australian Government and public education system as having Additional Health and
Developmental Needs (AHDN) (Howell-Meurs, et al., 2014; O’Connor et al., 2015),
sometimes referred to as Special Health Care Needs (Bethell et al., 2002; O'Connor,
O'Connor, Quach, Vashishtha, & Goldfeld, 2019). Thus AHDN children have come to be
categorised as “those who have, or are at increased risk for a chronic physical,
developmental, behavioural, or emotional condition and who also require health and related
services of a type or amount beyond that required by children generally” (McPherson et al.,
1998, p. 138). Such needs may be established (diagnosed at school entry) or emerging
(identified by teachers) (Goldfeld, O’Connor, Quach, Tarasuik, & Kvalsvig, 2015),
suggesting that difficulties noted at school may be indicative of an underlying biological
problem. The developmental characteristics of children with AHDN are largely unknown,
given that they are often excluded from research, government policies and access to funding
for interventions (Dempsey & Davies, 2013; McDowell & O'Keeffe, 2012).

We set out to investigate whether such a group of children with AHDN share
common biological characteristics and behavioural comorbidities irrespective of the aetiology

or environmental source of their primary difficulty. Anecdotally it is often assumed that
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learning difficulties are a source of anxiety, a claim that is supported by evidence that lower
intellectual ability is related to increased anxiety, sleep difficulties and unsuccessful social
interactions (Rzepecka, McKenzie, McClure, & Murphy, 2011). Lower childhood IQ is also
known to be associated with an increased risk of developing Generalised Anxiety Disorder
(GAD), obsessive-compulsive symptoms, depression and schizophrenia in adulthood
(Grisham et al., 2011; Koenen et al., 2009; Martin et al., 2007). Conversely, higher childhood
IQ can be a protective factor for anxiety, with performance one standard deviation above the
mean on a Full Scale 1Q assessment at the age of seven thought to reduce the lifetime risk of
a GAD diagnosis by 50% (Martin et al., 2007). Thus, this study focussed on investigating
anxiety in children with a range of diagnoses who were identified as struggling at school.

Anxiety is a universal human experience, underpinning basic adaptive behaviours
such as the ‘fight, flight or freeze’ response (Bracha, 2004). By comparison, diagnosed or
clinical childhood anxiety is a leading burden of disease (Baranne & Falissard, 2018; World
Health Organisation [WHO] (WHO, 2013b) and is associated with poor self-esteem and
decreased quality of life, with even subthreshold symptoms being predictive of clinical
anxiety, depression and mood disorders in both adolescence and adulthood (Kovacs &
Lopez-Duran, 2010; Martinsen et al., 2016; Rapee, 2012; van Os, 2013).

Given that anxiety is known to affect an individual’s entire biological system, we
further propose that certain behaviours may be symptomatic of anxiety (core biomarkers)
(Maron & Nutt, 2017; Meyer, 2017; Shadli, Glue, Mclintosh, & McNaughton, 2015), such as
insomnia and worry (prolonged rumination about future events) (McGorry, 2013; van Os,
2013). These behaviours may predict behavioural expressions of anxiety (such as sleep and
autism traits) in young children who do not necessarily meet full diagnostic classification of
an Anxiety Disorder but still have deficits in everyday functioning. Identification of core

biomarkers is especially important for children who may not be able to verbally express their
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anxiety or identify emotions due to difficulties with speech and language such as those with
Autism Spectrum Disorder (ASD) (Green & Ben-Sasson, 2010). Early intervention has been
reported to reduce anxiety in children, however longer term outcomes remain largely
unknown in adolescence and adulthood (Barrett, Farrell, Ollendick, & Dadds, 2006; Neil &
Christensen, 2009; Werner-Seidler, Perry, Calear, Newby, & Christensen, 2017), highlighting
the need for better detection earlier in childhood (Bayer et al., 2011; Fisak, Richard, & Mann,
2011; Neil & Christensen, 2009).

Anxiety shares many core features and is commonly comorbid with ASD (Grondhuis
& Aman, 2012; Kerns & Kendall, 2014), where anxiety has been suggested as an underlying
cause of ASD symptoms (Gotham et al., 2013; Green & Ben-Sasson, 2010). An otherwise
neurotypical child who presents with anxiety often exhibits a spectrum of behaviours
consistent with ASD traits such as rigidity of thought, inflexible behaviour, sleep difficulties
and emotional dysregulation (van Steensel, Bogels, & Perrin, 2011). Such observations have
led to the conceptualisation of the spectrum of autism as including non-clinical individuals in
the wider population who possess related traits to varying degrees (Auyeung, Baron-Cohen,
Wheelwright, & Allison, 2008), and whose behaviour is recognised as associated with
anxiety, depression, worse educational performance (Freeth, Bullock, & Milne, 2013;
Rosbrook & Whittingham, 2010) and sleep disturbances (Limoges, Mottron, Bolduc,
Berthiaume, & Godbout, 2005).

Anxiety and sleep have a bidirectional relationship (Alvaro, Roberts, & Harris, 2013;
Kahn, Sheppes, & Sadeh, 2013). Sleep problems in childhood are associated with increased
symptoms of Generalised Anxiety Disorder, somatic complaints, aggression, poorer empathy
and decreased attention (Brand et al., 2016; Fischer, Anthony, Lalich, & Blue, 2014; Fletcher
et al., 2016; James & Hale, 2017; Simola, Liukkonen, Pitkaranta, Pirinen, & Aronen, 2014)

and are recognised as having negative consequences for learning and attention, reduced
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concentration and immune system functioning (Curcio, Ferrara, & De Gennaro, 2006;
Segerstrom & Miller, 2004). Difficulty with sleep can be a behavioural consequence of
anxiety that is also associated with ASD symptoms (Alfano, Ginsburg, & Kingery, 2007;
Schreck, Mulick, & Smith, 2004; Veatch et al., 2017). Poor sleep is known to contribute to
challenging behaviours across the autism spectrum (Cohen, Conduit, Lockley, Rajaratnam, &
Cornish, 2014; Cohen et al., 2018; May, Cornish, Conduit, Rajaratnam, & Rinehart, 2015;
Richdale & Schreck, 2009; Rzepecka, McKenzie, McClure, & Murphy, 2011) leaving us
wondering if sleep disturbances might also be an important characteristic of children with
AHDN. Thus as previous literature has documented a relationship between anxiety and sleep
quality (Alfano et al., 2007), and anxiety and ASD (Vasa et al., 2014), we set out to
investigate the relationships between all three variables of anxiety, autism behaviours and
sleep quality in children with AHDN.

We have chosen to use parent answered questionnaires as an accepted way (Eisert,
Sturner, & Mabe, 1991) to identify common experiences of anxiety and associated autism
traits and sleep behaviours in AHDN children. We also acknowledge that parents of children
with disorders such as ASD are likely to be better at identifying overtly observable, rather
than internally experienced, symptoms of anxiety due to the child’s difficulty expressing and
accurately communicating emotions (Magiati, Chan, Tan, & Poon, 2014). Thus, the aims of
this study were to investigate the relationship between parent perceived childhood anxiety,
sleep problems and autism traits across clinical diagnostic categories in AHDN children, and
to identify which aspect of anxiety is most associated with sleep and autism-like behaviours.
An associated aim of this study was to determine whether increased anxiety is associated
with a neurodevelopmental disorder diagnosis.

We hypothesised that children who have high levels of parent rated anxiety will have

greater parent reported severity of autism traits and sleep disturbance than children with
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lower levels of anxiety regardless of diagnosis. Given that we propose anxiety as a common
biomarker in AHDN children, it is anticipated that our overall sample will have higher
anxiety scores than normal controls found in previous research despite their differing
diagnoses (Nauta et al., 2004). Furthermore, we anticipated that children with a diagnosis of
ASD would have even greater levels of parent reported anxiety compared to other groups,
consistent with past research reporting high comorbidity (van Steensel, Bégels, & Perrin,

2011)

Methods

Participants

A total of 90 children aged between five and thirteen years participated in this study
(see Table 4.1 for demographics). Participants were recruited from a school holiday therapy
program for children experiencing social, emotional and academic difficulties in Melbourne,
Australia and were identified as having AHDN due to requiring more support than their peers
(McPherson et al., 1998). Inclusion criteria for the study aligned with children attending the
therapy program and included clinical diagnoses of Attention Deficit Hyperactive Disorder
(ADHD); Auditory Processing Impairments and Disorders; Communicative Social Deficits;
Confidence & Self- Esteem Difficulties; ASD; Language Delay; Language Impairment;
Language Disorders; Specific Language Impairment; Anxiety; Reading Delay, Impairment or
Disorder; Dyslexia, Semantic and Pragmatic Disorders; Sensory Processing Disorders;
Speech Sound Disorders and Dyspraxia; Spelling Delay or Impairment; Writing Delay,
Impairment or Disorder; and Dysgraphia. Children with physical disability, intellectual
disability, medical issues, or major mental health concerns related to trauma were excluded.

As the majority of children had been previously diagnosed with ASD or a Speech and
Language disorder, the remaining children were categorised as a miscellaneous ‘Other’

diagnostic group for the purpose of statistical analyses. The ‘Other’ diagnostic group was
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created to include participants in the analysis who had a minority diagnosis and consisted of
children with a reported primary diagnosis of ADHD (seven participants), a chromosomal
condition (two participants) or who were undiagnosed however experienced difficulties with
social skills (thirteen participants). Children had up to five comorbid diagnoses from various
health professionals, with an average of 1.48 comorbidities. Seven children were diagnosed
with a comorbid anxiety disorder. Six participants were excluded as they were deemed to
have an intellectual disability on the Ravens Coloured Progressive Matrices (Raven, 1990)
screening measure of nonverbal intelligence, leaving a total sample 84. Parents were made
aware of the aims of the study prior to providing written consent for participation. Written
informed parental consent was obtained for all participants. This study was conducted with
approval from the La Trobe University Human Ethics Committee and the Victorian
Department of Education Human Ethics Committee.

Our sample was compared to data previously published by Nauta et al. (2004). Their
Anxiety Group (N = 484) consisted of 220 females (45%) and 264 males (55%) aged 6-17
years (M =10.4, SD = 2.5) who had between 0-5 co-morbid diagnoses (M = 1.6, SD = 1.3).
By comparison, their control group (N = 261) had 136 females (52%) and 125 males (48%)

aged between 6 — 18 years (M = 11.5, SD = 2.0).
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Table 4.1

Demographic Variables of Current Sample

N =84
N %
Age M (SD) 9.22 (1.85) - -
Range 5-13 - -
Gender Female - 26 31.00
Male - 58 69.00
Primary Diagnosis ASD - 25 29.80
Speech and Language - 37 44.00
Other Diagnosis - 22 26.20
Co-morbid diagnoses M (SD) 1.48 (1.16) - -
Range 0-5 - -
Materials

Screening Measures

Children were screened for normal or corrected to normal vision and hearing and
assessed to exclude Intellectual Disability on the Raven’s Coloured Progressive Matrices
(RCPM). The RCPM is a widely used measure of fluid intelligence in children (Raven,
1990), and consists of 36 incomplete matrix puzzles (three sets of twelve) of increasing
difficulty. Children were asked to identify the missing piece of the puzzle from six possible

segments in order to best complete the matrix design. The task was not time limited.

Anxiety

Anxiety was assessed using the Spence Children’s Anxiety Scale- Parent Version

(SCAS-P) (Nauta et al., 2004). The SCAS-P is a 38-item questionnaire consisting of six
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subscales: ‘Panic Attack and Agoraphobia’, ‘Separation Anxiety’, ‘Physical Injury Fears’,
‘Social Phobia’, ‘Obsessive Compulsive’ and ‘Generalised Anxiety Disorder’. Parents were
asked to rate each statement in terms of the frequency of an anxiety-related behaviour
observed in their child from ‘Never’, ‘Sometimes’, ‘Often’ or ‘Always’ with no specified
time period. These responses were scored on a Likert scale from 0 (‘Never’) through to 3
(‘Always’) with a maximum possible score of 144. Higher scores indicated greater parent

perceived childhood anxiety.

Autism Traits

Autism traits were measured using the Autism Spectrum Quotient- Child Version
(AQ-Child) (Auyeung, Baron-Cohen, Wheelwright, Allison, 2008). The AQ-Child is a 50-
item parent report questionnaire examining autism-like behaviours in five subscales: ‘Social
Skills’, ‘Attention Switching’, ‘Attention to Detail’, ‘Communication’ and ‘Imagination’.
Each question asked parents to rate the degree their child exhibited autism-like behaviours by
responding ‘Definitely Agree’, ‘Slightly Agree’, ‘Slightly Disagree’ or ‘Definitely Disagree’.
Responses were scored from 0 (‘Definitely Agree’) to 3 (‘Definitely Disagree’) to a

maximum score of 150, with higher scores indicating higher level of autism-like traits.

Sleep

Sleep behaviours were assessed using the Sleep Disturbance Scale for Children
(SDSC) (Bruni et al., 1996). The SDSC is a 27-item questionnaire for parents to rate their
child’s sleep pattern over the past six months across six subscale domains: ‘Disorders of
Initiating and Maintaining Sleep’, ‘Sleep Breathing Disorders’, ‘Disorders of Arousal’,
‘Sleep Wake Transition Disorders’, ‘Disorders of Excessive Somnolence’ and ‘Sleep
Hyperhydrosis’. Questions were rated from ‘Never’, ‘Occasionally’ (up to once or twice per
month), ‘Sometimes’ (once or twice per week), ‘Often’ (three to five times per week) to

‘Always’ (daily). These responses were scored on a Likert scale from 0 (‘Never’) to 5
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(‘Always’) with a maximum total score of 130. Higher scores were associated with increased

sleep disturbance.

Procedure

At the commencement of the three-week school holiday program, parents were
greeted by the researchers and provided with a verbal and written explanation of the research.
Informed written consent was obtained prior to the commencement of data collection. Parents
were invited to complete pen and paper versions of the AQ- Child, SCAS-P and SDSC about
their child as well as a demographics questionnaire asking for the child’s medical history and
any clinical diagnosis, school grade and age. Parents were asked to complete and return all
questionnaires within a one-week timeframe. All participants were screened for visual and
hearing impairments. A subsample of participants completed the RCPM where time was

permitted amongst other activities at the holiday program.

Data Analysis

All data was entered into the computer program SPSS (Version 23) and descriptive
statistics were performed on all variables. Data screening was conducted for all measures to
inspect for missing data, outliers and potential violations to assumptions of normality and
homogeneity. Missing data was excluded from the analyses. The data was assessed using
standard skewness and kurtosis measures, the Kolmogorov-Smirnov, and the Shapiro-Wilko
test. These results indicated that the assumption of normality was violated, as expected given
the atypical sample used in this study. Therefore, a nonparametric approach to data analysis
was used. A Levene’s test revealed assumptions of homogeneity were also violated.

Participants were split into High and Low Anxiety groups associated with the top and
bottom third of SCAS-P total score, and their means and standard deviations compared to

previously published scores for Anxiety Disordered and Normal Control children. A
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Kruskall’s Wallis analysis was performed in order to examine any difference between

diagnostic groups. The relationship between all variables was assessed using Spearman’s

Rho.

Relationship with Nonverbal Intelligence

A subsample of participants (N = 48) completed the Raven’s Standard Progressive
Matrices. A Spearman’s rank order correlation analysis found no significant relationship
between Raven’s performance and anxiety (SCAS- P) total score, rs(46) =.08, p = .58. The
relationship between Raven’s performance and total sleep (SDSC) score approached
significance, rs(46) =.28, p = .06. A weak to moderate significant relationship was found
between Raven’s Standard Score and autism traits (AQ — Child) total score rs(46) =.35, p =

.01.

Results

Descriptive Statistics on Anxiety

Descriptive statistics associated with the sample and their scores on the SCAS-P total
and subscales, as a measure of overall anxiety in the current sample are recorded and
compared to previously published data (Nauta et al., 2004) in Table 4.2. Comparison of
groups demonstrates that the participants in our study had higher levels of anxiety compared
to normal controls from previous research (Cohen’s d = 0.86). The High Anxiety group
demonstrated moderately higher anxiety than the Nauta et al. anxiety disordered group
(Cohen’s d = 0.44), whilst the Low Anxiety group demonstrated a smaller effect with lower

anxiety compared with the normal controls from Nauta et al. (Cohen’s d = 0.34).



Table 4.2

Means and Standard Deviations for Anxiety (Spence, SCAS-P) for current sample and published data

The Current Sample

Published Data (Nauta et al., 2004)

SCAS- P Subscale Total Sample High Anxiety Low Anxiety Anxiety Disordered Normal Controls
(N=284) (N =28) (N =28) (N = 484) (N =261)
Age (M, SD) 9.22 (1.85) 9.41 (1.59) 9.29 (2.34) 10.4 (2.5) 11.5 (2.0)
Ravens N =48 N=14 N =17 - -
107.35 (10.02) 105.71 (12.75) 107.47 (8.60)
Separation Anxiety 4.86 (3.39) 8.29 (2.90) 1.82 (1.34) 6.9 (4.1) 2.6 (2.8)
Generalised Anxiety 4.51 (2.91) 7.79 (2.29) 1.89 (1.25) 6.6 (3.1) 2.7 (2.0)
Social Phobia 6.14 (3.66) 8.71 (3.45) 3.71 (2.89) 7.7 (3.8) 4.2 (2.8)
Panic/Agoraphobia 1.80 (2.10) 3.64 (2.56) 0.50 (1.04) 3.6 (3.9 1.0 (1.6)
Physical Injury Fears 3.85 (2.65) 5.82 (2.87) 2.11 (1.45) 4.1(2.8) 2.6 (2.3)
Obsessive Compulsive 2.12 (2.13) 3.71 (2.56) 1.00 (1.22) 3.0(3.1) 1.1(1.7)
Total 23.27 (12.78) 37.96 (9.80) 11.04 (4.05) 31.8(14.1) 14.2 (9.7)

Note: Published data reported only to one decimal place. Ravens scores indicated are standardised (Cotton et al., 2005

121



Total Scores by Diagnostic Category
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Descriptive statistics for total SCAS-P, AQ-Child and SDSC and scores for the ASD

(N = 25), Speech and Language (N = 37), and Mixed Diagnosis (N = 22), groups can be

found in Table 4.3.

Table 4.3

Total Scores of Anxiety, Autism Traits, Sleep and Ravens by Sample Diagnostic Categories

ASD Speech and Mixed Diagnosis Total Sample
(N = 25) Language (N=22) (N=284)
(N =37)
M (SD) Range M (SD) Range M(SD) Range M (SD) Range
SCAS-P 2976 9-53 19.35 3-59 22.50 7-52 23.27 3-59
(12.17) (11.65) (12.89) (12.78)
AQ- 91.28 62 - 55.35 22-99 6095 27-122 6751 22 -
Child (13.73) 115  (16.08) (24.36) (23.75) 122
SDSC 48.72 33-71 3992 26-58 44.00 32-72 4361 26-72
(10.07) (7.64) (10.38) (9.79)
Ravens N=14 94 - N=21 89-120 N=13 94-125 N =48 89 -
112.36 123 102.14 110.38 107.35 125
(8.62) (8.78) (9.87) (10.02)

Note: Ravens scores indicated are standardised (Cotton et al., 2005).
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Diagnostic Group Comparison on Anxiety, Autism Traits, Sleep

A Kruskall-Wallis H Test was run to determine if there were differences in anxiety
(SCAS —P), autism traits (AQ- Child) and sleep behaviours (SDSC) between the three
diagnostic groups. Where significant group differences were established, post hoc pairwise
comparisons were performed using Dunn’s (1964) procedure with a Bonferroni correction for
multiple comparisons. The distribution of questionnaire scores was similar for all diagnostic

groups, as assessed by visual inspection.

