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Thesis Abstract
Executive functioning (EF) is an umbrella term used to conceptualise a diverse range of higher
order cognitive processes that are broadly conceived of selecting and successfully monitoring
behaviours that facilitate goal-oriented action. This broad definition includes, but is not limited to,
planning, working memory, attention, inhibition, self-monitoring, and initiation. EF processes
serve important regulatory function across the lifespan and, unsurprisingly, impairments contribute
to difficulties in daily life. EF impairments are common to many neurodevelopmental conditions
(NDCs), despite the distinct aetiologies of the disorders. These challenges contribute to social,
behavioural and mental health impairments. Findings highlight specific EF impairments that are
believed to be specific to conditions such as Autism (ASD), Attention-deficit/hyperactivity
disorder (ADHD) and specific learning disorder (SLD), with working memory, response inhibition

and cognitive flexibility all being implicated.

The overall aim of this thesis is to advance the transdiagnostic science of EF development in NDCs.
This project aims to understand and compare profiles of executive delay in children across different
NDCs, such as ASD, ADHD, SLD and Tourette’s syndrome. The first empirical study comprises
of a systematic review and meta-analysis of EF across NDCs, with a focus comparison between
ASD, ADHD and other NDCs, and then compares the degree of EF delay in different NDCs and
when compared to neurotypical children. Empirical paper two aimed to evaluate informant
reported EF across neurodevelopmental comorbidities in children with ASD, ADHD and SLD
attending a tertiary developmental service. The study explores how EF profiles change as the
number and combination of comorbidities increases. The third empirical paper aimed to explore

the strengths and weaknesses of parental evaluations of children’s general developmental
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functioning in relation to EF outcomes and subsequently, how these evaluations are associated

with reported EF delays.

The meta-analysis results showed that EF across NDCs was significantly delayed, with a
moderately delayed performance compared to neurotypical children. While EF delay may be
largely conceptualised as a transdiagnostic delay observed across prominent NDCs, there was also
some evidence of greater severity of delay for specific conditions on specific EF domains such as
ADHD whereby working memory, response inhibition and attention is impaired. The findings for
empirical paper two showed how EF delay further increased as the number of comorbidities
increased, while the presence of ASD in an NDC comorbid group contributed to increased EF
delay. Empirical paper three showed that the severity of EF delay was also associated with several
common concerns such as behaviour and play/social domains which were reported by caregivers,
but it was not associated with reports of childhood strengths from caregivers. This research
contributes to a transdiagnostic science of EF delay in NDCs by demonstrating that EF delay is a
largely transdiagnostic feature of NDCs, with increasing severity in children with NDC
comorbidities. Importantly, EF may have potential to inform the support needs of children with
NDCs in the areas of general functioning, behaviour, and developmental concerns. Future

directions and theoretical implications of the findings are discussed.
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Chapter 1: Introduction
A Literature Review of Transdiagnostic Profiles of Executive Function in Children with

Neurodevelopmental Conditions
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1. General Introduction to Executive Function

Executive function (EF) is an umbrella term used to conceptualise a diverse range of
cognitive processes generally described to guide purposeful behaviour and goal attainment.! These
include, but are not limited to, EF domains of planning, working memory, attention, inhibition,
self-monitoring, self-regulation, and initiation.> These cognitive processes encompass a wide
network that guide behaviour® and are believed to be underpinned by prefrontal cortex activation.*
This network undergoes many developmental and neurological changes during the first few years
life, often reaching maturation well into adolescence and adulthood.’ The developmental trajectory
and the process of maturation has garnered much interest in developmental and cognitive
psychology. Some of the earliest researchers proposed various models describing how the
prefrontal cortex was the important brain region responsible for processing information and
coordinating behaviour.” These early models of EF were often based on case studies with
individuals that had sustained injury to certain parts of their frontal brain lobes. Recent advances
in technology such as functional Magnetic Resonance Imaging (fMRI) has enabled researchers to
explore the various neurological networks in the cerebral cortex and subcortical regions thought

to house EF and conceptualise developmental influences on EF.%%°

The literature on EF models can be subgrouped into different types of models posited over
the years. These model groupings include, EF models based on attentional systems, models based
on cognitive psychology and developmental stages (e.g. Jean Piaget and Alexander Luria)'®!! as
well as models based on multifactorial theories. To illustrate, Michael Posner, a psychologist in
1975 coined the term ‘cognitive control’ and proposed a separate executive branch of the

attentional system responsible for adapting to the environment depending on the goals of the
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individual.>!? Further, in 1977, Schiffrin and Schneider added to the theory of ‘controlled process’,
suggesting that there is a temporary and automatic activation of skills through the attention of the
individual, where repeated activation results in a well-developed cognitive skill.'* Shallice in 1996
also proposed the ‘Supervisory Attentional System’, which refers to the mediatory role of
inhibition thought to guide an individual’s ability to make a decision. It proposed that cognitive
attention had subtypes (i.e., orienting, alerting) which were responsible for the regulation of
cognitive functions and as such a deficit in EF will lead to characteristics such as disinhibition in
affected individuals.'*'6. Alan Baddeley proposed the concept of the ‘Central Executive’ which
allows for information to be manipulated in short-term memory, leading to the management of
information within working memory, specifically overseeing the operational processes of both the
phonological loop and the visuospatial sketchpad components.>!” This model predicted the
regulation of complex behaviours, where dysfunction within these mechanisms is posited to result
in widespread behavioural dysregulation.!”!® More specifically, Baddeley described the central
executive as managing key functions such as time-sharing, selective attention, temporary
activation of long-term memory and task-switching.!” These theories focus on attentional systems

within EF and are positioned to be largely compartmentalised within the prefrontal cortex.

One of the pioneers of cognitive psychology, Piaget (1954), developed a theory of how EF
could develop in a hierarchical and stepped framework where he proposed that children had a
unique method of thinking and reasoning according to specific periods of their development.'” He
outlined hierarchical developmental stages of cognition and proposed how these stages shaped
behaviour. The first stage, the Foundational stage was referred to as the sensorimotor stage (birth

to 2 years), during which cognitive abilities such as object permanence and attention develop.'®
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Next, the Preoperational stage (2 to 7 years) oversees the rapid growth in inhibition and cognitive
flexibility, which are key for developing symbolic thought and more complex cognitive operations.
As children enter the Concrete Operational stage (7 to 11 years),!? their thinking is reported to
become more logical and organised, marked by improvements in inhibition, shifting, and updating
abilities, supporting their ability to understand and apply logic. During the final Formal
Operational stage (11 to 16 years), adolescents develop abstract and hypothetical thinking, with
significant maturation in planning, problem-solving, and advanced working memory.>!® Across all
stages, the development of EF is intricately linked with the brain's maturation within the prefrontal
cortex, reflecting a complex interplay between cognitive growth, EF development, and anatomical

and physiological changes in the brain.

Luria (1966) provided an extension of our understanding of EF development in children
and postulated a model for EF based on specific developmental stages, broadening our
understanding of how key areas of EF are developed.? Based on Vygotsky’s complex theory of
language and thought development in children, Luria proposed that EF development corresponded
to neurological maturation and environmental influences (for example, culture, social engagement).
Luria proposed five stages of development? whereby executive processes become more complex
and multifaceted, corresponding to Piaget’s stages of child cognitive development. The first stage
(during the first year of life) sets the foundational neurological underpinnings for the child and
involves the maturation of brain stem structures, including the reticular activating system, setting
the foundational neural groundwork for subsequent cognitive development. The second stage
(during the second year of life) is thought to activate primary sensory areas (vision, hearing, tactile

perception) and primary motor areas for gross motor movement, enabling basic sensory processing
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and physical coordination. The third stage (during preschool years) of development focuses on the
secondary association areas of the brain, enhancing the child's ability to recognise, reproduce, and
manipulate symbolic materials and perform various physical movements, fostering initial complex
cognitive skills. The fourth stage (during early School years) involve tertiary areas of the parietal
lobes, integrating sensory inputs from multiple channels. This stage is crucial for the development
of complex mental abilities, allowing the child to process and make sense of multifaceted sensory
information.?® The final fifth stage (from 8 years through adolescence) typically engages the frontal
regions of the brain, particularly areas anterior to the central sulcus. This stage is vital for the
development of advanced mental abilities necessary for abstract thinking, intentional memory, and
complex learning and execution. This framework postulated that attention, intellectual functioning,
language, sensory abilities, perception motor abilities and memory are complex but interrelated

capacities.>!!?!

More recent models of EF proposed multiple components of EF functioning together as a
whole rather than one central ‘black box’. An example of a multifactorial model is that of Barkley
(1997).>* Barkley based his model on Attention-deficit/hyperactivity disorder (ADHD)
presentations and stated that a deficit in ‘behavioural inhibition’ results from challenges in four
key areas of EF; working memory, internalised speech, self-regulation of affect and reconstitution
(i.e., behavioural analysis and synthesis). This earlier model has received some criticism
particularly around its applicability to other developmental conditions and has since been further
developed, suggesting that, working memory no longer has a mediatory role but a primary position
within his model.?* Another multifactorial model, proposed by Friedman and Miyake (2000)**

suggests some EF constructs may be interrelated and some may be distinct. This model adds that
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core EFs like updating, shifting, inhibition reveal a common underlying ability (unity), but also
maintain a degree of separability (diversity). This duality suggests both a shared basis and distinct
aspects within these cognitive processes.”> More recently, Miyake and Friedman (2012)
highlighted the substantial genetic contribution to EFs overall and specifically to the commonality
in EFs but also in the distinctive aspects of EFs such as updating and shifting abilities.?® In
concordance with Barkley’s model, these EF components were shown to have a strong predictive
power for various behaviours linked to behavioural disinhibition, which are associated with
ADHD, conduct disorder or substance use disorder. Further, he argued that these components
demonstrate developmental EF stability, implicating that executive delay within specific EF

domains in certain conditions remain impacted over time.?"?8

Anderson (2002) also proposed a developmental model of EF in children to improve the
multifactorial model, encompassing four interrelated domains: attentional control, cognitive
flexibility, goal setting, and information processing. These domains were proposed to
collaboratively facilitate executive control, integral to goal-oriented behaviour and goal
attainment. Attentional control was posited to develop initially, rapidly maturing in early
childhood, while the remaining domains experience significant maturation between ages seven and
nine, achieving relative maturity by twelve years. As adolescence approaches, a transitional phase
led to the amalgamation of executive control. The prefrontal cortex, with its extensive neural
network, is central to EF,! and influences various aspects of cognitive functioning, emotional
regulation, and influences behaviour (i.e., decision-making). The intricate interplay between these

domains and their neurological underpinnings highlights the importance of nuanced assessment
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and intervention in children exhibiting executive impairment, which has implicated deficits in

impulse control, planning, and adaptability.

Another multifactorial model proposed by Diamond® emphasises the role of EFs in top-
down mental processing as essential for modulating conduct, thoughts, and emotions, especially
when instinctive or habitual responses are inadequate or maladaptive. Central to this framework
were three core EFs: inhibition, working memory, and cognitive flexibility. Inhibition
encompasses control over attention and behaviour to resist internal or external temptations,
working memory involves holding and manipulating information for complex cognitive tasks,
such as reasoning and planning, and cognitive flexibility pertains to the ability to adapt thinking
and behaviour in response to changing demands or perspectives.'® In summary, the development
of these faculties is closely linked to the maturation of the prefrontal cortex and its extensive neural
networks, pivotal for managing and executing these functions. To date, research has recognised
that EF is best understood as an umbrella term which conceptualises various neurocognitive
processes that include specific constructs (e.g., working memory, planning), the execution of
actions and goal-directed behaviours.! These processes undergo maturation and are often involved
in a nuanced interplay of successive stages of development subject to the child’s environment,

genes and neurological groundwork. Table 1.1 summarises the main developmental models of EF.
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Table 1.1. Summary of Prominent Developmental Models of Executive Function

Author/s

EF Model

EF Mechanism and/or Neurological Underpinnings

Piaget (1953)°

Hierarchical model of
cognitive development in

children

Piaget proposed a hierarchical model of cognitive development in children,
highlighting distinctive cognitive skills and executive functions that unfold in
stages. Initially focusing on basic cognition and attention in early childhood,
children progress through increasingly complex stages, culminating in abstract
reasoning and sophisticated problem-solving abilities during adolescence. This
developmental trajectory corresponds to the ongoing maturation of the prefrontal

cortex and the interdependent evolution of cognitive and executive capacities.

Luria (1966, 1973)™

Theory of brain functioning
from a psychophysiological
perspective and developed

five stages of development.

Luria’s theory focused on higher cortical functioning and divided the brain into
three components with reference to EF mechanisms. These components include the
lower brain stem structures, the cerebral cortex posterior to the central sulcus
(fissure of Rolando), and the cerebral cortex anterior to the central sulcus or the
fissure of Rolando.

Posner (1990, 2012)%°

Attentional Models of EF
implicating  three core
networks: the alerting,
orienting, and executive

networks.

Posner’s attentional models of EF implicate three core networks: the alerting,
orienting, and executive networks.

e Alerting network: tied to the brain stem and right hemisphere systems, this
network regulates sustained vigilance and readiness. It is influenced by
noradrenaline, with activity in the locus coeruleus facilitating phasic
alertness, modulated by various pharmacological agents.

e Orienting network: associated with the parietal cortex (PC) and other areas
like the frontal eye fields (FEF), this network is crucial for prioritising

sensory input. It is modulated by cholinergic systems and shows




considerable involvement in directing attention spatially and modally,
significantly influenced by cues and context.
Executive network: involving the midline frontal and anterior cingulate cortex, this
network is central to managing and directing attention, particularly in the face of

conflicting information or tasks.

Barkley (1997)%

Barkley's model of EF for
adapting and responding to

social environments (with a

series of self-directed,
regulatory behaviours
critical).

Barkley’s model distinguishes EF as a series of self-directed, regulatory behaviours
critical for adapting and responding to social environments. Barkley argues that EF
components collectively enable individuals to modify their behaviour strategically,
optimising long-term social and personal outcomes. The model highlights the
intricate interplay between cognitive growth, executive function advancement, and
the maturation of neurological structures, notably within the prefrontal cortex

implicated in EF development.

Anderson (2002)%®

Anderson’s model of EF for
comprehensive executive

control.

Anderson proposes a model of EF incorporating four discrete yet interrelated
domains: attentional control, cognitive flexibility, goal setting, and information
processing. These domains integrate and enable comprehensive executive control,
essential for goal-directed behaviour. The development of implicated EF domains
varies, with attentional control emerging early in infancy and rapidly developing in
early childhood, while cognitive flexibility, goal setting, and information
processing undergo critical development between 7 and 9 years of age, maturing
substantially by age 12. A transitional period is observed at the onset of
adolescence, leading to the emergence of full executive control. The anterior
regions of the brain, particularly the prefrontal cortex, are implicated in mediating

EF, with functional and structural connections to virtually all other brain regions,
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including the occipital, temporal, and parietal lobes, as well as limbic and
subcortical regions.

Miyake (2000, 2012)263t

Miyake's model of EF with a
focus on three primary EF
domains (updating, shifting

and inhibition).

Miyake’s model focuses on three primary EF domain: updating, shifting and
inhibition. Miyake positions that these distinct EFs exhibit both correlation,
suggesting a shared underlying capability (unity), and individuality (diversity). The
model positions the neural network within the framework of the Prefrontal Cortex
Basal-Ganglia Working-Memory (PBWM) model, as developed by O'Reilly and
colleagues, to investigate the complex interplay and distinct features of EFs. This
methodological approach facilitates a deeper understanding of the nuanced

relationships and specific characteristics of EFs.

Diamond (2002)*

Diamond’s collection of top-

down mental processes
crucial  for  modulating
behaviour, thoughts, and
emotions.

Diamond identifies EF as a collection of top-down mental processes crucial for
modulating behaviour, thoughts, and emotions, particularly when habitual
responses, instincts, or intuitions would be insufficient. Core EFs identified by
Diamond include inhibition, working memory, and cognitive flexibility. The
implicated domains of inhibitory control, working memory, and cognitive
flexibility are linked to the maturation of various brain regions, particularly the
prefrontal cortex. This area of the brain, along with its extensive network
connections to other cortical and subcortical regions, is crucial for the modulation

and execution of these functions.
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1.1. Neural Mechanisms of Executive Functioning

Findings from neuroimaging studies have shaped many of the organising principles of
these EF models. Studies have found that the dorsolateral prefrontal cortex (DLPFC) is
associated with action planning and the ventrolateral prefrontal cortex (VLPFC) is
associated with language and objects processing.’* More recent research has distinguished
EF according to their emotional and motivational attributes and to those that rely on
cognitive processes alone. These are referred to as ‘hot’ EFs located in the medial regions
of the (prefrontal cortex) PFC and ‘cold’ EFs located in the lateral regions of the PFC.%
Hot EFs allude to the processing of information linked with goal-driven, emotional or
affective decision-making and motivational attributes, and are assessed by tasks such as
Towa Gambling task*® whereas cold EFs relate to logical and cognitive processing attributes
and utilises measures such as the Stroop®’ or Tower of London task.*® EF literature has
tended to focus on more “cold” cognitive measures of EF measured by abstract and isolated
problem-solving neglecting more “hot” cognitive thinking processes influenced by social
and emotional variables.*® This thesis will now focus on cold EF faculties and touch upon
relevant hot EFs which are a focus of the experimental measures therein. Figure.1.1 and

1.3 depict the EF structure for examples of cold and hot components of EF.

1.1.2. Cold Executive Functions

Cold EFs encompass a range of specific faculties that are known to orchestrate distinct

roles in EF development and subsequently guide behaviour. Given the interrelatedness of EF

domains, it is not uncommon for EF faculties to tap into other domains when activated. For

example, the activation of inhibition and working memory is necessary for the use of higher

order domains such as cognitive flexibility.!” This interdependence highlights the complex,

intertwined nature of EFs and their collective impact on behaviour. In addition to the core EFs

discussed within this thesis, attention, often considered a higher order EF, will be listed among
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the range of cold EFs. Attention is positioned to be both a mechanism involved in EF and is a
subcomponent of EF. It is noted that this mechanism is highly interrelated and plays a key role
within 'hot EFs’, however executive attention is often best measured through performance
measures of EF which are largely categorised within cold EFs within the literature and are
treated as such within this project.**** The following constructs have been found to be key in
extensively shaping and informing EF and will be explored as part of this thesis and the
experimental research therein. Based on the review of literature, Figure 1.2 depicts a concise

neurobiological map of cold EFs.

1.1.3. Working Memory

Working memory (WM) refers to the ability to cognitively hold and apply information
for a specified task or purpose.** Other subcomponents of WM include auditory and visual
spatial WM, these subcomponents are auditory and visual mechanisms for the temporary
storage of information and the storage of information.* It is closely associated with the
dorsolateral prefrontal cortex (DLPFC) and typically begins to develop in toddlers*¢
Additionally, brain imaging studies suggest involvement of the fronto-parietal (FPC) regions
in working memory.*” An example of common measures of WM include tasks such as the
Letter Sequencing task, the Digits Backwards task from the Wechsler Memory Scale (WMS)
and the Spatial Working Memory (SWM) from the CANTAB battery (see supplementary table

4 in appendix A for a full list of these tests).*3

Tasks such as Digit Backwards are designed to
place load on the child’s memory, by asking the child to recite back numbers and seeks to place
load on the child’s WM by asking the child to recite and organise said digits backwards. Such
tasks are designed to tap into the central executive component of Baddeley’s model.!”. WM

assessment can be conducted in children as young as 6 months* and is believed to reach full

maturity by late adolescence.*’
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1.1.4. Cognitive Flexibility

Cognitive flexibility encompasses two primary components: set shifting and set
switching, although the literature often refers to these terms interchangeably.’® It refers to the
ability to adapt and transition between tasks and mental states, as well as adjust behaviour to
execute a goal oriented action.®*® Tasks assessing cognitive flexibility often aim to measure
perseveration, which is the inability to adjust one's response in light of new, relevant
information, resulting in the execution of an earlier response. These tasks typically establish a
response pattern in children, and then introduce rule changes to challenge the pre-established
pattern. The complexity of these rule changes directly influences the difficulty level for
children to assimilate the new information and accordingly adapt their action.

An example of a commonly used task measuring cognitive flexibility is The Wisconsin
Card Sorting Test (WCST)! Children are asked to sort response cards based on categories such
as colour, shape or number. A sorting rule is taught which subsequently changes and outcomes
such as the number of categories successfully completed, the total number of errors, and,
particularly relevant to compulsivity, the number of perseverative errors (mistakes made after
the rule has changed) are recorded. This particular executive function, crucial for flexible
thinking and adaptive behaviour, tends to develop progressively throughout middle childhood
and adolescence.’” Brain imaging studies implicate large brain networks encompassing the
lateral frontoparietal network (LFPN) and the midcingulo-insular network (MCIN) across the

lifespan.>

1.1.4.1 Set-Shifting and Mental Flexibility/Set Switching

Set-shifting refers to the ability to transition efficiently between cognitive tasks,?* with
neuroimaging studies reporting activation in the parietal cortex (PC).>* Measures of set-
shifting include the Wisconsin Card Sorting Test> (WCST), the Intra/Extra Dimensional (IED)

shift test from the Cambridge Neuropsychological Test Automated Battery*® (CANTAB), and
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the Dimensional Change Card Sort Test>® (DCCS). Children as young as 12 months display
basic set shifting skills, which become refined as cognitive flexibility develops.>’ Cognitive or
mental flexibility, also referred to as set switching involves adapting to cognitive demands and
shifting between mental operations.’® Studies have demonstrated the involvement of the
prefrontal cortex (PFC) and frontoparietal areas of the brain during a set-switching task.>*
Common measures include the Trails Making Test which assess the ability to switch between

two mental operations; letters and numbers.®!-62

1.1.5 Fluency

Fluency refers to the ability to accurately recall verbal and non-verbal patterns in the
environment.’® Neuroimaging studies have shown increased activation in the Left Inferior
Frontal Gyrus (LIFG) and increased blood flow to the dorsal regions associated with
phonological verbal fluency.®® Common measures used to assess this construct include the
Controlled Oral Word Association Test®* (COWAT) and the Design Fluency test from the D-
KEFS battery.% In verbal fluency tasks (VFT), children are required to generate words, either
spoken or written, that correspond to a specific phonemic category (such as a letter of the

alphabet) or a semantic category (like animals or fruits). Typically, each trial has a time limit.%®

1.1.6. Planning
Planning is defined as the cognitive ability to formulate a decision and execute thought
processes around the decision. It also includes making evaluations of the environment,
individuals and oneself and is largely deemed a higher-order and complex EF faculty.®’
Neuroimaging results show there is increased activation in the DLPFC and frontostriatal
networks during executive planning tasks.’®%° Measures of planning include the Tower of
London’, 2004), the Tower of Hanoi’! and the CANTAB One Touch Stockings of

Cambridge.*® Tasks such as the Tower of Hanoi involve motor planning which consists of pegs
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and disks of various sizes, the task involves reaching a goal state in which the disks are stacked
for instance, in descending order on a particular peg. There are often movement constraints
such as, being able to move one peg at a time. Outcomes include the number of movements
involved to reach the goal position.”? Motor planning is often developed by infancy and more
complex planning skills are matured and refined with the development of inhibitory control

and working memory.*"?

1.1.7. Response Inhibition

Response inhibition is described as the executive ability to refrain from acting on an
automatic inclination®* with many studies finding the DLPFC, VLPFC, and PC is activated
during response inhibition tasks.”* Common measures include Stroop test and the Colour-Word
Interference test from the D-KEFS battery, the Go/no-Go task and the Hayling test.®>”>78 Tasks
such as the go/no-go task, children are presented with a series of stimuli and must ascertain
whether to perform ‘go’ action or refrain from acting ("no-go") based on specific rules. For
instance, they might be instructed to press a button when a certain stimulus appears (go signal)
and to withhold pressing the button when a different stimulus appears (no-go signal).” Such
measures assess the child’s ability to inhibit a response with the task parameters. Response

inhibition is refined from early childhood (3 to 5 years) to early adulthood.*%°

1.1.8. Attention
Attention is largely described in the literature as a set of cognitive processes (overall
alertness) that allow for engagement with the environment which serves to be adaptive and
efficient.3! Attention is considered to be a comprehensive EF faculty and based on the works

of Posner and colleagues,?**?

was originally characterised as comprising of three distinct
networks: orienting or selective attention, alerting or sustained attention, and executive control

or executive attention.?’ The orienting network is key in spatial or distribution of attention to
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stimuli, reaching maturity by approximately six months of age.®* The alerting network, governs
the maintenance of a vigilant and ready state, facilitating continuous information processing
and responding to unexpected stimuli.?* Lastly, the executive network is associated with self-
regulated attentional action and is intricately linked to a broader range of EFs.!%3 Research to
date has identified subcomponents of attention which include, divided, selective and sustained
attention.®® Divided attention is the cognitive ability to share and process more than one task
simultaneously, whereas selective attention is the cognitive attentional resource that hones in
on one task or object while ignoring irrelevant stimuli.®>¢ Sustained attention is the capacity
to maintain attentional faculties over a prolonged period of time.’¢ Measures such as the
Continuous Performance Tests (CPTs), Test of Everyday Attention for Children (TEA-Ch),
Attention Network Test (ANT) have been used to tap into domains of attentional networks.®’
Tasks such as the TEA-Ch evaluates various aspects of attentional control in children, including
selective attention, sustained attention, and attentional switching. One example of a task in the
TEA-Ch is "Map Mission," where children are asked to find and circle specific target symbols
on a map filled with distracting symbols, measuring their ability to focus on relevant
information while ignoring distractions.®® Neurobiological research often implicates multiple
brain regions such as the Anterior Cingulate Cortex (ACC), parietal lobes (particularly the
superior parietal lobe and intraparietal sulcus), Temporal Parietal Junction (TPJ) and DLPC,

which undergo coordinated action to execute the process of attention.®%%
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1.2.1. Hot Executive Functions

The following hot EF constructs, although not exhaustive, have been found to be of key
significance in shaping our understanding of hot EFs and will be undertaken as part of this
thesis and the experimental research explored as part of this thesis. Figure 1.4 depicts a concise
neurobiological map of hot EFs, based on a review of the literature.

1.2.2. Attentional or Effortful Control

Attentional or effortful control (EC) is a multifaceted construct that relates to
temperament or biologically based characteristics or processes that modulate regulatory
behaviours.”! EC encompasses mechanisms that govern motivation and the intentionality of
thoughts, emotions and behaviours.”®> EC plays a key role in emotional regulation, and is often
correlated with emotional regulation.”® Research in EC implicates inhibitory mechanisms of
behaviours (i.e., inhibitory control®* or executive attention®'), however, EC, a hot EF faculty
differs from cold faculties of EF by measuring behavioural inhibitory mechanisms that relate
to strong emotions (e.g. motivation/desire/arousal or frustration) measured in social dynamics
or settings.”> EC is linked to activation in the anterior cingulate gyrus and lateral prefrontal
cortex (LPFC)* and is often measured using assessment tools such as the Attention Network
Task (ANT),%” Kochanska’s multitask battery,”®”’ and Puzzle box task (a measure of
behavioural persistence/effortful control).”®*® The ANT evaluates the efficiency of three
attentional networks: alerting, orienting, and executive control. For instance, children are
shown a series of fish on a screen and must determine the direction of the central fish while
ignoring flanking fish. This setup includes cues to test alertness and attention shifts, and varying
congruence of surrounding fish to test conflict resolution.!”” EC is often implicated in

externalising and internalising behaviours’® and educational functioning.!®!
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1.2.3. Emotional Regulation

Emotion regulation is a mechanism (explicit or implicit) by which individuals modify
their emotional experience.!’>!% This ability to self-regulate one’s emotions or behaviours
encompasses one’s ability to modulate their reactivity in response to external or internal
agitation.!® Emotional regulatory processes by extension, are a complex skillset that uses
mechanisms outlined in EC. This function is implicated in brain regions associated with
emotion and executive functioning. These include the amygdala, the ventral striatum
(associated with transmission of arousal), the VLPFC, anterior insula, and as well as to the
angular gyrus.!%>!% The DLPFC is believed to process the information received from the
VLPFC and initiates the emotion regulation mechanism which is then executed through the
angular gyrus, amygdala and ventral striatum.'”!% Emotional regulation is often measured
through informant based measures such as the Emotion Regulation Index within the
Behavioural Rating Inventory of Executive Function (BRIEF) measure'* and the Children and
Adolescents (ERICA)."® An emotional regulation deficit is implicated in an array of mental

health conditions and behavioural challenges in children.'''"'3

44



Complex "Hot'
Faculties
« Decision Making
* Delayed
Gratification
* Emotion Regulation

Simple "Hot'
Faculties
« Inhibitory Control

« Attentional/Effortf
ul Control

'Hot'
Executive
Function

Figure 1.3. EF Structure for Examples of Hot Components of EF

Emotional Regulation is
implicated in the
amygdala, the ventral
striatum, the DPFC,
VLPFC, anterior insula,
and as well as to
angular gyrus

Attentional control or
Effortful control is
implicated in the
anterior cingulate gyrus
and lateral prefrontal
cortex (LPFC)

Figure 1.4. Neurobiological Map of Hot EFs in children.

45



1.3. Assessments of Executive Functioning in Children

The literature to date on EF is rich with assessment tools for tapping into the above EF
constructs. Some measures cater to the developmental stage of the child, with important
considerations such as language, 1Q and ecological validity. Measures of EF can be divided
into two categories, performance-based measures which assess discrete EF functions in the
frontal cortex (e.g., working memory scales from the Wechsler Memory Scale) and behavioural
measures of EF based on self and informant ratings. These includes the Behavior Rating
Inventory of Executive Function - Preschool and the Childhood Executive Functioning
Inventory (CHEXI) (i.e. BRIEF-P and CHEXI).!'*!15 Within the discrete components of EF,
some measures tap into more affect laden measures of EF also known as “hot” EF. They are
cognitive thinking processes influenced by social and emotional variables. Other measures tap
into “cold” cognitive measures of EF, assessed by abstract and isolated problem-solving.?® Key
components of the BRIEF tap into cold EF faculties (e.g., working memory subscale within
Cognitive Regulation Index, CRI), however there are some domains which also cover ‘hot’ EF
faculties, these include subscales within the Emotional Regulation Index (ERI) domain and
scales such as self-monitor within the Behavior Regulation Index (BRI). The research
encompassed within this thesis will largely focus on cold EF faculties, with some references to
hot EF faculties, as captured within the BRIEF measure. Several challenges to measuring EF
in children exist. EF measures often draw on multiple underlying processes and a child’s
performance may not reflect a cognitive deficit of a discrete EF.* Performance based measures
of EF tap into quantitative responses (response time and accuracy) to assess performance!'®
and are often known as the gold standard of discrete EF measurement. These measures may

17 and often inconsistent predictive validity.* Many

have limited ecological validity
considerations such as language use, normed samples and IQ are often important considerations

within the use of performance-based measures.!'® As such, performance measures are heavily
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influenced by factors such as cognitive ability or language skill which impact EF

performance.'!®

Informant based measures of EF tend to provide a holistic indicator of behaviour that
purports to tap into executive ability performed in everyday life.!!” Such measures often assess
behaviour over a long period of time, as opposed to time-specific ability in performance
measures.'!'® The BRIEF questionnaire scales have been found to be reliable and valid for use
as informant reports of young children in both clinical and research settings.!!® The BRIEF
consists of questionnaires for teachers and parents, aimed at evaluating executive functioning
in children and adolescents aged between the ages of 5 and 18 years.!'” The BRIEF evaluates
eight executive function subdomains organized into two primary indices: the Behavioral
Regulation Index (BRI), including the Shift, Emotional Control, and Inhibit subdomains, and
the Metacognitive Index (MI) encompassing Working Memory, Initiate, Organization of
Materials, Monitor, and Plan/Organize subdomains. The BRI and MI collectively contribute to
the Global Executive Composite (GEC). The BRI correlates with hyperactivity/impulsivity
symptoms while the MI is linked with inattention symptoms.'!” The BRI is purported to
measure the child’s ability to monitor and self-regulate their behaviour (and reported to tap into
cognitive regulation) and is summarised using the Inhibit and Self-Monitor scales!®*12°. The
GEC is the total summary score based on all clinical scale results and is evaluated to be a valid

parent based measure of overall executive performance in children'®”,

The BRIEF measure demonstrates sound discriminant validity with studies
demonstrated its ability to distinguish children with certain neurodevelopmental conditions.
For example, a recent study examined the BRIEF and its ability to differentiate those with

ADHD from controls,'?! with BRI differentiating neurotypicals from those with ADHD. The
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BRIEF's Working Memory scale evaluations by parents and teachers were considerably higher
(i.e., higher scores are indicative of impairment) for children with ADHD-Inattentive type and
ADHD-Combined type compared to controls when testing predictive validity.'** In a study

123 it was

reviewing the concurrent validity of the BRIEF with performance based measures
found that the BRIEF may correlate with same source/method of information (i.e., parent

interviews) as opposed to performance-based measures.

Contemporary EF research indicates that informant ratings and performance-based
assessments of EF might delineate distinct dimensions of EF.!'¢ Both measures are deemed
uniquely valuable, offering complementary insights in the evaluation of EF. Particularly,
informant measures might encapsulate the longitudinal and anticipatory elements of EF more
effectively than performance-based methods.!'® This is attributed to the fact that rating scales
consider the individual's daily life performance over time, while performance-based
assessments are confined to evaluating EF at a singular moment through structured tasks.
Barkley and Fischer (2011)!'® advocate for a hierarchical view of EF as a meta-construct,
wherein each subsequent level operates with increased complexity, building upon the
foundational lower levels. This structure suggests that the informant and performance-based
measures might be assessing different tiers of EF. As such, these two assessment types should
not be seen in competition but rather as integral parts of a multifaceted approach to
understanding EF. Specifically, it's posited that while performance-based assessments may
target the more fundamental aspects of EF, informant measures might provide insight into the
more advanced, longer-term aspects of executive functioning. This distinction highlights the
necessity of employing both methods for a comprehensive understanding of EF and its
manifestations across various contexts and time frames. The current project will use the BRIEF

questionnaire as a key measure of executive functioning across neurodevelopmental conditions
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(NDCs) in order to elucidate specific EF impairments that are either shared, contrasting, or

uncommon across conditions.