Anxiety

Median Anxiety (SCAS- P) total scores were statistically significant between groups,
v* (2) = 11.76, p = .003. Post hoc analysis revealed statistically significant differences in
SCAS- P total score between the ASD (Mdn = 28.00) and the Speech and Language (Mdn =
17.00) diagnostic groups (p =.002). There was no statistically significant difference in
SCAS- P total score between the ASD and Mixed Diagnosis (Mdn = 20.00) groups, or

Speech and Language and Mixed Diagnosis groups combinations.

Autism Traits

Median Autism Traits (AQ — Child) total scores were statistically significant between
groups, x* (2) = 37.85 p <.001. Post hoc analysis revealed statistically significant differences
in AQ — Child total score between the ASD (Mdn = 92.00) and Speech and Language (Mdn =
56.00) diagnostic groups (p <.001), and ASD and the Mixed Diagnosis (Mdn = 59.50) groups
(p <.001). There was no statistically significant difference in AQ — Child total score between

the Speech and Language and Mixed Diagnosis groups.

Sleep Behaviours

Median Sleep Behaviour (SDSC) total scores were statistically significant between

groups, ¢ (2) = 11.04, p = .004. Post hoc analysis revealed statistically significant differences
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in SDSC Total Score between ASD (Mdn = 49.00) and Speech and Language (Mdn = 40.00)
diagnostic groups (p =.003). There was no statistically significant difference in SDSC total
score between the ASD and Mixed Diagnosis (Mdn = 42.50), or the Speech and Language, or

Mixed Diagnosis groups combinations.

Relationship between Anxiety, Autism Traits and Sleep Across Diagnoses

A series of Spearman’s Rho rank correlations were conducted in order to examine the
relationship between anxiety (SCAS-P), autism traits (AQ- Child) and sleep (SDSC)
questionnaires for all participants. Preliminary analyses showed all relationships to be
monotonic, as assessed by visual inspection of scatterplots. Table 4.4 demonstrates that there
was a moderate positive relationship between the SCAS- P total score and the AQ- Child
total score, as well as SDSC total score. There was a weak positive relationship between

SCAS-P total score and SDSC total score.

Table 4.4

Correlation between Total Scores for Anxiety (SCAS- P), Autism Traits (AQ — Child) and

Sleep (SDSC) for Total Sample (N = 84).

SCAS-P AQ- Child SDSC
SCAS-P - 37+ 445*
AQ- Child - 28%*

SDSC -

Note. **p <.01
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Anxiety Scale (SCAS-P)

A Spearman’s rank order correlation was run to assess the relationship between
SCAS-P subscales (Table 4.5). There was a strong positive correlation between Total SCAS-
P score and Separation Anxiety, Generalised Anxiety, Social Phobia and Panic/ Agoraphobia
subscales. There was a moderate positive correlation between Total SCAS-P score and

Physical Injury Fear and Obsessive Compulsive subscales.

Anxiety (SCAS-P) and Autism Traits (AQ- Child)

A Spearman’s rank order correlation was run to assess the relationship SCAS-P and
AQ-Child Subscales (Table 4.6). There was a moderate positive correlation between the
Obsessive Compulsive subscale and AQ- Child total score. The Obsessive Compulsive
subscale had weak to moderate positive correlations with Social Skills, Attention Switching,
Attention to Detail, Communication and Imagination subscales of the AQ- Child, as well as
total score. There were weak positive correlations between Separation Anxiety, Generalised
Anxiety, Social Phobia, Panic/ Agoraphobia, and SCAS-P Total score to AQ- Child total

score.

Anxiety (SCAS-P) and Sleep (SDSC)

A Spearman’s rank order correlation was run to assess the relationship between
subscales of the SCAS-P and SDSC (Table 4.7). The SDSC total score demonstrated weak to
moderate positive correlations with Separation Anxiety, Generalised Anxiety, and Social,
Panic / Agoraphobia, Physical Injury Fears, and Obsessive Compulsive subscales from the
SCAS-P. There was a moderate positive correlation between SCAS- P Total score and SDSC

Total score.



Table 4.5

Intercorrelations of the Spence Children’s Anxiety Scale subscales for total sample (N = 84)

126

SCAS- P Subscale Separation Generalised Social Panic/Agoraphobia Physical Obsessive Total
Anxiety Anxiety Phobia Injury Fears Compulsive
Separation Anxiety - 78** A4 A2%* H4** A3** 82**
Generalised Anxiety - 50** 60** H5h** A48** .88**
Social Phobia - A2%* 25** 30** 68**
Panic/Agoraphobia - A% A8** T3**
Physical Injury Fears - .20 63**
Obsessive Compulsive - H9**

Note. **p <.01



Table 4.6

Correlation between Spence Anxiety Scale and Autism Spectrum Quotient for total sample (N = 84)

AQ- Child Social  Attention  Attention Communication Imagination AQ-C
Skills  Switching  to Detail Total
SCAS- P
Separation Anxiety .30* .30* 13 28* A7 30**
Generalised Anxiety 31* 37** .07 27* 15 30**
Social Phobia .25% 27* .01 22 14 .20
Panic/Agoraphobia .26* 28* A2 24* .05 .26*
Physical Injury Fears 14 .16 -.05 .09 .08 A2
Obsessive S1*F* 52** 29** S3** .25* S1**
Compulsive
SCAS- P Total 38** A40** 10 35%* .20 37F*

Note. *p <.05, **p <.01
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Correlation between Spence Anxiety Scale and Sleep Disturbance Scale for Children for total

sample (N = 84)

SDSC DIMS  SBD DA SWTD DOES SHY  SDSC

SCAS-P Total

Separation Anxiety ~ .33** -.01 21 .26* 21 .16 38**

Generalised .05 22* 21 .16 28** 39**
29%*

Anxiety

Social Phobia 11 16 .09 12 15 29%* .26*

Panic/Agoraphobia 20* .02 14 19 10 .18 25%*

Physical Injury 11 .05 12 13 -.03 24*
24*

Fears

Obsessive .09 .20 .20 34** 14 A2**
A3**

Compulsive

SCAS- P Total .35** .06 19 25* 25* 21 44>

Note. *p <.05, **p <.01; DIMS = Disorders of Initiating and Maintaining Sleep; SBD = Sleep

Breathing Disorder; DA = Disorders of Arousal; SWTD = Sleep Wake Transition Disorder;

DOES = Disorders of Excessive Somnolence; SHY = Sleep Hyperhidrosis.



129

Discussion

This study aimed to identify the relationship between anxiety, sleep problems and
autism traits as a means of characterising the commonality of anxiety in children with
additional social, emotional and academic needs across varying clinically diagnosed
disorders. A secondary aim was to identify if there was an aspect of anxiety that would be
most frequently associated with sleep and autism-like behaviours in our population sample.
This was achieved by comparing parent-rated responses on measures of autism traits (AQ-
Child), anxiety (SCAS —P), and sleep behaviours (SDSC) given that sleep and autism traits
may represent observable behaviours driven by anxiety. It was hypothesised that higher
parent perceived anxiety levels would be associated with more severe autism traits and poorer
sleep quality in all children with identified AHDN, regardless of individual diagnoses. We
anticipated that our overall sample would be more anxious compared to typically developing
children regardless of diagnosis. We also hypothesised that children with ASD would have
even greater levels of parent perceived anxiety than other diagnostic groups.

Overall, we found that our sample demonstrated higher levels of anxiety compared to
a normal control population (Nauta et al., 2004), supporting the hypothesis that anxiety
would be a common feature in children with AHDN and in particular when greater levels of
autism traits were evident. Conceptualising anxiety as a continuum suggests that, despite this
commonality, the experience of anxiety differs in individuals to a greater or lesser extent.
Total scores on all measures were higher in our High Anxiety group compared to both
Anxiety Disordered and Normal Control group overall (Nauta et al.). However only scores on
the Physical Injury Fears and Obsessive-Compulsive subscales were higher than an Anxiety
Disordered population, highlighting these as particularly prominent areas of worry in the
current sample. Comparatively, our Low Anxiety group scores were lower than Normal

Controls across all SCAS-P subscales which may be attributed to individual differences in the
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sample, varied parent’s perception, or measurement of anxiety at a trait rather than state level.
These findings suggest that children with AHDN are a population at an increased risk of
experiencing generally high levels of anxiety, and thus anxiety screening should form an
integral part of assessment for teachers and mental health professionals.

Comparison between the ASD, Speech and Language, and Other Diagnosis groups on
anxiety, autism and sleep measures revealed some differences between groups. The ASD
group had significantly higher anxiety, autism traits and sleep difficulty when compared to
the Speech and Language Impaired group, indicating that anxiety and sleep problems may be
more pronounced in this group. As expected, the AQ —Child questionnaire also differentiated
the ASD and Other Diagnosis groups. Despite differences noted in the ASD group, a key
finding was that there was no significant difference in anxiety and sleep behaviours between
the ASD and Other Diagnosis groups, or the Speech and Language and Mixed Diagnosis
groups. It is important to note that high levels of anxiety were reported across groups, and
that autism traits predicted anxiety and sleep difficulties regardless of diagnosis. While
diagnostic classification may be useful in differentiating some aspects of behaviour, the
relationship between anxiety, sleep and autism traits may ultimately contribute to a broader
neurodevelopmental phenotype in children with AHDN.

A number of other factors challenged the usefulness of diagnoses in children in the
current study. Questionnaire scores for each diagnostic category showed very large ranges,
highlighting the potential of previous professional misdiagnosis due to either inaccurate
parent reporting or variation in standardised testing and diagnosis across different medical
and allied health professionals. One example is that the highest recorded score on the AQ-
Child was in the Mixed Diagnosis group rather than the ASD group. Given that all children

experienced social, emotional and academic difficulties, such variation highlights the
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importance of recognising individual differences and functional impairment for the child and
their family beyond a diagnostic label.

Correlational analyses allowed a further examination of the relationship between
behavioural traits. Greater anxiety symptoms were positively correlated with more autism
traits and worse sleep overall, supporting previous findings of this relationship (Austin, 2005;
Green & Ben-Sasson, 2010; Grondhuis & Aman, 2012). This suggests that anxiety may result
in greater functional impact towards the high end of the spectrum of neurodevelopmental
symptoms. It can be expected that the increased experience of symptoms in this triad would
be associated with greater social and behavioural impairments. Recognising that adverse
early childhood experiences can lead to difficulties in adolescence and adulthood, such as
increased risk of suicidal behaviour, highlights the importance of early intervention (Serafini
etal., 2015).

The Obsessive Compulsive subscale was dominant across analyses of anxiety, sleep
and autism trait measures, despite comprising only six out of fifty questions on the SCAS-P
related to intrusive thoughts (e.g. the child experiences ‘bad’ or ‘silly’ thoughts) and
subsequent behaviours (e.g. my child has to do things over and over again). The relationship
of autism traits with obsessive compulsive behaviours across all AQ-Child subscales is
reflective of a broader population comorbidity (van Steensel et al., 2011) that may be
accounted for in part by shared pathophysiology and genetic factors (Meier et al., 2015).
Although optimal levels of anxiety can be adaptive and increase performance (Arent &
Landers, 2003), the chronicity of trait anxiety is reported to impact on overall biological
functioning (Slattery et al., 2012).

The complexity of identifying factors associated with anxiety was exemplified by the
high number of correlations identified across questionnaire total scores and subscales of the

AQ-Child and SDSC with the SCAS-P questionnaire. Although total SCAS-P score was
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significantly correlated with total scores on both the AQ-Child and the SDSC and the SCAS-
P as anticipated. However these associations were not as pronounced as expected. While it
could be considered that the AQ- Child and SCAS-P scales measure different constructs, we
contend that anxiety and autism traits are inherently intertwined. However, the moderate
relationship between anxiety and autism traits in the current sample may have been

minimised due to our reliance on parent report.

Limitations of Current Study and Future Research

The accuracy of parent reporting may have been influenced by a social desirability
bias due to stigma or their own internal experiences. It can be speculated that parents
completing the questionnaires may have had higher than average anxiety themselves due to a
genetic predisposition to aspects of the Neurodevelopmental Phenotype and potential
stressors of parenting a child with AHDN (Ingersoll & Hambrick, 2011; Piven & Palmer,
1999). As identified in previous research (Magiati et al., 2014), it is possible that parent
ratings are not entirely reflective of their child’s anxiety due to a discrepancy between
observable and internal experiences of anxiety attributed to difficulties in social skills,
language ability and emotional expression in many children with AHDN.

The relationship between sleep behaviours and autism traits with anxiety in our
correlational analyses suggest that using a sleep or autism behaviour scale may be a useful
screening tool to identify an anxious child. Autism traits and sleep difficulties are likely to be
more overtly recognised by parents and subsequently easier to report in the given
questionnaires, possibly because these behaviours could more explicitly demand the
responsiveness of caregivers. For example, a parent attending to a child during the night
when they cannot sleep or noticing their child has difficulty developing friendships may be
easier to identify as areas of concern compared to physical symptoms of anxiety that could be

attributed to various other factors such as tiredness or shyness.
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Lastly it is also important to consider our findings within the context of the population
used in this study. The current sample was characterised by a gender ratio, around two thirds
male, that is representative of the broader gender disparities noted in neurodevelopmental
disorders (WHO, 2013a). While our aim was to investigate factors contributing to an anxious
child with other associated behaviours in children with AHDN, our findings are limited by
the absence of a comparative typically developing sample. Though we did address this by
comparing the current sample to published norms, future research would ideally examine
differences in anxiety between children with AHDN and typically developing peers beyond
past research. The understanding of childhood anxiety would be enhanced by incorporating
child, teacher and parent ratings as well as objective biological measures such as blood
pressure and heart rate. Future research should also further investigate the relationship of

obsessive-compulsive behaviours with autism traits and sleep.

Conclusion

The current study demonstrates the relationship between autism traits, sleep and
anxiety in a sample of children experiencing difficulties at school. It provides evidence that
autism-like behaviours and sleep difficulties may be identifiable expressions, and
subsequently core biomarkers, of anxiety in children with AHDN. Although the ASD group
had significantly higher anxiety compared to the Speech and Language group, the large range
in scores across all groups highlights the importance of recognising the functional impact of
anxiety on behaviours for any individual with AHDN irrespective of diagnosis. Importantly,
these children with additional needs demonstrated greater overall anxiety when compared to
previously published data for normal controls, suggesting that anxiety is a common general
experience in this population. Our results support the use of questionnaires as a conventional
means of identifying behaviours in children in order to guide early intervention and inform

treatment in the assessment of children experiencing social, emotional and academic
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difficulties. Although dual relationships between anxiety and autism-traits, as well as
between anxiety and sleep have been demonstrated previously in primarily neurotypical
populations, the current findings demonstrate that these interlinked relationships extend to
children AHDN and may contribute to better characterisation of these children earlier in

childhood.
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Abstract

A local perceptual bias has previously been associated with neurodevelopmental
disorders, subthreshold autism-like traits and chronic trait anxiety, but has not been
investigated in a population of children with Additional Health and Developmental Needs
(AHDN). Accordingly, the aims of this study were to explore local and global processing in
children with AHDN and to determine whether a local/global bias using a Navon- style task
is associated with anxiety traits as measured by the Spence Children’s Anxiety Scale- Parent
Report, or autism-like traits on the Autism Spectrum Quotient- Child Version. It was
hypothesised that higher levels of anxiety would be associated with greater autism traits in
children with AHDN and that both autism traits and anxiety would be more associated with a
local bias in children with AHDN on a Navon Task. It was also expected that when compared
to a small sample of Typically Developing (TD) participants, children with AHDN would
perform better on local rather than global Navon tasks. Although there was a moderately
positive relationship found between autism traits and anxiety, our results did not find
evidence of a local processing bias or relationship between Navon task performance and
anxiety or autism traits among the children with AHDN. However, a trend towards
significance was demonstrated when comparing an age matched (9-10 years) sample of
AHDN and TD children on the global congruency accuracy condition. This suggests that the
relationship between anxiety and perceptual biases in children with AHDN is likely to be
complex, and future research should consider the influence of acute state anxiety in

local/global biases in this population.
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A Role for Anxiety and Autism Traits in Facilitating Attentional Focus: Local and
Global Visual Processing Bias in Children with Additional Health and Developmental
Needs

Most people in the general population initially view the outdoor world as a whole
visual scene (e.g., when walking or driving a car) and only when a more salient aspect of the
scene attracts interest, selectively attend to the single local aspects of the interesting stimulus.
This common general perceptual bias is termed ‘global precedence’ and selective to a
particular stimulus is known as a local bias (Navon, 1977). Navon’s idea of ‘global
precedence’ facilitates a coarse-to-fine level of visual analysis over time (Crewther, Lawson,
& Crewther, 2007; Lawson, Crewther, Junghans, & Crewther, 2003; Lawson, Crewther,
Junghans, Crewther, & Kiely, 2005). Indeed, a global perceptual bias would be expected in
terms of need to move safely through a real world environment where objects can be
randomly scattered (e.g., toys on floor) and/or moving at varying speeds towards or away
from one (e.g., while crossing a road) and need to be avoided.

By comparison, a local bias infers a preference for attention to objects close by which
usually necessitates application of visual accommodation and convergence, and requiring
time to achieve and neural effort to maintain (Crewther, Lawson, & Crewther, 2007; Lawson,
Crewther, Junghans, & Crewther, 2003; Lawson, Crewther, Junghans, Crewther, & Kiely,
2005) and hence is less common than global preferences. However local biases in perception
have long been associated with anxiety (Tyler & Tucker, 1982) and more recently such a
local bias has been reported in populations with neurodevelopmental disorders, including
Autism Spectrum Disorder (ASD) (Bernardino et al., 2012). Hence a bias toward local
processing may be expected in children with AHDN, given that this group appears more
vulnerable to chronic anxiety (as demonstrated in Chapter 4) and likely to experience

diagnosed or clinically undiagnosed behaviours associated with neurodevelopment and the
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autism spectrum (as discussed in Chapter 2). Local biases in this population may indeed
partially account for much of their school-based deficits, given that such biases are likely to
impact on the ability to communicate, interact socially and process facial features (Tanaka &
Sung, 2016; Vlamings, Jonkman, van Daalen, van der Gaag, & Kemner, 2010; Zhao, Uono,
Yoshimura, Kubota, & Toichi, 2017).

The extent to which an individual prioritises local or global visual information is also
known to be affected by emotional states, including anxiety (Shi, Sharpe, & Abbott, 2019).
Thus variation in affect is suggested to influence the saliency of what is attended to in the
environment (Barrett & Bar, 2009), such as a local bias to fear and threatening information
(Ellenbogen & Schwartzman, 2009) when anxious. In fact, more recent evidence suggests
that emotional states can determine the content of perception (Vuilleumier, 2015). Negative
emotional states such as social anxiety (Yoon, Vidaurri, Joormann, & De Raedt, 2015),
depressed and sad moods, and chronic anxiety (Basso, Schefft, Ris, & Dember, 1996; de
Fockert & Cooper, 2014; Derryberry & Reed, 2002; Gasper & Clore, 2002) tend to narrow
the scope of attention to focus on details so that it can be difficult to integrate information
globally.

High trait or chronic anxiety (as discussed in more detail in Chapters 1 and 2) has
been associated with reduced global processing in clinical disorders, with eating disorders
being an example (Becker et al., 2017). Participants from the general population but with
high trait anxiety have also been shown to perform worse on a measure of global perception
when under high situational stress, whereas those with low trait anxiety showed improved
global perception under the same conditions (Tyler & Tucker, 1982) suggesting that positive
affect increases cognitive flexibility (Baumann & Kuhl, 2005; Huntsinger, Clore, & Bar-

Anan, 2010; Tan, Jones, & Watson, 2009).
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Although global and local visual attention have been investigated in a number of
neurodevelopmental disorders (Ballantyne, Nufiez, & Manoussaki, 2017; Bernardino et al.,
2012), whether an atypical local bias in visual attention extends to children with
heterogeneous diagnoses classified as having AHDN has not yet been established.
Nonetheless, sensory variability is now considered central to the diagnosis of ASD (Baum,
Stevenson, & Wallace, 2015; Behrmann, Thomas, & Humphreys, 2006; Robertson & Baron-
Cohen, 2017; Simmons et al., 2009), with superior local perceptual bias skills being
exemplified by faster and more accurate visual detection during visual search (Kaldy,
Giserman, Carter, & Blaser, 2016). This has been demonstrated by using several paradigms
including the Embedded Figures Task (Dillen, Steyaert, De Beeck, & Boets, 2015), block
design (Shah & Frith, 1993) and the Navon task (Mottron, Burack, larocci, Belleville, &
Enns, 2003; Oi & Dairoku, 2018; Soriano, Ibafiez-Molina, Paredes, & Macizo, 2017), and
appears on the basis of a meta-analysis to be a reliable finding in ASD (Muth, Honekopp, &
Falter, 2014). Importantly, children with ASD tend to perform better and make fewer errors
on tasks requiring the identification of local details (Plaisted, Swettenham, & Rees, 1999)
though this does not necessarily imply only local perceptual biases. Indeed a recent meta-
analysis has also found that individuals with ASD do not show enhanced local or impaired
global processing capacity in general, but rather present with a visual perceptual style
characterised by slower global perception and more automatic local processing (Van der
Hallen, Evers, Brewaeys, Van den Noortgate, & Wagemans, 2015).

A bias towards local visual information is also thought to extend to those with
subthreshold autism traits, but who do not necessarily meet criteria for a clinical diagnosis of
ASD (Almeida, Dickinson, Maybery, Badcock, & Badcock, 2013; Bayliss & Tipper, 2005;
Hayward, Fenerci, & Ristic, 2018; Sutherland & Crewther, 2010) and may contribute to

commonly reported social deficits including emotional recognition (English, Maybery, &
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Visser, 2017). In fact, a marked difference in local-global processing between participants
with high and low autism traits has been demonstrated with neurophysiological evidence
(Crewther, Crewther, Bevan, Goodale, & Crewther, 2015; Vilidaite et al., 2018). Of note,
Sutherland and Crewther (2010) found significant differences between neurotypical adults
with high and low autism traits on both performance on a version of the Navon Task and in
the corresponding Visual Evoked Potentials.

It has therefore been contended that a superior ability to detect details is part of the
cognitive profile of ASD (Kéita, Guy, Berthiaume, Mottron, & Bertone, 2014; Simmons et
al., 2009) and to a lesser extent the broader non-clinical autism phenotype (DiCriscio &
Troiani, 2018). This local bias in ASD appears to be present from early in development (Guy,
Mottron, Berthiaume, & Bertone, 2016; Oi & Dairoku, 2018), though it is important to
highlight that much of the literature examining visual perception and ASD has used high
functioning participants (Brown, Chouinard, & Crewther, 2017).

There have been several theoretical and experimental explanations proposed to
account for the atypical perceptual biases often observed in ASD and other
neurodevelopmental disorders. From a visual system perspective, the magnocellular pathway
(predominantly projecting through the brainstem to superior colliculus and cortical dorsal
stream, as outlined in Goodale & Milner, 1992) is involved in the global analysis of a visual
scene (Bullier, 2001) in a rapid process referred to as the ‘magnocellular advantage’ that
helps activate attention and processing of the ‘gist’ of a scene prior to more detailed
processing (Laycock, Crewther, & Crewther, 2007). Conversely, the parvocellular pathway
projecting through ventral stream is best suited to local visual information such as the
recognition of objects (Nassi & Callaway, 2009). However, the ventral stream is a composite
visual pathway receiving information from both the magnocellular and the parvocellular

pathways (Cloutman, 2013). As alluded to in Chapter 2, the dorsal stream is thought to be
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impaired in neurodevelopmental disorders including ASD and dyslexia (Pellicano, Gibson,
Maybery, Durkin, & Badcock, 2005; Pellicano & Gibson, 2008; Spencer et al., 2000). An
impairment in the magnocellular system contribution through the dorsal stream — a
‘magnocellular disadvantage’ — would impact on the ability to integrate global visual
information (Laycock, Crewther, & Crewther, 2007) and thus could contribute to difficulties
in global face perception.

At least two prominent cognitive theories have been proposed to account for the bias
towards detecting local details in ASD from childhood (Guy et al., 2016). The Weak Central
Coherence theory (WCC) contends that this processing style is due to difficulty extracting
global form and meaning (Burnette et al., 2005; Frith & Happé, 1994; Happé & Frith, 2006)
whilst the Enhanced Perceptual Functioning (EPF) model proposes an enhanced ability to
process local information but not at the expense of integrating global features (Hadad & Ziv,
2015; Mottron & Burack, 2001; Mottron, Dawson, Soulieres, Hubert, & Burack, 2006;
Wang, Mottron, Peng, Berthiaume, & Dawson, 2007). This this study seeks to investigate

perceptual bias in children with AHDN.

The Current Study

Although it has been well documented that ASD is often co-morbid with anxiety
(Kanner 1943; Kerns & Kendall, 2014), and that both disorders are associated with a bias
towards local perception, this relationship has not yet been investigated in children with
AHDN. Children with AHDN have been shown (see Chapter 4), to have higher autistic traits
and anxiety (Cross et al., 2019). Thus, the primary aim of this study was to investigate local
and global processing biases in children with AHDN. In addition, we aimed to establish
whether perceptual biases are associated with social and emotional difficulties frequently

experienced in this population regardless of diagnosis.
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It was hypothesised that higher levels of anxiety would be associated with greater
autism traits in children with AHDN. Based on visual theories of autism proposing that
autism behaviours are associated with a bias to detect local visual information (Happé &
Frith, 2006; Mottron & Burack, 2001), along with past research suggesting that there is a
local bias associated with anxiety (Huntsinger et al., 2010; Yoon et al., 2015), it was expected
that autism traits and anxiety would be more associated with a local bias in children with
AHDN on a Navon Task. Finally, it was hypothesised that children with AHDN would
perform better than Typically Developing (TD) children on local compared to global Navon

Tasks.

Methods

Participants

A total of 70 children (22 female and 48 male) aged between seven and thirteen years
(M =9.58, SD = 1.76) with normal or corrected to normal vision and hearing participated in
this study. Sixty-one participants were recruited to the AHDN group (19 females and 42
males) (M = 9.58, SD = 1.89) from a school holiday therapy program for children
experiencing social, emotional and academic difficulties. Nine Grade 3-4 participants aged
between nine and ten years (three females and six males) (M = 9.56, SD = 0.53) were
recruited to the TD group from a mainstream primary school in Melbourne, Australia prior to
the COVID-19 outbreak. The AHDN sample included 19 children primarily diagnosed with
ASD, 24 diagnosed with a Speech and Language Disorder and another 18 participants with
various other diagnoses including ADHD (five participants), a chromosomal condition (one
participant), experienced social skill difficulties (six participants), or other undiagnosed
problem identified by parents and teachers (six participants). Children with AHDN had up to

five reported comorbid diagnoses (M = 1.69, SD = 1.29). There were six participants with a
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co-morbid anxiety disorder, comprised of three participants with ASD, one with a Speech and
Language Disorder, and two participants with social skill difficulties.

Participants were included in the AHDN group if they attended the school holiday
therapy program due to being at risk of ongoing chronic difficulties and requiring more
support than their peers, in accordance with the definition of AHDN (McPherson et al.,
1998). In the TD group, participants were included in the study if they had no formal clinical
neurodevelopmental, intellectual disability or other mental health diagnosis and were not
identified as having AHDN by teachers or parents alike. Participants were excluded from the
study if they had physical disability or major medical or other mental health concerns, such
as those related to trauma. See Chapter 3 for more detail on inclusion and exclusion criteria
for this study. In order to assess AHDN performance on the Navon task in comparison to the
TD group, a final age-matched subsample (N = 16) of 9- 10-year-old children (M = 9.56, SD
= 2.37) of children with AHDN were selected for this analysis. Further data collection was
planned for 2020 but COVID-19 meant all school-based research has been terminated in
schools for this year. As the year has progressed all school age children in the State of
Victoria have shifted to online learning at home, making completion of data collection
impossible and unlikely to be possible for some time.

Participants’ parents or guardians were made aware of the study aims (verbally and in
written form) prior to providing written consent and withdrawal information for participation
in accordance with the Declaration of Helsinki. Children also provided verbal consent prior
to participation. This study was conducted with approval from the La Trobe University
Human Ethics Committee, the Victorian Department of Education Human Ethics Committee

and the Victorian Catholic Education Ethics Committee.
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Materials

Screening Measures

Participants were screened for normal or corrected to normal vision and hearing. All
students with parental permission completed a measure of nonverbal intelligence using a pen
and paper version of the Raven’s Coloured Progressive Matrices (RCPM) (Raven et al,
1990). Given our interest in children with AHDN all children have been included in the
analysis even though that this was likely to contribute to the variability of results. There were
no children with a formal diagnosis of Intellectual Disability. However, there were four
children in the AHDN group with RCPM scores below the 25™ percentile. Mean Raven’s
standard score for the AHDN group was 104.10 (SD = 14.39), while the mean scores for the

TD group was 107.86 (SD = 8.82).

Local and Global Processing

Local and global processing was measured using a computerised Navon Task
modelled on previous research (Bialystok, 2010) and developed using VPixx software. Prior
to the commencement of each trial, a 500ms fixation cross appeared on the screen. This was
followed by a Navon shape that remained on the screen until the participant responded. The
hierarchical stimuli consisted of a number of small, local shapes (circles, squares, or X’s) that
made up the outline of a larger, global shape (circle, square or an X). Shapes were presented
as congruent (for example, local circles arranged to form a global circle) or incongruent (for

example, local squares arranged to form a global circle) (see Figure 5.1).
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Figure 5.1. Navon Task with A) Congruent, B) Incongruent and C) Neutral Stimuli

There were also neutral global and local stimuli consisting of a circle or square
formed from the arrangement of X’s (neutral global stimulus) and an X formed from the
arrangement of circles or squares (neutral local stimuli) (Plaisted et al., 1999). The global
figures used were 6 degrees in height, and 6 degrees in width in degree of visual angle, whilst
the local elements had a height and width of approximately 0.8 degrees of visual angle.

In the global task, participants were asked to identify the global shape, whereas in the
local task, they were asked to identify the local shape. Their response was provided by
pressing a keyboard button (marked with a sticker) which corresponded to each shape. There
were 48 trials in each task, consisting of 16 incongruent trials, 16 congruent trials and 16
neutral trials. Reaction time and accuracy were recorded. Reaction Time data is for correct

trials only.
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Anxiety

The Spence Children’s Anxiety Scale- Parent Version (SCAS-P) was used to measure
anxiety (Nauta et al., 2004). The SCAS-P includes subscales of ‘Panic and Agoraphobia’,
‘Separation Anxiety’, ‘Physical Injury Fears’, ‘Social Phobia’, ‘Obsessive Compulsive’ and
‘Generalised Anxiety Disorder’. On each of the 38 items, parents were asked to rate the
frequency of anxiety in their child from ‘Never’, ‘Sometimes’, ‘Often’ or ‘Always’ without
any specified time period. Each item was scored between 0 (‘Never’) and 3 (‘Always’).

There was a maximum score of 144, with high scores indicating greater levels of anxiety.

Autism Traits

The Autism Spectrum Quotient- Child Version (AQ-Child) was used to measure
autism traits (Auyeung, Baron-Cohen, Wheelwright, & Allison, 2008). Parents completed the
50-item questionnaire in pen and paper form and rated the extent that they observed an
autism-like behaviour in their child as ‘Definitely Agree’, ‘Slightly Agree’, ‘Slightly
Disagree’ or ‘Definitely Disagree’. Responses to each item was scored between 0 (‘Definitely
Agree’) to 3 (‘Definitely Disagree’). There was a maximum total score of 150, so that high

scores are associated with greater autism traits.

Procedure

Parents were provided with verbal and written information about the research, and
written informed consent was required prior to testing. Parent packs for completion prior to
participation included a form asking for demographic and/or medical information, and the
AQ- Child and SCAS-P questionnaires. Parents were asked to return questionnaires to the
researchers within one week. Screening for vision, hearing and nonverbal intelligence were
completed on all participants. Participants completed the Navon Task in a quiet room with 2

researchers and 2-3 other children on a Mac computer with a screen refresh rate of 80Hz and
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a screen resolution of 1152 x 864, while they were seated approximately 40-45cm away.
Researchers provided an explanation of the task to participants until it was evident that the
instructions were clearly understood by the child. Participants were asked to indicate the
“small shape” (local) or the “big shape” (global) as a square or a circle by pressing the
appropriately identifiable keyboard button as quickly and as accurately as possible and the
order of tasks was counterbalanced to control for fatigue and practice effects. Participants
were provided with a small reward (e.g. a sticker or small piece of stationary item of their

choice) following participation.

Data Analysis

Missing Data and Exclusion Criteria

Data was entered and analysed in Version 23 of SPSS. The data set was inspected for
outliers, and all missing data was excluded from the analyses (Tabachnick & Fidel, 2007).
Fifteen AQ- Child and 11 SCAS-P questionnaires were either not returned to researchers or
had missing data, with these participants excluded from the correlational analyses. Three
extreme outliers above or below 3 SD from the mean for the AHDN group were also
excluded (one participant based on the local neutral reaction time condition, one participant
on the global congruency effect condition, and one on the local reaction time condition)
(Howitt & Cramer, 2007). In the age matched sample, two AHDN participants were
identified as extreme outliers and therefore excluded. Seven AHDN participants (two on the
local task, three on the global task, and two on both tasks) and one TD participant (global

task) performed with accuracy below 75% accuracy and were excluded.

Assumption Testing

Violations to the assumptions of normality and homogeneity in the data were assessed

using standard skewness and kurtosis measures, Kolmogorov-Smirnov, the Shapiro- Wilko
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test and the Levene’s test. The results of these assessments indicated that both of the
assumptions of normality and homogeneity were not met, and so nonparametric analyses

were employed (Tabachnick & Fidel, 2007).

Statistical Approach

The median reaction time (RT) score for each participant for each condition (i.e.,
congruent, incongruent, neutral) was calculated for both tasks, and the mean of these scores
across participants was calculated and utilised for the analyses. The ‘congruency effect’ was
calculated for each participant by subtracting Congruent RT from Incongruent RT separately
for each task. Spearman’s Rho partial correlational analyses controlling for age were
conducted in order to assess the relationship between anxiety, autism-like traits and local and
global Navon tasks amongst AHDN participants. Mann-Whitney U tests were used to
compare performance between AHDN and TD participants. A more conservative alpha level
of .001 was used to reduce the risk of Type I error on correlational analyses, given the
number of subscales in the SCAS-P and AQ- Child questionnaires. For all other analyses, an

alpha level of .05 was adopted.

Results

Descriptive Statistics on Anxiety and Autism Traits

Descriptive statistics for SCAS-P and AQ- Child scores are stated below in Table 5.1.
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Table 5.1

Autism Traits and Anxiety of the AHDN and TD Groups and Total Sample

AHDN TD Total Sample of
AHDN and TD
AQ- Child M (SD) 66.73 (24.14)  45.00 (9.43)  63.97 (23.89)
Range 22- 128 36 — 59 22- 128
SCAS- P M (SD) 2454 (12.75)  8.75 (6.07) 22.66 (13.17)
Range 4- 52 0-18 0-52

Descriptive Statistics on Local and Global Navon Task Performance
Descriptive statistics for Local and Global Navon Task performance are presented in

Table 5.2 for the total AHDN and TD sample, and for the age-matched AHDN subsample

group.

Relationship between Anxiety and Autism-Like Traits in AHDN
Amongst AHDN participants, there was a moderate positive relationship between the
SCAS-P (anxiety) and the AQ- Child (autism- like traits) as assessed by Spearman’s rank-

order correlation, rs (53) = .56**, p < .001.

Relationship of Local /Global Visual Processing to Autism- Like Traits in AHDN

A Spearman’s partial rank-order correlation controlling for age was run to assess the
relationship between autism-like traits and global and local Navon task performance in
participants with AHDN. Preliminary analysis showed the relationships to be monotonic, as
assessed by visual inspection of a scatterplot. There were no significant relationships found
between AQ- Child subscales or total score and the Global Navon Task (Table 5.3) or Local

Navon Task (Table 5.4) outcome variable, when testing against an adjusted alpha = .001.



Table 5.2

Means and Standard Deviations of Reaction Time and Accuracy for Additional Health and Developmental Needs (AHDN) Total Sample (N = 61), AHDN Age-

Matched Subsample (N = 16) and Typically Developing (TD) (N = 8) Groups on Navon Local and Global Tasks

AHDN Total Sample

AHDN Age-Matched Subsample

TD Total Sample

Navon Global Navon Local Navon Global Navon Local Navon Global Navon Local
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Median Reaction Time
- Congruent 897.56 (307.47)  983.29(303.29)  912.90 (246.88)  997.70(238.31)  870.19 (216.50)  843.41 (208.19)
- Incongruent 920.26 (291.53)  1117.07 (360.39)  929.54 (281.310  1127.29 (321.23)  855.73 (116.67)  959.37 (304.06)
- Neutral 855.58 (224.56)  1014.37 (265.54)  913.85(253.49)  1072.12 (283.05)  882.79 (279.93)  842.24 (406.83)
- Congruency 23.43 (96.36) 110.17 (118.15)  16.64 (107.89) 55.26 (123.99) 24.97 (143.22)  178.03 (229.36)
Effect
Accuracy
- Congruent 95.23 (6.25) 96.49 (5.91) 92.58 (6.52) 95.70 (5.91) 97.66 (4.66) 96.53 (5.51)
- Incongruent 94.66 (6.06) 93.50 (7.18) 94.92 (7.29) 94.53 (7.86) 92.97 (7.04) 88.89 (10.72)
- Neutral 95.45 (5.31) 96.57 (6.65) 96.88 (3.95) 96.48 (7.20) 96.09 (6.63) 97.92 (3.13)
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Table 5.3

Correlation between AQ- Child and Navon Global Task for Additional Health and Developmental Needs Group Controlling for Age

AQ- Child Social Skills Attention Attention to Communication Imagination Total Score

Switching Detail

Median Reaction Time

- Congruent .03 .02 .08 A5 03 .08

- Incongruent -.13 -11 -11 -.09 -.04 -12

- Neutral -.06 -.10 -.009 -.03 -.04 -.07

- Congruency Effect -.22 -21 =27 =27 -.23 -.29
Accuracy

- Congruent .33 31 -.16 .38 27 .32

- Incongruent 31 24 .35 24 A9 31

- Neutral .25 .07 -.07 .23 .29 13
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Table 5.4

Correlation between AQ- Child and Navon Local Task for Additional Health and Developmental Needs Group Controlling for Age

AQ- Child Social Skills Attention Attention to Communication Imagination Total Score

Switching Detail

Median Reaction Time

- Congruent -.03 -.02 10 .04 -.15 -.009

- Incongruent A2 A1 .06 18 .03 14

- Neutral .01 .01 12 .07 -.03 .04

- Congruency Effect A7 .05 .03 .16 27 .20
Accuracy

- Congruent .26 27 22 39 .30 39

- Incongruent .26 27 14 31 22 27

- Neutral 32 34 42 .23 A1 32
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Relationship of Local and Global Visual Processing to Anxiety in AHDN

A Spearman’s rank-order correlation was run to assess the relationship between
anxiety and local and global Navon tasks amongst AHDN participants. Preliminary analysis
showed the relationships to be monotonic, as assessed by visual inspection of a scatterplot.
There were no significant relationships found between the SCAS- P total score or subscales
and the Global Navon Task (Table 5.5) or Local Navon Task (Table 5.6) after adjusting alpha

to a more conservative .001 to account for risk of Type 1 error.