1.3.1. Caregiver Evaluations of Children within Neurodevelopment Assessments

Caregiver evaluations of children undergoing screening and assessment for NDCs are
pivotal for holistic, systems-orientated approaches to assessment of the child.!** These
evaluations often provide valuable and comprehensive information on a child’s executive
performance. Caregiver reports frequently serve as the primary source of information during
paediatric reviews, rendering caregiver perspectives invaluable for thorough assessments. A
systems lens regards children as integral component of their families, acknowledging that the
family system contains structural and functional characteristics that influence the child’s
presentation.'?* For example, research indicates that caregiver well-being can directly affect a

t!2> and influence their adjustment within the context of their disability.!?°

child’s developmen
Studies have shown that parents expressing concerns about behaviour and social skills
accurately predicted mental health challenges for their children, particularly for those over four
years old.'"”” While focusing on concerns has led to a better understanding of a child’s
challenges and guided assessment and intervention, evaluations of NDC conditions often
focuses on concerns without assessing strengths. Examining both strengths and concerns

reported by caregivers is imperative for enhancing the ability to recognise and provide early

intervention for NDCs, potentially ameliorating functional challenges and improving long-term

127-129 130,131

outcomes, as well as enhancing executive performance and fostering a neuro-
affirming support network for children. This project aims to recognise the importance of a
holistic, neuro-affirming framework when considering caregiver evaluations of children’s
executive abilities. Adopting a neuro-affirming lens within this emerging field acknowledges

the importance of understanding and building upon the positive characteristics of children

NDCs to enhance overall well-being.!3?
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1.4. Executive Functioning in Key Neurodevelopmental Conditions

The DSM-V-TR'?? refers to NDCs as a group of conditions typically emerging during
early developmental stages of a child, characterised by an array of functional, cognitive and
behavioural deficits causing impairment in the child’s personal, social and learning
domains.!3*!3 EF is one key marker of cognitive adaptability in children NDCs. Impairments
in EF can lead to difficulties in sustaining attention, impulsivity, and an inability to transition
between, and flexibly manage, multiple tasks.” These EFs are often best captured through
measures which are often linked to specific brain regions and conceptualised as differing
cognitive faculties, as mentioned above.**!3¢13% EF impairments are often found in various
neurodevelopmental conditions such as Autism Spectrum Disorder (ASD),'* ADHD,'*!
Tourette’s Disorder (TD)!*? and Specific Learning Disorders (SLD).!'** Impairments in EF
domains are increasingly considered a transdiagnostic feature of neurodevelopmental
conditions (NDCs).!** Their presence may signal divergences in brain development, and they
can contribute to lifelong challenges requiring long-term support.>* EF impairments have been
documented across a range of NDCs, prompting research efforts aimed at delineating EF
profiles within these conditions.!>14® This section aims to synthesise the existing literature of
EF in NDCs in children. Childhood represents a critical developmental stage where assessment

of EF impairments plays a vital role in guiding educational intervention.

1.4.1 Autism Spectrum Disorder and Executive Functioning
Autism is a lifelong neurodevelopmental condition defined by the DSM-5 by criteria
of social communication difficulties and restricted, repetitive behaviours or interests.3
Children with ASD present with social impairments and behavioural challenges often
associated with a poor quality of life.*” Individuals diagnosed with ASD frequently experience
significant mental health concerns, such as anxiety, conduct problems and depression.t*® ASD

is found to impact up to 2.5% of children in Australia,’*® 3.13% in Europe and up to 1.85% in
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North America.*® Leung (2016) found that delays in EF (i.e., inhibition, shifting, and
emotional control), along with social functioning, predicted the social impairments of people
with ASD.1%

Delays in EF are thought to contribute to many of the social difficulties core to ASD.
For instance, delays in inhibition, information recall, flexibility, and the ability to monitor,
update, and select socially appropriate responses are purported to contribute to social
impairments of ASD.*®1152 Moreover, some of the restricted, repetitive behaviours observed
in ASD may be partially attributable to delays in EF. For example, meta-analyses conducted
by Iversen and Lewis (2021) found that elevated levels of repetitive and restrictive behaviours,
characteristics of ASD, were correlated to poor flexibility (i.e. set-shifting) and inhibitory
control tasks.*>® A lack of cognitive flexibility, for example, may explain some of the rigid and
perseverative behaviours commonly observed in ASD. 41

Children with ASD continue to present with EF impairments over time and these
impairments seem to predict poorer outcomes later in life. A study by Vogan (2018)*¢ found
that children with ASD showed impaired scores of EF on the BRIEF with no significant
improvement over 2 years, compared to controls. Further analysis revealed earlier difficulties
in behavioural regulation (i.e., BRIEF BRI) predicted symptoms associated with heightened
anxiety and depression two years later in children with ASD. Furthermore, both behavioural
regulation and metacognitive problems (i.e., working memory, task initiation as measured by
BRIEF) at baseline predicted externalising symptoms two years later, specifically
oppositionality, conduct and aggressive/disruptive behaviours. Moreover, EF deficits are
integral to the clinical trajectory of some conditions, although research indicates variability in
their impact across different age ranges. Studies exploring developmental EF deficits highlight
the developmental trajectory between different age groups where younger children (ages 6-8)

have challenges with inhibition, while planning is more impaired in older children (ages 12-
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14), acknowledging the impact of age-related differences.’®” This thesis acknowledges that
autism or autistic person is preferred language by the neurodiverse community. The thesis
attempts to use this term where appropriate, however at times refers to diagnostic language
ASD when referring to this presentation from a purely diagnostic lens as the thesis utilising

data from diagnostic services for children.

1.4.2. Attention Deficit Hyperactivity Disorder and Executive Functioning
Attention-deficit/hyperactivity disorder (ADHD) is characterised by heightened levels

of inattention and/or impulsivity and hyperactivity, with affected children experiencing
difficulties on many day-to-day tasks.!3* The prevalence of this neurodevelopmental condition

158

has been substantial, affecting 7.2% of children worldwide ~° and with Australian prevalence

rates being comparable, approximately at 7.8%.'> Children diagnosed with ADHD often
encounter learning challenges, significant behavioural and socio-emotional impairments.'60-163
Executive functioning impairments in children with ADHD has been linked to poor inhibition,
attentional processes and memory (including short term and working memory) when
performance based measures where utilised.!%*1%6 These deficits may hinder a child’s ability to

engage in pro-social behaviour and peer relationships, particularly as they enter the educational

setting.'®”

1.4.3. Specific Learning Disorders and Executive Functioning
Specific Learning Disorders (SLD) are a category of neurodevelopmental conditions
characterised by learning impairments in one or more three key areas: reading, writing, and
mathematics.'3*!%® Typically identified in school-aged children, it affects approximately 5 to
15% of children.'$°!7! The three affected areas are assigned specific diagnostic labels, namely

dyslexia, dysgraphia and dyscalculia, respectively. Dyslexia refers to impairments in decoding
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and accurate, fluent word recognition in the context of sound intellectual and sensory
abilities.!”? Dysgraphia, often termed the ‘disorder of written expression’, involves impairment
in translating thoughts and words onto paper, with individuals experiencing challenges in
spelling, grammar, punctuation, and handwriting. !”3 Dyscalculia refers to the impairment in
making numerical calculations or learning mathematical functions, manifesting in struggles
with math reasoning, problem solving and overall arithmetic skills.!”* Studies have associated
specific learning disorders with key executive processes. For instance, research by Schuchardt
(2008) used performance-based measures and found working memory deficits in children with
specific learning disorders, highlighting that children with dyscalculia have more impairments
in visual-spatial memory, while those with dyslexia show more impairments in phonological
and central executive functioning areas.!”> Additionally, further research has implicated other

key cognitive processes such as attention, alongside phonological deficit, in dyslexia.!”®

1.4.4. Other NDCs and Executive Functioning

Emerging research on EF has also shed light on a range of other NDCs such as Foetal
Alcohol Spectrum Disorder (FASD) and Tourette’s disorder (TD), with global EF impairments
and identified areas of cognitive weaknesses. FASD arises from prenatal alcohol exposure and
encompasses a broad spectrum of cognitive impairment.t”” Executive functioning deficits are
prevalent in FASD, with affected children demonstrating problems with working memory,'’
inhibition!™ and set-shifting.2’®® These deficits are often associated with compromised
emotional and behavioural functioning in young children.!8! TD, on the other hand, is
characterised by repetitive and involuntary muscle movements and vocalisations (tics), !3*168
accompanied by cognitive and behavioural challenges. Executive functioning impairments are
commonly observed in TD, manifesting as difficulties in sustained attention'®? and working

memory.'®3 Further, executive functioning difficulties such as inhibitory deficits, likely
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contribute to the social inappropriateness observed in some children with TD, negatively

affecting their everyday functioning.'®*

1.5. Neurodevelopmental Conditions and Executive Function: Profiles Across
Conditions

Impairments in executive functioning are evident across a range of conditions and can
significantly affect day-to-day functioning. These impairments can include difficulties in
sustaining attention, impulsivity, and challenges in transitioning between and managing
multiple tasks.!” Research has documented EF deficits in various neurodevelopmental
conditions (NDCs), with efforts made to delineate these impairments across different
conditions and within comorbid presentations.'*® Recently, Frances and colleagues (2022)
conducted a systematic review on DSM-5 based NDCs and their prevalence, revealing

incidence rates fluctuate, ranging from 4.7% to 88.5% globally.'8

1.5.1. ASD and ADHD
Prior to 2013, DSM iterations did not acknowledge the potential co-occurrence of ASD
and ADHD. However, current iterations recognise this pattern of comorbidity, allowing more
recent research to capture their diagnostic commonalities. Studies investigating executive
functioning impairments across key neurodevelopmental conditions have revealed both
similarities and differences in the degree of impairments. Some of these similarities may be
attributed to the high rates of comorbidity between certain conditions, such as ADHD and ASD,

which often co-occur at rates ranging from 38.5% t040.2%.146:186.187

Some studies comparing EF impairments across different conditions have found that

certain areas of executive functioning may be more impaired in one condition compared to
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another. However, the literature on EF deficits across conditions presents with some variability.
For example, a study by Corbett et. al., 2009%° assessed EF deficits in children with ADHD,
ASD and controls aged 7-12 years and found children with ASD to have significant
impairments in response cognitive flexibility/switching, and working memory compared to
both groups. Similarly, a comparative review by Craig (2016)*® found that children with ASD
were more impaired in working memory and flexibility when compared to children with
ADHD with no difference in planning and attention amongst both clinical groups. Further,
when reviewing comorbid presentations, some studies indicated that ASD and ADHD
comorbid group and the ADHD alone group had more impairments in working memory,

flexibility, and planning than children with a single disorder ASD alone.*®°

Results of EF profile varied depending on the type of measure utilised (e.g., informant
versus performance-based measures). For example, performance measures showed impact on
working memory, planning and organisation in children with comorbid ASD and ADHD, while
informant-based measures revealed significant impairments in attention alone!®. In a recent
study by Townes and colleagues®® (2023), a systematic review and meta-analysis explored
ASD and ADHD, aiming to summarise the existing research on how these NDCs perform
across EF domains. The findings indicated that children diagnosed with ASD and ADHD both
exhibited worse performance in EF domains, including attention, flexibility, visuospatial
abilities, working memory, processing speed, and response inhibition compared to typically
developing children. These findings suggest a shared underlying mechanism®? in ASD and
ADHD, despite them being distinct clinical disorders. Condition specific executive information
tends to be nuanced, and a holistic transdiagnostic EF evaluation of NDCs can aid in addressing

the daily challenges associated with EF.
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1.5.2. ADHD and SLD

ADHD and SLD are highly comorbid with a prevalence rate of 31% to 45% globally.'*®
Functional challenges within these comorbid conditions often play out in reciprocal manner. For
example, deficits within ADHD such as attention, working memory, planning and organisation can
subsequently impact a child’s ability to plan and execute a written task.!®* Cross condition studies
reveal isolated impairments in EF. A study by Faedda and colleagues (2019) compared ADHD and
SLD together and found that the SLD group performed better than the ADHD group in
inhibition, cognitive flexibility, and some working memory domains.!®> Similarly, another
study found that flexibility and response inhibition were more impaired in children with ADHD
than SLD.!” More recent reviews on ADHD identify cognitive control and vigilance as key
cognitive markers.!”® Comorbidity studies reveal that when prevalent in conjunction with one
another, EF deficits within these NDCs are often nuanced. Some studies reveal an additive
impact of EF deficits, i.e., isolated condition deficits being pooled together or an interactive
effect, where a distinct EF profile emerges. For example, a study by de Jong and colleagues
found that inhibition and lexical decision was impaired in the comorbid group for children with
both ADHD and reading disorder (RD).!” Another study found evidence of interactive effects
with the comorbid group presenting with rapid naming deficits as well as increased working
memory deficits.!”® Further, a recent study by Crisci and colleagues (2021), found a specific
EF profile where children with both ADHD and SLD had more impaired abilities in
visuospatial updating tasks compared to single condition groups.'®® These results highlight the
complexity of EF performance across this NDC group particularly when they co-occur. Studies
evaluating cognitive training allude to the additive effect, suggesting increased support is
required for children with comorbid ADHD and RD.? That is, various types of SLD (i.e.,
dyscalculia, dyslexia and dysgraphia) may contribute to uniquely to EF deficits within this co-

176,201

occurring group. Largely, cognitive control (e.g. response inhibition) and regulatory
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mechanisms are impaired in ADHD,'®® and working memory and phonological regions appear
to be impaired in SLD.!76:196:201.202 Recent studies indicate both additive and interactive effects
on the co-presentation of ADHD with SLD with areas such as working memory and
visuospatial updating appear to impact this comorbidity group.'>**®* These findings highlight
the complexity of understanding the cognitive markers of single NDCs versus comorbid NDCs,
illustrating the need to better understand how EF cognitive profiles manifest

transdiagnostically in children.

1.5.3. Comorbidities in Other NDCs

The neurodevelopmental research arena is rich with studies evaluating the mechanisms
of EF within certain conditions such as ASD, SLD and ADHD, with little focus on little-known
NDCs such as foetal alcohol spectrum disorder (FASD), TS and other rare genetic conditions.
There is, nonetheless, emerging literature that is attempting to capture how EF impacts lesser
known NDCs, with some interesting findings. Conditions such as TS and FASD are often
highly comorbid with ADHD and ASD,?*42% with emerging research on their EF profiles.
Some research illuminates the presence of global EF deficits with minimal cross-condition
differences and other’s highlight nuanced EF differences across NDCs. In comparative study
by Verte and Geurts (2005)2% children with TS alone and children with comorbid ASD (high
functioning) and TS demonstrated no EF differences. Another study found that children with
ASD alone were impaired in flexibility, while the TS group revealed no impairment when
compared to controls.?®” A more recent study comparing children with TS, ADHD and ASD
found that children with TS were more impaired in emotional control (EC) as measured by the
BRIEF scale, children with ASD were more impaired in flexibility (Shift subscale). Children
with ADHD were more impaired in inhibition and behavioural regulation.?®® Openneer and

209

colleagues™” extend our understanding of EF in TS and comorbidities, with results indicating

that children with TS and ADHD had impaired cognitive control (also executive control)
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performance. Studies reviewing EF performance in FASD and ADHD reveal overall EF
deficits?®® as well as unique patterns of impairment. A meta-analysis by Kingdon and
colleagues*® found children with FASD were found to have unique impairments in the areas
of planning, fluency and flexibility (set-shifting) when compared to controls and working
memory impairments when compared to children with ADHD.'*®  The neurodevelopmental
research highlights the highly nuanced EF profiles of these NDCs with the co-occurrence of
NDCs being a norm rather than the exception.?'* Studies looking at LD and TS are few, as they
often co-occur in the presence of ASD or ADHD. When LD and TS do co-occur with ASD or
ADHD, their presence often adds to their overall functional impairments.?** These findings
highlight the condition specific impairments are prevalent when discrete conditions are
compared and also highlight that interactive EF effects emerge when NDCs co-occur,
signalling the distinctive impact of EF and its expression in NDCs. These distinctive profiles
within NDCs herald the potential for EF to provide a detailed and nuanced neuropsychological

indicator of functioning.

1.6. Executive Function as a Cognitive Endophenotype in Neurodevelopmental
Conditions: A Focus on Key Cross-Condition Comparisons
The current DSM iteration (DSM-5-TR)!3? largely utilises behavioural expressions of
NDCs. New and emerging research is highlighting the capacity of other markers to guide
diagnosis, with some references to cognitive markers. EF, a cognitive marker, has the potential
to guide diagnoses in an array of NDCs. EF when considered as an endophenotype can
appropriately guide the supports and assessment of NDCs. Endophenotypes or intermediate
phenotypes are markers (they can be biological, cognitive or behavioural in nature), that are
suggestive of causal indicators such as genetics in the manifestation of condition which include

NDCs'* (i.e., the link between genes and behavioural psychopathology). For instance, in
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dyslexia a prominent cognitive endophenotype which indicates the presence of this variant of
SLD, is the impairment in phonological awareness attributed to this condition.?!?

Endophenotypes have the potential to identify the genetical liability and further our

understanding of genetic components linked with observable psychopathology.?!?

Research to date, has explored the cognitive endophenotypes that may be present in
NDCs such as ASD and ADHD.!%?!* Rommelse and colleagues (2011) argue that ASD and
ADHD are pleiotropic endophenotypes (conditions that are manifestations from a common
gene).?!> Their review highlights neural and behavioural markers of these conditions and
addresses a key pattern of comorbidity which is now on the rise. They address the high genetic

link to these conditions and their increasing prevalence!86-215

and highlight emerging literature
on familial studies and heritability with this NDC group.?'®?!” As summarised in the prior
sections of this thesis, the EF literature across NDCs such as ASD and ADHD allude to the

166,218-220 and some differences, with dissociable difference

presence of overall EF similarities
in inhibition, cognitive flexibility, planning and variants of WM.?*!** In comorbid
presentations, the literature is both mixed and limited. Some research suggests no differences
between single NDCs and comorbid presentations of ASD and ADHD?** whereas others
highlight an additive deficit’> when looking at inhibitory control and others suggesting the

F.%2¢  Studies on other

comorbid group presents with elevated impairment in this area of E
NDC:s reveal endophenotypic patterns that make links between different NDCs such as TS and
ADHD.??” Studies on TS suggest that flexibility is a unique endophenotype for this
condition.??® Other studies evaluating TS in comparison to ADHD and obsessive compulsive
disorder (OCD) found executive control (with references to disinhibition) to be a prominent

endophenotype implicated in this condition.??*??2% In a meta-analysis, looking at comorbid

TS and ADHD, the EF pattern of increased inhibitory deficits appeared to be a specific marker
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of executive control in this comorbid group, however this endophenotype was also present in
the TS alone.!®? The pattern of EF across NDCs is pivotal in illustrating cognitive patterns
which predict adaptive and behavioural responses to the world. Children with TS may exhibit
impaired inhibitory control which may manifest behaviourally (i.e., vocal or motor tics) and
children with ADHD may experience this EF with difficulty in emotional as well as behavioural
regulatory mechanisms (e.g., response inhibition and working memory). Further, the pattern of
NDCs in comorbid groups is proving a window into the complexity of EF in these groups and
enhances our understanding of these neurodevelopmental presentations. Such presentations,
therefore, exist in a complex continuum of EF unique to each condition.?** EF serves as a
transdiagnostic marker of neurodevelopmental delay, representing a key cognitive
endophenotype that spans various conditions.!*%2!423! This cognitive endophenotype provides
a window into shared underlying mechanisms prevalent in an array of NDCs, offering an
enhanced understanding of the role of genetics and the etiological and developmental

manifestations of such conditions.?!>?32233

1.7 Transdiagnostic Perspectives on Executive Functioning: Theoretical and Practical
Implications

The evaluation of EF performance within NDCs herald a new method of examining and
understanding the impact of conditions within children. EFs within NDCs have historically
been constrained by disorder-specific paradigms. However, recent advances advocate for a
transdiagnostic approach, acknowledging the shared cognitive impairments across various
NDCs.?!>23 This thesis posits that understanding the transdiagnostic overlap in EFs is pivotal,
offering insights into the universal mechanisms that underpin diverse NDCs. The recognition
of EF overlap across NDCs illustrates that shared cognitive substrates transcend diagnostic

boundaries. This perspective challenges more traditional, phenotypic diagnostic nosologies,
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suggesting that a more nuanced understanding of cognitive processes is necessary for
elucidating the aetiology and expression of NDCs. The transdiagnostic viewpoint disrupts
traditional, siloed approaches to studying NDCs, advocating for an integrative model that
considers the complexity of cognitive functioning, and how EF can better shape our
understanding. A transdiagnostic theoretical framework thus illustrates the potential for
refining diagnostic criteria and enhancing intervention strategies, thereby fostering a more
holistic approach to child neurodevelopment research and practice. Such models promise to
reconcile the discrepancies between isolated condition frameworks and the empirical realities
of overlapping executive performance in NDCs.!8%!% From a practical standpoint, the
transdiagnostic approach to EFs proposes a paradigm shift in assessment, intervention, and
educational practices. By focusing on common EF deficits rather than condition-specific
symptoms, practitioners can devise more personalised and effective strategies. This
encompasses the development of interventions that are applicable across a spectrum of NDCs
and the implementation of pedagogical techniques that support EF development in diverse
paediatric populations. 2**
1.8. Research Aims

The objective of this project is to facilitate an integrated understanding of EF as a
pertinent, endophenotype in the assessment and management of NDCs in children. This
objective serves to establish an evidence-based understanding of EF profiles across various
NDC:s utilising validated tools. To achieve this, the research project is structured around three
main aims. The first aim is to systematically review the broad literature on EF in children with
prominent NDCs in children and better conceptualise an understanding of EF profiles and the
factors contributing to variations across different conditions within this population. The second
aim is to examine EF profiles in children with prominent comorbid NDCs, particularly focusing

on the variability and severity of EF impairments in relation to the comorbidity of these
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conditions. The final aim of this project is to explore the role of caregiver evaluation in children
with a range of NDCs and the association between their developmental strengths and
weaknesses with EF outcomes. Overall, this project aims to comprehensively assess EF
performance transdiagnostically and to evaluate EF performance in NDCs within paediatric

clinical settings.

1.9. Project Hypotheses
Following a broad review of the literature in this field, the following core hypotheses
regarding EF and NDCs in children will be examined:
l. EF Delays in Children with NDCs:
=  Children diagnosed with NDCs will exhibit significant delays in EF
compared to controls.
= The severity of EF impairments will show variance depending on the
assessment method utilised and gender differences may play a role in
the manifestation of these impairments.
= Distinct differences in EF profiles will be observed across various NDCs,
highlighting specific sub-domain impairments unique to each condition.
. Variances in EF profiles, among children with different NDCs:
= Variations in EF profiles, as assessed by the BRIEF, will be evident
among children with different NDCs such as ASD, SLD, and ADHD.
= QGreater impairments in cognitive flexibility and inhibition will be
observed in children with comorbid conditions, particularly those with

ASD and ADHD, compared to those with a single NDC.
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= Anincrease in the number of comorbidities will be associated with more
pronounced overall EF deficits, suggesting an additive or interactive
effect on EF.

1. Association between DSM diagnoses, caregiver concerns, and EF delays:

= A higher number of DSM diagnoses and caregiver-reported concerns in
children will be correlated with elevated EF deficits, as measured by the
BRIEF.

= Conversely, a greater number of caregiver-reported strengths will
correspond to lower EF difficulties, indicating a potential protective
factor against executive delay.

= Specific challenges in social abilities, behaviour, and caregiver concerns
related to NDCs (such as ASD, ADHD, SLD) will be linked with
impaired BRIEF Global Executive Composite (GEC) and domain-
specific scores, highlighting the interplay between EF delays and

clinical symptomatology.

1.10. Research Program

To address the main objectives of this research project on EF in NDCs, this thesis is further
divided into three interrelated internal chapters. These chapters address issues such as comorbidity
within NDCs and developmental strengths and weakness in relation to EF, which are key objectives
in this field of research.

Chapter 2 of the thesis is a comprehensive systematic review and meta-analysis focusing
on the role of EF as a transdiagnostic endophenotype in NDCs such as ASD and ADHD, along
with other prominent NDCs affecting children up to the age of 18. This Chapter explores seven
identified EF constructs: attention, fluency, set shifting, set switching, response inhibition, planning,

and working memory. The analysis investigates the EF profiles across various NDCs, considering
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the impact of assessment type (informant-based vs. performance-based) and demographic factors
(age, gender) on these profiles.

In Chapter 3, the focus shifts to examining EF profiles in children aged 5 to 18 years
diagnosed with NDCs such as ASD, ADHD or SLD were examined. Utilising the BRIEF
measure, this chapter compares EF profiles among participants with single versus multiple
NDCs. Additionally, it discusses the degree of EF severity in relation to specific diagnoses,
shedding light on how comorbidities may influence EF outcomes.

In Chapter 4, the relationship between EF and caregiver reported strengths and
challenges in children with developmental concerns, was explored using the BRIEF measure
for a comprehensive EF assessment. Spanning a diverse age range of 2-16 years, the research
primarily focuses on the correlation between EF profiles and parental reports of strengths and
challenges encompassing behaviour, social skills, play capabilities, and cognitive abilities.

In Chapter 5, a comprehensive discussion is provided, incorporating the findings from
each empirical chapter, and highlighting their contributions to both research and clinical
practice. The detailed discussion integrates the thesis’s primary findings, addresses any
limitations encountered during the research project and explores potential avenues for future

research in the field.
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Chapter 2: Executive Function in Children with Autism, ADHD and other
Neurodevelopmental Conditions: A Systematic Review and Meta-Analysis.
Study Objectives:

This review sought to:

(a) Review forty-two years of literature on EF in NDCs among paediatric population,
with a specific focus on ASD, ADHD, while also considering how these NDCs
compare to other conditions in their EF performance within the same population.

(b) Evaluate differences in EF profiles across various NDCs and compare these
profiles to those observed in neurotypical population.

(c) Assess moderating influence that contribute to our overall understanding of EF in
children with NDCs; with a particular emphasis on age and type of measures

utilised for EF assessment.
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2.1. Abstract

Executive function (EF) impairments have been found in many child
neurodevelopmental conditions (NDCs). These impairments, such as challenges with task
initiation and attention, have been well-documented in NDCs such as ASD, ADHD and SLD
when explored individually however there are many contradictory findings making it difficult
to ascertain how salient their results are. The influence of key demographic and measurement
variables, such as gender, age and type of EF measure utilised are also not well understood. To
examine moderators of this effect, and to test differentiating EF impairments between key
NDCs, a systematic review and meta-analysis of EF across paediatric NDCs was conducted.
Studies with children with at least one of ASD or ADHD compared to an independent sample
with an NDC were evaluated. In line with PRISMA guidelines, a systematic literature review
was carried out in MEDLINE, EMBASE and PsychlInfo using a selection of relevant terms and
the search covered the period of January 1980 to April 2022.The review was registered with
PROSPERO (CRD42020210785). Of 175 identified studies, 105 met selection criteria. Two
independent reviewers conducted study screening and assessed against the inclusion criteria.
This included all studies that measured EF using established tests in participants under 18 years
of age and describing populations comparing ASD and ADHD with a NDC group. Methods
followed PRISMA guidelines. Extraction and risk of bias assessment was conducted by two
independent reviewers. Data was pooled using a random-effects model. Outcomes across seven
EF domains included attention, fluency, set shifting, set switching, response inhibition,
planning and working memory. Analyses of individual EF domains were conducted for each
comparison (i.e., ASD vs ADHD). Main outcomes included scores on performance and
informant-based EF measures. The moderator effects (i.e., age and type of measure) of EF
domains were analysed. Analyses was conducted using the metafor package in R. A moderate

effect size of EF impairment across all NDCs was found (g=0.63), in comparison to control.
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Children with ADHD showed greater problems with attention and response inhibition, children
with autism showed larger impairments in set-shifting, while children with learning disorders
showed evidence of greater impairments in set-switching. Informant measures overall showed
larger effects sizes of EF impairment, in comparison to performance-based measures. EF
impairment is a transdiagnostic feature of key NDCs that is likely underpinned by
accompanying divergence in brain structure, activation, connectivity, and chemical signalling.
Findings support the prioritisation of transdiagnostic approaches to EF delay in prominent

NDCs to improve life outcomes for these children.

Keywords: Neurodevelopment, paediatric developmental conditions, autism, ADHD,

biomarkers
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2.2. Introduction

Executive function (EF) is an umbrella term used to conceptualise a range of cognitive
processes including planning, working memory, attention, inhibition, self-monitoring, , and
initiation."” EF encompasses a network of functional cognitive abilities that allow for real-
world engagement, which are the refined during key developmental periods.'* Impairments in
EF can include difficulties in sustaining attention, impulsivity, and an inability to transition
between, and flexibly manage, multiple tasks.>313¢13 The presence of EF impairments may
also signal divergence in brain development with a role in both causal and maintaining factors
in neurodevelopmental conditions (NDCs).?2*% EF processes are believed to be involved in a
range of emotional, behavioural and social functions. EF research has been able to formulate
numerous models to explain this complex network of cognitive systems. EF research led to
the formulation of numerous models to explain this complex network of cognitive systems.
Miyake and colleagues®* and Diamond*® postulate theories that conceptualise EF with core
faculties (including attention) which set the foundation for higher order, more complex
faculties to develop. These models are informed and supported by a substantial amount of EF

research and clinical data**?3¢

and set the groundwork for this review. This review aims to
investigate both higher order and more foundational domains within the paediatric population.
EF research demonstrates considerable debate on how EF domains are considered to overlap,
or present as separate faculties. Further, the literature attempts to capture these faculties through
the use of various EF measures. Considering the body of literature in this area, this review will
focus on attention, set shifting, set switching, fluency, planning, working memory and response
inhibition. Not only will this allow for a comprehensive EF developmental trajectory review
but encompasses EF domains that have been found to be linked to functional outcomes. For

example, although attention is a contentious domain in EF theoretical literature,' it is

nonetheless comprehensively measured and found to be considerably impaired in NDCs such
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as ADHD?’. Impairments in EF are believed to impact quality of life in children®*® and can
contribute to lifelong challenges.>* These impairments are thought to be moderated by
variables such as sex, type of EF measure, and age.”*? For example, some studies have
suggested that EF difficulties may increase during adolescence,?*® while others do not.>>240-24!
Overall, deficits in EF could be considered to represent a broad transdiagnostic cognitive
phenotype of NDCs. There has, however, been limited research examining the transdiagnostic
endophenotype across neurodevelopmental conditions.

EF impairments have traditionally been studied within specific NDCs.!*%!46 Paediatric
EF studies have generally focused on emerging core EF domains of inhibition, working
memory, and cognitive flexibility.?*?*? These domains are believed to serve foundational
cognitive faculties that allow for the development of higher order EF functions, such as
planning and problem solving.?* Impairments in each of these domains have been reported in
children with NDCs from their first years of life.>* To date, age based effects have also been
examined within disorders. For example, deficits in working memory (WM) are well-
documented in children with Attention-deficit/hyperactivity disorder (ADHD) and Learning
disorders (LD).!!1424324 Although research of executive function capacities between NDCs
exists, it often lacks a transdiagnostic lens with emerging research attempting to capture this
viewpoint. 2%’

Cross-condition studies'®!%¢ further show that there may be some differences in sub-
domain EF outcomes based on the disorder specific phenotype. In support, some studies
comparing children diagnosed with Autism (ASD) or ADHD show that children with ASD
show marked impairments in cognitive flexibility and planning, while children with ADHD
may be more likely to show impairments in inhibition and working memory.>*->* Other
studies'®® have reported stronger impairments in response inhibition, cognitive

flexibility/switching, and WM for children with ASD in comparison to those with ADHD.!%6
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Such comparisons are important for understanding the causal and maintaining features that
differentiate clinical profiles of conditions. Further, they could be used to screen for diagnoses,
confirm co-occurring NDCs and assess clinical severity. These profiles can subsequently
inform assessment practices and the educational and therapeutic supports children receive for
different conditions.
2.2.1. Prominent Neurodevelopmental Conditions: ASD and ADHD

ASD and ADHD are two of the most prominent NDCs in the paediatric literature with
high comorbidity and prevalence rates.”>**! Recent prevalence studies indicate that 0.6% of
children are diagnosed with ASD,?**?> and 5.6% to 7.6% of children are diagnosed with
ADHD globally.?>* A recent meta-analysis on the co-occurrence of both ASD and ADHD found
current and lifetime prevalence to stand at 38.5% to 40.2%.'” These figures currently capture
the co-occurrence of these conditions, given it was only after 2013 that DSM iterations
acknowledged their comorbidity. Reviews have largely focused on EF processes across single
NDCs'#% with emerging research capturing the presence of multiple NDCs in children.
Recently, a meta-analysis by Townes and colleagues®® (2023) compared EF profiles of
children with ASD or ADHD, with results indicating no significant differences between these
two NDCs across domains of attention, flexibility, visuospatial abilities, working memory,
processing speed, and response inhibition. Systematic reviews that study comorbid
presentations of ASD and ADHD find that the co-occurrence of these presentations are found
to demonstrate increased executive delay compared to those with single conditions. '3%!%8 The
literature has, to date, reviewed the significance of executive delay that exist within these
conditions. However, a nuanced exploration through a meta-analysis of how these prominent
NDCs perform in relation to other, less prevalent NDCs across EF is yet to be explored. In light

of an increase in prevalence rates and increased comorbidity, EF performance of key NDCs in
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comparison to other NDCs can assist in providing a transdiagnostic neurodevelopmental
evaluation of EF in children.
2.2.2. Executive Function Measures in the Paediatric Population

Assessments of EF include both performance and informant-based measures.
Performance EF tasks typically involve practical tasks of EF capacities (e.g., errors on a
computer-based response inhibition task; placing objects in an instructed order) and are
purported to objectively tap into discrete EF domains. There is, however, a high degree of
overlap between EF domains and their underlying neurobiology, raising questions about their
functional indpendence.!*® As such, many measures of EF likely tap multiple domains. For
example, tasks that measure set-shifting such as the WCST (Wisconsin Card Sorting test) may

t»7. Other measures such as informant-based measures

also be impacted by a WM componen
are proposed to possess greater ecological validity given their reliance on the reporting of
observed everyday behaviours.? Informant-based measures often describe how a child’s EF
profile directly relates to their daily functioning, often encompassing greater reported

functional deficits'*-*32

suggesting greater ecological validity but come at a cost of reduced
objective reliability.!!#?43244 The debate between the utility and reliability of these measures
has been long-standing and mixed. For example, some authors have argued performance-based
measures may provide more objective scaling of EF performance, with others have pointed to
the utility of informant and self-report measures to predict functional outcomes. Nonetheless,

each measurement approach provides unique clinical utility in a range of paediatric contexts®>®-

260

2.3 Study Aims
There is a lack of research addressing the role of EF as a transdiagnostic endophenotype
in NDCs in children. This meta-analysis aims to synthesise the existing literature on EF in

NDCs, with a focus on ASD and ADHD. It reviews seven EF constructs identified in paediatric
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literature (attention, fluency, set shifting, set switching, response inhibition, planning and
working memory). Given that EF is a component of cognition across neurodevelopment, it is
critical to evaluate its discriminating and/or shared profile across NDCs. This systematic
review and meta-analysis aimed to review studies that investigated EF measures in populations
with ASD or ADHD and other NDCs. Studies were required to have two or more NDCs in
children with or without a control comparison. Further, this study aimed to consider how type
of assessment measure (informant or performance based) and demographic factors (age,

gender) influenced the results of the primary analysis. We predicted that:

1) All neurodevelopmental conditions would be associated with significant impairments
across EF domains, when compared to controls.