Comparison of Navon Task Performance Between Age-Matched Additional Health and

Developmental Needs and Typically Developing Children

A series of Mann Whitney U tests were run to determine if there were differences in
Navon task performance between a subsample of age matched children (9 — 10 years old)
with AHDN (N = 16) and TD (N = 8) children on Navon task performance. Visual inspection
of the Mann Whitney U histograms for Navon performance indicated that both groups were
similar. Statistical analyses on Navon performance demonstrated there was no statistically
significant difference between the age-matched subsample of AHDN and TD groups on the

Global Navon task (Table 5.7) nor the Local Navon Task (Table 5.8).



Table 5.5

Correlation between SCAS-P and Navon Global Task for Additional Health and Developmental Needs Group Controlling for Age
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SCAS-P Separation Generalised Social Phobia Panic/ Physical Injury ~ Obsessive Total
Anxiety Anxiety Agoraphobia Fears Compulsive

Median Reaction Time
- Congruent 10 -.08 10 -.06 -12 -.07 -.01
- Incongruent -.06 -.18 -.08 -21 -11 -.15 -.18
- Neutral -.03 -.18 -.08 -.19 -.18 -.06 -.15
- Congruency Effect -.27 -.23 -.25 -17 -.10 .02 -.27

Accuracy
- Congruent .01 .04 10 -.003 .02 10 .05
- Incongruent -.002 10 10 17 21 21 A7
- Neutral A1 .03 .23 .007 .04 .08 .09




Table 5.6

Correlation between SCAS-P and Navon Local Task for Additional Health and Developmental Needs Group Controlling for Age
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SCAS-P Separation Generalised  Social Phobia Panic/ Physical Obsessive Total
Anxiety Anxiety Agoraphobia  Injury Fears  Compulsive

Median Reaction Time
- Congruent -.15 -.15 .05 -.05 -.28 -.07 -.13
- Incongruent -.20 -.18 -.04 -.10 -.34 -.09 -.18
- Neutral -11 -.20 -.04 -.08 -.24 -12 -.15
- Congruency Effect -.03 .02 -.04 -17 -.26 .08 -.07

Accuracy
- Congruent .08 .03 21 -.13 -.05 .30 A1
- Incongruent .08 15 22 14 22 40 27
- Neutral -.009 .04 12 -.02 -.06 44 10
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Table 5.7
Mann Whitney U Analyses of Global Navon Task Performance Between Age Matched (9- 10

Years) Additional Health and Developmental Needs (N=16) and Typically Developing (N=8)

Groups.
Group  Median U VA p
Median RT
Congruent AHDN 906.00 54.00 -.61 57
TD 885.95
Incongruent AHDN 911.72  59.00 -31 .79
TD 882.32
Neutral AHDN 830.80 59.00 -31 .79
TD 873.23
Congruency AHDN .02 63.00 -47 .67
Effect
TD 32.75
Accuracy
Congruent AHDN  93.75 93.50 1.93 .07
D 100.00
Incongruent AHDN 96.86 51.50 -.82 45
TD 93.75
Neutral AHDN 100.00 65.50 A1 .93

TD 100.00
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Table 5.8
Mann Whitney U Analyses of Local Navon Task Performance Between Age Matched (9- 10
Years) Additional Health and Developmental Needs (N=16) and Typically Developing

Groups (N=8).

Group  Median U Z p
Median RT
Congruent AHDN 985.35 46.00 -.90 39
TD 919.25
Incongruent AHDN 1081.30 49.00 -.92 .38
TD 940.23
Neutral AHDN 1022.92 46.00 -1.10 29
D 902.93
Congruency  AHDN  62.53 87.00 141 17
Effect
D 146.07
Accuracy
Congruent AHDN 100.00 66.50 A7 .88
TD 100.00

Incongruent ~ AHDN 100.00 48.00 -1.05 35
D 93.75
Neutral AHDN 100.00 60.50 -.27 .83

TD 100.00
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Discussion

This study aimed to examine the relationship between anxiety and autism traits and
local and global visual processing in a group of children with AHDN. It also aimed to explore
whether there is a difference in perceptual bias to local or global stimuli in these children
with AHDN compared to a sample of TD children. The aims of this study were achieved by
asking a group of children recruited from either a school holiday therapy program (AHDN
group) or a general primary school (TD group) to complete Navon style tasks and examining
the relationship with parent-report anxiety (SCAS-P) and autism trait (AQ- Child) measures.
It was hypothesised that for children with AHDN, there would be a positive relationship
between anxiety and autism traits, and that these would be more associated with local Navon
task performance compared to global task performance. It was also predicted that when
compared to TD children, children with AHDN would perform better on the local Navon
task.

Although there was a moderate positive relationship between anxiety and autism
traits, as expected, the overall findings did not support the hypotheses relating to perceptual
bias. There were no significant correlations found in the children with AHDN with
performance (accuracy and reaction time) on the Navon task (global or local), suggesting that
the current results do not support that there is a bias towards local visual information
associated with higher autism traits, chronic anxiety, or neurodevelopmental diagnosis within
our AHDN sample as has previously been reported in other studies that investigated specific
neurodevelopmental disorders such as Fragile X (Ballantyne, Nufiez, & Manoussaki, 2017),
Williams Syndrome (Bernardino et al., 2012), and ASD (Plaisted et al., 1999), as well as in
subclinical populations with higher autism traits (Sutherland and Crewther, 2010) or
associated with anxiety (Tyler & Tucker, 1982). Additionally, there were no significant

differences between the AHDN and TD age-matched groups. There was a trend towards
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significance between age matched AHDN and TD groups on the global congruent accuracy
condition, suggesting that TD children may be better at identifying congruent trials on the
Navon task.

These findings subsequently do not provide clear evidence that theories of WCC
(Firth & Happé, 1994) or EPF (Mottron et al., 2006) extend to AHDN beyond ASD in our
sample, despite the greater number of reported autism-like traits compared with TD children.
It has been recently proposed that the literature regarding ASD and local biases using a
Navon paradigm overall does not provide adequate support for either the WCC or EPF
theories (Baisa, Mevorach, & Shalev, 2018). This may be due to the level of variability in the
physical design of the Navon task affecting the saliency of the stimuli, including exposure
time and visual angle (Baisa et al., 2018). Although much of the research using a Navon task
uses letters (small letters to make a large letters), shapes were used to comprise Navon
stimuli in the current study as they are known to be more familiar than letters to children and
controls for children who may have difficulty reading (Bialystok, 2010; Dukette & Stiles,
1996). Additionally, it is difficult to compare to past research more generally given the
previous bias to include higher functioning children in research, particularly in the ASD and
visual perception literature (Brown et al., 2017).

There are several explanations to consider why the effect of a local processing bias
was not found in the current sample of children with AHDN. Although the aim of the current
study was to investigate a group of children with diverse symptoms and complex needs,
particularly given that there are no known prior studies examining individual traits and
local/global visual processing in this population, this diversity also presents an inherent
difficulty. The sample broadly included multiple diagnoses considered to be
neurodevelopmental in origin resulting in a heterogenous sample likely to increase variability

in the data. Performance on the Navon task was measured by keyboard responses requiring
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fine motor skills, which likely added variability in responses for individuals and diagnostic
groups and may have been a confounding factor. This may have led to the unique nuances of
each disorder being minimised in the results, however the small comparative TD group also
likely contributed to the non-significant difference between groups.

The local bias assumption in neurodevelopmental disorders has also been challenged
recently. As Muth and colleagues (2014) pointed out in their meta-analysis, the difference
between ASD and TD performance on Navon tasks may indeed be smaller than is often
suggested across the literature. Similarly, the meta-analysis conducted by Van der Hallen et
al. (2015) found no clear local or global bias in ASD but rather a tendency for slower RT
during global processing when there was task-irrelevant local information also present (e.g.
local incongruent stimuli).

Inconsistent findings of a local/global bias are further evidenced in the ADHD
literature, where some research has proposed that children with ADHD are unaffected by the
WCC (Booth, Charlton, Hughes, & Happé, 2003) while others have found evidence for a
tendency to process local before global visual information (Song & Hakoda, 2012).
Additionally, some children included in the AHDN group in the current study were
considered to have ‘additional [social] needs’ but did not have a formal clinical diagnosis.
Furthermore, difficulties such as ‘social skill” deficits may not necessarily be associated with
local/ global attention processes, again indicating that although children with AHDN are an
under studied population, the heterogeneity of this group creates objective difficulties.

In addition to the complexity of the population used, another aspect of this study
design that may have impacted the results is the materials used to conceptualise both anxiety
and attention. The questionnaires assessed chronic anxiety related to long term behaviours,
rather than acute state-level anxiety. Our results did not support findings in the literature

about the relationship of trait anxiety to a local processing bias as has previously been
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reported in some populations (Becker et al., 2017; Tyler & Tucker, 1982). However, past
research findings have generally referred to adult populations and it may be that the role of
trait anxiety on attention becomes more solidified throughout development. As in other
studies within this thesis, the subjectivity of parent- rated questionnaires may have resulted in
a discrepancy between observable and internal experiences of anxiety, particularly for
children with diagnosis such as ASD (Magiati, Chan, Tan, & Poon, 2014). Rather, local and
global attention may be more sensitive to acute states of emotion including anxiety
(objectively measured by physiological measures such as heart rate and blood pressure),
given that these states are often associated with the need to rapidly allocate attention (Shilton,
Laycock, & Crewther, 2019). The Navon task itself did not require a rapid allocation of
attention via the magnocellular pathway, and therefore may not have been dependent on a
rapid ‘magnocellular advantage’ (Laycock et al., 2007)

It is also important to acknowledge that a limitation of the current study is that the
sample size of the comparative TD sample was small, and the use of a non-parametric
statistical approach likely resulted in some reduced power to detect significant effects (Field,
2009). Future research should further explore the relationship between acute anxiety in
children in facilitating a bias towards local or global visual information. Further
understanding of anxiety and local/global visual attention in children who experience AHDN
is imperative to the development of a cognitive profile of these children in relation to social

and emotional behaviours.

Conclusions

The current study did not find a significant relationship between local or global
Navon processing in a population of children with AHDN and anxiety or autism traits. There
was also no significant difference in local or global Navon task performance between 9-10-

year-old AHDN and TD children. There is no known prior research examining the
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relationship of local/global attention and anxiety within this population. These findings do
not necessarily suggest that a relationship between anxiety, autism traits and perceptual bias
does not exist, but rather may be related to acute state anxiety rather than chronic anxiety,

highlighting the need for further research to identify common behavioural patterns in children

with AHDN.
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Abstract

The Attention Network Task (ANT) is widely used to measure Posner’s alerting,
orienting and executive control attention networks. However, little is known about how chronic
anxiety may impact on these attention networks in young school children, in particular, those
with Additional Health and Developmental Needs (AHDN). Thus, this study aimed to investigate
the relationship between chronic anxiety (measured by the Spence Children’s Anxiety Scale-
Parent report) and the alerting, orienting and executive control networks in children with AHDN
using a child version of the ANT. It was hypothesised that anxiety would be most strongly
associated with the executive control network in children with AHDN, and that children with
AHDN would show impairments across all three attention networks when compared to Typically
Developing (TD) peers. Our results, however, found that chronic anxiety was most correlated
with the alerting network overall. Regression analyses demonstrated that anxiety explained 7%
of the variance for the alerting network score in the AHDN group. When compared to a small
sample of age-matched TD controls (9-10 years), there was only a significant difference between
groups on the executive control network. Our results provide a novel finding of the role that the

alerting network plays in children with AHDN.
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Interactions of Chronic Anxiety and Posner’s Attention Networks in Children with
Additional Health and Developmental Needs

Acute stress responses are intended as an adaptive reaction aimed at rapid detection,
identification, and active response to a particular immediate threat (Brosschot, Verkuil, &
Thayer, 2016). However unlike these state-based responses, more chronic trait-based anxiety,
such as the prolonged worry about the inability to do well at school, is maladaptive, with
continuing anxiety absorbing cognitive reserves, and being associated with overall behavioural
and cognitive rigidity (Kashdan & Rottenberg, 2010). Thus, the relationship between attention
and anxiety would be expected to impact significantly on the social and emotional wellbeing of
an individual (Bystritsky & Kronemyer, 2014; Cornish & Wilding, 2010). As noted earlier
(Chapter 2), chronic anxiety interferes with the efficiency and effectiveness of completing a task
by increasing the allocation of attention towards the perceived threatening stimuli (Eysenck &
Calvo, 1992; Eysenck, Derakshan, Santos, & Calvo, 2007).

Thus, unsurprisingly, chronically anxious children are reported to have attentional
problems leading to difficulty with staying on task and concentrating on school work for
prolonged periods and hence difficulty attending to new information, learning and consolidating
information in memory in the context of an educational setting (Alesi, Rappo, & Pepi, 2014;
Eysenck & Calvo, 1992; Martin et al., 2007). Attention difficulties in young children are also
associated with worse academic performance (Dally, 2006; Rabiner, Carrig, & Dodge, 2016) and
overall life success at school (Razza, Martin, & Brooks-Gunn, 2010). Accordingly, poor
academic performance characterises many DSM-5 defined childhood disorders of
neurodevelopmental origin including Language Disorder, Speech Sound Disorder, Specific

Learning Disorders and ADHD (APA, 2013). Clinically, it is important to note that concentration
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(i.e., sustained attention) difficulties (Cornish & Wilding, 2010) and anxiety (Duvekot et al.,
2016; Kerns & Kendall, 2014) have been identified as common symptoms across a range of
neurodevelopmental disorders but that the relationship between attention and anxiety (Kirk et al.,
2013; Arnsten & Rubia, 2012; van der burgh) is not adequately reflected in DSM-5 diagnostic
criteria.

Despite the known relationship between attention and anxiety, there has been surprisingly
little investigation examining anxiety in the context of cognitive models that seek to go beyond a
conceptualisation of attention as simply describing the ability to sustain concentration (i.e.,
sustained attention). One such influential model that has been investigated in depth generally but
seldomly in relation to anxiety is Posner’s theory of alerting, orienting and executive control
attention networks (Landry, Johnson, Fleming, Crewther, & Chouinard, 2019; Petersen &
Posner, 2012; Posner, 2011a; Posner, 2014; Posner & Petersen, 1990; Posner & Rothbart, 2007b,
2009; Posner, Rothbart, Sheese, & Voelker, 2012). Determining whether features of prolonged
anxiety do indeed interact with the three specific attention mechanisms Posner alluded to above,
should be important to understanding the cognitive, emotional and behavioural functioning of
any child (Guy, Rogers, & Cornish, 2013; Posner & Rothbart, 2005, 2007b). However, it is
particularly important for children who require additional support at school, known as Additional
Health and Developmental Needs (AHDN) (McPherson et al., 1998), given that this thesis has

shown that chronic anxiety is a common biomarker of this population (see Chapter 4).

Three Attention Networks
In Posner and colleagues’ theory of three attention networks, the alerting network acts as
a warning system to potential environmental threats, the orienting network directs attention to

stimuli in the environment, and the executive control network functions to sustain and resolve
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conflicts of attention (see Figure 6.1) (Berger & Posner, 2000; Posner, Rothbart, & Digirolamo,
1999; Posner, 2011b; Posner, 2014; Posner & Dehaene, 1994; Posner et al., 2012; Rueda et al.,
2004).

The anatomical basis of Posner’s attention networks has been investigated, with the
literature associating the prefrontal cortex and anterior cingulate gyrus with the executive
attention network, the right frontal lobe and the superior parietal lobe with the alerting network,
and the superior colliculus and pulvinar via the visual system in the orienting network (Posner &

Rothbart, 2007a; Posner, Rothbart, & Rueda, 2014; Raz, 2004).

Frontal Eye Field

Superior Parietal Lobe
P Anterior Cingulate Gyrus

Tempo-parietal Junction

Pulvinar

Superior Colliculus

.‘ Alerting Network

. Orienting Network

. Executive Control Network

Figure 6.1. Anatomical representation of Posner’s alerting, orienting and executive control

networks. Adapted from (Posner & Rothbart, 2007a pg.51).
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From a developmental point of view, these attention networks undergo a distinct period
of maturation in childhood (Best & Miller, 2010; Landry et al., 2019; Raz, 2004; Rothbart,
Sheese, Rueda, & Posner, 2011; Rueda et al., 2004; Rueda, Posner, & Rothbart, 2005), becoming
more definitive in their functions across the lifespan (Konrad et al., 2005). More specifically in
children, all three attention networks are thought to be largely stabilised by the age of seven
(Johnson, Lewis, & Cornish, 2020; Lewis, Reeve, & Johnson, 2018). Historically each attention
network has been considered to be separate but interrelated (Fan, McCandliss, Sommer, Raz, &
Posner, 2002), however more recent evidence suggests that this view may be too simplistic and
that there is likely overlap in the networks under particular conditions such as the need to
visually detect a threat (orienting) and make decisions for survival (executive control)
(Ghassemzadeh, Rothbart, & Posner, 2019; Sarapas, Weinberg, Langenecker, & Shankman,
2017; Trautwein, Singer, & Kanske, 2016).

Acknowledging that attention difficulties are often characteristic of neurodevelopmental
disorders (Arnsten & Rubia, 2012), findings from Autism Spectrum Disorder (ASD) research
suggests that the networks may be even less independent in atypical development (Keehn,
Lincoln, Miller, & Townsend, 2010). When considering the networks in the context of children
with ASD, an impairment in the orienting network has usually been reported, and as noted by
Landry and Parker (2013) such visual orienting impairments in ASD increase with age. Other
networks have also been implicated with ASD, for instance Mutreja et al. (2016) concluded that
children with ASD have ‘less efficient’ orienting and executive control attention networks
compared to typically developing children. In an adult ASD population, Fan et al. (2012)
reported deficits in alerting and executive control networks but not the orienting network, which

they attributed to the fact that cues utilised in their Attention Network Task (ANT) were not
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social in nature, whereas some evidence suggests that orienting deficits in ASD are specific to
social cues (Greene et al., 2011).

Attention network deficits have also been reported in other child clinical populations,
including ADHD. Both Abramov et al. (2019) and Johnson et al. (2008) found impaired alerting
and executive control networks in children with ADHD but not the orienting network.
Addlfsdattir, Sgrensen, and Lundervold (2008) compared children with ADHD to other
psychiatric diagnoses and controls, and found no difference in attention networks between
groups, however they did observe a greater variation in responses in the ADHD group only.
Finally, there is some limited research on attention networks in genetic neurodevelopmental
disorders. For instance a less efficient executive control network has been found in children with

22011 deletion syndrome (Sobin et al., 2004).

Attention Networks and Anxiety

To date, there has been little investigation regarding how anxiety impacts on attention
networks in childhood. Much of the literature has focused on effortful control, which is an
important aspect of social-emotional childhood development referring to a child’s ability to
voluntarily allocate attention to self- regulating behaviours and is thought to be related to
executive functioning (Bridgett, Oddi, Laake, Murdock, & Bachmann, 2013; Rothbart & Rueda,
2005; Rothbart et al., 2011). In terms of chronic anxiety, there is some evidence that trait anxiety
is associated with deficits in the executive control attention network (Pacheco-Unguetti, Acosta,
Marques, & Lupiafiez, 2011) whereas acute or state anxiety leads to excess vigilance and
hyperfunctioning of the alerting and orienting networks (Pacheco-Unguetti, Acosta, Callejas, &

Lupiafiez, 2010). Further research has also suggested that children with high levels of anxiety
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symptoms, but without an anxiety disorder, have poorer executive attention but no significant
alerting or orienting deficits (Mogg et al., 2015).

In regards to clinical anxiety, past research has evidenced that the orienting network is
associated with social anxiety symptoms but not necessarily with state or trait anxiety more
broadly (Heeren, Maurage, & Philippot, 2015). Most recently, Ghassemzadeh et al. (2019) have
concluded that the orienting network is most closely associated with social anxiety and post-
traumatic stress disorder, arising from a propensity to overly orient towards fearful parts of the
environment or away from social situations, while the executive control network is related to
cognitive aspects of fear and rumination associated with generalised anxiety and obsessive

compulsive disorders.

The Current Study

It is clear that research to date has demonstrated inconsistent findings regarding the
functioning of attention networks in children that fall with the AHDN classification, although
overall it has generally been reported that there is an orienting deficit in ASD (Landry and
Parker, 2013; Mutreja et al.,2015) and an executive control deficit in ADHD (Abramov et al.,
2019; Johnson et al., 2008). However past research has not examined the functioning of Posner’s
attention networks in terms of what may be common to children with AHDN regardless of their
individual clinical diagnosis or presenting difficulty. Thus, the current study aimed to investigate
the relationship between anxiety and Posner’s attention network functioning in children with
AHDN given the prevalence of anxiety in this population.

Given that past research has associated the executive control network with trait anxiety
(Pacheco-Unguetti et al., 2010; Pacheco-Unguetti et al., 2011) and that children with AHDN are

often characterised by high levels of anxiety (see Chapter 4), it was hypothesised that anxiety in
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such children with AHDN would be most strongly associated with executive control network
scores. Acknowledging that children characterised as having AHDN (e.g. ASD, ADHD) have
demonstrated deficits in the alerting network (Fan et al., 2012), executive control network
(Mutreja, Craig, & O'Boyle, 2016) and orienting networks (Landry & Parker, 2013), it was also
hypothesised that children with AHDN would show greater impairments compared to Typically

Developing (TD) children across all three attention networks.

Methods

Participants

A total of 63 children (23 females and 40 males) aged between 7 and 13 years (M = 9.62
SD = 1.74) with normal or corrected to normal vision participated in this study. Fifty-four
participants (20 females and 34 males) (M = 9.64, SD = 1.86) were recruited from a school
holiday therapy program for children experiencing social, emotional and academic difficulties
and so were deemed to have AHDN in line with the definition of AHDN as requiring more
support than other children generally and being at risk of chronic difficulties (McPherson et al.,
1998) (refer to Chapter 3). In the AHDN group, there were 12 participants with a diagnosis of
ASD, 28 participants with a Speech and Language Disorder, five participants with ADHD and
nine participants showing social skill difficulties. There were seven participants (two participants
with ASD, three participants with a Speech and Language disorder, one participant with ADHD
and one with social skill deficits) with co-morbid anxiety as reported by their parents. Indeed,
many participants in the AHDN group were reported to show between 0 and 5 comorbid
diagnoses (M = 1.72, SD = 1.20). A subsample from the AHDN group (N = 16) were selected to
provide an age matched subsample of 9-10 year old children (M = 9.32, SD = 0.54) to allow

comparison in attention network performance with a Typically Developing group.
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A small sample of 9 participants (3 females and 6 males) in the TD group aged between
9-10 years (M = 9.54, SD = 0.64) were recruited from a general primary school population in
Melbourne, Australia. The TD sample was recruited before the COVID-19 virus outbreak in
Australia in early February 2020 mandated the end of data collection. Children in the TD group
were excluded if they were reported by parents or teachers to require additional support at school
or had a diagnosis of an intellectual disability, neurodevelopmental or mental health disorder.
Refer to Chapter 3 for further participant information and exclusion and inclusion criteria.

Parents were provided with written information about the research and were required to
provide written consent prior to any child participating. Parents were also informed that they
could withdraw their child from the study at any stage as per the Declaration of Helsinki. Verbal
consent was also obtained from children prior to the commencement of testing. Researchers were
available to answer guestions or provide assistance to parents and children as needed. This study
was conducted with approval from the La Trobe University Human Ethics Committee, the
Victorian Department of Education Human Ethics Committee, and the Victorian Catholic

Schools Ethics Committee.

Materials

Screening Measures

All participants were screened for normal or corrected to normal vision and hearing.
Participants also completed a pen and paper version Raven’s Coloured Progressive Matrices
(Raven, 1990) as a screen for nonverbal intelligence. Given that this study aimed to include
children with varied AHDN, participants of all Raven’s scores were included in the sample. It is

acknowledged that this may contribute to variability of results in the AHDN group. There were
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no participants who had a formal diagnosis of an Intellectual Disability. However, there were
five children in the AHDN group with Raven’s scores below the 25" percentile. In the AHDN
group, the mean Raven’s score was 106.08 (SD = 11.13) and in the TD group the mean Raven’s

score was 107.86 (SD = 8.82).

Attention Networks

Attention networks were assessed using a computerised replicated stimulus of the child
version of the Attention Network Task (ANT) (Rueda et al., 2004) using VPixx software, in
order to measure the alerting, orienting and executive control attention networks. The stimuli
consisted of five yellow fish appearing on a blue-green background (see Figure 6.2). Consistent
with Rueda and colleagues (2004), each fish subtended 1.6 degrees of visual angle, and fish
targets were presented at one degree above fixation. Participants were asked to help feed the fish
by identifying which way the middle fish (target) was facing (swimming) and to press the
corresponding left or right arrow key and to respond as quickly and as accurately as possible.
Participants were presented with a warning cue which followed the presentation of a fixation
cross for between 400-1600ms. The warning cue (a black asterisk) appeared on the screen for a
period of 150ms and was presented as a central cue, double cue, spatial cue or no cue (see Figure
6.2 for details). Across the four different cue conditions, the target fish was presented above or
below fixation on half of the trials and faced left or right on half of the trails.

Targets were presented with two flanker fish on each side and were either congruent with
the target (facing the same direction) or incongruent (facing the opposite direction). The fish
remained on the screen until a response was given. Auditory and visual feedback was provided
on each trial. Following a correct response, the target fish blew bubbles and a corresponding

sound of blowing bubbles was played. An incorrect response resulted in a tone sound and no
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change to the target fish. There were two blocks of 32 trials completed with four trials per
flanker/ cue condition. A smaller number of trials per sub-condition were included compared to
previous research (Rueda et al., 2004) due to our observation that children with AHDN were in
general unable to tolerate the previous length of the task.

The score for the alerting network was calculated by subtracting the Median Reaction
Time for Double Cue trials from the Median Reaction Time for No Cue trials. The orienting
network was calculated by subtracting the Median Reaction Time for Central Cue from the
Median Reaction Time for Spatial Cue trials, and the executive control was calculated by
subtracting the Median Reaction Time for Incongruent from the Median Reaction Time for

Congruent Trials (see Figure 6.2).

soeien | |

No Cue Central Cue
! B B B( B
W o S e ey
Double Cue Spatial Cue
Attention Network Subtraction Calculation
Alerting Reaction Time No Cue — Reaction Time Diouble Cue
Orienting Reaction Time Central Cue — Reaction Time Spatial Cue
Executive Control Reaction Time Incongruent — Reaction Time Congruent

Figure 6.2. Representation of the Attention Network Task- Child Version (based on Rueda et al.,

2004). Left panel: Flankers- Congruent (bottom) or Incongruent (top). Right panel: Cue
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conditions. Bottom panel: the three network scores were calculated by subtracting median

reaction time for different cueing and flanker conditions.

Anxiety

Trait or chronic anxiety was measured using the pen and paper form of the Spence
Children’s Anxiety Scale- Parent VVersion (SCAS-P) (Nauta et al., 1997) The SCAS-P is a 38-
item questionnaire consisting of six subscales measuring different types of anxiety: ‘Panic and
Agoraphobia’, ‘Separation Anxiety’, ‘Physical Injury Fears’, ‘Social Phobia’, ‘Obsessive
Compulsive’ and ‘Generalised Anxiety Disorder’. There was no specified or limited time period
for rated behaviours, meaning that the questionnaire is designed to measure prolonged, trait-level
anxiety, rather than acute state-like anxiety. Parent responses were scored on a Likert scale from
0 (‘Never’) through to 3 (‘Always’) with a maximum total score of 144, with higher scores

indicating greater level of anxiety.

Procedure

Parents were asked to complete paper and pen version of the SCAS-P as well as a form
about demographic information, including school grade and age, and any medical history or
clinical diagnoses, and return to researchers within one week. Prior to the commencement of the
ANT task, researchers provided the child with a verbal explanation of the task and sought verbal
consent. Children completed screening measures for vision, hearing and nonverbal intelligence.
If a child did not wish to engage in the task, or appeared distressed by the task, then they did not
participate. Participants completed the ANT seated approximately 40- 45cm away from a Mac
computer with a screen refresh rate of 80Hz and a screen resolution of 1152 x 864. The task was
completed by 2-3 children at the same time (one researcher per child) in a quiet room. An

explanation and demonstration of the ANT was provided to each participant using consistent
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verbal instructions until the child demonstrated that they clearly understood the instructions of
the task. The child was informed that the aim of the task was to feed the fish, and were asked to
answer the question, “which way is the middle fish facing?”. All children were instructed to
focus on the fixation cross throughout the task and to respond as quickly and as accurately as
possible and to make their best guess if unsure of their response. Children received a small

reward for their participation (i.e., a sticker or small piece of stationary).

Data Analysis

Missing Data and Exclusion Criteria

Participant data was entered into SPSS (Version 23) prior to analysis. Data screening was
performed on all variables in order to identify any missing data, outliers and any violations to the
assumptions of normality and homogeneity. Missing data was excluded from the analyses. Five
extreme outliers +/- 3SD from the mean were also excluded from the analyses (Howitt &
Cramer, 2007), including three participants based on their reaction time score in the Incongruent
Central Cue condition and two based on the Incongruent Double Cue condition. If participants
had accuracy rates below 50% on any condition, then they were excluded from the analysis. This
resulted in eleven AHDN participants being excluded, all based on low performance on the
incongruent flanker conditions (No Cue: N = 3, Spatial Cue: N = 3, Central Cue: N = 2, and
Double Cue: N =1). There were no TD children whose performance met exclusion criteria.
Thirteen AQ- Child and 9 SCAS-P questionnaires from the AHDN group were either not

returned to researchers or had missing data and so were excluded from the correlational analyses.
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Assumption Testing

Skewness and kurtosis and assumptions of normality were assessed and shown to be
violated using the Kolmogorov-Smirnov and the Shapiro-Wilko tests. The assumptions of
homogeneity were also found to be violated by a Levene’s test, and so data was analysed using a

nonparametric statistical approach (Tabachnick & Fidel, 2007).

Statistical Analyses

Descriptive statistics were performed on all variables for the total (AHDN and TD)
sample. Median reaction times of a chronological age matched subsample (N = 16) of 9 and 10-
year-old children from the AHDN and TD groups were compared on the alerting, orienting and
executive control attention networks from the ANT using a Mann-Whitney-U analysis. Given
our interest in children with AHDN in this study, a Spearman’s Rho correlation analysis
controlling for age was also used to examine the relationship between anxiety (SCAS- P
measure) and performance on the alerting, orienting and executive control conditions of the ANT
across the entire AHDN group. To further explore the relationship between anxiety and the ANT,
a hierarchical multiple regression controlling for age was then used to assess the contribution of

anxiety to attention networks.

Descriptive Statistics on Anxiety and Autism Traits

Descriptive statistics for SCAS-P and AQ- Child scores are stated below in Table 6.1.
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Table 6.1

Autism Traits and Anxiety of the AHDN and TD Groups and Total Sample

AHDN TD Total Sample
N =54 N=9 N =63

AQ- Child M (SD) 63.34 (23.44) 45.00 (9.43)  61.67 (22.9)
Range 22- 128 36- 59 22-128

SCAS- P M (SD) 24.43 (14.24)  8.75(6.07)  22.40 (14.44)
Range 4-75 0-18 0-75

Descriptive Statistics on Attention Network Task Performance in Additional Health and

Developmental Needs

Descriptive statistics for AHDN and TD groups for reaction time performance on ANT
Flanker/ Cue Conditions are shown below. Accuracy descriptive statistics are shown in Table

6.2. ANT Network Scores are shown in Figure 6.3.



Table 6.2

Mean Accuracy for ANT Flanker/ Cue Conditions

AHDN TD

Congruent No Cue 91.36 97.22
Congruent Central Cue 83.58 98.61
Congruent Double Cue 89.71 91.67
Congruent Spatial Cue 91.67 97.22
Incongruent No Cue 83.82 95.83
Incongruent Central Cue 86.52 97.22
Incongruent Double Cue 85.54 97.22
Incongruent Spatial Cue 85.54 95.83
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Note. TD Alerting (M = -0.02, SE= 0.13), Orienting (M = 0.03, SE = 0.18, Conflict (M = 0.21, SE = 0.09).
The differences in each Orienting, Alerting and Executive Control trial the group means were small and
variation so slight that the error bars cannot be seen.

Figure 6.3. Group means (+ Standard Error of the mean) for Reaction Time Difference Scores
(ms) for AHDN and TD groups.



Relationship of Attention Networks to Anxiety in Additional Health and Developmental

Needs

A Spearman’s partial rank order analysis was run to assess the relationship between the
SCAS-P questionnaire and alerting, orienting and executive control scores of the ANT while
controlling for age in the AHDN group (Table 6.3). Preliminary analysis showed the

relationships to be monotonic, as assessed by visual inspection of a scatterplot.

Alerting

There were moderate negative correlations between alerting scores and Separation
Anxiety (rs (49) = -.49, p <.001), Generalised Anxiety rs (49) = -.29, p = .04, Social Phobia, rs
(49) = -.40, p = .003, Panic/ Agoraphobia (rs (49) = -.36, p = .008), Physical Injury Fears (rs (49)
=-45 p =.001), and Total Score (rs (49) = -.43, p =.001).

Orienting

There was a moderate negative correlation between orienting scores and Physical Injury
Fears (rs (49) =-.29 p =.03).
Executive Control

There were no significant correlations between the SCAS-P and executive control

network scores.



Table 6.3

Spearman’s Partial Correlation between ANT Network Scores and Anxiety Controlling for Age in AHDN (N = 54)

SCAS-P Separation Generalised  Social Phobia Panic/Agorap Physical Obsessive Total
Anxiety Anxiety hobia Injury Fears  Compulsive

ANT

Alerting -.49** -.29%* -.40** -.36™* - 45%* -.05 - 43**

Orienting 24 -.13 -.10 -.23 -.29%* .03 -.20

Executive Control -.01 -15 -.15 13 11 -.09 -.05

Note. *p <.05, **p <.005



Anxiety as a Predictor of ANT Performance in Additional Health and Developmental

Needs

Hierarchical multiple regression was used to assess the contribution of anxiety to ANT
performance in the AHDN group, after controlling for age. Preliminary analyses were conducted
to ensure no violation of the assumptions of normality, linearity, multicollinearity and
homoscedasticity. See Table 6.4 for full details of the regression model. From a theoretical point
of view, correlations between anxiety and the orienting and the executive control networks were
not high enough to warrant further investigation. Furthermore, the assumptions required for a
regression analyses were not met for either the orienting or executive control networks. For the

alerting network regression, all assumptions were met.

Anxiety as a Predictor of Alerting Network Score

The full model of age and anxiety (SCAS-P) total score to predict alerting network score
(Model 2) was statistically significant, R2 = .12, F(2,51) =3.42, p = .04, adjusted Rz = .08
(Table 6.4). In Step 1, age explained 5% of variance for the alerting network score in the AHDN
group. The addition of anxiety (SCAS-P Total Score) led to an increase in R? of .07, and this
addition lead to a significant change in the model, F Change (1, 51) = 4.20, p = .046. After the
entry of anxiety at Step 2 the total variance explained by the model as a whole was 12%, with

anxiety explaining 7% of the variance in alerting score.
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Hierarchical Multiple Regression Analysis for Variables Predicting Alerting Network Score

Alerting MDRT

Model 1 Model 2
Variable B B B B
Constant 308.14 445.07*
Age -24.76 -21 -28.04 -.24
SCAS-P Total -4.21 -.27
R? .05 12
Adjusted R? .03 .08
F 2.45 3.42
R?A .05 .07
FA 2.49 4.20

Note. R?2A = R? change. F A = F change. Total Alerting Network Score model = R2=.12, F(1, 51)

=3.42, p = .04, adjusted Rz = .08.

Comparison of Attention Networks in Age Matched Additional Health and Developmental

Needs and Typically Developing Children

Mann-Whitney-U analyses were performed to compare between age matched 9-10-year-

old participants in the AHDN sample (N = 16 and TD children (N = 9) to determine if there were

differences in Reaction Time on the alerting, orienting and executive control networks using an

exact sampling distribution for U (Dineen & Blakesley, 1973). Distributions of Mean Reaction
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Times for both groups were similar though the AHDN group demonstrated far greater variance,
as assessed by visual inspection. AHDN (Mdn = 29.23) and TD (Mdn = -.008) groups did not
differ on the alerting network, U =54.00, z = -1.21, p = .24. Similarly, the AHDN (Mdn = -.8.33)
and TD (Mdn =0.091) groups did not differ on the orienting network, U =81.00,z= .24 ,p =
.83. However, the AHDN group (Mdn = 189.98) compared with the TD group (Mdn = 0.18)
demonstrated a significantly higher executive control network score (i.e. the difference in ms

between RT scores for congruent and incongruent conditions), U = 0.00, z =-3.96, p < .001.

Discussion

The aim of this study was to investigate the relationship between Posner’s theory of cognitive
attention networks and chronic anxiety in children with AHDN and to examine attention network
performance in these children when compared with a control group of TD children. This was
accomplished by recruiting children with AHDN from a school holiday therapy program and TD
children from a general primary school population to complete a child version of the ANT, and
having parents rate their anxiety levels (SCAS-P). It was hypothesised that anxiety would be
most strongly associated with executive control network scores in our population of children
with AHDN. It was also hypothesised that when compared to TD children, children with AHDN
would demonstrate greater impairments across the alerting, orienting and executive control
attention networks.