2) Effect size of impairment would be moderated by type of assessment and sex, such that
informant-based measures and a higher percentage of males captured in studies would
be associated with larger effect sizes.

3) Comparisons between EF profiles between NDCs would show differences in the

severity of impairment in sub-domains of impairment.

2.4. Methods and Materials

This review adheres to the Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines.?®!"?2 The review was registered with PROSPERO
(CRD42020210785).

2.4.1. Study Selection

The review included peer-reviewed English language studies published from 1980 to
April 2022 (see Figure 2.1 for data extraction diagram). Studies were considered if they
included children under 18 years of age and reported on at least two comparison groups, with
ASD and ADHD being key comparative groups. The search employed a focus on articles that
reviewed ASD with other NDCs, and ADHD with other NDCs. That is, these two groups were
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each compared to other NDCs. Participant NDC diagnosis needed to be assessed with reliable
diagnostic measures (see Supplementary Table 1 for search strategy in Appendix A). NDCs
were identified if they were listed within the DSM-V as an NDC. Each NDC then needed
sufficient data to be included to inform key NDC groups for further analysis (i.e., ASD vs
ADHD). The search strategy captured information such as whether the diagnosis was made
through a clinical interview, DSM criteria, standardised measures or other mode of
classification. Effort was made to ensure all captured studies used best practice clinical
measures.

Studies must have included outcome measures including informant measures and/or
performance measures of EF (see Supplementary Table 1 in Appendix A). Outcome measures
may include one or more measures derived from psychometric tests, experimental tasks

and/or self/informant measures.
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Figure 2.1. Data Extraction Diagram PRISMA
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2.4.2. Search strategy and study variables

The literature search was conducted through Medline, Embase and PsychINFO
databases using a detailed search criteria of EF measures (i.e., “BRIEF”, “Wisconsin Card
Sorting Test”, “Go-no-Go task™ “Stroop test”) and a full range of paediatric NDCs (e.g.,
“Autism” “Autism Spectrum Disorders”, “ADHD”, “Tourette’s Syndrome”, see supplementary
information for more detailed descriptions of extracted studies). The first author (AS) screened
results for initial eligibility based on title and abstract using Covidence.?®* Full-text versions of
eligible studies were screened with a second reviewer (CS). A third reviewer addressed any
disagreements (EAD). Reported EF measure outcomes (i.e., reaction times, commissions or
omissions errors in a task like Go-No-Go), were extracted as mean values and standard
deviation scores for each group at a single time point. To manage selective data extraction, all
relevant EF outcomes were extracted. This assumed that within assessment measures are at
least moderately correlated, and to avoid selective data reporting. Where there was missing
data, efforts were made to contact authors regarding missing data, however no author was able
to address the authors’ request. In addition, authors contacted all study authors for unpublished
data to mitigate ‘the file drawer effect’. One author was able to address this request with two

studies and their data is included in the results.

2.4.3. Quality assessment
Quality review of studies was completed by two assessors using the Checklist for Cross
Sectional and Cohort Studies within the JBI Critical Appraisal Tools.?** Studies were rated “fair”
to “good”.
2.4.4. Data items
Group level summary data (e.g., sample size, means, standard deviations, F-values) was

extracted for all measures reporting outcomes for executive function. All meta-analyses results
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were conducted and obtained using the metafor package in R.292%¢ The analytical approach
used was a multilevel analysis using the random-effects model. The unit of analysis utilised
within this model was the standardised mean difference (calculated as Hedges’ g) on each
measure between NDCs. When making group comparisons, a positive effect size indicated that
the control group performed better than the NDC group. Within the cross-condition analysis
(i.e., ADHD versus SLD), the positive effect size indicated that one comparison group was
performing better than its comparison group, (i.e. ADHD vs. ASD). The data analysis was
planned a priori and was completed in four stages. The initial analysis combined all EF outcomes
to assess the overall EF effect size in NDCs when compared to controls (i.e., typically
developing children). The second analysis examined subgroup comparison of the individual
EF domains. The third analysis examined the estimated effect size of difference for each NDC
in comparison to control conditions. The next step involved examining between study
variability and moderator impact for overall EF and individual EF domains, this includes ‘Type
of Measure’, ‘Gender’, ‘Age’ and ‘DSM edition’ which was assessed as a covariate in meta-
regression analyses. The final step involved the analyses of individual EF domains which were
conducted for each comparison (i.e., that is ADHD vs SLD etc.). The effect size measure of
Hedges’ g <0.30, >0.30 and <0.60 and >0.60 are described as small, moderate or large.
Heterogeneity was assessed using several statistical measures. The degree of variation
between-studies was reported using the 7°. Where applicable, heterogeneity across studies was
assessed and reported using the I? statistic with 95% confidence intervals (Cls). The 1> values
of 25, 50 and 75% define small, moderate and large heterogeneity.
2.5. Results
2.5.1. Primary OQutcome: Neurodevelopmental Groups and Controls
An overall meta-analysis comparing eligible studies that compared at least two NDCs

with controls was completed (see Figure 2.2 and Supplementary Table 2, Appendix A for study
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characteristics). The neurodevelopmental groups showed significant impairment in their
overall EF (n=88, k=1573, g=0.60, 95% CI=0.53 to 0.65, p <0.001; 1>=0.18; ’=75%; prediction
interval 0.56 to 0.69). Following data screening, four studies were removed as they contributed
to plot asymmetry. Separate meta-analyses for single neurodevelopmental conditions and their
controls were compiled. These meta-analyses were conducted for ADHD, ASD, Tourette’s
Syndrome (TS), LD and Williams Syndrome revealed significant impairments in overall EF

for all neurodevelopmental groups (p < 0.048).
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EF Domain Favours Clinical Groups: Favours Control N Hedge's g (95% Cl) p

Working Memory = -.- 114 0.45 (0.37, 0.52) <0.001
Set Switching - — 1 0.25(0.11, 0.39) <0.001
Set Shifting - -@ 104 0.36 (0.27, 0.45) <0.001
Response Inhibition - 9 164 0.34 (0.27, 0.4) <0.001
Planning - —— 63 0.56 (0.39, 0.74) <0.001
Fluency - —— 26 0.46 (0.26, 0.67) <0.001
Attention - —@— 113 0.45 (0.33, 0.56) <0.001

1.0 05 2o 05 10

Hedges' g

Note: N refers to the number of EF comparisons made within the meta-analysis and not the number of studies.

Figure 2.2. Hedges’ g for EF in NDCs versus Controls

Funnel plot asymmetry was detected, indicating possible small-study eftect (= 0.105;
one-tailed p=0.002; see Supplementary Figure 1 in Appendix A). A trim and fill analysis
imputed one study; the adjusted effect size suggested minor small-study bias (g=0.60; 95% Cl=
0.54 to 0.67; p<0.001), see Supplementary Figure 2 in Appendix A. Sensitivity analyses

comparing a hierarchal (g=0.58; 95% CI= 0.53 to 0.64; p<0.01; Q?=0.07; "=0.05) to a
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correlational model as well as correlation assumptions revealed the model assumptions of the

main analysis to be robust.

2.5.2. Moderator Analysis

Further moderator analyses as part of the multivariate meta-analysis revealed the
contribution of performance measure (n=88, k~=1573 g=0.97, C1 =0.82 to 1.11, p<0.001) was
significant when compared to informant measures (n=88, k=1573 g=0.40, CI = 0.26 to 0.54,
p<0.001; Oq.1571= 30.18, p<0.001, R>=14%). For gender, the higher the percentage of males,
the more significantly they contribute to the overall effect size, however, this was just
significant and accounted for a negligible degree of variance, (n=65, k=1237, g= 0.008, 95%
CI = 0.000 to 0.015, p=0.049; QO .1235= 3.881, p=0.05, R*=0%). The effect of age was not
significant with younger children (n=86, k/=1538, g= -0.126, 95% CI = -0.244 to -0.007,
p=0.03; O.1536= 1.91, p=0.167, R>=0%), showing an insignificant contribution to the overall
effect size than their older counterparts, (n=86, k=1538, g=-0.044, 95% CI =-0.107 to -0.019,
p=0.167). Further, DSM editions used in each study had no significant moderating effect (n=

75, k= 1263, g=0.12, 95% CI = -0.081 to 0.321, p=0.12 to 0.15).

2.5.3. Differences in EF Profiles according to specific neurodevelopmental conditions.
The next set of analyses examined whether the observed impairment found in EF
differed according to the neurodevelopmental diagnosis (see Figure 2.3). To address this
question, we conducted a series of analyses between each NDC using studies that provided
enough power. This was informed by the presence of underlying heterogeneity as well as
sufficient number and balance of studies within subgroups that allowed for these cross-

condition analyses to take place within each cell.
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ADHD vs LD Favours LD : Favours ADHD N Hedge's g (95% CI) P

Working Memory - —.— 43 -0.25 (-0.62, 0.12) 0.19
Set Switching - —t— 4 0.21(0.03, 0.39) <0.05
Set Shifting - —_— 21 -0.47 (-0.82,-0.12) <0.05
Response Inhibition - . 86 -0.56 (-1.2, 0.07) 0.08
Planning - & : 23 -0.62 (-1.38, 0.13) 0.1
Fluency - —_— 7 0.5 (-0.02, 1.02) 0.08
Attention - —-—07 24 -0.37 (-0.72, -0.02) <0.05
ASDvs LD
Working Memory - —'—' 8 0.48 (-0.07, 1.02) 0.09
Set Switching - _ 2 0.01 (-0.33, 0.35) 0.96
Set Shifting - —C— 10 -0.14 (-0.52, 0.24) 0.46
Response Inhibition - 2 -0.09 (-0.71, 0.53) 0.78
Planning - 4 0.8 (-0.18, 1.79) 0.1
ASD vs TS
Response Inhibition - —-—-— 5 0.1 (-0.37, 0.58) 0.67
ASD vs ADHD Favours ASD : Favours ADHD
Working Memory - —-0— 22 0.05 (-0.26, 0.35) 0.77
Set Shifting - P —e— 34 0.31 (0.1, 0.51) <0.001
Response Inhibition = + 63 -0.06 (-0.3, 0.17) 0.59
Planning - + 42 0.05 (-0.13, 0.23) 0.59
Fluency - —-—0— 10 0.4 (-0.14, 0.94) 0.15
Attention - + 36 -0.15(-0.3,0) 0.06
TS vs ADHD
Set Shifting - —— 8 0.05 (-0.23, 0.34) 0.72
Response Inhibition - —— 15 -0.19 (-0.32, -0.06) <0.001
Planning - : - 13 0.36 (-0.52, 1.25) 0.42
Fluency - 7 -0.25 (-1.48, 0.97) 0.68
Attention - — 18 0.4 (-0.77, -0.04) <0.05
A5 1.0 0.5 0.0 05 1.0 15
Hedges' g

Figure 2.3. Effect Sizes for Seven Areas of EF across Primary NDC comparisons.

Autism Spectrum Disorder and ADHD: Findings from 30 studies comparing ADHD
and ASD showed that there were no significant differences of overall EF between conditions
(n=29, k=208, g =0.024, C1=-0.065 to 0.112, p = 0.60, 7=0.20; P=75%; prediction interval -
0.086 to 0.119). On sub-domains, however, significant differences were found between
comparison groups in set shifting (n=14, k=34, g= 0.30, 95% CI = 0.10 to 0.51, p=0.004, 7=
0.12). Children with ADHD performed better on measures of set shifting compared to children

with ASD.
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We then compared the effect of EF on informant or performance-based measures for

this population to determine whether the effects observed persisted. There were too few studies

to test this on informant measures. For performance measures, after informant measure

outcomes were removed, only the attention domain was significant, as shown in Figure 4 (n=8,

k=32, g= -0.19, 95% CI = -0.34 to -0.05, p = 0.007, = 0.02), where children with ASD

performed better on measures of attention than children with ADHD.

ADHD vs LD

Working Memory -
Set Switching -

Set Shifting -
Response Inhibition =
Planning -

Fluency -

Attention -
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Working Memory -
Set Switching -

Set Shifting -
Response Inhibition -
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ASD vs TS

Response Inhibition -

ASD vs ADHD

Working Memory -
Set Shifting -
Response Inhibition -
Planning -

Fluency -

Attention -

TS vs ADHD

Set Shifting -
Response Inhibition -
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Fluency -

Attention -
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0.8 (-0.18, 1.79)

0.1 (-0.47, 0.28)

0.25 (-0.04, 0.53)
0.15 (-0.05, 0.35)
0.08 (-0.14, 0.29)
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-0.02 (-0.32, 0.29)
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0.58
0.56
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0.1
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0.09
0.13
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0.15
<0.05

<0.001
0.24
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<0.05

Figure 2.4. Effect Sizes for Seven Areas of EF across primary NDC comparisons with performance only

measures.
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Tourette’s Syndrome and ADHD: There was a significant effect for overall EF domain
differences (n=15, k=70, g = -0.27, 95% CI = -0.50 to 0.05, p = 0.018, =0.21; =73%;
prediction interval -0.55 to -0.03) across 15 studies, suggesting poorer EF performance for
ADHD compared to TS. Sub-domain meta-analyses for individual EF domains showed unique
differences in response inhibition across 15 group comparisons (n=7, k=15, g=-0.19, 95% CI
=-0.32 to -0.05, p = 0.005, 2= 0.00) where children with Tourette’s syndrome (TS) performed
better than children with ADHD. The sub-domain analysis for attention was also significant
favouring TS (n=7, k=18, g= -0.403, 95% CI = -0.76 to -0.039, p = 0.03, 7>=0.20), across 18
group comparisons. Findings were similar when informant measures were removed from the
analysis.

Learning disorders and ADHD: Findings from 38 studies comparing learning
disorders (LD) and ADHD showed no significant results for a combined EF effect (n=38, k=208,
g=-0.16,95% CI=-0.37 to 0.05, p=0.13, 2=0.94; ’=92%). As shown in Figure 2, subdomain
analysis revealed an effect size direction that ADHD children had better performance in the set
switching domain across 4 group comparisons (n=4, k=4, g=0.21, 95% CI =0.034 to 0.387, p
=0.02, 7=0.00), and LD children in set shifting across 21 comparisons (n=13, k=21, g= -0.46,
95% CI=-0.82to -0.12, p = 0.008, °=0.34) and attention domain across 24 comparisons (n=10,
k=24, g=-0.37, 95% CI = -0.72 to -0.02, p = 0.036, 7°=0.26). When informant measures were
removed only set switching (n=4, k=4, g=0.21, 95% CI =0.034 to 0.387, p = 0.02, 72=0.00) and
attention (n=10, k=24, g= -0.37, 95% CI = -0.72 to -0.02, p = 0.036, °=0.26) remained
significant, where children with ADHD had impaired attention but better set switching.

ASD and TS: Cross disorder meta-analysis results with the TS and ASD cohort were
not significant (n=2, k=11, g= -0.10, 95% CI = -0.30 to 0.09, p = 0.30, ?=0.06; I’=33%),
following a review of 2 studies. No significant results were found with subdomain analysis

within these groups.
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Learning Disorders and ASD: A review of 6 studies comparing children with ASD and
LD revealed no significant differences in their combined EF effect (n=6, k=27, g= 0.39, 95%
CI = -0.008 to 0.79, p = 0.055, ?=0.27; ’=78%). No significant results were found with
subdomain analysis.

2.6. Discussion

Our results suggest that EF is a transdiagnostic feature across key NDCs, showing an
overall moderate effect size of impairment that did not differ markedly across NDCs. Results
also supported the value of cross-condition research, with some condition specific impairments
in EF sub-domains. Children with ADHD showed greater impairments in attention and
response inhibition, children with ASD showed greater impairments in set shifting tests and
children with LD showed poorer set-switching. Overall, informant-based measures of EF,
relative to performance-based measures, showed larger effects, that is, informant measures had
a larger contribution to the overall effect size. The effect size of EF impairment increased with
the percentage of males in each study, but the contribution of gender to the effect size was
marginal. There was no influence of age. The results here show that EF impairments are a
transdiagnostic feature of NDCs and that some NDCs are associated with greater EF

impairments in specific domains.

The findings of this study suggests a broad EF impairment across prominent NDCs with
little evidence that specific NDCs were associated with greater overall EF impairments. There
has long been speculation that EF may be a transdiagnostic feature of neurodevelopmental
delay. The executive system is believed to be the most recently evolved brain system that

operates as a control centre, managing many other cognitive abilities (e.g., attention, learning,

)'2,4 267 to

social development, and memory).~* This system facilitates flexibility and adaptability

both novel and complex situations.?%®2% While the executive system circuitry is facilitated by
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the pre-frontal cortex, it is highly connected and reliant on other brain circuiry.** It follows then,
that any divergence in brain development is likely to impact this interconnected system. Indeed,
research has shown how genetic,?’® neurochemical, ?’! and environmental?’>?”* factors linked
to NDCs, as well as critical periods of neurodevelopment,?’* may all influence EF maturation.
A transdiagnostic NDC research framework is needed to further evaluate modifiers of EF
across child development. This will pave the way for a better understanding of EF and its

impact on neurodevelopmental divergence broadly.?’>-76

Assessment type had a significant contribution to the overall effect. Findings of larger
EF impairments when using performance versus informant-based measures has also been
supported by prior literature.!*?%* The administration of performance-based measures
evaluates EF in cumulative scores that tap into accuracy of individual cognitive domains,
whereas informant-based measures are often based on reported deficits which are correlated
with functionality or real-world behavioural performance of the individual. It is noted that
within EF literature, a large number of studies utilise performance-based measures, which
allows for EF domains to be siloed and measured on a performative level rather than their
behavioural performance which informant measures tend to capture.?®® On the other hand,
some research has shown that informant EF measures may be better at differentiating those
with a clinical diagnosis as it captures the degree of impairments in everyday life.'*> Taken
together, these findings suggest research is needed to delineate the use of informant and
performance-based measures across development and their utility to understand when
informant or performance measures are best utilised, with some research suggesting the

increased efficacy of combined use.?®
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While there was broad support for a transdiagnostic approach to overall EF impairment,
there was also evidence of some disorder-specific effects on EF. For ADHD, the overall effect
size of EF impairment was small in contrast to the moderate effect size of impairment for other
conditions. Despite this, results repeatedly demonstrated that children with ADHD showed
worse outcomes on attention sub-domain measures in comparison to many other NDCs.
Attentional disruption is core to the diagnostic criteria of ADHD?”” and the results here further
reinforce this through the use of both informant and performance measures. They also offer
support to the specificity of attention-based models of ADHD?*727827 that highlight brain
regions (such as the dorsal anterior cingular cortex) involving selective and sustained attention.
There was some evidence of impairments on sub-domains of response inhibition and cognitive
flexibility (set shifting and set switching), for comparisons with TS and ADHD, and LD and
ADHD, respectively. According to the supervisory attentional system?’8 impaired attention can
cause challenges in disengaging from habitual behaviour and exerting novel responses, which
in turn implicates response inhibition and set shifting.!* Such models allude to the unique role
attention holds within the EF network and its multi-layered nature.!*> Other models take a
multifactorial approach and highlight the trajectory EF domains take from simple to complex
of EF networks.?**} These models emphasise the interconnected relationship attention has with
other key EF domain areas as EF networks become more mature.”® In regards to other
conditions, children with ASD were more impaired on tests of set-shifting (also known as
concept formation) in comparison to their ADHD counterparts.'#>!88 This impairment has been
linked to the phenotype of rigidity and repetitive behaviours, as well difficulties in processing
stimuli and social information in complex environments.?®!?8? Children with LD also showed
poorer set-switching in comparison to ADHD. This can manifest as challenges with the
capacity to switch between mental processes in response to changing demands and such

challenges have been outlined in students with different forms of LDs.?33-2%5 Taken together,
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these findings inform our understanding that while neurodevelopmental conditions share an

199,230

overall transdiagnostic EF profile, nuanced atypicalities across neurodevelopment can

also lead to distinct cognitive profiles and different levels of impairment, '4>166:188.276.286

2.6.1. Limitations

Although a large body of neurodevelopmental literature controls for 1Q, we did not
include IQ as a primary covariate in our analysis given the overlap between IQ and EF domains.
287 We also note the low number of studies used to identify EF patterns in lesser investigated
NDC:s (i.e., Tourette’s syndrome with learning disorders). This meta-analysis focused on NDC
comparisons with key NDCs, ASD and ADHD and is limited by the existing literature and the
absence of broad investigations of neurodevelopment and cross-disorder comparisons. This
study highlights the urgent need for future work to address these gaps in cross-disorder and
transdiagnostic developmental research. In addition, a statistically sufficient amount of data
outcomes were captured for performance only measures. Subsequently, the results can
therefore be more applicable to studies that have investigated performance-based measures and
hence more generalisable based on the parameters set out by these test conditions Further
research into informant-based measures and their transdiagnostic EF evaluation will continue
to inform this area of research. We also note that for ADHD studies, singe-condition meta-
analyses have reported moderate effect sizes of impairment overall (e.g., hedges g =
0.54).249286.288 [ngpection of such meta-analyses, however, reveal that they focus largely on
tests of attention, working memory, set shifting and response inhibition. The results here shows
that when a cross-condition evaluation of EF domains is applied, it leads to a more nuanced
understanding of the EF impairment across sub-domains and overall. Considering this review
was limited by the number of studies captured within a particular NDC, we note generalisability

to lesser investigated NDCs such as cerebral palsy is limited. The generalisability of findings
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to long term outcomes is also limited as our review did not capture a comprehensive list various
experimental methods such as longitudinal studies. Finally, we acknowledge that many of the
included studies did not control for comorbidity and the changing criteria in DSM iterations is
a limitation given the changes to discrete diagnostic classifications over time. This review
highlights the urgent need for well characterised studies that both address condition specific

and transdiagnostic comparisons of NDCs.

2.6.2. Conclusion

The conclusions drawn here demonstrate that EF impairment is a transdiagnostic
feature of paediatric NDCs, particularly for ASD and ADHD. Future research should target
transdiagnostic and distinct EF profiles across the developmental trajectory with a focus on
determinants of the EF endophenotype, such as gene profiles, neurobiological underpinnings
(e.g., functional brain connectivity, neurotransmission) and environmental factors that
moderate outcomes across time. EF profiles may provide one of the best transdiagnostic
markers for neurodevelopmental delays for use in both research and clinical practice. In
addition, subtle differences observed here between key NDCs offer potential for a precision

medicine approach that may lead to better supports for learning, cognition, and daily living.?*-
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Chapter 3: Executive Function Profiles across Neurodevelopmental Conditions: A Focus
on Comorbidities in Autism, ADHD and Specific Learning Disorders in Children.
Study Objectives:
This study sought to:
a) Explore the degree of EF severity in increasing NDC comorbidities.
b) Examine executive delay profiles in children with NDCs (ASD, SLD, and ADHD)

and their comorbid groups using the BRIEF measure.
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3.1. Abstract

Children with neurodevelopmental conditions (NDCs) typically show executive
function delays. They also frequently present with comorbidities, including other NDCs, which
contribute to functional challenges. How co-occurring neurodevelopmental presentations
influence EF profiles is not well understood. This study addressed this gap by evaluating data
from a sample of 170 participants aged 7 to 17 years and assessed EF profiles measured through
parent Behavior Rating Inventory of Executive Function (BRIEF) questionnaire responses.
Participants were diagnosed with Autism (ASD) (n=47), Autism and Attention-
deficit/hyperactivity disorder (ADHD) (n=32), ADHD and specific learning disorders (SLD)
(n=67) and Autism, ADHD and SLD (n=24). Results revealed greater EF delays in children
with the most diagnosed comorbidity, that is Autism, ADHD and SLD, with specific delays in
cognitive flexibility and working memory. In fact, children diagnosed with both Autism and
ADHD, or Autism, ADHD and SLD, showed greater delays in comparison to children with
ADHD and SLD. EF profiles for the BRIEF Inhibit, Shift, Emotional Control and Working
Memory domains revealed comorbid Autism and ADHD was associated with significant
executive delay compared to ADHD and SLD. Our findings demonstrate the impact of
comorbid diagnoses on functional executive abilities and portray the distinct EF domains
impacted based on diagnostic profiles. Findings highlight the role EF serves as a useful marker

for understanding the severity and type of neurodevelopmental delay.

Keywords: Neurodevelopmental Conditions, Executive Function, Autism and Comorbid

Conditions, Developmental Conditions
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3.2. Introduction
Executive function (EF) refers to a constellation of cognitive abilities that facilitate
goal-oriented behavior and adaptive engagement with complex real-world scenarios.?

Executive functioning abilities support behvaioural regulation®*?

and everyday functional
skills.?®® For example, executive functioning abilities allow for problem-solving of simple to
complex problems.?*® This can include the ability to recall items, inhibit a desired response and
plan tasks.>*** These are refined throughout key developmental periods'+* starting with some
simple executive functions that develop first in children (i.e. holding in mind, inhibiting a
response,) which then set the groundwork for complex functions, such as cognitive flexibility
and planning.?*>**> Impairments in the typical developmental trajectory of executive function
have been well-established in neurodevelopmental conditions such as autism!® (ASD),
Attention-deficit/hyperactivity disorder?* (ADHD) and specific learning disorders**® (SLD).
The patterns of deficits for ADHD implicate behavioural inhibition as part of Barkley’s theory
of EF,* with subsequent impairment to working memory and self-monitoring.'*! Studies in
people diagnosed with ASD show a pattern of EF delays that implicates flexibility*”’ , response
inhibition, working memory (WM), planning, and attention.”®® A recent meta-analysis found
generalised impairment across EF subdomains with moderate effect sizes in ASD.!* SLD is
found to implicate planning and selective attention in young children.?*” These findings have
paved the way for condition specific EF patterns, with each condition demonstrating a higher
degree of impairments in some EF domains than others. The profiles of executive function in
some neurodevelopmental conditions (NDCs) are well understood**?, however such studies
often focus on single disorders.!**3% Sych research findings do not reflect the more
common real-life occurances where comorbidity in NDCs is the “rule rather than the

exception”.>*! Past studies have shown that the presence of two or more conditions are often

associated with more adpative and behavioural impairments.>*? In light of this, there is a need
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to undestand whether increased NDC comorbidity is also associated with a greater severity of

EF delay.

3.2.1. Comorbidity and Executive Function Neurodevelopmental Conditions

The literature exploring executive functioning in comorbid NDCs offers interesting
insights into executive functioning patterns. Some studies suggest similar executive
impairments between different comorbid groups'® and others show poorer executive skills
with additional comorbid diagnoses.’*> For example, Benallie and colleagues'® conducted a
systematic review on ASD and either ADHD or ID (intellectual disability) as a comorbid
presentation, and found deficits in flexbility, inhibition and attention in the ASD and ADHD
group and more impaired planning, regulation, flexibility and attention in the ASD and ID

group. Further, another review by Craig and colleagues '*

reviewed EF profiles of children
with ASD, ADHD and ASD+ADHD, with results showing that comorbidity was associated
with greater impairments in response inhibition, flexibility and planning. A more recent review
adds that although children with both ASD and ADHD have similar impairments in domains
such as attention, response inhibition, working memory and flexibility, and add that they did
not show impairments in planning abilities.'””! Emerging research has begun to examine EF
profiles of comorbid NDCs with findings that allude to cumulative deficits and others to

domain differences withint he same NDC group. %11

EF as a endophenotype can, through EF subdomain performance, reveal EF strengths
and weaknesses for children with NDCs. A recent review found that children with ASD were
more impaired in working memory and flexibility when compared to children with children
with ADHD with no difference in planning and attention amongst both clinical groups.'8®
Another study found that children with ADHD were more impaired than children with SLD in

inhibition, cognitive flexibility and working memory.!%> SLD is often prevalent in comobidty
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to ADHD, and is found to be implicted in visuospatial updating.!” Further, the addition of

188,304

another NDC appears to impair a larger number of EF domains indicating a cumulative

effect on cognitive functioning.

Developing research on comorbid NDCs has alluded to more nuanced patterns of EF
profiles. A recent systematic review on comorbid NDCs examined ASD and ADHD and found
that this comorbid group revealed a specific pattern of EF deficits specific to working memory,
flexibility, and planning than children with a single disorder ASD, who are often found to be
impaired in flexibility and planning, alone.!®® These results indicate the combination of these
NDCs have an interactive impact, with planning being impacted uniquly in addition to working
memory and flexibility.'**!% The study of ADHD and SLD and their pattern of EF defiicts is
by comparison often more nuanced, with the type of SLD dictating unique EF impairments.
Some studies indicate that inhibition and lexical decision was unigiely impacted in ADHD?%
and those with reading disorder, and other studies suggest that visuospatial updating'®® and
working memory>% is uniquely effected in the ADHD and SLD group. This pattern of research
findings highlights that emerging EF profiles in comorbid NDCs are idiosyncratic and suggests
that some comorbid groups exhibit cumulative impairments, while others show additive
impairments in executive functions. These results highlight the nuances of EF profiles in NDCs,
which is crucial for developing targeted interventions and educational strategies.>> This can
allow for greater use of EF as a diganostic tool allowing better identification of the functional

challenges of NDCs.

3.2.2. Paediatric Measure of Executive Function: the BRIEF Questionnaire
There are a number of methods used to assess EF in children and adolescents. One of
the most common is the use of informant measures, such as the BRIEF-2.!% Informant

measures are simple to administer, prove to be an efficient when examing vulernable
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populations and correlate with academic achievement®"” as well as other functional domains.'?!
Moreover, these informant report measures can predict clinical symptoms and show sensitivity
to different theorised sub-domains of EF. These sub-domains include inhibition, cognitive
flexibility (shift), emotional control, initiation, working memory, planning, and organisation.
To illustrate, inhibition is described as the ability to exert restraint or ‘inhibit’ automatic or
common responses.”> When assessed by the BRIEF, studies have shown that the Inhibit
subscale in addition to the Working Memory, and Organisation of Materials scales could
discriminate children with ADHD from those that were typically developing.*® Similarly, shift
is defined as a measure of cognitive flexibility and the ability to transition between tasks or
mental operations. It measures response time or accuracy and often manifests in children’s
ability to problem solve, move between topics and respond to change in the environment’.
When assessed by the BRIEF, studies have shown the Shift subscale is correlated with
impairments in NDCs such as ASD.’” Further, studies that have examined comorbid NDCs
using the BRIEF-2 have found that children with ADHD and SLD had elevated scores on the
Inhibition, Working Memory, and Planning subscales.’!° Other BRIEF-2 subscales include,
Emotional Control,*!! Organisation of Materials and Initiate, which provide insights into other
EF areas when investigating mental health, adaptive functioning and other psychiatric
illnesses.!9%120312.313 Research to date, is yet to explore a number of comorbid groups together
with a single NDC to examine their EF peformance, through informant measures such as the
BRIEF-2.
3.3. Objectives

To date, few studies have captured the trandiagnostic quality of EF when investigating
comorbid NDCs in children in a tertiary setting. The current study aims to fill this gap and
proposes that as the complexity and comorbidity of NDCs emerge so do the degree of EF

impairments, as measured by the BRIEF measure.
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The study aims to explore the EF profile of children with neurodevelopmental
conditions attending a tertiary clinic. Tertiary clinics capture the occurrence of NDCs in the
community and provide ecologically valid information of their presence. It is predicted that
specific differences in their EF profiles will be found, and that the presence of comorbidity will
significantly impair EF. Further, it is predicted greater impairment in overall EF scores in the
co-occurring ASD and other NDC groups when compared to the ASD condition group alone.
This will allow for a comparative examination of EF profiles for a single condition and multiple

conditions.

3.3.1 Study Aim
To explore EF profiles captured by the BRIEF, of children with NDCs attending a

tertiary assessment clinic with different comorbid diagnoses relating to ASD, SLD, and ADHD.

3.3.2. Hypotheses
1) In review of the literature on EF and comorbid NDCs as well as the findings of study
one, there will be significant differences in BRIEF EF profiles across children with
different NDCs. Specifically, it is predicted that:

a. Children with ASD alone will demonstrate increased impairments in cognitive
flexibility (Shift scores in the BRIEF) compared to children with either ADHD
or SLD.

b. Children with ASD and comorbid ADHD will have more impairments in
cognitive flexibility (Shift scores in the BRIEF) and working memory when

compared to children with ADHD or SLD.
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c. Itis also anticipated that the ADHD and SLD group will have increased
difficulties with inhibition (related to response inhibition) than the ASD only
clinical group.

2) Children with increasing number of comorbidities will display poorer EF (BRIEF
profiles).

a. Children with comorbidities will demonstrate increased EF profile impairment
compared to the ASD only group. That is children with two or three
comorbidities will have more overall impairments in their Global Executive

Composite (GEC) score in the BRIEF.

3.4. Methods
3.4.1. Participants

Participants were 157 children aged between 6 and 17 years of age who were recruited
for a Child Development Study by the Child Development Assessment Service at Westmead
and the Clinic for Autism and Neurodevelopmental Research at the University of Sydney
between 2017 and 2022. Inclusion criteria for this study were 1) children aged 6 or above 2)
met diagnostic criteria for ASD, ADHD or SLD and 3) had caregivers who completed the
BRIEF-2. Younger children were excluded because they typically did not complete the BRIEF-
2, were not at school and were unlikely to present with ADHD or SLD. Younger children were
more likely to be diagnosed with ASD earlier, with other NDC diagnosis such as ADHD and
SLD typically diagnosed for school-age children. This age cut-off was utilised based on studies
on the same service (See Boulton and colleagues).?'* Children aged 6 and above were select to
avoid misrepresentation of diagnosis favouring ASD. Children who presented to this research
study for assessment met criteria for ASD (N=35), ASD and ADHD (N=32), ADHD and SLD

(N=66) and ASD, ADHD and SLD (N=24). Prior to being selected for this study, children had
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previously been formally diagnosed through tertiary level clinics for assessment of NDCs and
comorbidities using standardised assessments (e.g., ADOS-23'%), in conjunction with a

thorough developmental history and standardised measures from qualified clinicians.

3.4.2. Measure of Executive Functioning
To examine executive function abilities, children were administered the Behaviour
Rating Inventory of Executive Functioning Second Version, Parent Form (BRIEF-2!%). The
BRIEF-2 is 63-item questionnaire administered to parents of children from the ages of 5-18
years and purports to tap into key areas of executive functioning. Both versions are reported to

316 This measure has nine clinical scales (inhibit,

have sound internal consistency'® and validity
self-monitor, shift, emotional control, initiate, working memory, plan/organise, task-monitor,
and organisation of materials) and these scales comprise of three indices: the Behaviour

Regulation Index, Emotion Regulation Index, and Cognitive Regulation Index. These indices

provide a summary executive function score, the Global Executive Composite Score (GEC).