The prediction that anxiety would be most associated with the executive control network
was not supported. In fact, when controlling for age, there were no significant correlations
between anxiety (SCAS-P) and executive control on the ANT. There was one significant

negative correlation between physical injury fears and orienting. However, it was the alerting
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network that was negatively associated with anxiety overall in children with AHDN with
moderate negative correlations found with Separation Anxiety, Generalised Anxiety, Social
Phobia, Panic/Agoraphobia, and Physical Injury and Fears subscales and total anxiety score on
the SCAS-P. There was no correlation found between alerting and Obsessive-Compulsive
behaviours. These results thus indicate that anxiety was associated with less efficient alerting.
However, when controlling for chronological age, regression analyses of the AHDN only group
indicated that anxiety explained 7% of the variance for the alerting network score in the AHDN
group. Although it was expected that children with AHDN would show impairments across all
three attention networks compared to TD controls, our analysis of age-matched (9-10 years)
AHDN and TD children showed that there was only a significant difference between groups on
the executive control network.

The current findings differ from past research associating subclinical levels of anxiety in
children (Mogg et al., 2015) and adults with chronic trait anxiety (Pacheco-Unguetti et al., 2010;
Pacheco-Unguetti et al., 2011) with the executive control network. No such relationship was
demonstrated in the current sample of children with AHDN. Previous studies have also
highlighted that the alerting network, in addition to the orienting network, is thought to over
function during periods of state-based anxiety (Pacheco-Unguetti, 2010) which experimental
conditions may have created for our AHDN group. Instead, the current results found a negative
correlation between anxiety and alerting scores, such that greater anxiety was associated with
poorer alerting performance. It may be the case that if a child is chronically anxious then they
may not show excessive activation of the alerting network as is associated with acute state
anxiety, although unfortunately state anxiety was not measured directly in this study. Indeed,

Mogg et al. (2015) found that children without an anxiety disorder but who had high anxiety



207

symptoms showed no impairment in the alerting network. It remains possible that chronic
anxiety interacts with other difficulties faced by the current sample of children with AHDN to
result in an alerting system that is not only lacking the hyperresponsiveness associated with state
anxiety, but is in fact under-responsive. Thus, we readily acknowledge that the relationship
between anxiety and the attention networks in our study may be further confounded by the
inclusion of children with clinical anxiety disorders in the broader AHDN group.

The evidence base examining individual diagnostic groups and attention networks
remains mixed. Of note however, is that the orienting network was not found to be impaired in
the AHDN group in this study as is often reported across the ASD literature (Keehn et al. (2010;
2013, Mutreja et al., 2015, & Landry & Parker, 2013). Similar to our findings, reduced efficiency
of the executive control network has also been reported in ASD (Fan et al., 2012) and ADHD
populations (Ambrov et al., 2019; Johnson et al., 2008) and the current research suggests that
this may extend to the broader AHDN population as a common cognitive attention process. The
executive control network is associated with both emotional and cognitive self-regulation, often
referred to as ‘effortful control’ (Rothbart et al., 2011), which is thought to be implicated in
AHDN such as in ASD (Uljarevi¢, Richdale, Evans, Cai, & Leckam, 2017) and ADHD
(Wiersema & Roeyers, 2009). This executive control is also associated with social and academic
skills (Liew, 2012).

The results of our study may have also been impacted by the design of the ANT itself.
As Rueda et al. (2004) note, the range of scores and large Standard Deviations in the child ANT
may be attributable to the inclusion of a wide range of ages in the sample. The finding of a
negative or very small positive orienting network score has also been reported in past research

and is thought to be potentially explained by a limitation in the child ANT design to accurately
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measure the orienting network (Ishigami & Klein, 2015). Ishigami and Klein (2015) also note the
potential for extraneous variables such as boredom to impact on the reliability of the ANT in
young children. More recently, Johnson et al. (2020) highlight that the auditory feedback used in
most child versions of the ANT may inadvertently activate the alerting network and possibly
impede on the accuracy of network performance data.

Further limitations to the current study include the moderate small sample size of TD
participants, restricting on the generalisability of our results. The exclusion of participants based
on low accuracy with incongruent flakers may have also corresponded a loss of power, and
perhaps may have contributed to the lack of findings associating anxiety with executive control
In terms of broader sample characteristics, we did not include demographic factors such as
socioeconomic status previously thought to impact on the development of attention networks
(Mezzacappa, 2004). Future research should more strongly consider the clinical application of
computer-based tasks targeting sustained attention, including the ANT, to children with AHDN.
In particular, there is ongoing need to investigate the evidence base of interventions for children
with AHDN, including the implementation of attention training (Posner & Rothbart, 2005).
Conclusion

The evidence base of the ANT in the assessment of cognitive attention in children with
AHDN is in its infancy and requires further investigation. The current study provides evidence
that the alerting network is negatively correlated with anxiety in AHDN regardless of age, and
may indeed be under-responsive or have reduced efficiency in these children. Furthermore, the
findings of the current study suggest that for 9-10 year old children with AHDN there is a greater
impairment in the executive control network than in the alerting or orienting networks compared

to TD peers.
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Chapter 7- General Discussion

The aim of this chapter is to summarise the overall findings of this thesis and to discuss
the overarching strengths and limitations to the research. Practical and clinical implications, as
well as further directions for future research, will be explored. The current thesis sought to
investigate whether anxiety is a common experience in children classified as having Additional
Health and Developmental Needs (AHDN) and to explore whether such anxiety was associated
with perturbed sleep and autism-like traits, and perceptual bias using a Navon Global/Local task
as well as impaired visual attention performance on the Posner Attention Network Task (ANT).

In the introductory chapters (Chapters 1 and 2), the theoretical background of anxiety and
attention in children has been discussed. Current conceptualisations of psychiatric and
neurodevelopmental diagnoses such as those aligned with the DSM-5 (APA, 2013) or ICD-11
(WHO, 2018) have been challenged on the grounds that categorical diagnostic approaches are
inadequate to account for the complexities of anxiety and associated attentional differences in
children (Eysenck, Derakshan, Santos, & Calvo, 2007), particularly in those with AHDN. An
integrative approach to understanding anxiety accounting for biopsychosocial factors has been
proposed as a way to make contemporary neuroscience and biological research (e.g. RDoC and
HiTOP) more accessible for clinicians (Cuthbert, 2014; Kotov, Krueger, & Watson, 2018).
Chapter 3 outlined methodological issues and considerations of population characteristics and
study design, including the justification of the use of the term Additional Health and
Developmental Needs.

In Chapter 4, the utility of parent-rated questions was explored by examining the

relationship between anxiety (SCAS-P) (Nauta et al., 2004), sleep (SDSC) (Bruni et al., 1996)
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and autism traits (AQ-Child) (Auyeung, Baron-Cohen, Wheelwright, & Allison, 2008) in an
AHDN population. Chapter 5 explored whether anxiety or autism traits contributed more to a
local or global processing bias using a Navon-style task (Navon, 1977) in children with AHDN
and compared this local/global processing style to a small group of TD children. Finally, Chapter
6 investigated the relationship between anxiety and Posner’s attention networks (Petersen &
Posner, 2012; Posner & Petersen, 1990) in children with AHDN, using a child version of the
ANT (Rueda et al., 2004) and examined differences in attention networks compared to a small

sample of TD children.

Summary of Research Findings

The results of the first experimental study (Chapter 4) demonstrated that anxiety is indeed
a common biomarker for children with school-based problems i.e. AHDN, regardless of their
primary diagnosis. Children with AHDN also showed atypically high levels of anxiety
(measured by the SCAS-P) and sleep problems (measured by the SDSC), and a positive
association was also found between autism traits (measured by the AQ- Child) and anxiety.
Despite behaviours appearing to be transdiagnostic, our findings suggest that anxiety, sleep
disturbance and autism traits were particularly heightened in participants with ASD. In terms of
the relationship between questionnaires, the SCAS-P had moderate to high positive
intercorrelations and was also moderately associated with both the AQ-Child and the SDSC. The
obsessive-compulsive subscale of the SCAS-P was also most associated with the AQ- Child.

The second experimental study (Chapter 5) did not find a local processing bias or any
significant relationships between Navon task performance (time and accuracy) and anxiety or
autism traits in children with AHDN as predicted. When compared to a small sample of age

matched (9- 10 years) TD children, there was also no significant difference between groups on
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Navon task performance. A trend towards significance was noted between age matched (9-10
years) AHDN and TD groups on the global congruent accuracy condition of the Navon that
likely would have met significance if it had been possible to test a larger sample in the analysis.
The final empirical study (Chapter 6) demonstrated a difference between an age matched
(9-10 years) sample of AHDN and TD groups on the executive control aspect of a child version
of the ANT, but not on the trials relating to the alerting or orienting networks. Overall in the
AHDN group, the alerting attention network, sometimes referred to as the vigilance network was
negatively correlated with anxiety when accounting for age. On further regression analysis,
anxiety was shown to explain 7% of the variance of the alerting network when controlling for

age.

Theoretical Implications

Traditionally there has been very little research examining children with AHDN,
particularly in an Australian context and thus the findings of this investigation of children with
AHDN is theoretically and practically important. Until now, research regarding children
experiencing social, emotional and/or academic difficulties has generally focussed on unique
diagnostic groups rather than whether school-based problems induce common behavioural
characteristics, amongst children meeting any medical or psychological clinical diagnostic
criteria. Given that the findings of Chapter 4 provide evidence that anxiety is a core biomarker in
our population group regardless of primary presenting concern, the current research lends
support to the contention that there is overreliance on diagnosis in order to receive government
funding for childhood interventions and advocates for the inclusion of all children experiencing
school-based problems using non-categorical funding models (Macaulay, Deppeler, &

Agbenyega, 2016; McDowell & O'Keeffe, 2012; O’Connor et al., 2015; Walker et al., 2018).
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Although most research cites that the prevalence of anxiety disorders sits at around 7%
(Goodsell et al., 2017; Polanczyk, Salum, Sugaya, Caye, & Rohde, 2015), the results of this
thesis suggest that in fact clinical and subthreshold levels of anxiety are likely to be much greater
in the general population given that at least 1 in 5 children in classrooms worldwide experience
school based problems and so could be classified as having AHDN (Goldfeld, O'Connor, Sayers,
Moore, & Oberklaid, 2012; O'Connor, Rosema, Quach, Kvalsvig, & Goldfeld, 2017) and
therefore likely to experience high levels of anxiety (Cross, Goharpey, Laycock, & Crewther,
2019). Given this, the relationship between anxiety and children with AHDN is likely to be
bidirectional. Our findings support past research that has associated anxiety with changes in
sleep patterns (Alvaro, Roberts, & Harris, 2013; Kahn, Sheppes, & Sadeh, 2013) and autism-type
behaviours (Freeth, Bullock, & Milne, 2013; Rosbrook & Whittingham, 2010; van Steensel,
Bdgels, & Perrin, 2011). More importantly our results highlight that such behaviours are likely to
mask underlying chronic anxiety in children with AHDN, and thus an observation of sleep
disturbances and impaired social skills should be recognised as warnings of underlying chronic
anxiety in students. Accordingly, the need for extra support should be noted by clinicians,
parents and educationalists, as well as for researchers conducting future work.

To our knowledge there is no prior research examining cognitive and visual attention in
relation to chronic anxiety in children with AHDN. With regard to biased local/global perceptual
processing, our findings (Chapter 5) did not support local bias previously associated with chronic
trait anxiety (Becker et al., 2017; Tyler & Tucker, 1982) or in those with diagnosed with ASD or
showing subthreshold autism traits such as proposed in the Weak Central Coherence (WCC)
(Happé & Frith, 2006) and Enhanced Perceptual Functioning (EPF) (Mottron & Burack, 2001)

theories. However, our findings provide further indication that a Navon-style task in ASD or
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neurodevelopmentally vulnerable populations may not be the most adequate measure to assess
either the WCC or EPF theories (Baisa, Mevorach, & Shalev, 2018). Acknowledging that most
past research on visual processing in children has included only higher functioning participants
(Brown, Chouinard, & Crewther, 2017), the current research once again highlights the need to
include children experiencing difficulties of all levels of ability, in the literature moving forward.
When considering the role of Posner’s alerting, orienting and executive control networks
in an AHDN population, the current research provided evidence that the alerting network was
negatively associated with chronic anxiety. Indeed, the negative correlation between alerting
scores and anxiety overall suggested that the characterisation of chronic anxiety in children with
AHDN may result in a less efficient attention alerting network. Although there is no known past
research on attention networks with children with AHDN, our findings differ from past research
associating subthreshold anxiety with the executive attention network (Mogg et al., 2015). From
a neurodevelopmental perspective, our findings add to inconsistent literature surrounding
attention networks in groups with neurodevelopmental disorders such as ASD whose behaviour
have traditionally been most strongly associated with the orienting network (Keehn, Lincoln,
Miller & Townsend, 2010; Landry & Parker, 2013). Rather our results suggest that children with
AHDN are likely to be chronically anxious and more prone to an under-responsive attention

network, especially with regard to vigilance .

Limitations of Current Research

It is important to acknowledge the overarching limitations pertaining to the experimental
research conducted as part of this thesis. Although the main focus of the research was to
investigate children with AHDN, the comparative generalisability of the results is limited by the

small TD control group. It is unfortunate that a more comprehensive control sample was not able
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to be obtained given data collection was expected to be completed in early 2020 but was not
possible due to COVID-19 restrictions. However future research in our lab will continue to
develop the evidence base of children with AHDN as soon as feasible.

Whilst research on what is common in AHDN is in its infancy, the current thesis has also
been restrictive in not including any children with physical health problems such as asthma or
diabetes (McPherson et al., 1998) under the umbrella term of AHDN. Further investigations
should aim to expand the evidence base to account for variations in psychosocial factors for all
children with AHDN including socioeconomic status (Fulda, Lykens, Bae, & Singh, 2009;
Newacheck et al., 1998; Van Dyck, Kogan, McPherson, Weissman, & Newacheck, 2004) and
racial or ethnic background (Ngui & Flores, 2007), which may contribute to anxiety and/or act as
further barriers for children accessing relevant supports though little is known about these factors
in an Australian context currently.

A further limitation of the current design was the use of current child and adult clinical
psychological assessment procedures (i.e. evidence-based questionnaires) rather than use of a
biological measure of state anxiety. Indeed utilisation of objective physiological measures such
as heart rate and heart rate variability and blood pressure (Blechert & Wilhelm, 2014) would
have added greatly to the objective assessment of anxiety and allowed for the monitoring of
common physiological signs of stress and correlation with psychological factors and
questionnaire data (Baum, Grunberg, & Singer, 1982). Unfortunately current clinical practice
guidelines in Australia and internationally do not generally include any objective examination of
biological measures of affective processes, or assessment of sleep or eating patterns (Andrews et
al., 2018; Creswell, Waite, & Cooper, 2014). Our assessment of anxiety may have also been

more comprehensive if we had examined broader family risk factors for childhood anxiety
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including demographic information regarding parenting style (McLeod, Wood, & Weisz, 2007;
Rapee, 1997; Segrin, Woszidlo, Givertz, & Montgomery, 2013) and parent’s own mental
health/anxiety state (Percy, Creswell, Garner, O’Brien, & Murray, 2016) as such factors are

known to contribute to the emergence and maintenance of childhood anxiety.

Clinical Implications for Psychologists

Given that we have demonstrated that children with AHDN are likely to be characterised
by greater levels of chronic anxiety, our findings highlight the important role of psychologists
and allied health professionals in identifying and providing early intervention for children with
AHDN. More broadly, this highlights the importance of recognising the potential for mental
health concerns relating to anxiety in those who do experience additional school-based needs. Of
note, the implementation of associated supports is vital, given that previous research suggests
that these children and their families often do not receive adequate psychological services
(Inkelas, Raghavan, Larson, Kuo, & Ortega, 2007; Simon, Pastor, Reuben, Huang, & Goldstrom,
2015). Given that psychologists are generally unable to provide individual psychological
intervention to all children given time and resource constraints, it is important for psychologists
to work in partnership with other medical, allied health and educational practitioners to ensure
that mental health is recognised in larger numbers of children. The prioritisation of mental health
in all children, but particularly for those with AHDN, is likely to be of even greater significance
during the current global COVID-19 pandemic and for managing ongoing associated impacts in
the years to come (Golberstein, Wen, & Miller, 2020; Lee, 2020).

The role of a psychologist within the education system includes, but is not limited to,
conducting psychological and cognitive assessment, delivering therapy and intervention and

providing mental health psychoeducation to students, teachers and families (Australian
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Psychological Society, 2018). Accordingly, our findings suggest that a valuable psychological
approach for children with developmental aetiology is a more recent reiteration (Basu & Parry,
2013; Selzer & Ellen, 2014) of the original Biopsychosocial Model (Engel, 1977). The
Biopsychosocial Model contends that all three levels of conceptualisation of behaviour
(biological, psychological and social) are inherent factors that play a role in understanding of the
disorders. Currently, psychologists are more likely to actively consider psychological and social
elements in their assessments and interventions, while tending to overlook biological
contributions, as is reflected in clinical practice guidelines in Australia (Andrews et al., 2018;
Creswell et al., 2014).

When assessing for anxiety, simple questions regarding sleep routines and social
behaviours (such as in Chapter 4) are likely to be a time-effective addition to current practice that
will contribute greatly to the provision of more comprehensive assessment and could go a long
way to ensuring the anxious child will receive adequate recognition, support and therapy (Cross
et al., 2019). Additionally, our results from Chapter 6 highlight that cognitive assessments in
children with AHDN should readily consider the role of the alerting/vigilance attention network
in addition to the assessment of executive functioning, which is usually considered important in
understanding the performance of children at school (Best & Miller, 2010). It is clear that
psychologists can and should be leaders in advocating for the importance of recognising
biopsychosocial factors and in the developing contemporary evidence-based assessments and
interventions for children with AHDN that extend beyond the current over-reliance on clinical

diagnoses to access funding and support services for school children.

Future Directions
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More broadly, there are important key issues that this thesis has identified as requiring

the most urgent further investigation from the clinical and educational perspectives for children

with AHDN, including:

Prioritising the inclusion of children with varied diagnoses and also those with clinically
undiagnosed difficulties (AHDN) in research. Indeed, until very recently such children
have usually been excluded from experimental studies as the research literature has
tended to only include homogeneously categorised populations, and hence children with
AHDN have played little part in development of government policies, despite these
children often experiencing substantial distress and adverse outcomes.

Recognition of the presence of chronic anxiety, autism-like traits and sleep behaviours as
important in characterising children with AHDN.

Demonstration of the use of screening tools, such as parent-rated questionnaires,
including information on sleep and eating routines and social behaviours early in a
child’s school life or even at enrolment as a way of increasing the identification of
biological symptoms that are likely to be associated with levels of endogenous anxiety. It
is acknowledged that schools may not have the capacity to respond to all children if
screening tools were commonly used. Regardless, such screening tools would allow
parent perspectives to be included in the assessment process from the moment a child
arrives at a school and may be a brief way of screening children who may not necessarily
come to the attention of teachers in the classroom environment (Rydz, Shevell,
Majnemer, & Oskoui, 2005).

Exploration of whether there is a brief and simple way to recognise a cognitive phenotype

or profile of children likely to develop AHDN and initiate interventions as early as
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possible. This includes further research regarding sustained attention, including the use of
the child version of the ANT.

e Implementation and/or development of further assessment tools to account for the
biological processes of anxiety, that are simple to incorporate into psychological practice
and can provide data to enhance questionnaire/screening assessments. For instance, half
an hour of wearing a smartwatch-type device that measures physiological functions such
as heart rate and heart rate variability, skin temperature and blood pressure, would
provide a more thorough and accurate representation of the experience of state anxiety,
and may provide clinical information such as the likelihood that anxiety will impair the
child’s immune system (Ray, Gulati, & Rai, 2017) and their vulnerability to physical and

mental health disorders.

Conclusions

This thesis has highlighted the importance of prioritising the recognition of chronic
anxiety in children with both diagnosed and undiagnosed AHDN within the school system. For
the first time, we have characterised chronic anxiety as a common biomarker for children with
AHDN regardless of their primary presenting concern. We have shown that the cognitive
attention profile of children with AHDN in terms of Posner’s attention networks is likely to
include a less efficient alerting network when associated with chronic and persistent anxiety.
Our findings also suggest that local/global perceptual biases in children with AHDN are likely to
be complex and confounded by chronic anxiety. Overall, this thesis has demonstrated that
chronic anxiety and ability to sustain attention are of major importance for the educational and
psychological assessment and intervention program for any child who experiences social,

emotional and/or academic difficulties at school.
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Abstract A
Manuscript- Editorial Paper of Key Thesis Outcomes

Abstract

At least 1 in 5 Australian children struggle at school due to various diagnosed or
undiagnosed Additional Health and Developmental Needs, many of whom ‘fall through the
cracks’ and do not receive sufficient recognition, funding or access to early intervention due
to an over-reliance on clinical diagnoses. Contrary to this, evidence suggests that the
individual characteristics of a child should be prioritised. We contend that psychologists
should be leaders in advocating for these children through clinical case formulation
approaches including the recognition of biomarkers, such as anxiety, contributing to a child’s
difficulties in the context of the Biopsychosocial Model. Acknowledging that evidence-based
recommendations are likely to be most effective if they are brief and targeted, it is proposed
that incorporating methods such as brief questionnaires regarding sleep and eating behaviours
and fitness trackers to measure physiological markers of anxiety, will greatly contribute to
the comprehensive assessment of children with Additional Health and Developmental Needs.
Further research is needed to establish how psychologists can best recognise and support all
children who struggle at school, even if they do not or meet particular diagnostic criteria or

the threshold to receive government funding.

Key Words: Educational and Developmental Psychology, Learning Disorders, School-aged

Children, School Based Problems
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Falling Through the Cracks: Considerations for Psychologists Working with Children
with Additional Health and Developmental Needs in Australian Schools
At least 1 in 5 children in Australia require extra support at school due to various

diagnosed and undiagnosed developmental, behavioural and emotional difficulties (Goldfeld,
O'Connor, Sayers, Moore, & Oberklaid, 2012). Hence the earliest possible identification of
the specific nature of potential educational and/or mental health difficulties and the need for
developmentally appropriate early interventions for such children is crucial (Atkins,
Cappella, Shernoff, Mehta, & Gustafson, 2017; Noam & Hermann, 2002). These children
may be characterised as having Special Health Care Needs, or as this group has more recently
been classified, Additional Health and Developmental Needs (AHDN), commonly defined in
Australia as “those who have, or are at increased risk for a chronic physical, developmental,
behavioural, or emotional condition and who also require health and related services of a
type or amount beyond that required by children generally” (McPherson et al., 1998).
AHDN is a broad term that includes children with both diagnosed and undiagnosed needs
(Goldfeld, O’Connor, Quach, Tarasuik, & Kvalsvig, 2015). The detection of such difficulties
often first occurs at school, emphasising the role of the education system in supporting young
people with AHDN (Lawrence et al., 2015). Psychological input is also likely necessary for a
child who requires additional support (Cavanagh, 2017), given they are at a greater risk of
being bullied, having poorer academic outcomes and displaying more disruptive behaviour
(Forrest, Bevans, Riley, Crespo, & Louis, 2011). Children who struggle at school are more
likely to experience anxiety, poor sleep and social difficulties (Rzepecka, McKenzie,
McClure, & Murphy, 2011), and their families often sustain significant emotional and
financial stressors (Elkins, Van Kraayenoord, & Jobling, 2003; Looman, O'Conner-Von,
Ferski, & Hildenbrand, 2009; Van Dyck, Kogan, McPherson, Weissman, & Newacheck,

2004).
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To date, there is limited research on Australian school children with AHDN meaning
that potential shared characteristics of a cognitive profile (e.g., atypical attention), biological
processes (e.g., sleep quality and eating patterns) and mental health co-morbidities (e.g.,
anxiety) are largely unknown. There is an urgency to expand the evidence base in this
population so that assessment of difficulties can shift beyond a means to access funding and
support services towards prioritising the identification of children requiring support and early
intervention (O'Connor, O'Connor, Quach, Vashishtha, & Goldfeld, 2019).

Although inclusion and valuing of the diverse needs of students is a key principle for
the Victorian State Government (State of Victoria Department of Education and Training,
2016), there appears to be a substantial portion of children who fall ‘through the cracks’ and
do not receive adequate support. This is also evident in the allocation of funding and support
in Australia, which is often restricted when children do not fit within diagnostic criteria, or
when they do not present with a particular level of severity (McDowell & O'Keeffe, 2012). In
fact, the educational and social outcomes for children who have additional needs in Australia
are not yet known because they are often excluded from standardised testing such as the
National Assessment Program- Literacy and Numeracy (NAPLAN) (Dempsey & Davies,
2013). Where academic literature and government policies have included AHDN, severe
disabilities have been targeted meaning that children with undiagnosed or mild-moderate
challenges have been largely overlooked, even though these children still appear to
experience poor outcomes (Goldfeld et al., 2015; Newacheck et al., 1998). Furthermore the
allocation of resources even for the same diagnosis is known to be highly variable under the
National Disability Insurance Scheme (NDIS) federal funding scheme (Mavromaras,
Moskos, & Mahuteau, 2016) with a child’s problems sometimes being overstated by parents,
schools and professionals in order to receive a diagnosis to access services (Skellern,

Schluter, & McDowell, 2005).
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Contrary to current system limitations, a non-categorical approach that focuses on the
individual needs of the child along with parent involvement has been recommended
(O’Connor et al., 2015) . For instance, research has shown that an emphasis on the
functioning of the child, referred to as the ability or limitation to engage and participate in
meaningful activities, rather than diagnosis has improved outcomes for the child and their
families (Miller, Shen, & Mésse, 2016; World Health Organisation, 2001).

The role of a psychologist within the education system includes, but is not limited to,
conducting psychological and cognitive assessment, delivering therapy and intervention and
providing mental health psychoeducation to students, teachers and families (Australian
Psychological Society, 2018). A key skill that psychologists may be able to contribute to the
understanding and treatment of children is ‘clinical case formulation’ which is best
understood as a process of developing evidence-based individualised hypotheses about a
person’s difficulties and consideration of contributing factors that may include interpersonal,
biological and cultural aspects, and to inform therapeutic intervention where appropriate
(British Psychological Society, 2011). Currently however there is little consensus regarding
best theoretical approaches to this type of clinical case formulation (Ridley, Jeffrey, &
Roberson, 2017).

Formulation has most recently been proposed as an alternative to diagnosis
(Johnstone, 2018) that results in the individualized treatment of children and their families
(Winters, Hanson, & Stoyanova, 2007). One formulation approach that is likely to be useful
for children with developmental aetiology is the Biopsychosocial Model (Basu & Parry,
2013; Selzer & Ellen, 2014), which contends that biological, psychological and social factors
contribute to disorders (Engel, 1977). Currently clinical psychologists are more likely to
actively consider psychological and social elements in their assessments and interventions,

while tending to overlook biological contributions. This is reflected in clinical practice
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guidelines in Australia and internationally, where ‘gold-standard’ approaches to assessment
of anxiety, for instance, do not generally include any objective examination of biological
measures of affective processes (Andrews et al., 2018; Creswell, Waite, & Cooper, 2014), or
assessment of sleep or eating patterns. Contemporary dimensional conceptualisations of
disorders, such as the Research Domain Criteria (RDoC) framework, seek to establish new
ways of classifying mental illnesses based on both observable behaviours and biological
measures (Insel et al., 2010; Insel, 2014). For example, measurement of reward circuit
activity in mood disorders (Cuthbert, 2014). Recent considerations propose that disruptive
behaviour in developmental disorders is a symptom of a stressed biopsychosocial system that
may be more meaningfully treated by prioritising areas of functional ability of an individual,
including in visual-cognitive, social skills and self-regulation domains (Klein & Kraus de
Camargo, 2018). For children with AHDN, a key consideration concerns any changes to
sleep and eating patterns, which are known to disrupt the homeostatic process subsequently
impacting on cognition and behaviour (Lundahl & Nelson, 2015).

Currently there are several barriers to psychologists implementing a comprehensive
biopsychosocial approach to children with AHDN in Australia including limited time,
conflicting demands and limited resources (O’Grady, 2017). This means that evidence-based
recommendations for Australian school children are likely to be most useful if they are brief,
targeted to high risk symptoms (which are yet to be established) and inclusive of family
members or teachers who can provide information about a child’s behaviour and functioning
across different environments. Although there are many means to measure physiological
biomarkers of anxiety such as cortisol, blood pressure, heart rate and the galvanic skin
response (Taylor & Epstein, 1967), these measures have previously been impractical for most
psychologists to routinely include in their clinical practice. The utilisation of contemporary

devices, such as fitness trackers acquired to measure variability in heart rate information
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would add greatly to an educational assessment (Goessl, Curtiss, & Hofmann, 2017). .
Indeed, although there is a gap in the literature about how psychologists can include current
biological measures in the formulation and treatment of children with AHDN, simple
questions regarding sleep routines and social behaviours are likely to a be a time-effective
addition to current practice that will contribute greatly to the provision of more
comprehensive assessment (Cross, Goharpey, Laycock, & Crewther, 2019). Hence, although
more research is needed to comprehensively explore how psychologists can best manage and
contribute to the education of children who struggle at school but may not necessarily have a
clinical diagnosis or meet funding criteria, the addition of simple sleep and eating
information could go a long way to ensuring the anxious child will receive adequate
recognition, support and therapy. In particular, some areas that require further exploration in
the literature include:

e Prioritising the inclusion of children with varied diagnosed and undiagnosed
difficulties (AHDN) in research because they are often excluded in the literature and
in government policies, despite these children often experiencing substantial distress
and adverse outcomes.

e Investigating whether the use of screening tools, such as parent-rated questionnaires,
including information on sleep and eating routines and social behaviours can be used
at enrolment to identify biological symptoms such as atypical behaviours, anxiety or
sleeping, eating and social difficulties. Importantly, this would allow parent
perspectives to be included in an assessment from the moment a child arrives at a
school and may be a brief way of screening children who may not necessarily come to
the attention of teachers in the classroom environment (Rydz, Shevell, Majnemer, &

Oskoui, 2005).
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e Exploring if there is a brief and simple way to recognise a cognitive phenotype or
profile of children with AHDN.

In summary, psychologists can and should play a more influential role in helping to
develop flexible and rigorous means to identify and provide treatment to children with
AHDN that extends beyond the current over-reliance on clinical diagnoses to access funding
and support services for school children. Although there is a substantial need for further
research and for both government and education systems to adequately recognise children
with AHDN, psychologists can be leaders in advocating for the importance of recognising
biopsychosocial factors and in the developing contemporary evidence-based clinical practice

guidelines and individualised clinical formulation for children with AHDN.
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Appendix B

Participant Information Sheet- Department of Education

Participant Information Statement

Do You See What | See? The Role of Visual Attention in Learning

Research Project supervised by Professor Sheila G. Crewther from the School of Psychology and
Public Health at La Trobe University

What is the purpose of the study? The project aims to examine how individual differences in
personality affect visual and auditory attention, working memory, and information processing during
development.

What will participants be asked to do? Participants will be asked to perform a number of paper-and-
pen tasks and short computer-based tasks. Recording techniques such as eye tracking and
electroencephalography (EEG) will also be conducted as part of this study. All tasks and techniques are
detailed on page 3.

How will the study be conducted? Testing will take place in schools. The two testing sessions will
take no longer than 1 hour. A number of short visual tasks will be completed, including a screening task
to detect any visual anomalies (e.g., colour blindness) and a hearing test to ascertain adequate hearing.
The parent/guardian of participants 17 and under will be asked to fill in a questionnaire.

Statement to be read to participants: “Would you like to help us by playing some computer games?
If you get tired, you can rest, or stop playing.” “Can I put this electrode on your head? It won’t hurt

ER]

you.

What are the risks of this study? There are no anticipated risks associated with participation in the
study. There are no disadvantages, penalties or adverse consequences for not participating or for
withdrawing from the research, at any time.

Exclusions Criteria of the study: Due to the flickering nature of some the stimuli used in this study
any individual with a known history of epilepsy will be unable to participate in this study.

What are the benefits of this study? The major benefits to participants are a vision and auditory
screening. The research will provide improved understanding of the factors underlying individual
differences, and hence how better to educate individual participants.

How will the information collected be used? Where permission is granted by the participant or their
parent/guardian, identifying information to allow the matching of a participant’s data between current
and future research projects may be securely held in the trust of the Chief Investigator. Results
suggesting a need for more formal assessment by an appropriate professional will be reviewed by the
Chief Investigator and communicated to the parents/guardians. Except where necessary for the
circumstances outlined above, all participant names will be removed from the data, and group data will
be analysed. Data will be securely stored at the university, and disposed of by shredding when no
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longer in use. Data stripped of identifying personal information will be stored in electronic form for
statistical analysis, and will be used in summary form in research papers. Individual data will never be
identified except for vision and hearing screening results, which will be given to participants or to their
parent, if the participant is a child.

Steps to take if you would like to cancel your consent: Please contact chief investigator, Professor
Sheila Crewther, of La Trobe University within four weeks of the completion of your participant’s
participation in the project by e-mail (s.crewther@latrobe.edu.au) or telephone (9479-2290) if you wish
to withdraw your consent for your participant’s data to be used in this research project. Any questions
regarding this project can also be directed to the investigator. If you have any complaints or queries that
the investigator has not been able to answer to your satisfaction, you may contact the Secretary, Human
Ethics Committee, Research Services, La Trobe University, Victoria, 3086, ph: 03 9479 1443, e-mail:
humanethics@Ilatrobe.edu.au. If any visual anomalies are detected, the participant or parent/guardian
of the participant will be notified by the Chief Investigator and referred to an appropriate specialist. It
is important to note, this study is not designed to assess ocular health or intelligence. Rather we are
interested in what participants preferentially look at and how that can be used to help them
educationally.

Who will be conducting the research?

Prof. Sheila G. Crewther (Professor in the School of Psychological Science at La Trobe University —
Bundoora Campus), Dr Philippe Chouinard (Lecturer in the School of Psychological Science at La
Trobe University — Bendigo Campus), Dr Nahal Goharpey (Postdoctoral fellow in the School of
Psychological Science at La Trobe University) and Prof. David Crewther (Professor in the Brain
Science Institute, Swinburne University of Technology) will be responsible for overseeing all testing.
Other people who are involved in this project and help out in data collection include:

. Alyse Brown, PhD Candidate from La Trobe University, Melbourne

. Jessica Peters, PhD Candidate from La Trobe University, Melbourne

. Deena Ebaid, PhD Candidate from La Trobe University, Melbourne

. Talitha Ford, PhD Candidate from La Trobe University, Melbourne

. Daniel Crewther, Masters Candidate from La Trobe University, Melbourne

. Dr. Robin Laycock, Postdoctoral Fellow from La Trobe University, Melbourne

. Alan Jade Cross, Doctorate Candidate from La Trobe University, Melbourne.

. Chantanee Mungkhetklang, PhD Candidate from La Trobe University, Melbourne.
. Dr. Oriane Landry, Visiting Scholar from McMaster University, Canada.

If you have any complaints or concerns about your participation in the study that the researcher has
not been able to answer to your satisfaction, you may contact the Senior Human Ethics Officer, Ethics
and Integrity, Research Office, La Trobe University, Victoria, 308 (P: 039479 1443,

E: humanethicsLatrobe.edu.au). Please quote the application reference number_ FHEC-14071.
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What type of tasks will my participant be asked to complete? Example provided below.

COMPUTER TASKS

Visual and auditory based tasks

Computer tasks will measure participant’s reaction time and accuracy
in detecting visual and/or auditory targets and ignoring distractions.

Eye Tracking

An eye tracker (such as the one shown here:
http://gazept.com/products/) will be used to assess gaze location,
duration and tracking by monitoring eye movements using a sensor
located at the bottom of a computer screen. This will enable us to
determine where your participant is looking when they are reading
and while they perform visual tasks.

PAPER AND PEN TASKS

Visual Problem Solving

» DD
a8 ¢

il

D

Participants will be shown figures that have a piece missing, such as
that shown on the left. They will be asked to select the missing piece
of the puzzle from 6 possible choices. This task assesses ability to use
vision to problem solve.

ELECTROPHYSIOLOGY TASKS

Electroencephalography (EEG)

Electroencephalography (EEG) measures brain waves by placing
electrodes along the scalp. The technique measures tiny electrical
fluctuations in the brain. These brain waves change as the brain
performs different tasks.

This measure is a routine clinical task and is totally safe.

Heart rate and blood pressure measure

Heart rate and blood pressure measures will be taken by placing a
devise around the wrist. This will provide us with a measure of level
of arousal before and after task completion.

QUESTIONNAIRES

Questionnaires

Parents will be asked to complete questionnaires about their child’s
abilities in attention switching, attention to details, communication,
imagination, social skills and sleep patterns. Adults will be asked to
complete a questionnaire that measures individual personality traits.

Note:

Tasks designed to increase in difficulty will stop at a comfortable level for the participant.
If a task seems inappropriate for a participant they will not be asked to do it.
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Appendix C

Participant Information Sheet- Catholic Education Victoria

Exploring Attention and Cognitive Development as Potential Predictors of Literacy

Research Project supervised by Professor Sheila G. Crewther from the School of Psychology &
Public Health at La Trobe University and funded by La Trobe University.

What is the purpose of the study?

Children develop rapidly in their first years of life as brain maturation occurs. Thus, research is
needed to investigate the development of cognition and changes in attention and their relationship
with early literacy development in children aged 4-7 years. This knowledge will potentially enable
earlier identification of children likely to develop learning problems.

What will children be asked to do and how will the study be conducted?
All children will be asked to:

Complete a number of short paper and computer tasks that measure attention, intelligence, motor
coordination, language, and memory skills known to be important in literacy development (tasks
are outlined in more detail on pages 3-4).

Have their eye movement’s video recorded during some of the tasks noted above as eye
movements are a measure of attention shifting.

Complete a brief screen of visual acuity and colour vision. Where potential difficulties in these
areas are detected, a follow-up screen is available.

Complete the testing sessions individually at school during school hours, in the presence of
another child and researcher. Testing will take place over a number of sessions and only when
the child is willing and interested (a total of up to 1 hour 30 minutes).

Children are invited to participate in future studies (see Consent Form), which will focus on re-
testing their child on the same tasks, in order to investigate the nature of cognitive development.
Children are under no obligation to take part in future studies.