Combining BRIEF data

Data from the BRIEF-2 and BRIEF were pooled and are referred to as BRIEF data to
maximise the analytical capacity within our paediatric sample. Raw scores can be translated
into T-scores for each clinical scale, where larger scores denote higher levels of executive
dysfunction. T-scores can also be broken down into four categories: T-scores up to 59 indicate
a normal level of functioning; 60 to 64 indicate mildly elevated levels of dysfunction; 65 to 69
indicate potentially clinically elevated levels; and at or above 70 indicate clinically elevated
levels. T-scores were utilised (instead of raw scores) for analysis as the number of items linked
to each subscale varied between the BRIEF-2 and BRIEF. For the purposes of this research,

the scales Inhibit, Shift, Emotional Control, Initiate, Working Memory, Plan/Organise,
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Organisation of materials, Behaviour Regulation Index (BRI) and the GEC were used, as they
map onto consistent indices across the two versions of the BRIEF.
3.4.3. Procedure

Families were sent the BRIEF questionnaire via the Research Enterprise Data Capture
platform, RedCap an online data collection system endorsed by the University of Sydney.
Families received an email reminder to complete the protocol one week prior to their
appointment, and those who did not do so before their appointment completed it on the day of
appointment.’!” Statistical analysis was conducted in SPSS (i.e., Chi-Square and ANOVA) and
appropriate statistical corrections using the Bonferroni method were implemented as relevant
within our analysis.>'® Post hoc tests were conducted following the use of ANOVA. To mitigate
the risk of encountering a Type I error (incorrectly rejecting a true null hypothesis), the
Bonferroni adjustment addresses this issue by reducing the alpha level (significance threshold)
for each individual test, thereby maintaining the overall Type I error rate at a predetermined

level, typically 0.05. this was automatically applied when conducting analyses. *'°

3.5. Results
3.5.1. Demographics
Demographic and clinical data for 157 children (M=9.9, SD=2.3, 68% male) with
clinical diagnoses of ASD, and comorbid ADHD, ASD, SLD subgroups are summarised in
Table 3.1. Across the main analysis in the paper, further analysis was repeated to explore the
differences in age across the group. Specifically, children with ASD alone were younger than

the other comorbid groups. Follow-up analysis revealed that age did not moderate the results.
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Table 3.1 A Comparison of Demographic Information Between NDCs for 6-17 yr olds

ASD ASD and ADHD ADHD and SLD ASD, SLD and
ADHD
N 35 32 66 24
Gender (% Male) 66% 84% 70% 63%
Age (Mean Years, 8.7 (2.6) 9.4(2.8) 10.5(1.7) 9.9(1.2)

SD)

3.5.2. Executive Function Across Developmental Conditions
A categorical analysis was performed using a two-way chi-square and revealed a
significant relationship between the number of elevated BRIEF GEC scores and diagnostic
groups, (3, N=157) = 12.52, p=.006. See Table 3.2 for statistical information and Figure 3.1

for graph on the percentage of normal, borderline clinical and elevated scores across four NDC

groups.

Table 3. 2. Chi-Square: Proportion of Combined Borderline Clinical and Elevated BRIEF Scores

across NDC Groups.

BRIEF Domain T ASD only ASD and ADHD ADHD and ASD+ADHD+SLD
scores SLD
N(%) N(%) N(%) N(%)
No. Elevated GEC 31(88.6) 28(87.5) 47(71.2) 24(100)
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Figure 3.1. Composite GEC BRIEF Scores across NDC groups.

® Normal Borderline Clinical = Elevated
100%
60%
40%
- .
o R ]
ASD only ASD+ADHD ADHD+SLD ASD+ADHD+SLD

Note: Scores equal to 60 and under were categorised as normal. Scores of 61 and 69 were categorised as
borderline clinical and scores of 70 and above were elevated.
3.5.3. Executive Function Across Comorbid Developmental Conditions

To investigate between-group differences across the neurodevelopmental groups, a one-
way analysis of variance was conducted (ANOVA) initially on the total score of the BRIEF
GEC scores. These results showed a significant effect on the GEC total score by group,
F(3,156) =9.13, p <.001, np> = .15. Results revealed that there was a significant difference on
all BRIEF subdomain T scores and developmental groups. There was a significant main effect
for Inhibit T-scores, F(3,156) = 4.85, p = 0.003, n,*>= .08, Shift T-scores, F(3,156) = 11.30, p =
<.001, np> = .18. Emotional Control T -score, F(3,156) = 9.68, p <0.001, 1> = .16, Initiate T-
scores, F(3,156) =3.75, p = 0.012, n,> = .07, Working Memory T-scores, F(3,156) = 6.94, p =
<.001, np* = .12, Plan/Organise T scores, F(3,155) = 4.13, p = 0.03, np> = .07, Organisation of
Materials T-scores, F(3,155)=3.07, p=0.03, n,> = .06, and Behavioral Regulation Index (BRI)
T scores F(3,166) = 5.75, p <.001, np> = .10. Post-hoc tests were conducted on subdomains of
the BRIEF to include two analyses; the first analysis included composite domain score of the
BRIEF (GEC) and the second analysis was conducted on the individual subdomains of the
BRIEF (Inhibit, Shift, Emotional Control, Initiate, Working Memory, Plan/Organise,
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Organisation of Materials, Behaviour Regulation Index (BRI)). Statistical corrections using the
Bonferroni method was used. Results of this analysis are detailed in Table 3.3. Further
information on mean differences are provided in Appendix B.

Table 3.3. Results of BRIEF Data Across NDC Groups

Combined BRIEF ASD? ASD and ADHD®  ApHD and ASD, SLD and
ADHD?
M(SD) SLD®
M(SD
T-scores M(SD) M(SD) (SD)
Inhibit (Inhibitory 65.85(10.99) 68.43(11.55) **b>¢ 60.92(10.19) 68.37(12.31) *¢¢
Control)
. I 73.14(10.94)***a>¢ 72.96(12.83) 63.01(11.38) 75.33(10.14) ***d>
Shift (Flexibility)
**xb>c
Emotional Control 67.4(11.91) ***@>c 66.75(12.18) **b>¢ 57.93(10.88) 69.79(11.79) ***d>c
(self-regulation)
Initiate 64.11(9.10) 67.06(9.54) 62.48(8.61) 68.58(7.91) *¢>¢
Working Memory 66.25(11.89) 72.81(9.22) *b> 65.39(8.04) 72.41(7.43) **®>c
Plan/Organise 63.20(11.57) 68.12(9.09) 63.65(8.13) 69.37(5.77) *®¢
Organisation of 57.62(10.61) 63.35(8.99) 59.33(9.66) 63.54(8.61)
Materials
Behaviour 67.28(10.87) *&¢ 68.84(11.41) **b>c 61.21(9.98) 68.91(11.08) *®°
Regulation Index
(BRI)
GEC 68.74(10.85) 73.43(10.47) *P>¢ 65.16(8.46) 74.87(8.10) **®¢

ADHD=attention deficit/hyperactivity disorders; ASD=autism spectrum disorders; SLD=specific learning
disorders; M=Mean; SD=standard deviation. Data are presented as Mean (SD).
Note: * p<.05; ** p<.01, ***p<0.001.

These results showed that GEC scores were significantly different between the ADHD
and SLD group when compared to the ASD and ADHD cohort (M=8.27, SE=2.02) and the
ASD, ADHD and SLD cohort (Muj#=9.70, SE=2.24). Further, the BRI index was significantly

elevated when the ADHD and SLD group was compared to the ASD and ADHD group
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(Muaiy=7.63, SE=2.29) and also when it was compared to the ASD, SLD and ADHD comorbid
groups (May=7.70, SE=2.53). ASD alone when compared to ADHD with comorbid SLD

revealed a small but significant difference, (M- 6.07, SE=2.22).

3.5.4 Domain Specific Difference Across Comorbid Conditions

Subdomain analyses revealed further NDC group differences. For the Inhibit (inhibitory
control) domain (Muyy=7.51, SE=2.36), Shift (Mu=9.95, SE=2.46), Emotional Control
(Maig=8.81, SE=2.48) and Working Memory (Mui=7.41, SE=1.97) subdomains, the ASD and
ADHD comorbidity group had significantly elevated scores when compared to the ADHD and
SLD comorbidity group. These domains were also implicated when the ADHD and SLD group
was compared to the ASD, SLD and ADHD group, with significant elevation for children with
ASD, SLD and ADHD in inhibition (May=7.45, SE=2.62), shift (Mu=12.31, SE=2.72),
emotional control (Mu=11.85, SE=2.74), initiate (Ma;-6.09, SE=2.10), and working memory
(Maig= 7.02, SE=2.19). The shift and emotional control domain results revealed further
differences between the ASD only and ADHD and SLD group, with ASD alone revealing
significant evaluation [(May=10.12, SE=2.38) and (Mai=9.46, SE=2.40) respectively.] Lastly.
the working memory revealed significant differences between ASD and ADHD when
compared to ASD, where children with ASD and ADHD had significantly higher scores than
children with ASD alone (My=6.55, SE=2.24).

3.6. Discussion

The current study sought to explore EF profiles captured by the BRIEF-2 questionnaire
in children with NDCs, with a focus on single as well as comorbid NDC presentations. As
expected, all children with three NDC presentations (ASD, SLD and ADHD) showed elevated
EF impairments as measured by the BRIEF-2.196320-322 A dditionally, the results also showed
that as comorbidity increased, the delays in EF became more severe. These findings are among

the first to examine profiles of EF in an increasing number of NDCs and illuminate the
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cumulative impact of NDC diagnosis on everyday EF in children. In line with previous research,
ASD presents with unique EF deficits in flexibility,***!%® however, these findings add that
children who presented with ASD and comorbidities of ADHD or SLD, and then ASD, ADHD
and also SLD, had poorer EF in comparison to those without ASD. This was found across the
total score and the subdomains of Inhibition, Shift, Emotional Control and Working Memory.
Working memory scores were better in the ASD group when compared to the ASD and ADHD
group. Of note, the ADHD and SLD group did not reveal significantly elevated executive
scores when compared to other NDC groups. These findings highlight the cumulative
relationship between diagnoses and EF impairments.

The addition of ASD to diagnostic groupings (ADHD and SLD) led to an increased
number of delays on a number of EF domains, suggesting that a diagnosis of ASD is associated
with specific executive delays for children. ASD appears to cumulatively exacerbate executive
delays in NDCs. This is consistent with findings by Sinzig and colleagues (2008)°** that suggest
ASD is linked with greater delays in flexibility, working memory and inhibition and the current
findings extend to this, with greater impairments in comorbid conditions in children that
included an ASD diagnosis. Such findings add to growing literature which highlights
increasing impairment in children with ASD and other diagnostic and psychiatric
comorbidties.**>**¢ Subdomains impacted by the addition of ASD highlight that there appears
to be a cumulative impact of executive delay, in addition to flexibility and emotional control
concerns which are often a hallmark feature of ASD. Additional domains such as inhibition,
and working memory are further implicated. This aligns with research which implicates
attention and inhibition with comorbid ASD and ADHD,??* and studies that implicate spatial
working memory in children with ASD not ADHD.*’ Studies examining cognitive remediation

support often provide further evidence for this link. Studies examining children with high
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executive delay with ASD and ADHD, who have undergone an emotional regulation program,
revealed significantly improved outcomes®*, subsequently impacting EF abilities.??3

Studies on NDC brain divergence show distinct patterns of neural biomarkers in ASD
when compared to other NDCs*?® and the addition of ASD to other NDCs may increase
neuropathology.**° The neural biomarkers in co-occurring conditions are distinct and more
widespread compared with single diagnosis despite having similarities to them. For example,
a study examining the differences between children with ASD and those with ADHD found
unique patterns of altered activation in the rich-club region, a region in the brain that is

influential in structure and function as well as integrated and relaying high order information.>*!

EF abilities within the planning or organisational domain and initiate domain revealed
that the three comorbid NDC group (ASD, ADHD and SLD) had significantly more reported
challenges in these domains when compared to ADHD and SLD. These findings contribute to
and implicate the addition of SLD to the growing literature on ADHD and ASD?*'3%32 which
suggests impairment in planning in when SLD is present with other NDCs diagnoses.*** Further,
initiation, a higher order EF is also implicated in executive delay findings in children with
ASD.*** These findings also add to the literature with this NDC group on planning deficits
using performance measures,'® and is consistent with EF models* that posit that EF domains
such as planning or organisational abilities are higher-order EF abilities that extend on domains
of working memory, inhibitory control, and cognitive flexibility. As such, these findings add
to the literature on performance measures and highlight EF challenges measured by executive
functional domains reported by parents of children with NDCs. These findings contribute to
the literature which links an array of EF domains in children with ASD and ADHD'!, when

compared with controls.
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Evidence for EF as a cognitive endophenotype is increasingly pertinent?'>2** and can
inform the degree of diagnostic impairment, with these results showing that as children increase
in the number of diagnosed conditions, their EF impairment increases. These results suggest a
unique pattern of impairment with ASD when present in addition to other NDCs like SLD and
ADHD can significantly impact a child’s executive delay, with EF profiles that accumulate in
domains and severity (i.e. additive effect of NDCs).!%%2% Findings add to theoretical models,
18,24

and provide patterns of cognitive functioning that can be seen to be distinct when NDCs

are compared for their degree of EF impairments.

3.6.1. Strengths and Limitations

The current study contributes to the literature and our understanding of comorbid NDC
presentations in children with a direct exploration of specific EF domains and specific profiles
of executive delay, with unique findings for ASD. There were differences in ages across the
four NDCs. Notably, children diagnosed solely with ASD were younger than those in other
comorbid groups. Subsequent analyses indicated that age did not influence the outcomes. The
study conducted data collection through a tertiary community sample, consisting of individuals
who opted to participate in research. Within this sample, children are flagged for ASD sooner
through early intervention pathways, while ADHD is typically diagnosed later, often once the
child starts school. Further, our study did not capture an ADHD only group, there was limited
number of children with ADHD alone, due to high rates of community comorbidity. Future
studies could use this group to capture EF in this group compared to other comorbid
presentations. Although parent reported performance is useful in capturing overall EF
functioning, our study did not capture EF functioning in the schooling arena, which can often
provide a unique EF lens as reported by educators.’*> Future studies could capture teacher

reported EF performance for a more comprehensive EF evaluation.
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3.6.2. Conclusion

In summary, children that have ASD in comorbid presentation with ADHD and SLD
show significant impairments reported by parents in a number of key EF domains, including
working memory, emotional control, cognitive flexibility and inhibition. This effect is stronger
the more comorbidities’ children with ASD present with. This highlights the significant and
cumulative challenges parents of children with neurodevelopmental comorbidities likely face,
particularly in relation to patterns of executive delay as identified in children with ASD and
other NDCs. Further, an increasing number of comorbid NDC presentations signals increasing
reported levels of executive delay. Findings provide evidence to support the notion that EF
serves as a transdiagnostic endophenotype with relevance for identifying and targeting

vulnerabilities of executive delay across NDCs in children.
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Chapter 4: How Caregiver Reported Strengths and Challenges Relate to Delays in
Executive Function Performance.

Study Objectives:
Following a nuanced understanding of how comorbidities contribute to executive delay
in NDCs, this study sought to examine underpinnings of behavioural and
developmental delay that could contribute to executive delay in young children. As such
this study sought to:
a) Explore the degree of EF severity in increasing number of DSM diagnoses.
b) Examine caregiver-reported concerns and executive delays in children as
measured by the BRIEF.
c) Examine caregiver-reported strengths and executive performance as measured by

the BRIEF.
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4.1. Abstract

Children with significant developmental concerns and behavioural challenges often
receive diagnostic assessments to guide supports and interventions. Diagnoses can then account
for the functional and cognitive deficits transdiagnostically, which often emerge early in
childhood. Executive function (EF), a marker of high order thinking and functioning, is
instrumental in better understanding cognitive and developmental impact. Evaluating EF
performance in assessment is key to establishing functional strengths and weakness that inform
diagnostic trajectory in children. Certain EF measures can provide informant based clinical
information on executive abilities of children, with caregivers of children providing clinically
pertinent markers of functioning in children. This study is the first to examine the interplay
between children's EF profiles and parent-reported strengths and concerns. This study
examined 127 children aged between 2 years and 16 years who attended a developmental
diagnostic and assessment service. We examined the relationship between caregiver-reported
EF abilities on the Behavior Rating Inventory of Executive Function (BRIEF-2) and parent-
reported concerns (e.g., behaviour, social and play skills) and strengths (e.g., intelligence and
social cognition). Overall, findings showed distinct EF patterns associated with various
parental concerns and strengths. Elevated inhibition scores were correlated with behavioural
and social/play concerns, while children with behavioural issues exhibit broader EF deficits.
Children with specific diagnostic concerns also showed deficits across multiple EF domains,
including inhibition, emotional control, working memory, and planning. Conversely, children
identified with social and interpersonal strengths displayed better EF performance in inhibition,
flexibility, and emotional control. Together, these findings demonstrate that parental input on
specific developmental concerns and strengths can be a valuable addition to childhood
developmental assessments, with certain domains of concerns and strengths corresponding to

specific EF profiles. These outcomes provide the basis for individualised plans and treatment
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guides and elucidate our understanding of how best to synthesise parental evaluations in the

context of formal developmental assessments.

Keywords: Neurodevelopmental Conditions, Executive Function, Autism and Comorbid

Conditions, Developmental Conditions, Parent Concerns, BRIEF.
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4.2. Introduction

Executive function (EF) refers to a set of higher order cognitive skills that are essential
for goal-directed activity, problem-solving, and adapting to new situations.! These skills are
foundational for academic success, social relationships, and overall well-being.?%33%6:337 |n the
context of neurodevelopmental conditions (NDCs), EF reflects the cognitive neurobiological
processes underlying these conditions. This recognition is grounded in extensive research that
illustrates the link between EF deficits and a range of NDCs,18:189199.338 EE is now increasingly
recognised as a key endophenotype in NDCs and can significantly influence children’s
development and wellbeing. .2 EF performance across various neurodevelopmental disorders
from a transdiagnostic perspective has revealed both shared and distinct cognitive profiles.
Research comparing EF across different NDCs, such as Attention-deficit/hyperactivity
disorder (ADHD), Autism Spectrum Disorders (ASD), Tourette’s syndrome (TS) and learning
disabilities (e.g., dyslexia), has consistently found EF deficits to be a common feature across
these conditions.?'® However, the specific nature and extent of these deficits vary. For
example, while both children with ADHD and ASD show deficits in inhibitory control, those
with ADHD may exhibit more pronounced difficulties in this area.>*® Notably, certain EF
deficits seem to be more characteristic of specific disorders. For instance, difficulties in
cognitive flexibility is more pronounced in ASD, while ADHD is more strongly associated
with problems in inhibitory control and working memory.'% As a consequence, EF specific
profiles pave the way for strengths and challenges that children can present with based on
diagnosis.34%-342 Such disorder-specific EF profiles can provide critical diagnostic insights and

guide tailored interventions for children with an array of NDCs.

Caregiver evaluations have played a crucial role in identifying EF delays in children,
especially in the context of developmental delays. Caregiver observations and reports have
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been instrumental in distinguishing between typical developmental variations and potential
indicators of underlying neurodevelopmental disorders. For instance, studies are showing that
caregiver reports of EF problems in preschool children are predictive of later ADHD
diagnosis.3*® Corroborating caregiver open-ended general developmental evaluations with
questionnaire-based results is important for amalgamating qualitative information from
caregivers and results from outcome-based measures, which seek to quantify information based
on cognitive and behavioural domains of child behaviour. For example, a recent study by
Hutchison, Miller and laroccil (2020)%** found through caregiver evaluation that elevated
scores on an EF measure (Behavior Rating Inventory of Executive Function, second Edition;
BRIEF-2) was predictive of functional language abilities. This in turn, accurately predicted
impairments in functional language in children with autism and subsequently was key guiding
treatment planning and recommendations. Caregiver evaluations and the integration of their
information in measures and other diagnostic tools can allow for a more comprehensive and

tailored treatment plan.

Evaluations often provide a bias to capturing behavioural challenges in children with
NDCs experience, strengths-based perspectives emphasise the need to capture both strengths
and weaknesses in a child’s developmental functioning. There is, however, limited research
applying strengths-based perspectives to real world clinical contexts for paediatric
neurodevelopment. This means that it remains unclear how best to apply strengths-based
perspective to a clinical context. One study by Khan®¥ (2023) found EF domains such as
cognitive regulation predicted interpersonal strengths (active listening and emotional maturity)
and family support in neurotypical adolescents. Conversely, studies have found associations
between poor emotional regulation and compromised competency in social behaviour in young
children.246347 There is, nonetheless, limited research directly exploring parental strengths in

children flagged for developmental delays and their relationship to their diagnostic outcomes
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or specific executive abilities. Given the recent focus on adopting a strengths-based approach

348

when conducting diagnostic assessments,** a better understanding of how caregiver-reported

strengths may relate to outcomes, such as EF, is warranted.

EF has long been linked with social, emotional, and behavioural delays in children with
developmental delays. Slot and colleagues®®® (2017) found that EF abilities showed a
significant relationship between emotional self-regulation in pre-schoolers. Slot and colleagues
also found that the quality of pretend play was associated with cognitive and emotional self-
regulation.  Another study found planning deficits were linked with poor adaptive
communication abilities and social abilities in children with NDCs (i.e., ADHD and
CD/ODD).%? These results also extend to other areas of EF, for example, better response
inhibition abilities were associated with lower externalising behaviour in a sample of typically
developing five to six year old children.® Further, social challenges have been linked with
NDCs and EF performance. A study by Miranda and colleagues®>? (2017) found that processes
of behavioural regulation, (i.e., inhibition and emotional control) revealed a greater correlation
with social cognition in children with ADHD. Further, initiation and planning, were found to
be more closely linked to social cognition in autistic children with low support needs. Such
evidence adds to our understanding of EF specific difficulties and associated links to

behavioural and social weaknesses in children.

Holistic caregiver appraisals guide the diagnostic journey as they allow clinicians to
fine tune information into appropriate diagnostic and intervention pathways.>*® These reports
further allow clinicians to substantiate the level of functional support a child may require post
their diagnoses, providing a neuro-affirming framework.3>* Behavioural measures such as the
BRIEF-2 rely on caregiver report and capture observable EF impairments based on child
behaviour made over the space of years. Although research has been able to identify the
importance of caregiver evaluations, little is known about how these holistic evaluations
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(reviewing both strengths and weaknesses) perform with informant measures of executive

functioning, through a transdiagnostic lens. This study is the first to provide an assessment of

key concerns and strengths, and their relationship to specific domains of EF at a tertiary

developmental service.

1)

2)

3)

4.2.2. Study Aims:
The first aim was to examine relationships between EF symptoms using the BRIEF,
caregiver-reported strengths and concerns, and the number of DSM diagnoses received.
In particular, and based on the literature to date, we predicted that a higher number of
diagnoses and caregiver-reported concerns would be associated with elevated EF
difficulties, while a higher number of caregiver-reported strengths would be associated
with decreased EF difficulties.
The second aim was to examine the proportion of children with elevated BRIEF T
scores on different variables of strengths and concerns. Recent research has shown that
regulation is linked with interpersonal skill, and we predicted that caregiver reported
strengths in social and interpersonal strengths would be associated with lower scores
on subscales of emotional control and inhibition.
The final aim was to evaluate how concerns and strengths effect various EF domains.
Research to date links emotional regulatory strategies to social behaviour, as such we
predict that caregiver reported challenges with social and play skills will be associated
with impairments in Inhibit and Emotional Control T scores. Further, impairments in
these subscales will extend to concerns for NDCs, following literature that associates

NDCs with EF deficits.
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4.3. Methods
4.3.1. Participants and Setting

Participants were 127 children aged between 2 years and 16 years (M=8.60 years,
SD=3.70, Median=8.9 years), who attended the Child Development Unit (CDU) at the
Children’s Hospital Westmead, Sydney, Australia between 2019 and 2023. The CDU is part
of the publicly funded Sydney Children’s Hospital Network which provides developmental and
diagnostic assessment services to children. Referrals made to this service are for assessment of
complex neurodevelopmental impairments, including autism, intellectual disability, global
developmental delay, speech and language delays, and other difficulties with adaptive and/or
cognitive functioning. Following referral, children receive comprehensive assessments
conducted by a multidisciplinary team. Following assessments, a diagnosis is made, and
families receive feedback and recommendations. The CDU, in collaboration with the Clinic for
Autism and Neurodevelopmental (CAN) Research at the University of Sydney have an
integrated research registry, the Sydney Child Neurodevelopment Research Registry. Boulton
and colleagues®® conducted research on this registry and a detailed explanation and of the
clinic cohort and integrated research registry is available, see citation. The study was approved
by the Sydney Children’s Hospital Network Human Research Ethics Committee
(LNR/17/SCHN/293; Child Development Registry). All families participated in this study

using opt-out consent procedures.

4.3.2. Measures
4.3.2.1 Parent Carer Questionnaire
The Parent Carer Questionnaire (PCQ) is a six-page questionnaire, developed by the
CDU clinical team to collect clinically relevant information on children and families before
their appointment. (see Appendix B, Figure 1). The PCQ is completed by the primary caregiver

of the child being assessed, and collects demographic information, family history and child
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developmental history. This questionnaire evaluates developmental functioning and largely
elicits open responses from caregivers. Caregiver-reported concerns were grouped into nine
categories based on the categories outlined in Munro and colleagues®® (2023). Strengths were
grouped into six categories based on themes identified in a qualitative analysis of the larger
registry, described in Hankin and colleagues®’ (under review). These categories are detailed
in appendix C Supplementary Table 1 and summarised in Table 4.2. These categories were
formed through reflexive thematic analysis and each category was subsequently dichotomously

coded (i.e., scored as being present or absent in the PCQ).>*

4.3.2.2 Behaviour Rating Inventory of Executive Functioning Measure,
Parent Form

To examine executive function abilities, children were administered the Behaviour
Rating Inventory of Executive Functioning Second Version, Parent Form (BRIEF-21%°) and the
BRIEF-P. The BRIEF-2 is 63-item questionnaire administered to parents of children from the
ages of 5-18 years and purports to tap into key areas of executive functioning. This measure
has nine clinical scales (inhibit, self-monitor, shift, emotional control, initiate, working
memory, plan/organise, task-monitor, and organisation of materials) and these scales comprise
of three indices: the Behaviour Regulation Index, Emotion Regulation Index, and Cognitive
Regulation Index. These indices provide a summary executive function score, the Global
Executive Composite Score (GEC). The Behavior Rating Inventory of Executive Function
Preschool Version (BRIEF-P?*4) is utilised for children between 2 and 5 years and has five
overlapping subscales with the BRIEF-2, which contribute to three indices (Inhibitory Self-
Control Index, Flexibility Index and Emergent Metacognition Index) as well as an overall
composite, the GEC. Shared subscales across both versions of the BRIEF measure were used
as part of analysis; Inhibit, Shift, Emotional Control, Working Memory and Plan/Organise.

Parents report EF impairments across key areas of thinking faculties. Raw scores can be
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translated into T-scores for each clinical scale, where higher scores denote higher levels of
executive dysfunction. T-scores can also be broken down into four categories: T-scores up to
59 indicate a normal level of functioning; 60 to 64 indicate mildly elevated levels of
dysfunction; 65 to 69 indicate potentially clinically elevated levels; and at or above 70 indicate
clinically elevated levels. T-scores were utilised (instead of raw scores) for analysis and scores

above 60 were regarded as elevated in this study

4.3.3. Procedures
One month prior to their assessment at the CDU families were sent the PCQ
electronically via the Research Enterprise Data Capture (REDCap) platform, an online data
collection system endorsed by the University of Sydney. Families received an email reminder
to complete the questionnaire one week prior to their appointment as outlined by Boulton and

Colleagues.®®

4.3.3.1. Statistical Analysis

Statistical analyses were performed with IBM SPSS Statistics for Windows, version 27.
To examine the correlation between GEC scores, DSM diagnoses, strengths, and concerns, a
series of correlation analyses were conducted. Further, a chi-square analysis was undertaken to
examine the proportion of children with elevated GEC scores (>60) and caregiver reported
strengths and weaknesses. Our examination of which domains of EF are associated with
various caregiver-reported concerns and strengths were exploratory. A one-way between
subjects’ multivariate analysis of variance (MANOVA) was employed. That is, caregiver
reported concerns and strengths were independent variables within this model and their
association to EF domains (dependant variables) is being explored. Appropriate statistical
corrections using the Bonferroni method within SPSS were implemented as relevant within our
analysis. Analyses were conducted on parent reported strengths and concerns that had a
minimum sample size of thirty (N= 30).
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Assumptions of normality, homogeneity of variance-covariance were largely met.
Mahalanobis distance was used to assess multivariate outliers; the critical value of 13.82 was
not met. Item-total correlations were evaluated using Pearson’s product—moment correlation
coefficients (r). Items with correlations 0.5 were considered strong®*®. The association between
the dependant variables is not significant, r(126) = 2.52, p =.051 for the category, play and
social concerns (see appendix B, Table 1). This association was significant for behavioural and
diagnostic concerns category as well as social and interpersonal strengths. Data screening and
diagnostics were conducted and they revealed that correlation coefficient was less than .9;
thus, multicollinearity is not a concern®°. Singularity is not a concern. Further, the assumption
of homogeneity and variance-covariance is tenable [Box’s test M=16.98, F(21, 17277.59) =
754, p =.779]. Levene’s test of equality of error provided evidence that the assumption of
homogeneity of variance across groups is also tenable for most BRIEF T scores, all p > 0.34,

with the exception of BRIEF Working memory T scores, p > 0.04 in play and social concerns.

4.4. Results
4.4.1. Demographics
Demographic characteristics are presented in Table 4.1. The majority of participants
were male, and over 50% of participants received a diagnosis of ASD. On average, children
had 1.83 DSM diagnoses (SD=1.11). Most children (80%) demonstrated elevated levels of

executive function difficulties, denoted by T scores of 60 or higher.

Table 4.1. Demographic Information, Diagnostic Characteristics within PCQ

Mean (SD) N %
Total Participants - 127 -
Gender (% Male) - 83 65.4
Age (Mean Years) 8.6 (3.7) - -
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DSM Diagnosis

ASD 66 52
ADHD 52 40.9
Specific Learning Disorders (SLD) 35 27.6
Intellectual Developmental Disabilities 31 24.4
Communication Disorders 28 22
Anxiety Disorders 10 7.9
Other DSM-5 9 7
Tic Disorders 1 0.8
Depressive Disorders 1 0.8

Table 4.2 displays caregiver-reported concerns and strengths. The most commonly
reported concerns related to learning and cognition, while the most commonly occurring
strengths were those relating to character and personality, and cognitive and intellectual skills.

On average, caregivers reported 3.07 concerns (SD=1.96) and 1.96 strengths (SD=0.82).

Table 4.2. Reported Concerns and Strengths Within PCQ

Parent Reported Concerns N %
Learning and Cognition 73 57.5
Behavioural Issues (Internalising & Externalising & Sensory & 45 35.4
RRB)
Speech and Language Concerns 45 35.4
Developmental Concerns 44 34.6
Play and Social Skills 36 28.3
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Query NDCs (ASD, ADHD, SLD) 34 26.8

Medical Concerns 25 19.4
School Readiness 20 15.7
Attention and Focus 18 14.2

Parent Reported Strengths

Character and Personality 44 34.6
Cognitive and Intellectual Skills 43 33.9
Hobbies and Passions 40 315
Social and Interpersonal 34 26.7
Physical and Motor Skills 31 244
Behavioural 21 16.5

4.4.2. Correlation Between Elevated EF Scores and Diagnoses, Strengths and Concerns
The relationship between overall scores on the BRIEF (GEC T scores) and number of

DSM diagnoses was explored. There was a moderate, positive relationship between BRIEF

scores and the number of diagnoses, r(125) = .330, p<.001, such that increased EF difficulties

were associated with a higher number of DSM diagnoses.

The relationship between overall scores on the BRIEF (GEC T scores) and the total
number of caregiver-reported concerns and strengths was explored. There was a small, positive
correlation between BRIEF GEC T scores and the number of concerns reported by parents,
r(125) = .216, p=.015, that is, a higher BRIEF score was associated with an increased number
of concerns as reported by caregivers on the PCQ. The correlation between BRIEF T scores
and total number of caregiver-reported strengths did not reach statistical significance, r(108) =

-137, p =.154.
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4.4.3. Proportion of Elevated EF Scores and Caregiver-Reported Concerns and
Strengths

The proportion of children with elevated BRIEF scores and their caregiver reported
concerns and strengths were calculated. Table 4.3 reports the odds ratios and percentage of
children with elevated T scores whose parents also reported concerns or strengths across
various categories. Chi-square results indicated that children with elevated GEC T scores were
five times more likely to have behavioural challenges reported by caregivers on the PCQ, 2
(1, N=127) = 7.47, p = .006. Further, those children with caregiver-reported behavioural
concerns (N = 45/127) were also four times more likely to have elevated scores in other
executive function domains such as inhibition, ¥2 (1, N=127) = 11.75, p = <.001, twice as likely
to have flexibility challenges (Shift T scores), > (1, N=127) = 5.88, p = .015 and five times
more likely to have emotional control challenges, ¥ (1, N=127) = 18.50, p = <.001. Children
with elevated inhibition T scores were twice as likely to have concerns in their social and play
abilities (N=36/127), ¥* (1, N=127) = 6.31, p = .012. Children with elevated emotional control
T scores were two and a half times more likely to be flagged for diagnostic concerns
(N=34/1270, ¥ (1, N=127) = 4.95, p = .026 and those with elevated planning scores were three

times more likely to have been flagged for diagnostic concerns, ¥ (1, N=127) = 5.45, p =.020.

Considering associations between caregiver-reported strengths and BRIEF scores,
findings were specific to the inhibition domain. Children who did not have elevated scores on
the inhibition domain (that is, T scores less than 60), were twice times more likely to have
cognitive and intellectual strengths reported by caregivers on the PCQ (N=43/110), %> (1,
N=110) = 4.30, p = .038. Similarly, those children were also more likely to have social and

interpersonal strengths reported by caregivers (N=34/110), ¥* (1, N=110) = 12.51, p = <.001.
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Table 4.3. Elevated T scores for Reported Concerns or Strengths across Various Categories.

PCQ Concerns PCQ Strengths
Speech and Learning . All Developme Diagnostic Character Cognitive Hobbies Physical Social and
BRIEF Play/Social . Concerns and Interpersona
. Language and Behavioural ntal and and and Motor
Domains Concerns Cognition Concerns Concerns Concerns (ASD, SLD Personali Intellectual Passions Skills | Strengths
g and ADHD) Yol skils
(80%), 145 (76.7%), (86.1%), (93.3%), (81.8%), (91.2%), 3.20 (77.3%), (81.4%), (85%), (77.4%), (73.5%), 057
0), L. .£7/0), o. .070), 0.
GEC T scores 0.57 1.74 5.13% 1.16 0.75 1.15 1.67 0.80
(64.4%), (50.7%), (75%), (77.8%), (61.4%), (56.8%), (72.1%), (57.5%), (54.8%), (35.3%),
Inhibit T scores (70.6%), 2.15
1.56 0.51 2.9%* 4.,05%** 1.27 0.80 2.36* 0.85 0.74 0.22%**
(57.8%), (©3%), 1.17 (72.2%), (75.6%), (63.6%), (73.5%), 2,09 (54.5%), (67.4%), (55%), (61.3%), (47.1%), 0.46
i 0), 1. o%), 2. .1%), 0.
Shift T scores 0.79 1.95 2.66* 1.15 0.68 1.68 0.72 1.07
Emotional 0.93, (47.9%), (63.9%), (80%), (59.1%), (70.6%), (62.8%), (57.5%), (64.5%),
Control T (50%), 0.70 (44.1%), 0.51
(53.3%) 0.54 1.73 5.94*** 1.34 2.56* 1.63 1.14 1.68
scores
Working (82.2%), (76.7%), (75%), 0.80 (73.3%), (79.5%), (©2.4%), 1.44 (70.5%), (69.8%), (80%), (74.2%), (70.6%), 0.60
0), 0. 4%), 1. .070), U.
Memory T 1.50 0.84 0.66 1.15 0.53 0.50 1.30 0.78
scores
; 66.7%), 65.8%), 71.1%), 82.4%), 68.2%), 65.1%), 65.5%), 61.3%),
Plan/Organise | ) ( ) (75%), 1.79 ( ) (70.5%), 1.5 { ) ( ) ( ) ( ) ( ) (55.9%), 0.51
T scores 1.03 0.96 142 3.08* 1.14 0.91 1.08 0.733

Note: *Denotes significance at p<0.05, **Denotes significance at p<0.01, ***Denotes significance at p<0.001. The % denotes the percentage of children with elevated T

scores who also were marked as having the aforementioned concerns and strengths by caregivers. The odds ratio value has been calculated from the chi-square analyses.
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4.4.4. PCQ Concerns and Strengths and EF Domains

An ANOVA was first conducted with GEC T scores as the outcome variable to
determine which caregiver-reported concerns and strengths were associated with GEC scores.
As shown in Table 4.4, for caregiver-reported concerns, GEC scores significantly differed by
learning and cognition, F(1, 125) = 5.07, p = .026; np? =0.04, play/social concerns F(1, 125) =
5.94, p = .016; np? =0.045, behavioural concerns, F(1, 125) = 11.64, p = <.001; ny? =0.085, as
well as diagnostic concerns, F(1, 125) = 10.67, p = .001; np? =0.08,. For caregiver-reported
social and interpersonal strengths, GEC scores significantly differed by F(1, 108) = 7.28, p =

.008; np? =0.063. The remainder of strengths were non-significant, p > .202.

A multivariate analysis of variance (MANOVA) was conducted to investigate whether
caregiver-reported concerns and strengths (1Vs) were differentially associated with EF domains
(DVs; Inhibit, Shift, Emotional Control, Working Memory and Plan/Organise), with results
shown in Table 4.4. With respect to play and social concerns, MANOVA results indicated
Inhibit and Shift differed as a function of this concern, with children demonstrating
significantly increased EF difficulties in these domains when caregivers reported play and
social concerns. For behavioural concerns, Inhibit, Shift as well as Emotional Control differed
as a in relation to this concern. For diagnostic concerns, all BRIEF domains were implicated
within this concern with the exception of Shift, which was not significant. The MANOVA
results for strengths categories indicated that ‘Cognitive and Intellectual Skills’ and ‘Social and
Interpersonal Strengths’ produced significant domain results, where Emotional Control was
implicated in both categories. That is, better EF skills (lower scores) were associated with these
aforementioned strengths. Additionally, lower Inhibit and Shift scores were also associated

with social and interpersonal strengths.
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Table 4.4. Significant BRIEF T Scores Based on Caregiver-Reported Concerns and Strengths.

PCQ Concerns PCQ Strengths
. Speech . Diagnostic Cognitive Social and
B2 el and Lee;:]r(ljmg Play/Social Behae::Jural Development Concerns Ch::jcter and Hobbies and Physical and Interpersonal
Language Cognition Concerns Concerns al Concerns (ASD, SLD Personali Intellectual Passions Motor Skills Strengths
Concerns 9 and ADHD) v Skills
Inhibit T scores .894 3.03 8.61** 9.35* .061 11.23*** 372 2.90 .887 .538 11.97***
Shift T scores .043 .006 4.92* 6.10* 1.34 2.57 .614 0.28 .255 139 5.94*
Emotional 102 3.14 2.07 31.85%** 310 10.19** 284 4.26% 404 216 4.57%
Control T scores
Working
Memory T 2.40 1.68 3.25 1.52 2.16 4.60* 1.38 .656 .007 1.55 .858
scores
Plan/Organise T 111 1.62 1.50 2.70 1.25 5.17* 184 633 016 036 1.78
scores
GEC T scores 1.50 5.07* 5.94* 11.64%%* 1.65 10.67%%* 1.38 1.65 009 161 7.08%*

Note: *Denotes significance at p<0.05, **Denotes significance at p<0.01, ***Denotes significance at p<0.001. The F statistic is based on the ANOVA and MANOVA results is reported here.

128



4.5. Discussion

This study explored caregiver-identified concerns and strengths and their association with
observed EF. The results of this study showed larger EF delays were associated with a greater
number of diagnoses and concerns for their child. Moreover, caregivers of children with greater
EF delays identified fewer positive strengths generally. Caregivers with a greater number of
concerns, play/social, behaviour and diagnostic concerns, showed greater EF delay, with sub-
domains of inhibition, shift (flexibility) and emotional control also showing associations. A pattern
of caregiver-identified strengths revealed unique insights. Children with reported social and
interpersonal strengths demonstrated higher levels of inhibition, flexibility and emotional control.
Of note, the study showed there was no association between reported strengths and number of
diagnoses. Children with greater delays in inhibition and flexibility exhibited significant concerns
in play, social engagement, and behaviour (both internalising and externalising) as well as
behaviours warranting diagnostic investigation NDCs. Additionally, impairments in emotional
control were linked to general behavioural concerns and patterns indicative of NDCs. Inhibition,
flexibility and emotional control (regulatory skills) play a key role in the adaptability of children’s
behaviour and development.® These key domains are in part, consistent with executive function
models proposed by Miyake and colleagues?®3! (2000; 2012) who implicate flexibility and
inhibition in contributing uniquely to cognitive processes and behavioural regulation. Together,
these findings reveal a pattern of EF performance in the inhibit, shift and emotional control
domains which are linked with observable caregiver identified concerns and strengths in children.
Caregiver evaluations on certain behavioural performance can directly inform our understanding

of patterns of differential EF performance.



. Inhibition plays a key role in learning, play and social interaction in children, and so it
stands that children with impaired inhibition scores are more perceived by the caregivers to have
fewer problems and hence more strengths in play.®®° These skills are essential for engaging in
complex social play, which is often challenging for children with NDCs. Of note, studies have
established the key role that inhibition can have in play.%!%% Findings also add to our
understanding of poor inhibitory control and the occurrence of challenging behaviour such as
aggression®43% in both typically developing children and those with NDCs. This relationship is
particularly pronounced in children with NDCs, where inhibition deficits can exacerbate
behavioural challenges.?®® Further, studies have found inhibitory control is linked to risk-taking
behaviours in young children.3¢7-2¢° Domains such as flexibility and emotional control were also

implicated in the study’s findings.

Flexibility is essential in play, social interaction, and social cognition. Children with
reduced flexibility (measured by the shift domain), were reported to have significant concerns
about their play, social engagement and behaviour. Children with higher cognitive flexibility tend
to engage more effectively in imaginative play and are better able to understand and adapt to the
rules of games, which are crucial skills for social learning and interaction.3”° Inflexible behaviours
can often lead to frustration, behavioural outbursts or rigidity®”* which is often pronounced in
children with NDCs where difficulties in inflexible thinking and behaviour often result in increased
behavioural challenges. Children with caregiver reported difficulties in emotional control were
reported to demonstrate significant challenges with behaviour and often these behaviours were
signalling the presence of a NDC for caregivers. Emotional control allows children the ability to

modulate or regulate their emotional responses and is often a key behavioural phenotype for
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children with autism®2 and ADHD®"® who often display poor emotional control, contributing to

impulsivity, increased emotional reactivity to social situations and non-compliance.3"*

Children with difficulties in EF skills were five times more likely to have behavioural
concerns noted by parents as part of their early developmental screening. When reviewing their
EF profile, these same children with behavioural concerns raised also were four times more likely
to have impaired inhibition, two times more likely to have impaired flexibility and five times more
likely to demonstrate emotional dysregulation. Further analyses support these findings with
children with elevated results in inhibition, flexibility and emotional control more likely to have
reported early behavioural markers including sensory, restrictive, internalising and externalising
behaviour. These findings are consistent with research that has established the link between poor
EF and impaired externalising behaviour, 3> emotional regulation®”® and flexibility in thinking and
in behaviour®”’38, As predicted, children with social concerns did present with executive delay,
and this was a pattern that effected their inhibition, and flexibility. Specifically, children with
elevated inhibition scores where nearly three times more likely to show caregiver-reported
concerns for social and play behaviour. This adds to our results and enhances our understanding
of EF and social development whereby inhibitory skills are often at the core when reviewing EF
abilities and social play behaviour.®”® These finding align with models of developmental executive
growth whereby regulating the self and one’s own behaviour would translate into interpersonal

regulation.?
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In addition to the aforementioned concerns, children with impaired emotional regulation
abilities and impaired planning were up to three times more likely to have caregiver-reported
concerns about specific NDCs. Diagnostic markers are often described using behavioural
phenotypes (i.e., hyperactivity in ADHD and inflexibility in Autism). When reviewing early
behavioural concerns, these results suggest that emotional outbursts and impaired planning are
often a key behavioural marker implicated by parents in diagnostic investigations for ASD, ADHD
and SLD??2, Further, inhibition and working memory was also implicated in diagnostic concerns.
Behavioural inhibition has been implicated in NDCs such as ADHD and working memory is often
a key impaired EF in NDCs such as SLD3%®. Interestingly, concerns pertaining to NDCs were
found to have more impairments in their EF profile. This is a well-established finding where

children with NDCs are found to have significant impairments in a range of EF abilities. 14518

The relationship between caregiver reported social strengths and differential EF
performance provided a unique lens in understanding the role of emotional control, inhibition, and
flexibility in fostering interpersonal skills and social development. Children whose caregivers
reported social/interpersonal strengths had better EF domain performance. This pattern of EF
strengths was found to extend to inhibition, shift (flexibility) and emotional control. These findings
concur with the results of studies that establish a link between EF performance and social
competence.?%2381.382 For example, Benavides-Nieto and colleagues®! (2017) found that young
children with better EF were correlated with high social competence. Emotional regulation and
flexibility account for interpersonal problem-solving allowing an individual to perceive changes
in others, detect emotional cues (verbal and non-verbal) in others, adjust one’s own response and

implement an socially appropriate interpersonal response.®#384 Emotional control, inhibition and
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flexibility hence, play a key role in interpersonal skill and social development.3’%%° Social
strengths captured within this study could be viewed conversely to the play and social engagement
concerns reported by caregivers, It is possible this question on strengths elicited positive aspects
of a child’s functioning highlighting the importance of holistic, more neuro-affirming diagnostic
lens in developmental assessments. Emerging research acknowledges that socially appropriate
responses are based on social norms that are largely driven by research based on a more medical
and deficit focused lens.3® Interestingly, children with more impaired inhibition were two times
more likely to have been flagged for cognitive strengths. These results could also suggest despite
some significant EF impairments, parents and caregivers were able to recognise key cognitive
strengths in these children despite some inhibitory challenges. Capturing strengths in addition to
weaknesses, can support early intervention that can enhance existing strengths while mitigating
challenges which can have a profound impact on a child’s developmental trajectory,®®’ overall

well-being and school functioning.

4.5.1. Strengths and Limitations

This research study has links patterns of EF performance to caregiver-identified concerns
and strengths in a sample of children attending a tertiary service, providing unique insights into a
clinically relevant sample. However, this study is not without limitations. We did not have access
to data on cognitive ability or symptom severity for children. It is possible that some of our findings
may have been impacted by differences in these areas. Another limitation of this study is that a
measure of strengths was not utilised. The incorporation of such a measure could enable further
quantification of functional strengths. Although we note measures reviewing childhood strengths
in the absence of difficulties are difficult to find, with measures such as the Strengths and

Difficulties questionnaire only assessing a few questions based on strengths and focus on
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psychosocial difficulties.® Specific validated measures capturing child strengths do not exist yet,
however provide an important avenue for future research in capturing developmental strengths in
children. We acknowledge the lack of statistical correction for the number of concerns and
strengths examined and positioned this in the context of the exploratory nature of our study. Our
study utilised shared method variance, where the child’s caregivers’ reports were evaluated.
Further research could also evaluate educator reported evaluations and their subsequent
performance on teacher-rated EF measures. Educational evaluations can provide information
pertaining to a child’s learning performance as EF can manifest in many areas of learning and

school difficulties.3®

4.5.2. Conclusions

This study provides novel insights into how caregiver evaluations, encompassing both
strengths and concerns, correlate with children's EF performance. Notable findings of the study
establish that a unique pattern of EF impairments are significantly associated with caregiver-
reported behavioural concerns, with particular deficits observed in inhibition, flexibility, and
emotional control domains. Conversely, children identified with social and interpersonal strengths
exhibited enhanced performance in these EF domains. These findings highlight the importance of
incorporating caregiver insights into children’s developmental assessments, as well as how best to
utilise these evaluations into the child’s assessment. Further, a focus on caregiver identified
strengths stressed the need for holistic, neuro-affirming approaches in developmental evaluations,
which illuminates how individual strengths can be meaningfully incorporated as part of the child’s
treatment report and guide intervention This research not only deepens our understanding of the

intricate relationship between EF and social development in children but also emphasises the value
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of a strengths-based perspective in early intervention strategies, which can significantly influence

children's developmental trajectories, ameliorate disease burden and improve overall well-being.
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Chapter 5 Objectives:
In review of the chapters within this thesis, the following chapter is a synthesis of all the
studies that have been conducted in the exploration of EF in the area of transdiagnostic
neurodevelopmental research. This chapter seeks to provide a detailed discussion on key
findings across thesis chapters, summarise implications, limitations and future direction.
This chapter contains the following sections:
a) General Thesis Discussion
b) Thesis Summary
c) Transdiagnostic Nature of EF Impairment: Cross-Condition EF Examination
d) Comorbidity in Neurodevelopmental Conditions and Executive Function Profiles
e) Parental Evaluations in Understanding Executive Functioning in Children
f) Integrating Models on Executive Function in Neurodevelopmental Conditions
g) Clinical and Research Implications
h) Limitations and Future Research Directions
1) General Conclusion: Integrating Perspectives on Executive Function in

Neurodevelopmental Conditions
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5. General Thesis Discussion

This thesis highlights the pervasive nature of EF impairments across different NDCs in
children, showcasing their transdiagnostic impact. Our findings across three empirical studies
consistently indicate moderate EF impairments across NDCs, with important subtleties between
NDCs. NDCs are significantly more impaired across EF domains when compared to controls. In
addition, there was disparity in EF impairments as measured by performance-based versus
informant-based assessments. However, gender did not prove to indicate significant contribution
to the overall effect. The percentage of males versus females did not inform the overall effect size,
with both genders being equally impacted. This disparity suggests the need for a nuanced approach
to EF evaluation, combining both objective and subjective measures to capture a more complete

profile of EF in children with prominent NDCs.

A second significant aspect of our findings was the association of comorbidities on EF
profiles. Particularly, the presence of ASD in conjunction with other conditions like ADHD and
SLD. Caregiver reports, reflecting both the challenges and strengths of children with NDCs,
highlight the necessity for interventions that are both comprehensive and tailored to holistic
individual needs. With regard to specific EF delays, particularly in inhibition, flexibility, and
emotional control, we observed significant associations with distinct behavioural and functional
challenges. These deficits, crucial in areas such as learning and social interaction, highlight the
need for targeted support. Moreover, the strong correlation between these EF deficits and
caregiver-reported behavioural concerns emphasises the importance of early and accurate EF

assessment.
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The potential for condition specific intervention strategies is further emphasised by our
findings. These strategies should account for the unique EF profiles and comorbidities of each
child, incorporating a strengths-based approach as indicated in caregiver reports. Such an approach
ensures that support programs are not only remedial but also empowering. In summary, this thesis
reinforces the utility of EF as a transdiagnostic element in paediatric NDCs. The nuanced EF
profiles identified offer valuable markers for neurodevelopmental delays and present significant
opportunities for advancing both research and clinical practice in this area. Our findings highlight
the potential of EF profiles as a cornerstone for developing precision medicine approaches in the

management of NDCs, enhancing the quality of life and functional outcomes for affected children.

5.1. Thesis Summary

The second chapter within this thesis presented a systematic review and meta-analysis to
examine EF impairments across different conditions, with a focused comparison of NDCs with
ASD and ADHD, in children under 18 years of age. The study reveals that EF impairments are a
common feature across various NDCs, with some condition-specific deficits in certain EF domains.
Detailed findings include specific EF deficits in these conditions, with a focus on differential EF
performance in children with ADHD who displayed greater problems with attention and response
inhibition, and children with ASD showed larger impairments in set-shifting, while children with
learning disorders showed greater impairments in set-switching. The chapter also highlighted how
the type of measures utilised revealed a large effect on the size of EF impairment, when informant
measures were compared to performance-based measures. The findings emphasised the value of a
transdiagnostic approach to understand and support children with NDCs, suggesting the need for

targeted interventions that consider the unique and overlapping aspects of EF impairments across
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these conditions. This research is vital for clinical applications, suggesting a nuanced approach to
interventions and supporting the need for EF remediation therapies tailored to individual profiles
within NDCs. The study underscores the importance of understanding the complexities of EF in
child development and neurodevelopmental disorders, offering insights for both research and

clinical practice.

The third chapter within this thesis investigated the EF profiles in children with NDCs,
with a specific focus on ASD, ADHD, and SLD, occurring in comorbidity, within a clinically
relevant sample of children under the age of 18. The results highlighted the significant disease
burden of comorbid NDCs. Specifically, children with comorbid ASD and ADHD or ASD, ADHD,
and SLD exhibited more significant EF deficits compared to children with ADHD and comorbid
SLD. These deficits are particularly notable in response inhibition, flexibility, emotional control
and working memory, while deficits in initiation and planning/organisation only affect the three
comorbid group (i.e., ASD, ADHD, SLD). The study illuminates the cumulative effect of comorbid
NDCs on EF and highlights the importance of considering these overlapping impairments in
clinical and educational strategies. It supports the hypothesis that while ASD and ADHD are
distinct disorders, they share underlying mechanisms affecting EF,? and their co-occurrence has
a significant impact on the executive abilities of the affected child. This has implications for
diagnosis, intervention, and understanding the broader context of EF impairments in child

development.

The fourth and final chapter within this thesis examined EF performance in children

attending a tertiary developmental service, following caregiver-identified concerns and strengths.
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Findings provided unique insights into the link between reported developmental concerns and their
EF performance. Children identified with behavioural concerns by caregivers showed significant
deficits in EF domains, especially in inhibition, flexibility, and emotional control. Conversely,
children with caregiver-reported social and interpersonal strengths displayed better EF

performance in these areas.

The thesis unveils enlightening data on the EF profiles within the spectrum of NDCs
affecting children, shedding light on the pervasive challenges faced by those with NDCs. Such
results provide evidence to support that EF is an endophenotype within NDCs.?** Further,
conceptualising EF under a transdiagnostic lens involves understanding these cognitive processes
as underlying dimensions that cut across traditional behavioural-latent diagnostic categories. This
perspective is particularly valuable in NDCs, where there is considerable overlap in EF deficits.
For example, a child with a primary diagnosis of ADHD might also exhibit EF deficits typical of
ASD, suggesting shared underlying neurocognitive processes as suggested by EF models.???* This
transdiagnostic approach can lead to more comprehensive and individualised treatment strategies.
The transdiagnostic perspective on EF in NDCs encourages a shift from a disorder-specific focus
to a more holistic understanding of cognitive processes. This approach not only enhances our
understanding of the aetiology and development of these conditions but also provides nuanced
cross-condition interventions targeting EF. For instance, interventions designed to improve

working memory could benefit a range of conditions beyond their primary targets.>*°
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5.2 Transdiagnostic Nature of EF Impairment: Cross-Condition EF Examination

The synthesis of Chapter 2’s findings across multiple studies on EF within NDCs in
children reveals a nuanced, transdiagnostic landscape of impairments. Notably, a significant,
moderate EF impairment was present across NDCs when compared to typically developing
children. This reinforces the notion that EF difficulties are not condition-specific but rather
indicative of a broader neurodevelopmental profile. Variables that contribute to this significant
finding include children’s sex and the type of assessment utilised to capture EF delay. Males are
found to be impacted more significantly by NDCs; a finding consistent with a recent meta-analysis
indicating a higher rate of diagnosis in males than females.>*! The tendency for larger EF
impairments to be identified by informant-based measures compared to performance-based
measures raises questions about the most appropriate methods for assessing EF in clinical and
research settings. It suggests a potential underestimation of EF impairments when relying solely
on performance-based reports, which may not capture the full extent of EF challenges faced by
children with NDCs. Performance and informant-based measures are thought to measure distinct
constructs with performance-based measures providing a measure of cognitive efficiency, typically
addressing cold constructs of EF, and informant-based measures tap into everyday EF challenges
encompassing both hot and cold measures of EF.?®° Further, consistent across the studies is the
differentiation of EF impairments among various conditions. Children with ADHD display
pronounced challenges in attention and response inhibition, aligning with core diagnostic criteria
and supporting attention-based models of the condition.?>!'® Meanwhile, children with ASD were
more severely impacted in set-shifting abilities, a finding that aligns with the literature and is
responsible for the behavioural phenotype characteristic of rigidity and repetitive patterns of

behaviour.'® Furthermore, SLDs are notably associated with set-switching difficulties,
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emphasising the nuanced impact of cognitive flexibility impacting these children.!”® EF has the
potential to serve as a transdiagnostic indicator of everyday functional challenges in children,
which in addition to behavioural challenges provides nuanced cognitive proficiencies that are
impaired across NDCs. These findings highlight the advantage of including EF in furthering our
understanding of traditional behavioural diagnostic criteria in better understanding and diagnosing

NDCs in children.?3°

5.3 Comorbidity in Neurodevelopmental Conditions and Executive Function Profiles

The impact of comorbidities, particularly the presence of ASD in conjunction with ADHD
and SLD is profound and associated with greater EF impairment. This finding is pivotal as it
highlights the cumulative effect of multiple NDCs on a child's EF and calls for a nuanced
understanding of these children's needs. The complexity of EF profiles associated with comorbid
conditions warrants individualised approaches to intervention, highlighting the need for tailored
intervention within the paediatric neurodevelopmental field. More specifically, comorbid
presentations are associated with delays in EF domains such as inhibitory control, flexibility,
emotional control, working memory, and initiation. The additive component of NDCs, whereby a
child has more than one NDC leads to increased functional delays**> and greater support needs.
The addition of a second NDC attenuates to the child’s executive capacity, where multiple,

cumulative EF deficits are observed.

A key finding of the second empirical paper, when examining comorbidities, was the
significant impact of ASD on the severity of EF impairments. Studies have demonstrated that

children and adults with ASD are significantly impacted by homotypic (within the NDC
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classification) and heterotypic (outside the NDC classification) comorbid conditions with a
significant impact on overall wellbeing®**°* Research examining NDC brain divergence reveals
distinct patterns of neural biomarkers unique to ASD when compared to other NDCs.?* The co-
occurrence of ASD with other NDCs is likely to increase neuropathology,®° that is, the neural
markers found in conditions that co-occur are unique and more extensive than in cases with a
single diagnosis, despite sharing some similarities.

The EF domains of inhibition, flexibility, working memory and emotional control are
implicated in a wide array of everyday behaviours such as social engagement, play, and
challenging behaviours®’® and are consistent with developmental EF models by Diamond*® and
Miyake.?**! A recent systematic review implicated unique EF deficits to ASD co-occurring with
ADHD which extended to flexibility, inhibition and attention.'® The findings of this thesis extends
these findings and explore how EF is cumulatively impaired across key EF domains as measured

by the BRIEF questionnaire. Children with comorbid NDCs, such as ADHD, ASD, and LD exhibit

247,397 398-400

distinctive patterns of inhibitory control,>>*%® flexibility, working memory, and
emotional regulatory abilities’’>3>#! transdiagnostically.***#% Flexibility is a key EF skill
involved in learning and social engagement; an impairment in this skill manifests as behavioural
outbursts or rigidity, and when not ameliorated can exacerbate social interaction, academic success,

and overall well-being.***

Working memory capacity supports complex cognitive tasks like
problem-solving, language comprehension, and academic achievement, is crucial for day-to-day
social, personal and academic engagement. In NDCs, such as ADHD, ASD and SLD working
memory impairments are well established*® and its impact in comorbid presentations appears to

be cumulative.!®® Emotional control, a key hot EF ability responsible for healthy environmental

adaption as well as academic and mental health outcomes in children.**%4%7 In children with NDCs,
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these outcomes are compromised and lead to increased aggression, non-compliance, and other
externalising behaviours. Understanding and supporting the development of emotional control is
therefore essential for promoting positive outcomes in children with NDCs. Cognitive remediation
programs that offer amelioration of condition specific delay are best placed to target key EF
domains outlined by this empirical study, **® and may subsequently, promote EF development,
thereby facilitating increased participation in social activities, and promoting adaptive

behaviour.*®

5.4. Parental Evaluations in Understanding Executive Functioning in Children

This third empirical study delves into the relationship between EF and parental evaluations
in children with developmental concerns, utilising the BRIEF-2 measure for a comprehensive EF
assessment. Key aims for this study primarily focused on the correlation between EF profiles and
parental reports of strengths and challenges encompassing behaviour, social skills, play
capabilities, and cognitive abilities. A notable aspect of the study is the identification of distinct
EF patterns that emerge in relation to various parental concerns. This is particularly evident in
cases where elevated inhibition scores were observed, which closely correlated with parental
reports of behavioural difficulties and challenges in social interactions and play. Furthermore, the
study uncovered that children facing behavioural issues demonstrate broader executive deficits
across multiple EF domains, emphasising the complexity and interrelated nature of EF
components. Interestingly, the research also shed light on the EF profiles of children with specific
diagnostic concerns, revealing deficits in key areas such as inhibition, emotional control, working
memory, and planning. This insight is pivotal in understanding the multifaceted nature of

developmental concerns and the integral role of EF in these concerns. Conversely, the study
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highlighted a positive correlation between children identified with social and interpersonal
strengths and their performance in EF domains, particularly in inhibition, flexibility, and emotional
control. This finding highlights the importance of EF in fostering social competence and

adaptability in children with NDCs.

Developmental evaluations completed by caregivers revealed that learning, play and social,
behaviour and diagnostic concerns were found to be associated with impaired EF within specific
domains, namely, inhibition, shift (flexibility) and emotional control. Developmental concerns for
play and social engagement, challenging behaviour and concerns pertaining to the diagnosis of
NDCs were associated with delays in inhibition. A consistent profile was found for flexibility
where delays within this domain also showed significant concerns in play and social and
behavioural concerns. Impairments in emotional control also indicated those children had general
behavioural concerns as well as behaviours indicative of an NDC reported by caregivers. Play,
social engagement and challenging behaviours were consistently linked to EF delay. These
findings align with recent reviews on early behavioural markers of NDCs in the first years of life
whereby, delays in motor and language development, atypical play and social engagement, as well
as unusual sensory processing markers signal the necessity of early detection of NDCs.*!? Further,
research also links executive delays as a precursor to developmental conditions such as ASD and
ADHD.*!! Interestingly, a unique pattern of caregiver-identified strengths revealed children with
reported social and interpersonal strengths also had better inhibit, flexibility and emotional control.
This finding is consistent with a recent meta-analysis exploring the relationship between EF,
emotion regulation and affective abilities in children with NDCs (with a focus on ASD).*'?

Findings revealed that children with fewer EF deficits experience fewer emotional or behavioural
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challenges. This relationship highlights how EF abilities are intertwined with observable

behaviours and capabilities as reported by caregivers.

Caregivers play a crucial role in the identification and management of EF impairments.
Their perspectives reveal an association between the number of diagnoses a child has and the
severity of reported EF delays, further influencing the perception of a child's strengths.*'* This
emphasises the importance of involving caregivers in the assessment process and considering their
insights when planning tailored interventions.*'* Further, a comprehensive developmental
evaluation (encompassing both strengths and weakness) at the diagnostic level can appropriately
guide academic as well as daily living support.*!> The importance of evaluating both strengths and
weaknesses in children with developmental delays is increasingly recognised in both research and
practice.>>>*!® This comprehensive approach not only enhances our understanding of the child’s
abilities and needs but also informs the development of more effective, personalised interventions.
The study’s findings emphasise the crucial role of caregiver input in the developmental assessment
of children. By integrating parental perspectives, the study stresses the importance of capturing
early markers of concern and strengths, paving the way for more individualised and effective
diagnostic and treatment plans.*!! These findings contribute significantly to the understanding of
EF in childhood development, offering valuable insights for clinicians, educators, and parents in

supporting children with developmental challenges and guiding their diagnostic trajectory.

5.5. Integrating Models on Executive Function in Neurodevelopmental Conditions
In synthesising the empirical findings of this thesis on EF impairments across various

NDCs unveils a complex landscape that both supports and extends existing theoretical
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26,31 and Diamond?? offer foundational

frameworks. The models presented Miyake and colleagues
perspectives on EF's multifaceted nature, including updating, shifting, and inhibiting processes, as
well as its developmental progression. These models serve as a benchmark against which the
results of this thesis can be juxtaposed. The findings here, which delineate specific patterns of EF
delays, do not merely validate the dimensional construct of EF proposed by these frameworks but
also spotlight the transdiagnostic prevalence of EF impairments across a diverse range of NDCs.

This revelation highlights the imperative for a theoretical expansion that encompasses the nuanced

manifestations of EF impairments observed in this study.

Furthermore, the project findings navigate through the intricate interplay between the
established models and novel insights garnered from this research. The thesis reveals areas where
the traditional models align with the empirical evidence gathered, as well as domains where the
findings challenge or refine these conceptualisations. For instance, the pervasive nature of certain
EF impairments across NDCs suggests a more integrated, perhaps even universal, aspect of
executive delay than previously accounted for by the segmented approach of earlier models such
as the attentional model proposed by Posner.?* Other models are also informative in enhancing our
understanding of the project findings however offer perspectives to extend our understanding of
the EF framework. Integrating Barkley's EF model?>*'7#!% which emphasises self-regulation,
inhibitory control, and the foundational role of EF in goal-directed behaviour and future-oriented
tasks, with the findings of this thesis reveals a profound alignment and potential areas for
extension. The data presented herein, demonstrating pervasive EF impairments across a variety of
NDCs not only corroborate Barkley's assertions regarding the centrality of inhibition and self-

regulation in child development but also suggest the necessity of broadening the model to
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encompass additional EF components identified as critical across NDCs identified within this
project. This synthesis iterates the potential for Barkley's framework to guide targeted
interventions that enhance inhibitory control, planning, and self-regulation, offering a theoretical
and empirical foundation for future research aimed at optimising therapeutic strategies for children
with NDCs, thus enriching our understanding and intervention approaches within the field of

NDCs.

Further, Anderson's model of EF® within the context of this thesis highlights how his
framework, which delineates EF into distinct yet interrelated components such as cognitive
flexibility, goal setting, and information processing, aligns with the observed EF impairments
across NDCs. The thesis findings enrich Anderson's model by demonstrating these components'
variability and their collective impact on the functional outcomes in children with NDCs. In a
review of theoretical models of EF, the project findings assert that multifactorial models proposed
by Miyake?®**! and Anderson® provide a more integrative perspective of the EF framework and
align with the overall project findings. This integration conceptualises how single conditions and
comorbid conditions map on the EF framework. This integrated perspective holds the promise of
fostering more effective, holistic strategies for supporting children with NDCs, marking a pivotal

step forward in both research and clinical practice.

In view of the EF delays exhibited across NDCs within this thesis, and the theoretical basis
of EF research, the project findings add some support for the potential for EF to serve as a cognitive
endophenotype not just for single conditions but for NDCs as a whole. EF can be viewed as a

cognitive intermediatory when investigating transdiagnostic EF delay in children, its specific

148



impact on NDCs and its link to developmental and behavioural outcomes examined within this
project. Current NDC research continues to examine the potential for EF to present as an
intermediatory endophenotype and is gaining traction with studies compiling evidence for this in
ASD, ADHD and SLD.!%215227 More recent exploratory studies examine EF as an endophenotype
through research on parents thus exploring a genetic link,*'® and others have examined
transdiagnostic brain mapping,*** with increasing evidence to support a transdiagnostic evaluation
of EF in the context of NDCs to foster enhanced assessment and intervention.?***! The findings
of this thesis cumulatively contribute to this emerging body of research on endophenotypes, and
highlight the role EF can play in better understanding condition presentation transdiagnostically.
An integrative transdiagnostic map of EF delays is depicted in Figure 5.1, based on thesis findings

and theoretical models.
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Figure 5.1. An Integrated Transdiagnostic Map of EF Delays

5.6 Clinical and Research Implications

In review of project findings, the thesis has several clinical and research implications which
will be outlined. The results within this thesis project contribute to a growing consensus that EF
impairments serve as a transdiagnostic endophenotype for many NDCs 230232419422 Stydies
examining the potential for ASD and ADHD to present as a endophenotype examine genetics,
neurobiological processes as well as observable behaviours. Of note, research examines the link
between neurobiological underpinnings of executive performance and its impact on children with
NDCs.%196232 They highlight the potential utility of EF profiles as markers for neurodevelopmental

delays, which can guide both research and clinical practice in treatment children with NDCs. DSM
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iterations have a focus on behavioural phenotypes, new literature posits theories on cognitive
phenotypes as diagnostic markers in better understanding NDCs.!*>1%232 An enhanced perspective
on the diagnostic markers of NDCs can contribute to finetuning diagnosis in young children who
may have differential functioning or may not meet full behavioural diagnostic criteria however
still experience significant cognitive functional challenges as part of their NDCs.*>*** Our
findings add to this new body of literature, and provide evidence to explore EF as a key,

informative diagnostic marker.

The thesis findings also reveal that subtle differences in EF between NDCs can inform a
precision medicine and intervention approach, potentially leading to improved support for learning,
cognition, and daily living. For example, in children with ASD and another comorbid NDC,
increased EF delay in inhibition, flexibility and emotional regulation can have significant
implications across home and school contexts.*?>*** Deficits in both contexts that pertain to
domains such as inhibition, flexibility and regulation, have serious implications for a child’s
functioning. Programs that remediate these areas then offer several clinical implications, namely,
improvements in these EF areas could result in improved social, play and behavioural
functioning.**”#*® Such implications offer to delineate a child from an otherwise disadvantageous
trajectory that could have serious psychosocial functioning implications.**>*° For example,
studies on neuroplasticity and brain development emphasise the importance of early detection and
intervention of NDCs.*?® Further, EF profiles may serve as cognitive markers that can inform
individualised support programs for particular NDCs, for example EF remediation programs may
target individualised EF domains in children with ASD.**! Consequently, further research is

needed in these areas, particularly on the subtle EF differences across other lesser prevalent NDCs.
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This includes exploring EF profiles in NDCs such as Rett’s Syndrome, cerebral palsy or Williams
syndrome. There is a need for further cross-condition research in such NDCs and how their EF
profiles can further inform personalised medicine or intervention models in order to mitigate these

impairments.