All parents will be asked to:

Complete and sign and attached consent form if you are willing for your child to participate in
the research.

Complete the attached questionnaires about your children. This provides us with valuable
information about your child’s development, language skills, anxiety levels, behaviours, and
personality traits. All of these factors have the ability to affect cognitive development and
learning.

If you consent for your child to participate, please return the completed consent
form and the attached questionnaires (completed) to your child’s classroom
teacher/school office, no later than four weeks after receiving them.
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The following statement to be read to all participants:
“Would you like to play some activities and computer games with us? If you get tired to you can rest,
or stop playing whenever you like.”

What are the risks of this study?
There are no anticipated risks associated with participation in the study. There are no disadvantages,
penalties, or adverse consequences for not participating or for withdrawing from the research.

What are the benefits of this study?

Visual screening assessment results will be the immediate benefit to participants and their
families. Where potential difficulties in this area are identified, a follow-up screen is available.
These families will also receive a letter detailing the potential issues, and provided
recommendations for follow-up (and for classroom learning).

If parental consent is provided, a summary of your child’s performance on standardised
assessment tasks will be provided to classroom teachers, to aid their understand of your child’s
learning

Overall knowledge obtained from this research will benefit schools and the wider educational
community as it will potentially be used to develop educational tools and practices that will
facilitate understanding of the attention mechanism that are fundamental to cognitive
development.

How will the information collected be used?

All identifiable personal information (e.g. participant names) will be removed from the data, and
group data will be analysed. Data will be securely stored at the University, and disposed of by
shredding when no longer in use. Data stripped of identifying personal information will be stored
in electronic form for statistical analysis, and may be used in summary form, in research theses,
books, journals, and presented and recorded at conferences. Individual data will never be
identifiable except for abnormal vision screening results, in which case a written referral will be
given to the child to take home to their parent/guardian.

Video recordings of eye position recorded by the eye tracker are only used immediately
following the task to confirm the accuracy of the data and are not stored. The recordings only
show each eye and not the participant’s face, so as to ensure the anonymity of the participant is
protected.

If any visual anomalies are detected, the participant or parent/guardian of the participant will be
notified by letter from the Chief Investigator (an Optometrist) and a referral to an appropriate
specialist provided.

A summary of the group research outcomes will also be provided to your child’s
principal/director to disseminate. In past research this summary has been included in school
newsletters for parents/guardians to read and/or communicated to teachers. Where permission is
granted by the parent/guardian, an individual child’s outcomes may be communicated to their
classroom teacher(s), literacy support teachers and/or principals.

Steps to take if you would like to cancel your consent:

Please contact Chief Investigator, Professor Sheila Crewther, of La Trobe University within four
weeks of the completion of your child’s participation in the project by e-mail
(s.crewther@latrobe.edu.au) or telephone (03 9479 1035) if you wish to withdraw your consent
for your child’s data to be used in this research project. Any questions regarding this project can
also be directed to the investigator.

If you have any complaints or queries that the investigator has not been able to answer to your
satisfaction, you may contact the Secretary, Human Ethics Committee, Research Services, La
Trobe University, Victoria, 3086, ph: 03 9479 1443, e-mail: humanethics@latrobe.edu.au.
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Who will be conducting the research?

Professor Sheila G. Crewther, Professor of Neuroscience, is the Chief Research Investigator
Rana Alghamdi, PhD candidate from La Trobe University

Hayley Pickering, PhD candidate from La Trobe University

Areej Abdulrahman, PhD candidate from La Trobe University

Jessica Peters, PhD Candidate from La Trobe University

Laila Hugrass, Research Associate (PhD) at La Trobe University

Dr Melanie Murphy, Associate Lecturer (PhD) at La Trobe University
Rowena Bicknell, Masters candidate from La Trobe University

Kate Mellody, Honours candidate from La Trobe University

Larissa Roman, from La Trobe University

Rebecca Ravenhill, from La Trobe University

Alana Cross, from La Trobe University

Dr Robin Laycock, from La Trobe University and RMIT University
What tasks will my child be asked to complete?

Tasks | Procedure
PROBLEM SOLVING TASK
Visual Problem Solving Children will be shown figures that have a piece missing, such as

S . : that shown on the left. They will be asked to select the missing
@ ﬁﬁ!:t\‘ ﬁ piece of the puzzle from 6 possible choices. Children’s eye
— —r— movements will be recorded during this task.
1 3 X )

"' —f=lI

This task assesses visual problem solving ability. It will take around
5 minutes to complete.

VISUAL SCREENING TASKS

Visual Screening: Children will be asked to look at and label shapes from a distance of
Snellen Chart and R two metres, using each eye individually. They will also be asked to
Ishihara ; look at colours numbers (pictured) and identify the numbers. This
pseudochromatic will indicate whether children have any basic visual abnormalities.
plate This will take up to 5 minutes.
LANGUAGE TASKS
Vocabulary ° _— Children will be asked to select one of four pictures that matches a
@ s spoken word (receptive vocabulary) or to provide a name or
pr @ synonym for a picture (expressive vocabulary).
[ w

There tasks assess vocabulary knowedlge and will take 10-20
minutes in total.

Children will be asked to read 26 letters and 6 dithongs (“ch”) and
provide the appropriate sound. This will take less than 5-minutes.

Children will be asked remove an individual sound from a word
(e.g. remove ‘steam’ from ‘steamboat’?), and repeat made-up
words. These tasks assess the child’s phonological awareness, and
take up to 10 minutes in total.

MOTOR TASKS

Pegboard and balance board Children will be asked to place pegs in a pegboard as fast as
possible, with only their left hand, followed by their right hand, then

_— "/\“ both hands. The task assesses hand motor dexterity and will take 2
minutes.




258

Slurp Slurp is an iPad app that asks children to trace shapes with their
fingers rapidly and accurately.
The activity assesses hand-eye coordination and will take around 2
minutes to complete.
MEMORY TASKS
Memory Children will view or hear information (e.g., shapes, stories,

numbers), and then will be asked to recall this information.

These tasks provide a measure of children’s ability to hold
information in memory and recall it. Some tasks are re-administered
up to 20 minutes later to assess long-term memory.

COMPUTER TASKS

Visual Change Detection

[
A -8B

Children will view two images containing a number of objects
displayed very quickly one after the other. In the second image, one
aspect of the figure will have changed. The child is task to identify
which part of the image has changed.

This assesses the child’s ability to detect change in visual stimuli. It
will take around 3 minutes.

Visual Inspection Time

Children will view a picture of a fish, truck, or butterfly, and asked
to indicate which picture they have seen.

This assesses the child’s ability to rapidly identify visual stimuli. It
takes around 3 minutes.

Track It [ Y\ |
AAN
200

Children will view a grid, and be asked to track shapes moving
around that grid. After a time, the shape disappears, and the child is
asked to recall where it has last been. This measures visual attention
and will take around 5 minutes.

Visual Digit Span

038

Children will view a series of numbers on a computer screen, and
are asked to recall what they saw either in the same order, or in
backward order.

Audio-Visual Task @ @

vy,
\\ //

0

Children view a box to see if a light is flickering, and will also be
listening for a sound. When either is presented (or both at once), the
child is asked to press the space-bar as quickly as they can. This
measure efficiency of children’s auditory, visual, and audio-visual
processing, and will take up to 5 minutes to complete.

Attention Network Task

Children view a line of fish on the screen and have to identify which
way the middle fish is facing.

Local/Global Processing Task
SOOODS I:I:ID:JD

o o DO [n}

o o a o
a o [n) [n]
000000 I'ISIZIDI:I

Children view a large shape (square) made up of smaller shapes
(circles), and are asked to respond to either the large shape or the
small shape.

EYE MOVEMENTS

Eye Children’s eye movements will be video recorded during some of
Tracker the tasks by an eye tracking bar at the bottom of the computer
screen.
Children will be able to use a chin rest to help keep still for the task.
Notes:

e Tasks designed to increase in difficulty will stop at a comfortable level for the child.
o If atask seems inappropriate for a child, they will not be asked to do it.
e Pictures are a guide only and the final task stimuli may look different.
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Appendix D

Participant Consent Form

Consent Form - Guardian

Do You See What | See? The Role of Visual Attention in Learning

Research Project supervised by Professor Sheila G. Crewther from the School of Psychology and
Public Health at La Trobe University

I (the legal guardian of the participant) have read and

understood the Participant Information Statement and Consent Form. | agree that

who was born on I for whom I am legal guardian may

participate in the project, realising that | may withdraw my consent at any time, up to four weeks
following the completion of participation in the research project. | agree that research data provided
by me or with my permission during the project may be included in a thesis, presented at conferences,
and published in journals on the condition that neither the participant’s name nor any other identifying

information is used.

Individuals with known epilepsy are not eligible for this study:

There is no history of epilepsy True/False

Name of Participant (DIoCK Ietters): ........oiirinii e,

Name of Parent/ Guardian (block letters): ... ..o,

SIgNATUNE: . Date: ...................

Name of Investigator (block letters): Professor Sheila Crewther

SIGNATUTE: ...t Date: ......coovennen.



Appendix E

Spence Children’s Anxiety Scale (Parent Report)

Your Name:

Your Child’s Name:
Date:

Below is a list of items that describe children, for each item please circle the response that
best describes your child. Please answer all the items.
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1. My child worries about things Never Sometimes Often Always

2. My child is scared of the dark Never Sometimes Often Always

3. When my child has a problem, s(he) Never Sometimes Often Always
complains of having a funny feeling in
his/ her stomach

4. My child complains of being afraid Never Sometimes Often Always

5. My child would feel afraid of being on Never Sometimes Often Always
his/her own at home

6. My child is scared when s(he) has to take Never Sometimes Often Always
a test

7. My child is afraid that (she)he will make a Never Sometimes Often Always
fool of him/herself in front of people

8. My child worries about being away from Never Sometimes Often Always
us/me

9. My child feels afraid that (s)he will make Never Sometimes Often Always
a fool of him/herself in front of people

10. My childhood worries that (s)he will do Never Sometimes Often Always
badly at school

11. My child worries that something awful Never Sometimes Often Always
will happen to someone in our family

12. My child complains of suddenly as if Never Sometimes Often Always
(s)he can’t breathe when there is no
reason for this

13. My child has to keep checking that (s)he Never Sometimes Often Always

has done things right (like the switch off,
or the door is locked)
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14. My child is scared if (s)he has to sleep on Never Sometimes Often Always
his/her own

15. My child has trouble going to school in Never Sometimes Often Always
the mornings because (s)he feels nervous
or afraid

17. My child can’t seem to get bad or silly Never Sometimes Often Always
thoughts out of his/ her head

18. When my child has a problem, s(he) Never Sometimes Often Always
complains of his/her heart beating really
fast

19. My child suddenly starts to tremble or Never Sometimes Often Always
shake when there is no reason for this

20. My child worries that something will Never Sometimes Often Always
happen to him/her

21. My child is scared of going to the doctor Never Sometimes Often Always
or dentist

22. When my child has a problem, (s)he feels Never Sometimes Often Always
shaky

23. My child is scared of heights (e.g. being at Never Sometimes Often Always
the top of a cliff)

24. My child has to think special thoughts Never Sometimes Often Always
(like numbers or words) to stop bad things
from happening

25. My child feels scared if (s)he has to travel Never Sometimes Often Always
in the car, or on a bus or train

26. My child worries what other people think Never Sometimes Often Always
of him/ her

27. My child is afraid of being in crowded Never Sometimes Often Always
places (like shopping centres, the movies,
buses, busy playgrounds)

28. All of a sudden my child feels really Never Sometimes Often Always
scared for no reason at all

29. My child is scared of inspects or spiders Never Sometimes Often Always

30. My child complains of suddenly Never Sometimes Often Always
becoming dizzy or faint when there is no
reason for this

31. My child feels afraid when (s)he has to Never Sometimes Often Always

talk in front of the class




262

32. My child complains of his/her heart Never Sometimes Often Always
suddenly starting to beat too quickly for
no reason

33. My child worries that (s)he will suddenly Never Sometimes Often Always
get a scared feeling when there is nothing
to be afraid of

34. My child is afraid of being in small closed Never Sometimes Often Always
places, like tunnels or small rooms

35. My child has to do some thigs over and Never Sometimes Often Always
over again (like washing his/her hands,
cleaning or putting things in a certain
order)

36. My child gets bothered by bd or silly Never Sometimes Often Always
thoughts or pictures in his/her head

37. My child has to do certain things in just Never Sometimes Often Always
the right way to stop bad things from
happening

38. My child would feel scared if (s)he had to Never Sometimes Often Always
stay away from home overnight

39. Is there anything else that your child is YES NO
really afraid off?

Never Sometimes Often Always

Please write down what it is, and fill out how
often (s)he is afraid of this thing:
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Appendix F

The Autism Spectrum Quotient: Children’s Version (AQ — Child)

NOTE: This questionnaire is to be completed by the parent/guardian of each child
aged 4 and above. Please complete all three pages.

Please answer each of the following questions about your child or the person who is under
your care by ticking a box that reflects your answer to the question most appropriately. If
there is any question that you feel not able to comment, please ask your son, daughter, partner
or the person to answer.

Definitely Slightly Slightly | Definitely
Agree Agree Disagree | Disagree

40. S/he prefers to do things with others rather
than on her/his own.

41. S/he prefers to do things the same way
over and over again.

42. 1If s/he tries to imagine something, s/he
finds it very easy to create a picture in
her/his mind.

43. S/he frequently gets so strongly absorbed
in one thing that s/he loses sight of other
things.

44. S/he often notices small sounds when
others do not.

45. S/he usually notices house numbers or
similar strings of information.

46. S/he has difficulty understanding rules for
polite behaviour.

8. When s/he is read a story, s/he can easily
imagine what the characters might look
like.

9. S/he is fascinated by dates.

10. In a social group, s/he can easily keep
track of several different people’s
conversations.

11. S/he finds social situations easy.

12. S/he tends to notice details that others do
not.
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13.

S/he would rather go to a library than a
birthday party.

14.

S/he finds making up stories easy.

15.

S/he is drawn more strongly to people
than to things.

16.

S/he tends to have very strong interests,
which s/he gets upset about if s/he can’t
pursue.

17.

S/he enjoys social chit-chat.

18.

When s/he talks, it isn’t always easy for
others to get a word in edgeways.

19.

S/he is fascinated by numbers.

20.

When s/he is read a story, s/he finds it
difficult to work out the characters’
intentions or feelings.

21.

S/he doesn’t particularly enjoy fictional
stories.

22.

S/he finds it hard to make new friends.

23.

S/he notices patterns in things all the time.

24,

S/he would rather go to the cinema than a
museum.

25.

It does not upset him/her if his/her daily
routine is disturbed.

26.

S/he doesn’t know how to keep a
conversation going with her/his peers.

27.

S/he finds it easy to “read between the
lines” when someone is talking to
her/him.

28.

S/he usually concentrates more on the
whole picture, rather than the small
details.

29.

S/he is not very good at remembering
phone numbers.

30.

S/he doesn’t usually notice small changes
in a situation, or a person’s appearance.

31.

S/he knows how to tell if someone
listening to him/her is getting bored.
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32.

S/he finds it easy to go back and forth
between different activities.

33.

When s/he talk on the phone, s/he is not
sure when it’s her/his turn to speak.

34.

S/he enjoys doing things spontaneously.

35.

S/he is often the last to understand the
point of a joke.

36.

S/he finds it easy to work out what
someone is thinking or feeling just by
looking at their face.

37.

If there is an interruption, s/he can switch
back to what s/he was doing very quickly.

38.

S/he is good at social chit-chat.

39.

People often tell her/him that s/he keeps
going on and on about the same thing.

40.

When s/he was in preschool, s/he used to
enjoy playing games involving pretending
with other children.

41.

S/he likes to collect information about
categories of things (e.g. types of car,
types of bird, types of train, types of plant,
etc.).

42.

S/he finds it difficult to imagine what it
would be like to be someone else.

43.

S/he likes to plan any activities s/he
participates in carefully.

44,

S/he enjoys social occasions.

45.

S/he finds it difficult to work out people’s
intentions.

46.

New situations make him/her anxious.

47.

S/he enjoys meeting new people.

48.

S/he is good at taking care not to hurt
other people’s feelings.

49.

S/he is not very good at remembering
people’s date of birth.

50.

S/he finds it very to easy to play games
with children that involve pretending.




Appendix G

Sleep Disturbance Scale for Children

Appendix A. SLEEP DISTURBANCES SCALE FOR CHILDREN
INSTRUCTIONS: This questionnaire will allow fo your doctor to have a better understanding of the sleep-wake rhythm of
your chikd and of any problems in hisfer sleep behaviow. Try to answer every question; in answering, consider each
question as pertaining to the past 6 months of the child’s life. Please answer the questions by circling or sitriking the
number @to @ Thank you very much for your help.

Name: Age: Date:

. How many hours of sleep does your D @ @ ®

child get on most nights. 9-11 hours 8-9 hours 7-8 hours 5-7 hours

]

logs than 5 hours

. Haw lang after going to bed does your @ @ @ @

child usually fall asleep less than 157 15-30" 30-45' 45-60"

®

mare than 60

© Abways (daily)

@ Often (3 or 5 ﬁmes per week}

@ Occaslomlly (once or twnce per momh or less)

PO Never

0 = O h W

13.The child has difficulty in breathing during the night

14.The child gasps for breath or is unable to breathe during sleep

15.The child snores

16.The child sweats excessively during the night

17.You have observed the child sleepwatking

18.You have observed the child talking in his/her sleep

19.The child grinds teeth during sleep

20.The child wakes from sleep screaming or confused so that you cannot seem to get through

21.The chifd has nightmares which he/she doesn't remember the next day
22.The child is unusually difficult o wake up in the moming

23 .The child awakes in the moming feeling tired

24 The child feels unable o move when waking up in the moming

25.The child experiences daytime somnolence

26.The child falls asieep suddenly in inappropriate situations

. The chiid goes to bed refuctantly

. The chiid has difficulty getting to sleep at night

. The chiid feels anxious or afraid when falling asleep

, The child starttes or jerks parts of the body while falling asleep

. The child shows repetitive actions such as rocking or head hanging while falling asleep
. The chiid experiences vivid dream-like scenes while falling asleep

9.
10.The child wakes up more than twice per night

11_After waking up in the night, the child has difficulty o fall asleep again

12.The child has frequent twitching or jerking of legs while asleep of offen changes position

The child sweals excessively while falling asieep

during the night or kicks the covers off the bed.

to him/her, but has nc memory of these events the pext moraing

@@@@_@@@@@@

0Ee0EE 6008098

PEEPEO OEPPNENRD OPAONOENOO
POOOOE PEEVEVED VEEENVELEO

PERNRRAEEE BLOPORLOL®E®

CGHOLOG OEIHEHOE V0OBOHOEOBOO0

Eeeeed

Disorders of initiating and maintaining sleep {sum the score of the items 1,2,3,4,5,10,11)

Sleep Breathing Disorders (sum the score of the items 13,14,15)

Disorders af arousal (sum the score of the items 17,20,21)

Sleep-Wake Transition Disorders (sum the score of the items 6,7,8,12,18,19)

Disorders of excessive somnolence (sum the score of the items 22,23,24,25,26)

Sleep Hyperhydrosis (sum the score of the items 9,18)

Total score (sum 6 factors’ scores)
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