Another component of the diagnostic journey taken is early recognition of NDCs by
caregivers and clinicians. Early detection is pivotal in ameliorating condition trajectory with
research findings suggesting that early intervention support can show efficacy and ameliorate
impairments in children with ASD and ADHD.*!3? As such, caregiver evaluations plays a pivotal
role in shaping the early diagnostic journey taken. The literature has ample support for the
recognition of deficits in the cognitive, behavioural and socio-emotional functioning arena of
children with NDCs. #2434 As outlined in chapter 4, the key areas of developmental concerns were
behavioural and social/play concerns, as well as children with caregiver concerns for
neurodevelopmental diagnosis. These areas have established links in the literature to NDCs,*3>47
however how these links are connected to EF domain specific severity is a new finding. These
findings provide important information on how developmental concerns unfold and how executive
delays in inhibition, flexibility and emotional control can contribute to our understanding of these
developmental concerns. Such findings have clinical and research implications on how to interpret

captured delays when examined by EF measures, and subsequently can guide various intervention

and support pathways for children attending a developmental service for assessment.

Notwithstanding the importance of identifying weakness in a child’s early development,

the findings in this thesis project illustrate the importance of assessing for developmental strengths
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as well. Encompassing both strengths and weaknesses facilitate better collaboration between
families and schools. This collaborative approach is essential for creating supportive environments
that accommodate the child’s needs.**® Focusing on a child’s strengths, alongside weaknesses, has
been linked to more positive outcomes in children with developmental delays. Research suggests
that children who receive support that builds on their strengths exhibit better self-esteem, resilience,
and overall well-being.**® In addition, the early identification of strengths, in addition to
weaknesses, can lead to earlier and more effective support.*'®4 Early interventions that focus on
enhancing existing strengths while mitigating challenges can have long-term positive effects on
the child’s developmental trajectory.*®”##! The research in exploring neuro-affirming or strengths-
based diagnostic methods trails behind research on deficits that influence delays in NDCs,
particularly with the ASD research field.****** Further research could examine further areas of
developmental strengths that contribute to EF performance in children with focus on variables that
may mitigate this outcome. Such variables could include the influence of social factors, genes, sex,
age and mental health factors. In turn, such explorations can further our understanding of areas of
strengths as well as challenges in children’s EF performance, providing a more holistic

neurodevelopmental profile.

5.7. Limitations and Future Research Directions
The thesis project offers several meaningful results; however, these findings are not without
limitations. Firstly, while the meta-analysis captured key NDCs, a more comprehensive analysis
could be achieved by conducting detailed cross-conditions searches to include a broader range of
NDCs and explore their EF performance. Secondly, the reviewed studies were controlled for

comorbidities, future research could expand on this and conduct enhanced systemic reviews on
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comorbidities in across all NDC and explore the impact of EF in children. Additionally, only
informant measures were used in the two empirical studies within this project. Broader research
suggests there is minimal correlation between informant and performance measures indicating they
are likely to be measuring different underlying mental constructs.!''® Although, informant measures
offer unique insights into a child’s overall executive functioning, the use of performance measures
can provide unique into a child’s EF performance within each domain under structured settings,

and allows for high task purity.!¢

Furthermore, NDC groups within empirical paper two were largely informed by THE
prevalence of the individual conditions'®® (i.e. ADHD more likely to co-occur with SLD in a
tertiary developmental service). This meant single disorder comparisons such as ADHD or SLD
alone, were less prevalent and subsequently not possible to obtain as part of this thesis project.
This is consistent with literature on prevalence rates of NDCs,*#*¢ and thus limits the
generalisability of findings to populations with single diagnoses. Future research could further
enhance our understanding of EF profiles across single and comorbid presentations of less
prevalent NDCs. The BRIEF parent evaluations were a critical measure within this project and
provided an overall evaluation of a child’s EF abilities within the home environment. Future
research could augment this project’s findings and utilise teacher reported EF performance to
address gaps in our understanding of cross-condition comparisons within the academic arena. In
addition, future research paradigms could encompass the use of prospective data and encompass
DSM changes over time. The empirical studies make associations to EF domains within NDCs,
and this link is not causal. Further, we note the project’s quality of clinical data and assessments

used on NDCs populations were limited by the CDU developmental service’s use of tools often
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directed by clinician within the team. An example of this is the empirical chapters utilised
informant-based EF measures over performance-based EF measures. This limited the bounds of
the empirical studies within this project however the project research aims, and method employed
were formulated with considerations made on this. Lastly, empirical studies within this project
utilised cross-sectional data, to establish the stability of these findings, further research could
employ longitudinal data to establish the stability of EF and the impact of time or age on EF

performance within NDC cohorts. 47448

5.8. General Conclusion: Integrating Perspectives on Executive Function in
Neurodevelopmental Conditions
This thesis has elucidated the complex landscape of EF impairments across NDCs,
adopting a transdiagnostic perspective that underscores both shared and unique aspects of these
impairments among children with highly prevalent NDCs such as ASD, ADHD, and SLD. Through
systematic review, meta-analysis, and empirical studies, this work highlights the moderate to
significant impairments in EF that underpin these conditions, revealing the critical role of
comorbidities and caregiver insights in understanding and assessing EF. The findings advocate for
a nuanced approach to the evaluation and intervention of EF impairments, stressing the importance

of considering the individual profiles and comorbidities of children.

Chapter two’s systematic review and meta-analysis identified that children with ADHD
exhibit significant difficulties related to attention and response inhibition, while ASD is more
closely associated with challenges in flexibility. Moreover, specific learning disorders were linked

to difficulties in working memory and task switching. In chapter three, the impact of comorbidities
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on EF profiles was further delineated, revealing that children with additional comorbid ASD
alongside other NDCs, such as ADHD and SLD, face more pronounced EF deficits than those with
a single diagnosis of ASD alone, particularly in domains like inhibition, flexibility, emotional
control and working memory. This suggests how specific diagnostic comorbidities exacerbate EF
challenges, highlighting the need for tailored intervention strategies that address the compounded
difficulties faced by these children. Chapter four's focus on caregiver-reported strengths and
challenges concerning EF performance underscored the importance of considering real-world
implications of EF impairments. Insights provided by caregivers revealed that behavioural, social,
and learning challenges often corresponded with specific EF deficits, such as inhibition, flexibility,
and emotional control. Conversely, strengths identified by caregivers in areas like social
interaction and interpersonal skills were linked to more favourable EF outcomes in those same
domains. These disorder-specific findings shed light on the complexity of EF impairments in
NDCs and the need for a nuanced understanding that accounts for the variability within and across
conditions. They advocate for the development of specialised assessment and intervention
strategies that are sensitive to the distinct EF profiles and comorbidities present in children with
NDCs. Furthermore, the inclusion of caregiver perspectives not only enriches the assessment of
EF but also paves the way for more personalised and holistic intervention strategies that leverage
the strengths of children alongside addressing their challenges. Future research should aim to
broaden the understanding of EF impairments by incorporating diverse assessment tools, including
educator reports, and exploring longitudinal studies to track the development of EF over time in
children with NDCs. Additionally, further exploration into the integration of neurobiological,
genetic, and environmental factors could offer deeper insights into the aetiology and progression

of EF impairments.
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To conclude, this thesis contributes significantly to the field of paediatric
neurodevelopmental literature by offering a comprehensive and integrative view of EF
impairments across key NDCs. The insights garnered highlight the importance of a transdiagnostic
approach in enhancing diagnostic accuracy, tailoring interventions, and ultimately improving the
quality of life and functional outcomes for children with NDCs. It also provides a foundation for
developing individualised, evidence-based interventions that consider the unique EF profiles and
strengths of children with NDCs. As the field moves forward, a collaborative approach involving
caregivers, educators, and clinicians will be essential in addressing the multifaceted challenges

presented by EF impairments in NDCs.

157



References

1. Lezak MD, Howieson DB, Bigler ED, Tranel D. Neuropsychological assessment / Muriel
D. Lezak, Diane B. Howieson, Erin D. Bigler, Daniel Tranel. Fifth edition. ed. Oxford University
Press; 2012.

2. Goldstein S, Naglieri JA. Executive functioning. 4 Goldstein, Sam 2014;

3. Lezak MD, Howieson DB, Bigler ED, Tranel D. Neuropsychological Assessment. OUP
USA; 2012.

4. Hoskyn M, larocci G, Young AR. Executive functions in children's everyday lives: A
handbook for professionals in applied psychology. Oxford University Press; 2017.

5. Bolton S, Hattie J. Cognitive and Brain Development: Executive Function, Piaget, and
the Prefrontal Cortex. Archives of Psychology. 2017-12-15 2017;1(3)

6. Anderson PJ. Towards a developmental model of executive function. Executive functions
and the frontal lobes. Psychology Press; 2010:37-56.

7. Posner MI, Petersen SE. The attention system of the human brain. Annual Review of
Neuroscience. 1990;13:25-42. doi:10.1146/annurev.ne.13.030190.000325

8. Jurado MB, Rosselli M. The elusive nature of executive functions: A review of our
current understanding. Neuropsychology review. 2007;17:213-233.

9. Marvel CL, Desmond JE. Functional topography of the cerebellum in verbal working
memory. Neuropsychology review. 2010;20:271-279.

10.  Piaget J. Naissance de l'intelligence chez I'enfant. In: Cook M, editor. London ::
Routledge & Kegan Paul; 1953.

11. Luria A. Higher cortical functions in man. New York, NY: Consultants Bureau. 1980;
12. Posner MI, DiGirolamo GJ. 1 8 Executive Attention: Conflict, Target Detection, and
Cognitive Control. 1998;

13. Schneider W, Chein JM. Controlled & automatic processing: behavior, theory, and
biological mechanisms. https://doi.org/10.1207/s15516709c0g2703 8. Cognitive Science.
2003/05/01 2003;27(3):525-559. doi:https://doi.org/10.1207/s15516709c0g2703 8

14. Shallice T, Marzocchi GM, Coser S, Del Savio M, Meuter RF, Rumiati RI. Executive
Function Profile of Children With Attention Deficit Hyperactivity Disorder. Developmental
Neuropsychology. 2002/02/01 2002;21(1):43-71. doi:10.1207/S15326942DN2101_3

15. Shallice T, Burgess P. The domain of supervisory processes and temporal organization of
behaviour. Philosophical Transactions of the Royal Society of London Series B: Biological
Sciences. 1996;351(1346):1405-1412.

16. Shallice T. Fractionation of the supervisory system. Principles of frontal lobe function.
2002;616:261-277.

17.  Baddeley AD, Della Sala S. Working memory and executive control. Philosophical
Transactions of the Royal Society of London Series B: Biological Sciences.
1996;351(1346):1397-1404.

18.  Baddeley A. Working Memory: Theories, Models, and Controversies. Annual Review of
Psychology. 2012/01/10 2011;63(1):1-29. doi:10.1146/annurev-psych-120710-100422

19. Diamond A. Executive functions. Annu Rev Psychol. 2013;64:135-68.
doi:10.1146/annurev-psych-113011-143750

20. Languis ML, Miller DC. Luria's Theory of Brain Functioning: A Model for Research in
Cognitive Psychophysiology. Educational Psychologist. 1992/09/01 1992;27(4):493-511.
doi:10.1207/s15326985ep2704 6

158


https://doi.org/10.1207/s15516709cog2703_8
https://doi.org/10.1207/s15516709cog2703_8

21. Bodrova E, Leong DJ, Akhutina TV. When everything new is well-forgotten old:
Vygotsky/Luria insights in the development of executive functions. New Directions for Child and
Adolescent Development. 2011;2011(133):11-28. doi:https://doi.org/10.1002/cd.301

22.  Barkley RA. Behavioral inhibition, sustained attention, and executive functions:
constructing a unifying theory of ADHD. Psychological bulletin. 1997;121(1):65.

23. Panah MT, Taremian F, Dolatshahi B, Seddigh SH, Raeisian FS, Panah E. A comparison
of Barkley’s behavioral inhibition model (1997) with Barkley’s updated executive functioning
model in predicting adult ADHD symptoms: A preliminary report using structural equation
modeling. Applied Neuropsychology: Adult.1-13. doi:10.1080/23279095.2022.2158441

24, Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD. The Unity
and Diversity of Executive Functions and Their Contributions to Complex “Frontal Lobe” Tasks:
A Latent Variable Analysis. Cognitive Psychology. 2000;41(1):49-100.
doi:https://doi.org/10.1006/cogp.1999.0734

25. Hunter SJ, Sparrow EP. Executive function and dysfunction: Identification, assessment
and treatment. Cambridge University Press; 2012.

26.  Miyake A, Friedman NP. The Nature and Organization of Individual Differences in
Executive Functions: Four General Conclusions. Curr Dir Psychol Sci. Feb 2012;21(1):8-14.
doi:10.1177/0963721411429458

27.  Young SE, Friedman NP, Miyake A, et al. Behavioral disinhibition: liability for
externalizing spectrum disorders and its genetic and environmental relation to response
inhibition across adolescence. Journal of abnormal psychology. 2009;118(1):117.

28. Friedman NP, Haberstick BC, Willcutt EG, et al. Greater Attention Problems During
Childhood Predict Poorer Executive Functioning in Late Adolescence. Psychological Science.
2007/10/01 2007;18(10):893-900. doi:10.1111/j.1467-9280.2007.01997.x

29.  Posner MI, Petersen SE. The attention system of the human brain. Annual review of
neuroscience. 1990;13(1):25-42.
30. Anderson P. Assessment and development of executive function (EF) during childhood.

Child Neuropsychol. Jun 2002;8(2):71-82. doi:10.1076/chin.8.2.71.8724

31. Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD. The unity and
diversity of executive functions and their contributions to complex "Frontal Lobe" tasks: a latent
variable analysis. Cogn Psychol. Aug 2000;41(1):49-100. doi:10.1006/cogp.1999.0734

32. O'Reilly RC, Frank MJ. Making Working Memory Work: A Computational Model of
Learning in the Prefrontal Cortex and Basal Ganglia. Neural Computation. 2006;18(2):283-328.
doi:10.1162/089976606775093909

33.  Diamond A. Executive Functions. Annual Review of Psychology. 2013;64(1):135-168.
doi:10.1146/annurev-psych-113011-143750

34, Badre D, D'Esposito M. Is the rostro-caudal axis of the frontal lobe hierarchical? Nature
Reviews Neuroscience. 2009/09/01 2009;10(9):659-669. doi:10.1038/nrn2667

35.  Ward J. The student's guide to cognitive neuroscience. Routledge; 2019.

36. Bechara A, Damasio AR, Damasio H, Anderson SW. Insensitivity to future consequences
following damage to human prefrontal cortex. Cognition. Apr-Jun 1994;50(1-3):7-15.
doi:10.1016/0010-0277(94)90018-3

37. Stroop JR. Studies of interference in serial verbal reactions. Journal of experimental
psychology. 1935;18(6):643.

38.  Phillips LH. The role of memory in the Tower of London task. Memory. 1999;7(2):209-
231.

159


https://doi.org/10.1002/cd.301
https://doi.org/10.1006/cogp.1999.0734

39. Zelazo PD, Miiller U, Frye D, et al. The development of executive function in early
childhood. Monographs of the society for research in child development. 2003:1-151.

40. Garon N, Bryson SE, Smith IM. Executive function in preschoolers: a review using an
integrative framework. Psychological bulletin. 2008;134(1):31.

41. Chun MM, Golomb JD, Turk-Browne NB. A taxonomy of external and internal attention.
Annual review of psychology. 2011;62:73-101.

42, McCabe DP, Roediger III HL, McDaniel MA, Balota DA, Hambrick DZ. The
relationship between working memory capacity and executive functioning: evidence for a
common executive attention construct. Neuropsychology. 2010;24(2):222.

43.  Baggetta P, Alexander PA. Conceptualization and Operationalization of Executive
Function. Mind, Brain, and Education. 2016/03/01 2016;10(1):10-33.
doi:https://doi.org/10.1111/mbe.12100

44.  Baddeley A. Working memory. Science. 1992;255(5044):556-559.

45.  Lehnert G, Zimmer HD. Common coding of auditory and visual spatial information in
working memory. Brain research. 2008;1230:158-167.
46.  Diamond A. Evidence of robust recognition memory early in life even when assessed by

reaching behavior. Journal of experimental child psychology. 1995;59(3):419-456.

47. Jones JS, Adlam ALR, Benattayallah A, Milton FN. The neural correlates of working
memory training in typically developing children. Child Development. 2022;93(3):815-830.

48. De Luca CR, Wood SJ, Anderson V, et al. Normative data from the CANTAB. I:
development of executive function over the lifespan. Journal of clinical and experimental
neuropsychology. 2003;25(2):242-254.

49. Gathercole SE, Pickering SJ, Ambridge B, Wearing H. The structure of working memory
from 4 to 15 years of age. Developmental psychology. 2004;40(2):177.

50.  Von Bastian CC, Druey MD. Shifting between mental sets: An individual differences
approach to commonalities and differences of task switching components. Journal of
Experimental Psychology: General.2017;146(9):1266.

51. Heaton R, Chelune G, Talley J, Kay G, Curtiss G. WCST. Test de Clasificacion de
Tarjetas de Wisconsin Madrid: TEA ediciones. 1997:51-52.

52. Anderson VA, Anderson P, Northam E, Jacobs R, Catroppa C. Development of Executive
Functions Through Late Childhood and Adolescence in an Australian Sample. Developmental
Neuropsychology. 2001/08/01 2001;20(1):385-406. doi:10.1207/S15326942DN2001_5

53.  Uddin LQ. Cognitive and behavioural flexibility: neural mechanisms and clinical
considerations. Nature Reviews Neuroscience. 2021/03/01 2021;22(3):167-179.
doi:10.1038/s41583-021-00428-w

54.  Zakzanis KK, Mraz R, Graham SJ. An fMRI study of the trail making test.
Neuropsychologia. 2005;43(13):1878-1886.

55.  Buchsbaum BR, Greer S, Chang WL, Berman KF. Meta - analysis of neuroimaging
studies of the Wisconsin Card - Sorting task and component processes. Human brain mapping.
2005;25(1):35-45.

56.  Zelazo PD. The Dimensional Change Card Sort (DCCS): A method of assessing
executive function in children. Nature protocols. 2006;1(1):297-301.

57. Stahl L, Pry R. Attentional flexibility and perseveration: Developmental aspects in young
children. Child Neuropsychology. 2005;11(2):175-189.

58. Chung HJ, Weyandt LL, Swentosky A. The physiology of executive functioning.
Handbook of executive functioning. Springer; 2013:13-27.

160


https://doi.org/10.1111/mbe.12100

59. Chmielewski WX, Miickschel M, Stock A-K, Beste C. The impact of mental workload on
inhibitory control subprocesses. Neurolmage. 2015;112:96-104.

60. Simmonds DJ, Pekar JJ, Mostofsky SH. Meta-analysis of Go/No-go tasks demonstrating
that fMRI activation associated with response inhibition is task-dependent. Neuropsychologia.
2008;46(1):224-232.

61.  Tombaugh TN. Trail Making Test A and B: normative data stratified by age and
education. Archives of clinical neuropsychology. 2004;19(2):203-214.

62.  Reitan RM, Wolfson D. Category Test and Trail Making Test as measures of frontal lobe
functions. The Clinical Neuropsychologist. 1995;9(1):50-56.

63.  Kircher T, Nagels A, Kirner-Veselinovic A, Krach S. Neural correlates of thyming vs.
lexical and semantic fluency. Brain Research. 2011/05/19/ 2011;1391:71-80.
doi:https://doi.org/10.1016/j.brainres.2011.03.054

64. Ruff R, Light R, Parker S, Levin H. Benton controlled oral word association test:
reliability and updated norms. Archives of clinical neuropsychology. 1996;11(4):329-338.

65. Delis DC, Kaplan E, Kramer JH. Delis-Kaplan executive function system. Assessment.
2001;

66.  Rodriguez-Aranda C, Martinussen M. Age-related differences in performance of
phonemic verbal fluency measured by Controlled Oral Word Association Task (COWAT): a
meta-analytic study. Developmental neuropsychology. 2006;30(2):697-717.

67.  Das J, Heemsbergen D. Planning as a factor in the assessment of cognitive processes.
Journal of Psychoeducational Assessment. 1983;1(1):1-15.

68.  Dagher A, Owen AM, Boecker H, Brooks DJ. Mapping the network for planning: a
correlational PET activation study with the Tower of London task. Brain. 1999;122(10):1973-
1987. doi:10.1093/brain/122.10.1973

69.  Newman SD, Carpenter PA, Varma S, Just MA. Frontal and parietal participation in
problem solving in the Tower of London: fMRI and computational modeling of planning and
high-level perception. Neuropsychologia. 2003/01/01/ 2003;41(12):1668-1682.
doi:https://doi.org/10.1016/S0028-3932(03)00091-5

70. Unterrainer JM, Rahm B, Kaller CP, et al. Planning abilities and the Tower of London: is
this task measuring a discrete cognitive function? Journal of clinical and experimental
neuropsychology. 2004;26(6):846-856.

71.  Welsh MC, Huizinga M. The development and preliminary validation of the Tower of
Hanoi-Revised. Assessment. 2001;8(2):167-176.

72. Bishop D, Aamodt-Leeper G, Creswell C, McGurk R, Skuse D. Individual differences in
cognitive planning on the Tower of Hanoi task: Neuropsychological maturity or measurement
error? The Journal of Child Psychology and Psychiatry and Allied Disciplines. 2001;42(4):551-
556.

73. Pennequin V, Sorel O, Nanty I, Fontaine R. Metacognition and low achievement in
mathematics: The effect of training in the use of metacognitive skills to solve mathematical word
problems. Thinking & Reasoning. 2010;16(3):198-220.

74.  Blasi G, Goldberg TE, Weickert T, et al. Brain regions underlying response inhibition and
interference monitoring and suppression. https://doi.org/10.1111/1.1460-9568.2006.04680.x.
European Journal of Neuroscience. 2006/03/01 2006;23(6):1658-1664.
doi:https://doi.org/10.1111/7.1460-9568.2006.04680.x

75. Gomez P, Ratcliff R, Perea M. A model of the go/no-go task. Journal of Experimental
Psychology: General. 2007;136(3):389-413. doi:10.1037/0096-3445.136.3.389

161


https://doi.org/10.1016/j.brainres.2011.03.054
https://doi.org/10.1016/S0028-3932(03)00091-5
https://doi.org/10.1111/j.1460-9568.2006.04680.x
https://doi.org/10.1111/j.1460-9568.2006.04680.x

76. Stroop JR. Studies of interference in serial verbal reactions. Journal of Experimental
Psychology. 1935;18(6):643-662. doi:10.1037/h0054651

77. Burgess PW, Shallice T. Response suppression, initiation and strategy use following
frontal lobe lesions. Neuropsychologia. 1996/04/01/ 1996;34(4):263-272.
doi:https://doi.org/10.1016/0028-3932(95)00104-2

78.  Furey RT, Bowden SC, Jewsbury PA, Sudarshan NJ, Connolly ML. Investigating the
Latent Structure of Executive Function in the Delis—Kaplan Executive Function System Using
Cattell-Horn—Carroll Theory. Assessment (Odessa, Fla). 2023:10731911231161779-
10731911231161779. doi:10.1177/10731911231161779

79.  Wright L, Lipszyc J, Dupuis A, Thayapararajah SW, Schachar R. Response inhibition and
psychopathology: a meta-analysis of go/no-go task performance. Journal of abnormal
psychology. 2014;123(2):429.

80. Bryce D, Sziics D, Soltész F, Whitebread D. The development of inhibitory control: An
averaged and single-trial Lateralized Readiness Potential study. Neurolmage. 2011/08/01/
2011;57(3):671-685. doi:https://doi.org/10.1016/j.neuroimage.2010.12.006

81. Krauzlis RJ, Wang L, Yu G, Katz LN. What is attention? WIREs Cognitive Science.
2023/01/01 2023;14(1):e1570. doi:https://doi.org/10.1002/wcs. 1570

82.  Petersen SE, Posner MI. The Attention System of the Human Brain: 20 Years After.
Annual Review of Neuroscience. 2012/07/21 2012;35(1):73-89. doi:10.1146/annurev-neuro-
062111-150525

83.  van de Weijer-Bergsma E, Wijnroks L, Jongmans MJ. Attention development in infants
and preschool children born preterm: A review. Infant Behavior and Development.
2008;31(3):333-351.

84. Amso D, Scerif G. The attentive brain: insights from developmental cognitive
neuroscience. Nature Reviews Neuroscience. 2015;16(10):606-619.

85. Bartolomeo P. The Attention Systems of the Human Brain. In: Bartolomeo P, ed.
Attention Disorders After Right Brain Damage: Living in Halved Worlds. Springer London;
2014:1-19.

86.  McDowd JM. An Overview of Attention: Behavior and Brain. Journal of Neurologic
Physical Therapy. 2007;31(3)

87. Fan J, McCandliss BD, Sommer T, Raz A, Posner MI. Testing the efficiency and
independence of attentional networks. Journal of cognitive neuroscience. 2002;14(3):340-347.
88.  Manly T, Robertson IH, Anderson V, Nimmo-Smith I. The test of everyday attention
(TEA-CH). Bury St Edmunds, England: Thames Valley Test Company. 1999;

89. Morandini HA, Silk TJ, Griffiths K, Rao P, Hood SD, Zepf FD. Meta-analysis of the
neural correlates of vigilant attention in children and adolescents. Cortex. 2020;132:374-385.
90. Nani A, Manuello J, Mancuso L, Liloia D, Costa T, Cauda F. The neural correlates of
consciousness and attention: two sister processes of the brain. Frontiers in Neuroscience.
2019;13:1169.

91.  Rothbart MK, Sheese BE, Posner MI. Executive Attention and Effortful Control: Linking
Temperament, Brain Networks, and Genes. Child Development Perspectives. 2007/07/01
2007;1(1):2-7. doi:https://doi.org/10.1111/1.1750-8606.2007.00002.x

92.  Rothbart MK, Sheese BE, Conradt ED. Childhood temperament. The Cambridge
handbook of personality psychology. 2009:177-190.

93, Zhou Q, Chen SH, Main A. Commonalities and Differences in the Research on
Children’s Effortful Control and Executive Function: A Call for an Integrated Model of Selt-

162


https://doi.org/10.1016/0028-3932(95)00104-2
https://doi.org/10.1016/j.neuroimage.2010.12.006
https://doi.org/10.1002/wcs.1570
https://doi.org/10.1111/j.1750-8606.2007.00002.x

Regulation. Child Development Perspectives. 2012/06/01 2012;6(2):112-121.
doi:https://doi.org/10.1111/5.1750-8606.2011.00176.x

94, Eisenberg N, Smith CL, Sadovsky A, Spinrad TL. Effortful control. Handbook of self-
regulation: Research, theory, and applications. 2004:259-282.

95. Fan J, McCandliss BD, Fossella J, Flombaum JI, Posner MI. The activation of attentional
networks. Neuroimage. 2005;26(2):471-479.

96. Kochanska G, Knaack A. Effortful control as a personality characteristic of young
children: Antecedents, correlates, and consequences. Journal of personality. 2003;71(6):1087-
1112.

97.  Kochanska G, Murray KT, Harlan ET. Effortful control in early childhood: continuity and
change, antecedents, and implications for social development. Developmental psychology.
2000;36(2):220.

98. Eisenberg N, Cumberland A, Spinrad TL, et al. The relations of regulation and
emotionality to children's externalizing and internalizing problem behavior. Child development.
2001;72(4):1112-1134.

99, Zhou Q, Hofer C, Eisenberg N, Reiser M, Spinrad TL, Fabes RA. The developmental
trajectories of attention focusing, attentional and behavioral persistence, and externalizing
problems during school-age years. Developmental psychology. 2007;43(2):369.

100. MacLeod JW, Lawrence MA, McConnell MM, Eskes GA, Klein RM, Shore DI.
Appraising the ANT: Psychometric and theoretical considerations of the Attention Network Test.
Neuropsychology. 2010;24(5):637.

101.  Valiente C, Lemery-Chalfant K, Swanson J, Reiser M. Prediction of children's academic
competence from their effortful control, relationships, and classroom participation. Journal of
educational psychology. 2008;100(1):67.

102.  Gross J. Emotion Regulation: Current Status and Future Prospects. Psychological
Inquiry. 03/09 2015;26:1-26. doi:10.1080/1047840X.2014.940781

103.  Ochsner KN, Gross JJ. The cognitive control of emotion. Trends in cognitive sciences.
2005;9(5):242-249.

104. Zelazo PD, Cunningham WA. Executive Function: Mechanisms Underlying Emotion
Regulation. Handbook of emotion regulation. The Guilford Press; 2007:135-158.

105.  Gross JJ, Feldman Barrett L. Emotion generation and emotion regulation: One or two
depends on your point of view. Emotion review. 2011;3(1):8-16.

106.  Oner S. Neural substrates of cognitive emotion regulation: a brief review. Psychiatry and
Clinical Psychopharmacology.2018/01/02 2018;28(1):91-96.
doi:10.1080/24750573.2017.1407563

107. Goldin PR, McRae K, Ramel W, Gross JJ. The Neural Bases of Emotion Regulation:
Reappraisal and Suppression of Negative Emotion. Biological Psychiatry. 2008/03/15/
2008;63(6):577-586. doi:https://doi.org/10.1016/1.biopsych.2007.05.03 1

108. Calkins SD, Marcovitch S. Emotion regulation and executive functioning in early
development: Integrated mechanisms of control supporting adaptive functioning. Child
development at the intersection of emotion and cognition. American Psychological Association;
2010:37-57. Human brain development.

109. Gioia GA, Isquith PK, Guy SC, Kenworthy L. BRIEF-2: Behavior rating inventory of
executive function. Psychological Assessment Resources Lutz, FL; 2015.

110. MacDermott ST, Gullone E, Allen JS, King NJ, Tonge B. Emotion Regulation Index for
Children and Adolescents. Journal of Psychopathology and Behavioral Assessment.

163


https://doi.org/10.1111/j.1750-8606.2011.00176.x
https://doi.org/10.1016/j.biopsych.2007.05.031

111.  Sudikoff E, Bertolin M, Lordo D, Kaufman D. Relationships between executive function
and emotional regulation in healthy children. J Neurol Psychol. 2015;2

112.  Rawana JS, Flett GL, McPhie ML, Nguyen HT, Norwood SJ. Developmental Trends in
Emotion Regulation: A Systematic Review with Implications for Community Mental Health.
Canadian Journal of Community Mental Health. 2014;33(1):31-44. doi:10.7870/cjcmh-2014-004
113.  Chervonsky E, Hunt C. Emotion regulation, mental health, and social wellbeing in a
young adolescent sample: A concurrent and longitudinal investigation. Emotion. 2019;19(2):270-
282. doi:10.1037/emo0000432

114. Isquith P, Gioia G. Behavior Rating Inventory of Executive Function™ BRIEF.
2002;doi:10.1007/978-0-387-79948-3 1881

115. Catale C, Meulemans T, Thorell LB. The childhood executive function inventory:
confirmatory factor analyses and cross-cultural clinical validity in a sample of 8- to 11-year-old
children. J Atten Disord. Jun 2015;19(6):489-95. doi:10.1177/1087054712470971

116. Toplak ME, West RF, Stanovich KE. Practitioner review: Do performance - based
measures and ratings of executive function assess the same construct? Journal of child
psychology and psychiatry. 2013;54(2):131-143.

117. Anderson PJ, Reidy N. Assessing executive function in preschoolers. Neuropsychol Rev.
Dec 2012;22(4):345-60. doi:10.1007/s11065-012-9220-3

118. Barkley RA, Fischer M. Predicting impairment in major life activities and occupational
functioning in hyperactive children as adults: Self-reported executive function (EF) deficits
versus EF tests. Developmental neuropsychology. 2011;36(2):137-161.

119.  Gioia GA, Isquith PK, Kenworthy L, Barton RM. Profiles of everyday executive function
in acquired and developmental disorders. Child neuropsychology : a journal on normal and
abnormal development in childhood and adolescence. 2002;8(2):121-37.

120.  Gioia GA, Isquith PK, Kenworthy L, Barton RM. Profiles of Everyday Executive
Function in Acquired and Developmental Disorders. Child Neuropsychology. 2002/07/01
2002;8(2):121-137. d0i:10.1076/chin.8.2.121.8727

121.  Reddy LA, Hale JB, Brodzinsky LK. Discriminant validity of the Behavior Rating
Inventory of Executive Function Parent Form for children with attention-deficit/hyperactivity
disorder. School Psychology Quarterly. 2011;26(1):45.

122.  Gioia GA, Isquith PK, Guy SC, Kenworthy L. Behavior rating inventory of executive
function: BRIEF. Psychological Assessment Resources Odessa, FL; 2000.

123.  Mahone EM, Cirino PT, Cutting LE, et al. Validity of the behavior rating inventory of
executive function in children with ADHD and/or Tourette syndrome. Archives of Clinical
Neuropsychology. 2002;17(7):643-662.

124. Head LS, Abbeduto L. Recognizing the role of parents in developmental outcomes: A
systems approach to evaluating the child with developmental disabilities. Mental Retardation
and Developmental Disabilities Research Reviews. 2007/01/01 2007;13(4):293-301.
doi:https://doi.org/10.1002/mrdd.20169

125.  Mink IT, Nihira K. Family life-styles and child behaviors: A study of direction of effects.
Developmental Psychology. 1986;22(5):610.

126. Hauser-Cram P, Warfield ME, Shonkoff JP, et al. Children with disabilities: A
longitudinal study of child development and parent well-being. Monographs of the society for
research in child development. 2001:1-126.

164


https://doi.org/10.1002/mrdd.20169

127.  Glascoe FP. Parents' Evaluation of Developmental Status: How Well Do Parents'
Concerns Identify Children With Behavioral and Emotional Problems? Clinical Pediatrics.
2003;42(2):133-138. doi:10.1177/000992280304200206

128.  Glascoe FP, Dworkin PH. The role of parents in the detection of developmental and
behavioral problems. Pediatrics. 1995;95(6):829-836.

129.  Sonnander K. Early identification of children with developmental disabilities. Acta
Paediatrica. 2000;89:17-23.

130. Fay-Stammbach T, Hawes DJ. Caregiver ratings and performance-based indices of
executive function among preschoolers with and without maltreatment experience. Child
Neuropsychology. 2019/08/18 2019;25(6):721-741. doi:10.1080/09297049.2018.1530344

131.  Barton H, Mclntyre LL. Caregiver-reported executive functioning and associated
adaptive and challenging behaviour in children with histories of developmental delay. Journal of
Intellectual Disability Research. 2022/01/01 2022;66(1-2):121-132.
doi:https://doi.org/10.1111/jir.12865

132.  Di Pietro N, Illes J. Closing Gaps: Strength-Based Approaches to Research with
Aboriginal Children with Neurodevelopmental Disorders. Neuroethics. 2016/12/01
2016;9(3):243-252. doi:10.1007/s12152-016-9281-8

133.  Association AP. Diagnostic and Statistical Manual of Mental Disorders: DSM-5-TR.
American Psychiatric Association Publishing; 2022.

134.  American Psychiatric Association D, Association AP. Diagnostic and statistical manual
of mental disorders: DSM-5. vol 5. American psychiatric association Washington, DC; 2013.
135.  Davis T. Dsm-5-Tr 2023. Amazon Digital Services LLC - Kdp; 2023.

136. Anderson PJ, & Reidy, N. . Assessing Executive Function in Preschoolers. .
Neuropsychology Review. 2012;22(4):345-360. doi:10.1007/s11065-012-9220-3

137.  Bell MA, Cuevas K. Psychobiology of executive function in early development.
Executive function in preschool-age children: Integrating measurement, neurodevelopment, and
translational research. American Psychological Association; 2016:157-179.

138.  Hughes C, Graham A. Measuring Executive Functions in Childhood: Problems and
Solutions? Child and Adolescent Mental Health. 2002;7(3):131-142.
doi:https://doi.org/10.1111/1475-3588.00024

139.  Hunter SJ, Sparrow EP. Executive Function and Dysfunction: Identification, Assessment
and Treatment. 2012:

140. Leung RC, Vogan VM, Powell TL, Anagnostou E, Taylor MJ. The role of executive
functions in social impairment in Autism Spectrum Disorder. Child Neuropsychology.
2016/04/02 2016;22(3):336-344. doi:10.1080/09297049.2015.1005066

141.  Antshel KM, Hier BO, Barkley RA. Executive Functioning Theory and ADHD. In:
Goldstein S, Naglieri JA, eds. Handbook of Executive Functioning. Springer New York;
2014:107-120.

142.  Drury H, Channon S, Barrett R, et al. Emotional processing and executive functioning in
children and adults with Tourette's syndrome. Child neuropsychology : a journal on normal and
abnormal development in childhood and adolescence. 2012;18(3):281-98.
doi:https://dx.doi.org/10.1080/09297049.2011.613811

143. Bales JL, Dennison J, Murphy T. Neuropsychological functioning and specific learning
disabilities in children with Tourette syndrome. Developmental Medicine and Child Neurology.
2012;54(SUPPL. 2):20. 3rd UK Paediatric Neuropsychology Symposium: Early Behaviour
Relationships and Prognostic Indicators. London United Kingdom.

165


https://doi.org/10.1111/jir.12865
https://doi.org/10.1111/1475-3588.00024
https://dx.doi.org/10.1080/09297049.2011.613811

(var.pagings). doi:http://dx.doi.org/10.1111/1.1469-8749.2012.04279 .x

144. Licari MK, Finlay-Jones A, Reynolds JE, et al. The Brain Basis of Comorbidity in
Neurodevelopmental Disorders. Current Developmental Disorders Reports. 2019;6(1):9-18.
doi:10.1007/s40474-019-0156-7

145. Demetriou EA, Lampit A, Quintana DS, et al. Autism spectrum disorders: a meta-analysis
of executive function. Mol Psychiatry. 2018;23(5):1198-1204. doi:10.1038/mp.2017.75

146. Kingdon D, Cardoso C, McGrath JJ. Research Review: Executive function deficits in
fetal alcohol spectrum disorders and attention-deficit/hyperactivity disorder — a meta-analysis.
Journal of Child Psychology and Psychiatry. 2016;57(2):116-131.
doi:https://doi.org/10.1111/jcpp.12451

147. Kuhlthau K, Orlich F, Hall TA, et al. Health-Related Quality of Life in Children with
Autism Spectrum Disorders: Results from the Autism Treatment Network. Journal of Autism and
Developmental Disorders. 2010/06/01 2010;40(6):721-729. doi:10.1007/s10803-009-0921-2
148. Lai M-C, Kassee C, Besney R, et al. Prevalence of co-occurring mental health diagnoses
in the autism population: a systematic review and meta-analysis. The Lancet Psychiatry.
2019;6(10):819-829.

149. Randall M, Sciberras E, Brignell A, et al. Autism spectrum disorder: Presentation and
prevalence in a nationally representative Australian sample. Aust N Z J Psychiatry. Mar
2016;50(3):243-53. doi:10.1177/0004867415595287

150.  Chiarotti F, Venerosi A. Epidemiology of autism spectrum disorders: a review of
worldwide prevalence estimates since 2014. Brain sciences. 2020;10(5):274.

151. Dennis M, Agostino A, Roncadin C, Levin H. Theory of mind depends on domain-
general executive functions of working memory and cognitive inhibition in children with
traumatic brain injury. Journal of Clinical and Experimental Neuropsychology. 2009/09/18
2009;31(7):835-847. doi:10.1080/13803390802572419

152.  Joseph RM, Tager—Flusberg H. The relationship of theory of mind and executive
functions to symptom type and severity in children with autism. Development and
Psychopathology. 2004;16(1):137-155. doi:10.1017/S095457940404444X

153. Iversen RK, Lewis C. Executive Function Skills Are Linked to Restricted and Repetitive
Behaviors: Three Correlational Meta Analyses. Autism Research. 2021/06/01 2021;14(6):1163-
1185. doi:https://doi.org/10.1002/aur.2468

154. Hill EL. Evaluating the theory of executive dysfunction in autism. Developmental review.
2004;24(2):189-233.

155. Lopez BR, Lincoln AJ, Ozonoff S, Lai Z. Examining the Relationship between Executive
Functions and Restricted, Repetitive Symptoms of Autistic Disorder. Journal of Autism and
Developmental Disorders. 2005/08/01 2005;35(4):445-460. doi:10.1007/s10803-005-5035-x
156. Vogan VM, Leung RC, Safar K, Martinussen R, Smith ML, Taylor MJ. Longitudinal
Examination of Everyday Executive Functioning in Children With ASD: Relations With Social,
Emotional, and Behavioral Functioning Over Time. Original Research. Frontiers in Psychology.
2018-October-10 2018;9doi:10.3389/fpsyg.2018.01774

157.  van den Bergh SF, Scheeren AM, Begeer S, Koot HM, Geurts HM. Age related
differences of executive functioning problems in everyday life of children and adolescents in the
autism spectrum. Journal of autism and developmental disorders. 2014;44(8):1959-1971.

158. Thomas R, Sanders S, Doust J, Beller E, Glasziou P. Prevalence of Attention-
Deficit/Hyperactivity Disorder: A Systematic Review and Meta-analysis. Pediatrics.
2015;135(4):994-¢1001. doi:10.1542/peds.2014-3482

166


http://dx.doi.org/10.1111/j.1469-8749.2012.04279.x
https://doi.org/10.1111/jcpp.12451
https://doi.org/10.1002/aur.2468

159. Sawyer MG, Reece CE, Sawyer ACP, Johnson SE, Lawrence D. Has the Prevalence of
Child and Adolescent Mental Disorders in Australia Changed Between 1998 and 2013 to 2014?
Journal of the American Academy of Child & Adolescent Psychiatry. 2018/05/01/
2018;57(5):343-350.¢5. doi:https://doi.org/10.1016/j.jaac.2018.02.012

160. DuPaul GJ, Langberg JM. Educational impairments in children with ADHD. 2015;

161. Staikova E, Gomes H, Tartter V, McCabe A, Halperin JM. Pragmatic deficits and social
impairment in children with ADHD. Journal of Child Psychology and Psychiatry.
2013;54(12):1275-1283.

162. Bunford N, Evans SW, Langberg JM. Emotion dysregulation is associated with social
impairment among young adolescents with ADHD. Journal of attention disorders.
2018;22(1):66-82.

163. Brocki KC, Bohlin G. Developmental change in the relation between executive functions
and symptoms of ADHD and co - occurring behaviour problems. Infant and Child Development:
An International Journal of Research and Practice. 2006;15(1):19-40.

164. Mary A, Slama H, Mousty P, et al. Executive and attentional contributions to Theory of
Mind deficit in attention deficit/hyperactivity disorder (ADHD). Child Neuropsychology.
2016/04/02 2016;22(3):345-365. doi:10.1080/09297049.2015.1012491

165. Faedda N, Romani M, Rossetti S, et al. Intellectual functioning and executive functions
in children and adolescents with attention deficit hyperactivity disorder (ADHD) and specific
learning disorder (SLD). Scandinavian journal of psychology. 2019;60(5):440-446.
doi:http://dx.doi.org/10.1111/sjop.12562

166. Corbett BA, Constantine LJ, Hendren R, Rocke D, Ozonoff S. Examining executive
functioning in children with autism spectrum disorder, attention deficit hyperactivity disorder
and typical development. Psychiatry research. 2009;166(2-3):210-222.

167. Berenguer Forner C, Roselld6 Miranda B, Baixauli Fortea I, Garcia Castellar R, Colomer
Diago C, Miranda Casas A. ADHD Symptoms and peer problems: Mediation of executive
function and theory of mind. Psicothema. 2017,

168.  Association AP. Diagnostic and statistical manual of mental disorders (4th edn, text
revision)(DSM—-IV-TR) Washington, DC. 2000;

169. Prior M, Sanson A, Smart D, Oberklaid F. Reading disability in an Australian community
sample. Australian Journal of Psychology. 1995;47(1):32-37.

170.  Prior M. Understanding specific learning difficulties. Psychology Press; 2022.

171. Bradley R, Danielson L, Hallahan DP. Identification of learning disabilities: Research to
practice. Routledge; 2002.

172.  Lyon GR, Shaywitz SE, Shaywitz BA. A definition of dyslexia. Annals of Dyslexia.
2003/01/01 2003;53(1):1-14. doi:10.1007/s11881-003-0001-9

173.  Chung PJ, Patel DR, Nizami I. Disorder of written expression and dysgraphia: definition,
diagnosis, and management. Trans! Pediatr. Feb 2020;9(Suppl 1):S46-s54.
doi:10.21037/tp.2019.11.01

174.  Shalev RS, Gross-Tsur V. Developmental dyscalculia. Pediatric Neurology. 2001/05/01/
2001;24(5):337-342. doi:https://doi.org/10.1016/S0887-8994(00)00258-7

175.  Schuchardt K, Maehler C, Hasselhorn M. Working memory deficits in children with
specific learning disorders. J Learn Disabil. Nov-Dec 2008;41(6):514-23.
doi:10.1177/0022219408317856

176. Lima RFd, Azoni CAS, Ciasca SM. Attentional performance and executive functions in
children with learning difficulties. Psicologia: Reflexdo e Critica. 2011;24:685-691.

167


https://doi.org/10.1016/j.jaac.2018.02.012
http://dx.doi.org/10.1111/sjop.12562
https://doi.org/10.1016/S0887-8994(00)00258-7

177.  Elliott EJ, Bower C. Fetal Alcohol Spectrum Disorder in Australia: From Fiction to Fact
and to the Future. In: Chudley AE, Hicks GG, eds. Fetal Alcohol Spectrum Disorder: Advances
in Research and Practice. Springer US; 2022:263-310.

178. Malisza KL, Buss JL, Bolster RB, et al. Comparison of spatial working memory in
children with prenatal alcohol exposure and those diagnosed with ADHD; A functional magnetic
resonance imaging study. Journal of Neurodevelopmental Disorders. 2012/05/18 2012;4(1):12.
doi:10.1186/1866-1955-4-12

179. Glass L, Ware AL, Crocker N, et al. Neuropsychological deficits associated with heavy
prenatal alcohol exposure are not exacerbated by ADHD. Neuropsychology. 2013;27(6):713-724.
doi:10.1037/a0033994

180. McGee CL, Schonfeld AM, Roebuck-Spencer TM, Riley EP, Mattson SN. Children With
Heavy Prenatal Alcohol Exposure Demonstrate Deficits on Multiple Measures of Concept
Formation. https://doi.org/10.1111/7.1530-0277.2008.00707.x. Alcohol: Clinical and
Experimental Research. 2008/08/01 2008;32(8):1388-1397. doi:https://doi.org/10.1111/5.1530-
0277.2008.00707.x

181. Gross AC, Deling LA, Wozniak JR, Boys CJ. Objective measures of executive
functioning are highly discrepant with parent-report in fetal alcohol spectrum disorders. Child
Neuropsychology. 2015/07/04 2015;21(4):531-538. do0i:10.1080/09297049.2014.911271

182. Morand-Beaulieu S, Grot S, Lavoie J, Leclerc JB, Luck D, Lavoie ME. The puzzling
question of inhibitory control in Tourette syndrome: A meta-analysis. Neuroscience &
Biobehavioral Reviews. 2017/09/01/2017;80:240-262.
doi:https://doi.org/10.1016/j.neubiorev.2017.05.006

183. Weyandt LL, Willis WG, Swentosky A, et al. A Review of the Use of Executive Function
Tasks in Externalizing and Internalizing Disorders. In: Goldstein S, Naglieri JA, eds. Handbook
of Executive Functioning. Springer New York; 2014:69-87.

184.  Channon S, Pratt P, Robertson MM. Executive function, memory, and learning in
Tourette's syndrome. Neuropsychology. 2003;17(2):247-254. doi:10.1037/0894-4105.17.2.247
185. Francés L, Quintero J, Fernandez A, et al. Current state of knowledge on the prevalence
of neurodevelopmental disorders in childhood according to the DSM-5: a systematic review in
accordance with the PRISMA criteria. Child and Adolescent Psychiatry and Mental Health.
2022/03/31 2022;16(1):27. doi:10.1186/s13034-022-00462-1

186. Jang J, Matson JL, Williams LW, Tureck K, Goldin RL, Cervantes PE. Rates of comorbid
symptoms in children with ASD, ADHD, and comorbid ASD and ADHD. Res Dev Disabil.
2013/08// 2013;34(8):2369-2378. doi:10.1016/j.ridd.2013.04.021

187. Rong, Yang C-J, Jin Y, Wang Y. Prevalence of attention-deficit/hyperactivity disorder in
individuals with autism spectrum disorder: A meta-analysis. Research in Autism Spectrum
Disorders. 2021/05/01/ 2021;83:101759. doi:https://doi.org/10.1016/j.rasd.2021.101759

188.  Craig F, Margari F, Legrottaglie AR, Palumbi R, de Giambattista C, Margari L. A review
of executive function deficits in autism spectrum disorder and attention-deficit/hyperactivity
disorder. Neuropsychiatr Dis Treat. 2016;12:1191-1202. doi:10.2147/NDT.S104620

189. Benallie KJ, McClain MB, Bakner KE, Roanhorse T, Ha J. Executive functioning in
children with ASD + ADHD and ASD + ID: A systematic review. Research in Autism Spectrum
Disorders. 2021/08/01/ 2021;86:101807. doi:https://doi.org/10.1016/j.rasd.2021.101807

190. NgR, Heinrich K, Hodges EK. Brief report: Neuropsychological testing and informant-
ratings of children with autism spectrum disorder, attention-deficit/hyperactivity disorder, or
comorbid diagnosis. Journal of autism and developmental disorders. 2019;49:2589-2596.

168


https://doi.org/10.1111/j.1530-0277.2008.00707.x
https://doi.org/10.1111/j.1530-0277.2008.00707.x
https://doi.org/10.1111/j.1530-0277.2008.00707.x
https://doi.org/10.1016/j.neubiorev.2017.05.006
https://doi.org/10.1016/j.rasd.2021.101759
https://doi.org/10.1016/j.rasd.2021.101807

191. Townes P, Liu C, Panesar P, et al. Do ASD and ADHD Have Distinct Executive Function
Deficits? A Systematic Review and Meta-Analysis of Direct Comparison Studies. J Atten Disord.
Dec 2023;27(14):1571-1582. doi:10.1177/10870547231190494

192. Ma S-L, Chen LH, Lee C-C, et al. Genetic Overlap Between Attention
Deficit/Hyperactivity Disorder and Autism Spectrum Disorder in SHANK?2 Gene. Original
Research. Frontiers in Neuroscience. 2021-April-27 2021;15d0i:10.3389/fnins.2021.649588
193.  DuPaul GJ, Gormley MJ, Laracy SD. Comorbidity of LD and ADHD: Implications of
DSM-5 for assessment and treatment. Journal of learning disabilities. 2013;46(1):43-51.

194.  Yoshimasu K, Barbaresi WJ, Colligan RC, et al. Written-language disorder among
children with and without ADHD in a population-based birth cohort. Pediatrics.
2011;128(3):¢605-e¢612.

195. Singh J, Arun P, Bajaj MK. Theory of Mind and Executive Functions in Children With
Attention Deficit Hyperactivity Disorder and Specific Learning Disorder. Indian Journal of
Psychological Medicine. 2021/09/01 2021;43(5):392-398. doi:10.1177/0253717621999807

196.  Nigg JT. Attention-Deficit/Hyperactivity Disorder:Endophenotypes, Structure, and
Etiological Pathways. Current Directions in Psychological Science. 2010;19(1):24-29.
doi:10.1177/0963721409359282

197. De Jong CGW, Van De Voorde S, Roeyers H, Raymaekers R, Oosterlaan J, Sergeant JA.
How distinctive are ADHD and RD? Results of a double dissociation study. Journal of Abnormal
Child Psychology. 2009;37(7):1007-1017. doi:http://dx.doi.org/10.1007/s10802-009-9328-y
198. Bental B, Tirosh E. The relationship between attention, executive functions and reading
domain abilities in attention deficit hyperactivity disorder and reading disorder: a comparative
study. Journal of Child Psychology and Psychiatry. 2007/05/01 2007;48(5):455-463.
doi:https://doi.org/10.1111/§.1469-7610.2006.01710.x

199. Crisci G, Caviola S, Cardillo R, Mammarella IC. Executive Functions in
Neurodevelopmental Disorders: Comorbidity Overlaps Between Attention Deficit and
Hyperactivity Disorder and Specific Learning Disorders. Original Research. Frontiers in Human
Neuroscience. 2021;15d01:10.3389/fnhum.2021.594234

200. Horowitz-Kraus T. Differential effect of cognitive training on executive functions and
reading abilities in children with ADHD and in children with ADHD comorbid with reading
difficulties. Journal of attention disorders. 2015;19(6):515-526.

201.  Schuchardt K, Maehler C, Hasselhorn M. Working Memory Deficits in Children With
Specific Learning Disorders. Journal of Learning Disabilities. 2008/11/01 2008;41(6):514-523.
doi:10.1177/0022219408317856

202.  Schuchardt K, Mahler C. [Executive Functions in Children with Learning Disabilities].
Exekutive Funktionen bei Kindern mit Lernstorungen. 2016;65(6):389-405.
doi:https://dx.doi.org/10.13109/prkk.2016.65.6.389

203. Crippa A, Marzocchi GM, Piroddi C, et al. An Integrated Model of Executive
Functioning is Helpful for Understanding ADHD and Associated Disorders. Journal of attention
disorders. 2015;19(6):455-67. doi:https://dx.doi.org/10.1177/1087054714542000

204. Hirschtritt ME, Lee PC, Pauls DL, et al. Lifetime Prevalence, Age of Risk, and Genetic
Relationships of Comorbid Psychiatric Disorders in Tourette Syndrome. JAMA Psychiatry.
2015;72(4):325-333. doi:10.1001/jamapsychiatry.2014.2650

205. Roozen S, Peters G-JY, Kok G, Townend D, Nijhuis J, Curfs L. Worldwide Prevalence of
Fetal Alcohol Spectrum Disorders: A Systematic Literature Review Including Meta-Analysis.

169


http://dx.doi.org/10.1007/s10802-009-9328-y
https://doi.org/10.1111/j.1469-7610.2006.01710.x
https://dx.doi.org/10.13109/prkk.2016.65.6.389
https://dx.doi.org/10.1177/1087054714542000

Alcoholism: Clinical and Experimental Research. 2016/01/01 2016;40(1):18-32.
doi:https://doi.org/10.1111/acer.12939

206. VertE S, Geurts HM, Roeyers H, Oosterlaan J, Sergeant JA. Executive functioning in
children with autism and Tourette syndrome. Development and Psychopathology.
2005;17(2):415-445. doi:10.1017/S0954579405050200

207.  Ozonoff S, Strayer DL, McMahon WM, Filloux F. Executive Function Abilities in
Autism and Tourette Syndrome: An Information Processing Approach. Journal of Child
Psychology and Psychiatry. 1994/09/01 1994;35(6):1015-1032.
doi:https://doi.org/10.1111/1.1469-7610.1994.tb01807.x

208. Hovik KT, Egeland J, Isquith PK, et al. Distinct Patterns of Everyday Executive Function
Problems Distinguish Children With Tourette Syndrome From Children With ADHD or Autism
Spectrum Disorders. Journal of Attention Disorders. 2017/08/01 2014;21(10):811-823.
doi:10.1177/1087054714550336

209. Openneer TJC, Forde NJ, Akkermans SEA, et al. Executive function in children with
Tourette syndrome and attention-deficit/hyperactivity disorder: Cross-disorder or unique
impairments? Cortex. 2020/03/01/2020;124:176-187.
doi:https://doi.org/10.1016/j.cortex.2019.11.007

210. Khoury JE, Milligan K. Comparing Executive Functioning in Children and Adolescents
With Fetal Alcohol Spectrum Disorders and ADHD: A Meta-Analysis. Journal of Attention
Disorders. 2019;23(14):1801-1815. doi:10.1177/1087054715622016

211.  Cravedi E, Deniau E, Giannitelli M, Xavier J, Hartmann A, Cohen D. Tourette syndrome
and other neurodevelopmental disorders: a comprehensive review. Child and Adolescent
Psychiatry and Mental Health. 2017/12/04 2017;11(1):59. doi:10.1186/s13034-017-0196-x
212.  Nigg JT. Attention-deficit/hyperactivity disorder: Endophenotypes, structure, and
etiological pathways. Current Directions in Psychological Science. 2010;19(1):24-29.

213. lacono WG, Malone SM, Vrieze SI. Endophenotype best practices. International Journal
of Psychophysiology. 2017/01/01/2017;111:115-144.
doi:https://doi.org/10.1016/].ijpsycho0.2016.07.516

214. Persico AM, Sacco R. Endophenotypes in autism spectrum disorders. 101007/978-1-
4614-4788-7 1. Springer Science+ Business Media; 2014:77-96.

215. Rommelse NNJ, Geurts HM, Franke B, Buitelaar JK, Hartman CA. A review on
cognitive and brain endophenotypes that may be common in autism spectrum disorder and
attention-deficit/hyperactivity disorder and facilitate the search for pleiotropic genes.
Neuroscience & Biobehavioral Reviews. 2011/05/01/2011;35(6):1363-1396.
doi:https://doi.org/10.1016/j.neubiorev.2011.02.015

216.  Mosconi MW, Kay M, D’Cruz A-M, et al. Neurobehavioral abnormalities in first-degree
relatives of individuals with autism. Archives of general psychiatry. 2010;67(8):830-840.

217. Losh M, Sullivan PF, Trembath D, Piven J. Current developments in the genetics of
autism: from phenome to genome. J Neuropathol Exp Neurol. Sep 2008;67(9):829-37.
doi:10.1097/NEN.0b013e318184482d

218.  Goldberg MC, Mostofsky SH, Cutting LE, et al. Subtle Executive Impairment in
Children with Autism and Children with ADHD. Journal of Autism and Developmental
Disorders. 2005/06/01 2005;35(3):279-293. doi:10.1007/s10803-005-3291-4

219. Nyden A, Gillberg C, Hjelmquist E, Heiman M. Executive function/attention deficits in
boys with Asperger syndrome, attention disorder and reading/writing disorder. Autism.
1999;3(3):213-228. doi:http://dx.doi.org/10.1177/1362361399003003002

170


https://doi.org/10.1111/acer.12939
https://doi.org/10.1111/j.1469-7610.1994.tb01807.x
https://doi.org/10.1016/j.cortex.2019.11.007
https://doi.org/10.1016/j.ijpsycho.2016.07.516
https://doi.org/10.1016/j.neubiorev.2011.02.015
http://dx.doi.org/10.1177/1362361399003003002

220. Tsuchiya E, Oki J, Yahara N, Fujieda K. Computerized version of the Wisconsin card
sorting test in children with high-functioning autistic disorder or attention-deficit/hyperactivity
disorder. Brain and Development. 2005;27(3):233-236.

221. Happé F, Booth R, Charlton R, Hughes C. Executive function deficits in autism spectrum
disorders and attention-deficit/hyperactivity disorder: Examining profiles across domains and
ages. Brain and Cognition. 2006/06/01/ 2006;61(1):25-39.
doi:https://doi.org/10.1016/j.bandc.2006.03.004

222.  Ozonoff S, Jensen J. Brief report: Specific executive function profiles in three
neurodevelopmental disorders. Journal of autism and developmental disorders. 1999;29(2):171-
177.

223. Brandimonte MA, Filippello P, Coluccia E, Altgassen M, Kliegel M. To do or not to do?
Prospective memory versus response inhibition in autism spectrum disorder and attention-
deficit/hyperactivity disorder. Memory. 2011;19(1):56-66.

224. Hartman CA, Geurts HM, Franke B, Buitelaar JK, Rommelse NNJ. Changing ASD-
ADHD symptom co-occurrence across the lifespan with adolescence as crucial time window:
Ilustrating the need to go beyond childhood. Neuroscience & Biobehavioral Reviews.
2016/12/01/ 2016;71:529-541. doi:https://doi.org/10.1016/j.neubiorev.2016.09.003

225.  Asherson P, Ashwood KL, Azadi B, Bolton P, McLoughlin G, Tye C. Attention and
inhibition in children with ASD, ADHD and co-morbid ASD + ADHD: an event-related potential
study. Psychological Medicine. 2014;44(5):1101-1116. doi:10.1017/S0033291713001049

226. Biihler E, Bachmann C, Goyert H, Heinzel-Gutenbrunner M, Kamp-Becker I. Differential
Diagnosis of Autism Spectrum Disorder and Attention Deficit Hyperactivity Disorder by Means
of Inhibitory Control and ‘Theory of Mind’. Journal of Autism and Developmental Disorders.
2011/12/01 2011;41(12):1718-1726. doi:10.1007/s10803-011-1205-1

227. Sabrina M. Darrow, Ph.D. ,, Matthew E. Hirschtritt, M.D., M.P.H. ,, Lea K. Davis,

Ph.D. ,, et al. Identification of Two Heritable Cross-Disorder Endophenotypes for Tourette
Syndrome. American Journal of Psychiatry. 2017;174(4):387-396.
doi:10.1176/appi.ajp.2016.16020240

228. Eddy CM, Cavanna AE. Set-Shifting Deficits: A Possible Neurocognitive Endophenotype
for Tourette Syndrome Without ADHD. Journal of Attention Disorders. 2017;21(10):824-834.
doi:10.1177/1087054714545536

229. Kurvits L, Martino D, Ganos C. Clinical features that evoke the concept of disinhibition
in Tourette syndrome. Frontiers in Psychiatry. 2020;11:21.

230. Astle DE, Holmes J, Kievit R, Gathercole SE. Annual Research Review: The
transdiagnostic revolution in neurodevelopmental disorders. Journal of Child Psychology and
Psychiatry. 2022/04/01 2022;63(4):397-417. doi:https://doi.org/10.1111/jcpp.13481

231. Dilalla LF, McCrary M, Diaz E. A review of endophenotypes in schizophrenia and
autism: The next phase for understanding genetic etiologies. Wiley Online Library; 2017:354-
361.

232. Demetriou EA, DeMayo MM, Guastella AJ. Executive Function in Autism Spectrum
Disorder: History, Theoretical Models, Empirical Findings, and Potential as an Endophenotype.
Review. Frontiers in Psychiatry. 2019;10d0o1:10.3389/fpsyt.2019.00753

233. Rommelse NNJ, Altink ME, Fliers EA, et al. Comorbid problems in ADHD: Degree of
association, shared endophenotypes, and formation of distinct subtypes. Implications for a future
DSM. Journal of Abnormal Child Psychology. 2009;37(6):793-804.
doi:http://dx.doi.org/10.1007/s10802-009-9312-6

171


https://doi.org/10.1016/j.bandc.2006.03.004
https://doi.org/10.1016/j.neubiorev.2016.09.003
https://doi.org/10.1111/jcpp.13481
http://dx.doi.org/10.1007/s10802-009-9312-6

234. Bombonato C, Del Lucchese B, Ruftini C, et al. Far transfer effects of trainings on
executive functions in neurodevelopmental disorders: A systematic review and metanalysis.
Neuropsychology Review. 2023:1-36.

235. Capilla A, Romero D, Maestu F, et al. [Emergence and brain development of executive
functions]. Actas Esp Psiquiatr. Nov-Dec 2004;32(6):377-86. Emergencia y desarrollo cerebral
de las funciones ejecutivas.

236. Snyder HR, Miyake A, Hankin BL. Advancing understanding of executive function
impairments and psychopathology: bridging the gap between clinical and cognitive approaches.
Review. Frontiers in Psychology. 2015-March-26 2015;6d01:10.3389/fpsyg.2015.00328

237.  Mueller A, Hong DS, Shepard S, Moore T. Linking ADHD to the Neural Circuitry of
Attention. Trends in Cognitive Sciences. 2017;21(6):474-488.
doi:https://doi.org/10.1016/j.tics.2017.03.009

238. de Vries M, Geurts H. Influence of Autism Traits and Executive Functioning on Quality
of Life in Children with an Autism Spectrum Disorder. J Autism Dev Disord. 2015;45(9):2734-
43. doi:10.1007/s10803-015-2438-1

239. Skogli EW, Andersen PN, Hovik KT, @ie M. Development of hot and cold executive
function in boys and girls with ADHD: A 2-year longitudinal study. Journal of Attention
Disorders. 2017;21(4):305-315.

240. Biederman J, Petty CR, Doyle AE, et al. Stability of Executive Function Deficits in Girls
with ADHD: A Prospective Longitudinal Followup Study into Adolescence. Developmental
Neuropsychology. 2007/12/19 2007;33(1):44-61. doi:10.1080/87565640701729755

241. Boelema SR, Harakeh Z, Ormel J, Hartman CA, Vollebergh WA, van Zandvoort MJ.
Executive functioning shows differential maturation from early to late adolescence: longitudinal
findings from a TRAILS study. Neuropsychology. 2014;28(2):177.

242.  Lehto JE, Juyjérvi P, Kooistra L, Pulkkinen L. Dimensions of executive functioning:
Evidence from children. https://doi.org/10.1348/026151003321164627. British Journal of
Developmental Psychology. 2003;21(1):59-80. doi:https://doi.org/10.1348/026151003321164627
243.  Isquith P, Gioia G. Behavior Rating Inventory of Executive Function ® - Preschool
Version. 01/01 2003;

244. Gioia GA, Espy KA, Isquith PK. BRIEF-P: behavior rating inventory of executive
Sfunction--preschool version. Psychological Assessment Resources (PAR); 2003.

245. Ros R, Graziano PA. A Transdiagnostic Examination of Self-Regulation: Comparisons
Across Preschoolers with ASD, ADHD, and Typically Developing Children. Journal of Clinical
Child & Adolescent Psychology.2020/07/03 2020;49(4):493-508.
doi:10.1080/15374416.2019.1591280

246. Bramham J, Young S, Bickerdike A, Spain D, McCartan D, Xenitidis K. Evaluation of
group cognitive behavioral therapy for adults with ADHD. J Atten Disord. 2009;12(5):434-41.
doi:10.1177/1087054708314596

247.  Geurts HM, Verté S, Oosterlaan J, Roeyers H, Sergeant JA. How specific are executive
functioning deficits in attention deficit hyperactivity disorder and autism? Journal of child
psychology and psychiatry. 2004;45(4):836-854.

248.  Sinzig J, Bruning N, Morsch D, Lehmkuhl G. Attention profiles in autistic children with
and without comorbid hyperactivity and attention problems. Acta Neuropsychiatrica.
2008;20(4):207-215.

249. Martinussen R, Hayden J, Hogg-Johnson S, Tannock R. A Meta-Analysis of Working
Memory Impairments in Children With Attention-Deficit/Hyperactivity Disorder. Journal of the

172


https://doi.org/10.1016/j.tics.2017.03.009
https://doi.org/10.1348/026151003321164627
https://doi.org/10.1348/026151003321164627

American Academy of Child & Adolescent Psychiatry. 2005;44(4):377-384.
doi:https://doi.org/10.1097/01.chi.0000153228.72591.73

250. May T, Brignell A, Williams K. Autism spectrum disorder prevalence in children aged
12—13 years from the longitudinal study of Australian children. Autism Research.
2020;13(5):821-827.

251. Christensen DL, Maenner MJ, Bilder D, et al. Prevalence and characteristics of autism
spectrum disorder among children aged 4 years—early autism and developmental disabilities
monitoring network, seven sites, United States, 2010, 2012, and 2014. MMWR Surveillance
Summaries. 2019;68(2):1.

252. Zeidan J, Fombonne E, Scorah J, et al. Global prevalence of autism: A systematic review
update. Autism Research. 2022/05/01 2022;15(5):778-790. doi:https://doi.org/10.1002/aur.2696
253. Salari N, Rasoulpoor S, Rasoulpoor S, et al. The global prevalence of autism spectrum
disorder: a comprehensive systematic review and meta-analysis. ltalian Journal of Pediatrics.
2022/07/08 2022;48(1):112. doi:10.1186/s13052-022-01310-w

254. Salari N, Ghasemi H, Abdoli N, et al. The global prevalence of ADHD in children and
adolescents: a systematic review and meta-analysis. ltalian Journal of Pediatrics. 2023/04/20
2023;49(1):48. doi:10.1186/s13052-023-01456-1

255. Boonstra AM, Oosterlaan J, Sergeant JA, Buitelaar JK. Executive functioning in adult
ADHD: a meta-analytic review. Psychological medicine. 2005;35(8):1097-1108.

256. Townes P, Liu C, Panesar P, et al. Do ASD and ADHD Have Distinct Executive Function
Deficits? A Systematic Review and Meta-Analysis of Direct Comparison Studies. Journal of
Attention Disorders. 2023/12/01 2023;27(14):1571-1582. doi:10.1177/10870547231190494
257. Kolakowsky-Hayner SA. Wisconsin Card Sorting Test. In: Kreutzer JS, DeLuca J, Caplan
B, eds. Encyclopedia of Clinical Neuropsychology. Springer New York; 2011:2719-2720.

258. Krieger V, Amador-Campos JA. Assessment of executive function in ADHD adolescents:
contribution of performance tests and rating scales. Child Neuropsychology. 2018/11/17
2018;24(8):1063-1087. doi:10.1080/09297049.2017.1386781

259. Isquith PK, Roth RM, Gioia G. Contribution of Rating Scales to the Assessment of
Executive Functions. Applied Neuropsychology: Child. 2013/07/01 2013;2(2):125-132.
doi:10.1080/21622965.2013.748389

260. Toplak ME, West RF, Stanovich KE. Practitioner Review: Do performance-based
measures and ratings of executive function assess the same construct?
https://doi.org/10.1111/jcpp.12001. Journal of Child Psychology and Psychiatry. 2013/02/01
2013;54(2):131-143. doi:https://doi.org/10.1111/jcpp.12001

261. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate healthcare interventions: explanation and
elaboration. BMJ. 2009;339:b2700. doi:10.1136/bmj.b2700

262. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021;372:n71. doi:10.1136/bmj.n71

263. Covidence systematic review software. Veritas Health Innovation. doi:Available at
www.covidence.org.

264. Fang Huang LS, Ying Qian, Lu Liu, Quan-Gang Ma, Li Yang, Jia Cheng, Qing-J.
Cognitive Function of Children and Adolescents with Attention Deficit Hyperactivity Disorder
and Learning Difficulties: A Developmental Perspective. Chinese Medical Journal.
2016;129(16)doi:10.4103/0366-6999.187861

265. Team RS. RStudio: Integrated Development for R. RStudio, PBC, Boston, MA 2020;

173


https://doi.org/10.1097/01.chi.0000153228.72591.73
https://doi.org/10.1002/aur.2696
https://doi.org/10.1111/jcpp.12001
https://doi.org/10.1111/jcpp.12001
file:///C:/Users/a_kha/Desktop/University%20Documents/Usyd/Thesis%20Revisions%202024/External%20Reviewers%20Comments/www.covidence.org

266. Viechtbauer W. Conducting meta-analyses in R with the metafor package. Journal of
Statistical Software. 2010;36(3):1-48. doi:https://doi.org/10.18637/jss.v036.103

267. Van der Linden M, Meulemans T, Marczewski P, Collette F. The relationships between
episodic memory, working memory, and executive functions: The contribution of the prefrontal
cortex. Psychologica Belgica. 2000;40(4):275.

268. Collette F, Hogge M, Salmon E, Van der Linden M. Exploration of the neural substrates
of executive functioning by functional neuroimaging. Neuroscience. 2006;139(1):209-221.
doi:https://doi.org/10.1016/j.neuroscience.2005.05.035

269. Cristofori I, Cohen-Zimerman S, Grafman J. Chapter 11 - Executive functions. In:
D'Esposito M, Grafman JH, eds. Handbook of Clinical Neurology. Elsevier; 2019:197-219.
270. Friedman NP, Miyake A, Young SE, DeFries JC, Corley RP, Hewitt JK. Individual
differences in executive functions are almost entirely genetic in origin. Journal of Experimental
Psychology: General. 2008;137(2):201-225. doi:10.1037/0096-3445.137.2.201

271. Parenti I, Rabaneda LG, Schoen H, Novarino G. Neurodevelopmental Disorders: From
Genetics to Functional Pathways. Trends in Neurosciences. 2020;43(8):608-621.
doi:https://doi.org/10.1016/j.tins.2020.05.004

272. Rhoades BL, Greenberg MT, Lanza ST, Blair C. Demographic and familial predictors of
early executive function development: Contribution of a person-centered perspective. Journal of
Experimental Child Psychology.2011;108(3):638-662.
doi:https://doi.org/10.1016/j.jecp.2010.08.004

273.  Chevalier N. Executive Function Development: Making Sense of the Environment to
Behave Adaptively. Current Directions in Psychological Science. 2015;24(5):363-368.
doi:10.1177/0963721415593724

274. Thompson A, Steinbeis N. Sensitive periods in executive function development. Current
Opinion in Behavioral Sciences. 2020;36:98-105.
doi:https://doi.org/10.1016/j.cobeha.2020.08.001

275. Goodkind M, Eickhoff SB, Oathes DJ, et al. Identification of a Common Neurobiological
Substrate for Mental Illness. JAMA Psychiatry. 2015;72(4):305-315.
doi:10.1001/jamapsychiatry.2014.2206

276. Shanmugan S, Wolf DH, Calkins ME, et al. Common and Dissociable Mechanisms of
Executive System Dysfunction Across Psychiatric Disorders in Youth. American Journal of
Psychiatry. 2016;173(5):517-526. doi:10.1176/appi.ajp.2015.15060725

277. Adolfsdottir S, Serensen L, Lundervold AJ. The attention network test: a characteristic
pattern of deficits in children with ADHD. Behavioral and Brain Functions. 2008;4(1):9.
doi:10.1186/1744-9081-4-9

278.  Shallice T. Fractionation of the supervisory system. Principles of frontal lobe function.
2002:261-277.

279. Kumar U, Arya A, Agarwal V. Neural network connectivity in ADHD children: an
independent component and functional connectivity analysis of resting state fMRI data. Brain
Imaging and Behavior. 2021;15(1):157-165. doi:10.1007/s11682-019-00242-0

280. Greene CM, Braet W, Johnson KA, Bellgrove MA. Imaging the genetics of executive
function. Biological Psychology. 2008/09/01/2008;79(1):30-42.
doi:https://doi.org/10.1016/j.biopsycho.2007.11.009

281. Yerys BE, Antezana L, Weinblatt R, et al. Neural Correlates of Set-Shifting in Children
With Autism. https://doi.org/10.1002/aur.1454. Autism Research. 2015;8(4):386-397.
doi:https://doi.org/10.1002/aur. 1454

174


https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.1016/j.neuroscience.2005.05.035
https://doi.org/10.1016/j.tins.2020.05.004
https://doi.org/10.1016/j.jecp.2010.08.004
https://doi.org/10.1016/j.cobeha.2020.08.001
https://doi.org/10.1016/j.biopsycho.2007.11.009
https://doi.org/10.1002/aur.1454
https://doi.org/10.1002/aur.1454

282.  Yerys BE, Wallace GL, Harrison B, Celano MJ, Giedd JN, Kenworthy LE. Set-shifting in
children with autism spectrum disorders: Reversal shifting deficits on the
Intradimensional/Extradimensional Shift Test correlate with repetitive behaviors. Autism.
2009;13(5):523-538. doi:10.1177/1362361309335716

283. Snow JH. Mental Flexibility and Planning Skills in Children and Adolescents with
Learning Disabilities. Journal of Learning Disabilities. 1992;25(4):265-270.
doi:10.1177/002221949202500408

284. Dibbets P, Jolles J. The Switch Task for Children: Measuring mental flexibility in young
children. Cognitive Development. 2006;21(1):60-71.
doi:https://doi.org/10.1016/j.cogdev.2005.09.004

285. JiL, Zhao Q, Gu H, et al. Effect of Executive Function on Event-Based Prospective
Memory for Different Forms of Learning Disabilities. Front Psychol. 2021;12:528883.
doi:10.3389/fpsyg.2021.528883

286. Willcutt EG, Doyle AE, Nigg JT, Faraone SV, Pennington BF. Validity of the Executive
Function Theory of Attention-Deficit/Hyperactivity Disorder: A Meta-Analytic Review.
Biological Psychiatry. 2005;57(11):1336-1346.
doi:https://doi.org/10.1016/j.biopsych.2005.02.006

287. Dennis M, Francis DJ, Cirino PT, Schachar R, Barnes MA, Fletcher JM. Why IQ is not a
covariate in cognitive studies of neurodevelopmental disorders. Journal of the International
Neuropsychological Society. 2009;15(3):331-343. doi:10.1017/S1355617709090481

288. Marije Boonstra A, Oosterlaan J, Sergeant JA, Buitelaar JK. Executive functioning in
adult ADHD: a meta-analytic review. Psychological Medicine. 2005;35(8):1097-1108.
doi:10.1017/S003329170500499X

289. Barber AD, Jacobson LA, Wexler JL, et al. Connectivity supporting attention in children
with attention deficit hyperactivity disorder. Neurolmage: Clinical. 2015;7:68-81.
doi:https://doi.org/10.1016/j.nicl.2014.11.011

290. Ellison-Wright I, Ellison-Wright Z, Bullmore E. Structural brain change in Attention
Deficit Hyperactivity Disorder identified by meta-analysis. BMC Psychiatry. 2008;8(1):51.
doi:10.1186/1471-244X-8-51

291. De La Fuente A, Xia S, Branch C, Li X. A review of attention-deficit/hyperactivity
disorder from the perspective of brain networks. Review. Frontiers in Human Neuroscience.
2013;7d0i:10.3389/fnhum.2013.00192

292. McClelland MM, Cameron CE, Wanless SB, Murray A, Saracho O, Spodek B. Executive
function, behavioral self-regulation, and social-emotional competence. Contemporary
perspectives on social learning in early childhood education. 2007;1:113-137.

293. Rosenberg L. The associations between executive functions’ capacities, performance
process skills, and dimensions of participation in activities of daily life among children of
elementary school age. Applied Neuropsychology: Child. 2015;4(3):148-156.

294. Diamond A. Activities and programs that improve children’s executive functions. Current
directions in psychological science. 2012;21(5):335-341.

295. Garon N, Bryson SE, Smith IM. Executive function in preschoolers: a review using an
integrative framework. Psychol Bull. Jan 2008;134(1):31-60. doi:10.1037/0033-2909.134.1.31
296. Liddell GA, Rasmussen C. Memory Profile of Children with Nonverbal Learning
Disability. Learning Disorders 3253. Learning Disabilities Research & Practice.
2005;20(3):137-141. doi:http://dx.doi.org/10.1111/].1540-5826.2005.00128.x

175


https://doi.org/10.1016/j.cogdev.2005.09.004
https://doi.org/10.1016/j.biopsych.2005.02.006
https://doi.org/10.1016/j.nicl.2014.11.011
http://dx.doi.org/10.1111/j.1540-5826.2005.00128.x

297. Hughes C, Russell J, Robbins TW. Evidence for executive dysfunction in autism.
Neuropsychologia. 1994;32(4):477-492.

298. O'Hearn K, Asato M, Ordaz S, Luna B. Neurodevelopment and executive function in
autism. Development and psychopathology. 2008;20(4):1103-1132.

299. Fadaei E, Tavakoli M, Tahmasebi A, Narimani M, Shiri V, Shiri E. The Relationship
Between Executive Functions with Reading Difficulties in Children with Specific Learning
Disorder. Research Article. Arch Neurosci. 2017;4(4):€13989. doi:10.5812/archneurosci.13989
300. Channon S, Pratt P, Robertson MM. Executive function, memory, and learning in
Tourette's syndrome. Neuropsychology. 2003;17(2):247-54.

301. Dewey D. What Is Comorbidity and Why Does It Matter in Neurodevelopmental
Disorders? Current Developmental Disorders Reports. 2018/12/01 2018;5(4):235-242.
doi:10.1007/s40474-018-0152-3

302. Operto FF, Smirni D, Scuoppo C, et al. Neuropsychological Profile,
Emotional/Behavioral Problems, and Parental Stress in Children with Neurodevelopmental
Disorders. Brain Sciences. 2021;11(5)do1:10.3390/brainscil 1050584

303. Fernandez-Andrés MI, Tejero P, Vélez-Calvo X. Visual Attention, Orthographic Word
Recognition, and Executive Functioning in Children With ADHD, Dyslexia, or ADHD +
Dyslexia. Journal of Attention Disorders. 2021/05/01 2019;25(7):942-953.
doi:10.1177/1087054719864637

304. Mayes SD, Calhoun SL. Learning, Attention, Writing, and Processing Speed in Typical
Children and Children with ADHD, Autism, Anxiety, Depression, and Oppositional-Defiant
Disorder. Child Neuropsychology. 2007/10/29 2007;13(6):469-493.
doi:10.1080/09297040601112773

305. de Jong CGW, Van De Voorde S, Roeyers H, Raymaekers R, Oosterlaan J, Sergeant JA.
How distinctive are ADHD and RD? Results of a double dissociation study. Journal of abnormal
child psychology. 2009;37(7):1007-17. doi:https://dx.doi.org/10.1007/s10802-009-9328-y

306. Crippa A, Marzocchi GM, Piroddi C, et al. An Integrated Model of Executive
Functioning is Helpful for Understanding ADHD and Associated Disorders. Journal of attention
disorders. 2015;19(6):455-467. doi:http://dx.doi.org/10.1177/1087054714542000

307. Soto EF, Kofler MJ, Singh LJ, et al. Executive functioning rating scales: Ecologically
valid or construct invalid? Neuropsychology. 2020;34:605-619. doi:10.1037/neu0000681

308. Jacobson LA, Pritchard AE, Koriakin TA, Jones KE, Mahone EM. Initial Examination of
the BRIEF2 in Clinically Referred Children With and Without ADHD Symptoms. Journal of
Attention Disorders. 2020/10/01 2016;24(12):1775-1784. doi:10.1177/1087054716663632

309. Chen H-C, Chen M-T, Lin T-C, Liang J-S. 11 Using the Chinese Version of
Computerized Tower Test and Teacher-Filled BRIEF-2 to Assess the Executive Functions of
Children With Autism Spectrum Disorder in Taiwan. Journal of the International
Neuropsychological Society. 2023;29(s1):621-622. doi:10.1017/S1355617723007865

310. Roitsch J, Horn AL, Morin L. Parent Reports of Executive Functions in Students with
Learning Disability. International Journal of the Whole Child. 2022;7(1):45-57.

311. Andrews-Hanna JR, Mackiewicz Seghete KL, Claus ED, Burgess GC, Ruzic L, Banich
MT. Cognitive control in adolescence: neural underpinnings and relation to self-report behaviors.
PLoS One. 2011;6(6):€21598. doi:10.1371/journal.pone.0021598

312. NgR, Bjornsson HT, Fahrner JA, Harris J. Associations Between Executive Functioning,
Behavioral Functioning, and Adaptive Functioning Difficulties in Wiedemann—Steiner
Syndrome. Archives of Clinical Neuropsychology. 2023;d0i:10.1093/arclin/acad060

176


https://dx.doi.org/10.1007/s10802-009-9328-y
http://dx.doi.org/10.1177/1087054714542000

313. Cristofani C, Sesso G, Cristofani P, et al. The Role of Executive Functions in the
Development of Empathy and Its Association with Externalizing Behaviors in Children with
Neurodevelopmental Disorders and Other Psychiatric Comorbidities. Brain Sciences.
2020;10(8):489.

314. Boulton KA, Hodge MA, Jewell A, Ong N, Silove N, Guastella AJ. Diagnostic delay in
children with neurodevelopmental conditions attending a publicly funded developmental
assessment service: findings from the Sydney Child Neurodevelopment Research Registry. BMJ
Open. Feb 1 2023;13(2):¢069500. doi:10.1136/bmjopen-2022-069500

315. Lord C, Rutter M, DiLavore P, Risi S, Gotham K, Bishop S. (ADOS®-2) autism
diagnostic observation schedule™ Second edition. (ADOS®-2) Autism Diagnostic Observation
Schedule. 2012;

316. Hendrickson NK, McCrimmon AW. Test review: Behavior rating inventory of executive
function®, (BRIEF® 2) by Gioia, GA, Isquith, PK, Guy, SC, & Kenworthy, L. SAGE
Publications Sage CA: Los Angeles, CA; 2019.

317. Patel S, Boulton KA, Redoblado-Hodge MA, et al. The acceptability and efficacy of
electronic data collection in a hospital neurodevelopmental clinic: pilot questionnaire study.
JMIR formative research. 2021;5(1):e18214.

318. Field A. Discovering statistics using IBM SPSS statistics. sage; 2013.

319. Armstrong RA. When to use the Bonferroni correction. Ophthalmic Physiol Opt. Sep
2014;34(5):502-8. doi:10.1111/0po.12131

320. Semrud-Clikeman M, Walkowiak J, Wilkinson A, Butcher B. Executive functioning in
children with Asperger syndrome, ADHD-combined type, ADHD-predominately inattentive
type, and controls. Journal of autism and developmental disorders. 2010;40:1017-1027.

321. Moura O, Simdes MR, Pereira M. Executive functioning in children with developmental
dyslexia. The Clinical Neuropsychologist. 2014;28(sup1):20-41.

322. Pardo-Salamanca A, Paoletti D, Pastor-Cerezuela G, De Stasio S, Berenguer C. Executive
Functioning Profiles in Neurodevelopmental Disorders: Parent—Child Outcomes. Children.
2024;11(8):9009.

323. Leung RC, Zakzanis KK. Brief Report: Cognitive Flexibility in Autism Spectrum
Disorders: A Quantitative Review. Journal of Autism and Developmental Disorders. 2014/10/01
2014;44(10):2628-2645. doi:10.1007/s10803-014-2136-4

324. Sinzig J, Morsch D, Bruning N, Schmidt MH, Lehmkuhl G. Inhibition, flexibility,
working memory and planning in autism spectrum disorders with and without comorbid ADHD-
symptoms. Child and Adolescent Psychiatry and Mental Health. 2008/01/31 2008;2(1):4.
doi:10.1186/1753-2000-2-4

325. Mayes SD, Calhoun SL, Mayes RD, Molitoris S. Autism and ADHD: Overlapping and
discriminating symptoms. Research in Autism Spectrum Disorders. 2012/01/01/ 2012;6(1):277-
285. doi:https://doi.org/10.1016/].rasd.2011.05.009

326. Mannion A, Leader G. Comorbidity in autism spectrum disorder: A literature review.
Research in Autism Spectrum Disorders. 2013/12/01/2013;7(12):1595-1616.
doi:https://doi.org/10.1016/.rasd.2013.09.006

327. Wang Z, Jing J, Igarashi K, et al. Executive function predicts the visuospatial working
memory in autism spectrum disorder and attention - deficit/hyperactivity disorder. Autism
Research. 2018;11(8):1148-1156.

177


https://doi.org/10.1016/j.rasd.2011.05.009
https://doi.org/10.1016/j.rasd.2013.09.006

328. Dandil Y, Smith K, Kinnaird E, Toloza C, Tchanturia K. Cognitive remediation
interventions in autism spectrum condition: A systematic review. Frontiers in psychiatry.
2020;11:722.

329. Kangarani-Farahani M, Izadi-Najafabadi S, Zwicker JG. How does brain structure and
function on MRI differ in children with autism spectrum disorder, developmental coordination
disorder, and/or attention deficit hyperactivity disorder? International Journal of Developmental
Neuroscience. 2022/12/01 2022;82(8):680-714. doi:https://doi.org/10.1002/jdn.10228

330. Baribeau DA, Dupuis A, Paton TA, et al. Structural neuroimaging correlates of social
deficits are similar in autism spectrum disorder and attention-deficit/hyperactivity disorder:
analysis from the POND Network. Translational Psychiatry. 2019/02/04 2019;9(1):72.
doi:10.1038/s41398-019-0382-0

331. Ray S, Miller M, Karalunas S, et al. Structural and functional connectivity of the human
brain in autism spectrum disorders and attention-deficit/hyperactivity disorder: A rich club-
organization study. Hum Brain Mapp. Dec 2014;35(12):6032-48. doi:10.1002/hbm.22603

332.  Antshel KM, Zhang-James Y, Wagner KE, Ledesma A, Faraone SV. An update on the
comorbidity of ADHD and ASD: a focus on clinical management. Expert Review of
Neurotherapeutics. 2016/03/03 2016;16(3):279-293. doi:10.1586/14737175.2016.1146591

333.  Unterrainer JM, Rauh R, Rahm B, et al. Development of Planning in Children with High-
Functioning Autism Spectrum Disorders and/or Attention Deficit/Hyperactivity Disorder. Autism
Research. 2016/07/01 2016;9(7):739-751. doi:https://doi.org/10.1002/aur. 1574

334.  Gilotty L, Kenworthy L, Sirian L, Black DO, Wagner AE. Adaptive Skills and Executive
Function in Autism Spectrum Disorders. Child Neuropsychology. 2002/12/01 2002;8(4):241-248.
doi:10.1076/chin.8.4.241.13504

335. Lee RR, Ward AR, Lane DM, et al. Executive Function in Autism: Association with
ADHD and ASD Symptoms. Journal of Autism and Developmental Disorders. 2023/02/01
2023;53(2):688-700. doi:10.1007/s10803-020-04852-2

336. Willoughby MT, Wylie AC, Little MH. Testing longitudinal associations between
executive function and academic achievement. Developmental psychology. 2019;55(4):767.
337. Zorza JP, Marino J, Mesas AA. Executive functions as predictors of school performance
and social relationships: Primary and secondary school students. The Spanish journal of
psychology. 2016;19:E23.

338. Mattson SN, Crocker N, Nguyen TT. Fetal alcohol spectrum disorders:
neuropsychological and behavioral features. Neuropsychol Rev. Jun 2011;21(2):81-101.
doi:10.1007/s11065-011-9167-9

339.  Ozonoff S, Pennington BF, Rogers SJ. Executive function deficits in high-functioning
autistic individuals: relationship to theory of mind. J Child Psychol Psychiatry. Nov
1991;32(7):1081-105. doi:10.1111/5.1469-7610.1991.tb00351 .x

340. St. John T, Woods S, Bode T, Ritter C, Estes A. A review of executive functioning
challenges and strengths in autistic adults. The Clinical Neuropsychologist. 2022;36(5):1116-
1147.

341. Ek U, Fernell E, Westerlund J, Holmberg K, Olsson PO, Gillberg C. Cognitive strengths
and deficits in schoolchildren with ADHD. Acta Paediatrica. 2007;96(5):756-761.

342. Dye CD, Walenski M, Mostofsky SH, Ullman MT. A verbal strength in children with
Tourette syndrome? Evidence from a non-word repetition task. Brain and Language.
2016;160:61-70.

178


https://doi.org/10.1002/jdn.10228
https://doi.org/10.1002/aur.1574

343. Mahone EM, Hoffman J. Behavior Ratings of Executive Function among Preschoolers
with ADHD. The Clinical Neuropsychologist. 2007/06/29 2007;21(4):569-586.
doi:10.1080/13854040600762724

344. Hutchison SM, Miiller U, Iarocci G. Parent Reports of Executive Function Associated
with Functional Communication and Conversational Skills Among School Age Children With
and Without Autism Spectrum Disorder. Journal of Autism and Developmental Disorders.
2020/06/01 2020;50(6):2019-2029. doi:10.1007/s10803-019-03958-6

345. Khan A, Malik TA, Morawska A. Associations between Behavioral, Emotional, Cognitive
Self-Regulation and Adolescent Mental Health and Psychosocial Strengths. Foundation
University Journal of Psychology. 2023;7(2):30-46.

346. Calkins SD, Gill KL, Johnson MC, Smith CL. Emotional Reactivity and Emotional
Regulation Strategies as Predictors of Social Behavior with Peers During Toddlerhood. Social
Development. 1999/11/01 1999;8(3):310-334. doi:https://doi.org/10.1111/1467-9507.00098

347. Slot PL, Mulder H, Verhagen J, Leseman PP. Preschoolers' cognitive and emotional

self - regulation in pretend play: Relations with executive functions and quality of play. Infant
and Child Development. 2017;26(6):¢2038.

348. den Houting J. Participatory and Inclusive Autism Research Practice Guides. Brisbane.
Autism CRC. 2021;

349. Slot PL, Mulder H, Verhagen J, Leseman PPM. Preschoolers' cognitive and emotional
self-regulation in pretend play: Relations with executive functions and quality of play. Infant and
Child Development. 2017/11/01 2017;26(6):€2038. doi:https://doi.org/10.1002/icd.2038

350. Clark C, Prior M, Kinsella G. The relationship between executive function abilities,
adaptive behaviour, and academic achievement in children with externalising behaviour
problems. Journal of Child Psychology and Psychiatry. 2002/09/01 2002;43(6):785-796.
doi:https://doi.org/10.1111/1469-7610.00084

351. Livesey D, Keen J, Rouse J, White F. The relationship between measures of executive
function, motor performance and externalising behaviour in 5- and 6-year-old children. Human
Movement Science. 2006/02/01/ 2006;25(1):50-64.
doi:https://doi.org/10.1016/j.humov.2005.10.008

352. Miranda A, Berenguer C, Rosellé B, Baixauli I, Colomer C. Social Cognition in Children
with High-Functioning Autism Spectrum Disorder and Attention-Deficit/Hyperactivity Disorder.
Associations with Executive Functions. Original Research. Frontiers in Psychology. 2017-June-
23 2017;8d01:10.3389/fpsyg.2017.01035

353. Marshall J, Coulter ML, Gorski PA, Ewing A. Parent Recognition and Responses to
Developmental Concerns in Young Children. Infants & Young Children. 2016;29(2)

354. lzuno-Garcia AK, McNeel MM, Fein RH. Neurodiversity in Promoting the Well-Being of
Children on the Autism Spectrum. Child Care in Practice. 2023/01/02 2023;29(1):54-67.
doi:10.1080/13575279.2022.2126436

355. Kelsie AB, Marie-Antoinette H, Ailsa J, Natalie O, Natalie S, Adam JG. Diagnostic delay
in children with neurodevelopmental conditions attending a publicly funded developmental
assessment service: findings from the Sydney Child Neurodevelopment Research Registry. BMJ
Open. 2023;13(2):e069500. doi:10.1136/bmjopen-2022-069500

356. Munro M, Boulton KA, Phillips N, et al. Quality and accessibility of written development
assessment reports provided to caregivers in a publicly funded child developmental assessment
service. Autism. Aug 2023;27(6):1764-1776. doi:10.1177/13623613221145868

179


https://doi.org/10.1111/1467-9507.00098
https://doi.org/10.1002/icd.2038
https://doi.org/10.1111/1469-7610.00084
https://doi.org/10.1016/j.humov.2005.10.008

357. Hankin L. Changing the Narrative: A Strengths-Based Approach to the
Neurodevelopmental Diagnostic Process. [Honours Thesis]. 2022;University of New England
358. Cohen J. Statistical power analysis for the behavioural sciences 2nd ed Lawrence
Erlbaum Associates. Hillsdale, NJ. 1988;

359. Tabachnick BG, Fidell LS, Ullman JB. Using multivariate statistics. vol 6. pearson
Boston, MA; 2013.

360. Carlson SM, Zelazo PD, Faja S. 706Executive Function. In: Zelazo PD, ed. The Oxford
Handbook of Developmental Psychology, Vol 1: Body and Mind. Oxford University Press;
2013:0.

361. Druskin LR, Novick DR, Smith KA, et al. Comparison of behaviorally inhibited and
typically developing children’s play behaviors in the preschool classroom. Frontiers in
Psychology. 2023;14

362. Bidzan-Bluma I, Lipowska M. Physical activity and cognitive functioning of children: a
systematic review. International journal of environmental research and public health.
2018;15(4):800.

363. Elias CL, Berk LE. Self-regulation in young children: Is there a role for sociodramatic
play? Early childhood research quarterly. 2002;17(2):216-238.

364. Forslund T, Brocki KC, Bohlin G, Granqvist P, Eninger L. The heterogeneity of attention-
deficit/hyperactivity disorder symptoms and conduct problems: Cognitive inhibition, emotion
regulation, emotionality, and disorganized attachment. British Journal of Developmental
Psychology. 2016/09/01 2016;34(3):371-387. doi:https://doi.org/10.1111/bjdp.12136

365. Berlin L, Bohlin G. Response inhibition, hyperactivity, and conduct problems among
preschool children. J Clin Child Adolesc Psychol. Jun 2002;31(2):242-51.
doi:10.1207/s15374424jccp3102_09

366. Sonuga-Barke EJS. Causal Models of Attention-Deficit/Hyperactivity Disorder: From
Common Simple Deficits to Multiple Developmental Pathways. Biological Psychiatry.
2005/06/01/2005;57(11):1231-1238. doi:https://doi.org/10.1016/j.biopsych.2004.09.008

367. Morris TM, Hudson JL, Dodd HF. Risk-taking and inhibitory control in behaviourally
inhibited and disinhibited preschool children. Personality and Individual Differences.
2014/12/01/2014;71:113-117. doi:https://doi.org/10.1016/].paid.2014.07.037

368. HelJ, Degnan KA, McDermott JM, et al. Anger and approach motivation in infancy:
Relations to early childhood inhibitory control and behavior problems. Infancy. 2010;15(3):246-
2609.

369. Thorell L, Bohlin G, Rydell A-M. Two types of inhibitory control: Predictive relations to
social functioning. International Journal of Behavioral Development. 2004;28(3):193-203.

370. Riggs NR, Jahromi LB, Razza RP, Dillworth-Bart JE, Mueller U. Executive function and
the promotion of social-emotional competence. Journal of applied developmental psychology.
2006;27(4):300-309.

371. St Clair-Thompson HL, Gathercole SE. Executive functions and achievements in school:
Shifting, updating, inhibition, and working memory. Quarterly journal of experimental
psychology. 2006;59(4):745-759.

372. Mazefsky CA, Herrington J, Siegel M, et al. The role of emotion regulation in autism
spectrum disorder. Journal of the American Academy of Child & Adolescent Psychiatry.
2013;52(7):679-688.

373. Shaw P, Stringaris A, Nigg J, Leibenluft E. Emotion dysregulation in attention deficit
hyperactivity disorder. American Journal of Psychiatry. 2014;171(3):276-293.

180


https://doi.org/10.1111/bjdp.12136
https://doi.org/10.1016/j.biopsych.2004.09.008
https://doi.org/10.1016/j.paid.2014.07.037

374. Eisenberg N, Spinrad TL, Eggum ND. Emotion-related self-regulation and its relation to
children's maladjustment. Annual review of clinical psychology. 2010;6:495-525.

375. Woltering S, Lishak V, Hodgson N, Granic I, Zelazo PD. Executive function in children
with externalizing and comorbid internalizing behavior problems. Journal of Child Psychology
and Psychiatry. 2016/01/01 2016;57(1):30-38. doi:https://doi.org/10.1111/jcpp.12428

376. Holley SR, Ewing ST, Stiver JT, Bloch L. The relationship between emotion regulation,
executive functioning, and aggressive behaviors. Journal of interpersonal violence.
2017;32(11):1692-1707.

377. Blakey E, Visser I, Carroll DJ. Different Executive Functions Support Different Kinds of
Cognitive Flexibility: Evidence From 2-, 3-, and 4-Year-Olds. Child Development. 2016/03/01
2016;87(2):513-526. doi:https://doi.org/10.1111/cdev.12468

378. Kharitonova M, Munakata Y. The role of representations in executive function:
investigating a developmental link between flexibility and abstraction. Frontiers in psychology.
2011;2:347.

379.  Van Kerkhof LW, Damsteegt R, Trezza V, Voorn P, Vanderschuren LJ. Social play
behavior in adolescent rats is mediated by functional activity in medial prefrontal cortex and
striatum. Neuropsychopharmacology. 2013;38(10):1899-1909.

380. Wiest GM, Rosales KP, Looney L, Wong EH, Wiest DJ. Utilizing Cognitive Training to
Improve Working Memory, Attention, and Impulsivity in School-Aged Children with ADHD and
SLD. Brain Sciences. 2022;12(2):141.

381. Benavides-Nieto A, Romero-Lopez M, Quesada-Conde AB, Corredor GA. Basic
Executive Functions in Early Childhood Education and their Relationship with Social
Competence. Procedia - Social and Behavioral Sciences. 2017/02/21/ 2017;237:471-478.
doi:https://doi.org/10.1016/j.sbspro.2017.02.092

382. Alduncin N, Huffman LC, Feldman HM, Loe IM. Executive function is associated with
social competence in preschool-aged children born preterm or full term. Early Human
Development. 2014/06/01/ 2014;90(6):299-306.
doi:https://doi.org/10.1016/j.earlhumdev.2014.02.011

383.  Young JC, Widom CS. Long-term effects of child abuse and neglect on emotion
processing in adulthood. Child abuse & neglect. 2014;38(8):1369-1381.

384.  Saracho O, Spodek B. Contemporary Perspectives on Social Learning in Early
Childhood Education. Information Age Publishing; 2007.

385. Moriguchi Y. The early development of executive function and its relation to social
interaction: a brief review. Frontiers in psychology. 2014;5:388.

386. Camarata S. Balancing Respect for Individuals, Human Rights, Neurodiversity, and
Positive Behavioral Support in Intervention Research for a Spectrum of Autistic People.
Viewpoint essay. Journal of Speech, Language, and Hearing Research. 2022/04//
/12022;65:1607+.

387. Dawson G, Rogers S, Munson J, et al. Randomized, controlled trial of an intervention for
toddlers with autism: the Early Start Denver Model. Pediatrics. 2010;125(1):e17-e23.

388. Theunissen MHC, Vogels AGC, de Wolff MS, Reijneveld SA. Characteristics of the
Strengths and Difficulties Questionnaire in Preschool Children. Pediatrics. 2013;131(2):e446-
e454. doi:10.1542/peds.2012-0089

389. Cumming MM, Poling DV, Qiu Y, et al. A Validation Study of the BRIEF-2 Among
Kindergarteners and First Graders At-Risk for Behavior Problems. Assessment. 2023/01/01
2021;30(1):3-21. doi:10.1177/10731911211032289

181


https://doi.org/10.1111/jcpp.12428
https://doi.org/10.1111/cdev.12468
https://doi.org/10.1016/j.sbspro.2017.02.092
https://doi.org/10.1016/j.earlhumdev.2014.02.011

390. Kerns KA, Macoun S, MacSween J, Pei J, Hutchison M. Attention and working memory
training: A feasibility study in children with neurodevelopmental disorders. Applied
Neuropsychology: Child. 2017;6(2):120-137.

391. Loomes R, Hull L, Mandy WPL. What Is the Male-to-Female Ratio in Autism Spectrum
Disorder? A Systematic Review and Meta-Analysis. Journal of the American Academy of Child
& Adolescent Psychiatry. 2017/06/01/ 2017;56(6):466-474.
doi:https://doi.org/10.1016/j.jaac.2017.03.013

392. Miller AR, Masse LC, Shen J, Schiariti V, Roxborough L. Diagnostic status, functional
status and complexity among Canadian children with neurodevelopmental disorders and
disabilities: a population-based study. Disability and Rehabilitation. 2013/03/01 2013;35(6):468-
478. doi:10.3109/09638288.2012.699580

393. Kohane IS, McMurry A, Weber G, et al. The co-morbidity burden of children and young
adults with autism spectrum disorders. PloS one. 2012;7(4):e33224.

394. Carter Leno V, Hollocks MJ, Chandler S, et al. Homotypic and Heterotypic Continuity in
Psychiatric Symptoms From Childhood to Adolescence in Autistic Youth. Journal of the
American Academy of Child & Adolescent Psychiatry. 2022/12/01/ 2022;61(12):1445-1454.
doi:https://doi.org/10.1016/j.jaac.2022.05.010

395. Nigg JT. Neuropsychologic theory and findings in attention-deficit/hyperactivity
disorder: the state of the field and salient challenges for the coming decade. Biological
psychiatry. 2005;57(11):1424-1435.

396. Mosconi M, Kay M, D'cruz A-M, et al. Impaired inhibitory control is associated with
higher-order repetitive behaviors in autism spectrum disorders. Psychological medicine.
2009;39(9):1559-1566.

397.  Willcutt EG, Pennington BF, Olson RK, Chhabildas N, Hulslander J. Neuropsychological
Analyses of Comorbidity Between Reading Disability and Attention Deficit Hyperactivity
Disorder: In Search of the Common Deficit. Developmental Disorders & Autism 3250.
Developmental Neuropsychology. 2005;27(1):35-78.
doi:http://dx.doi.org/10.1207/s15326942dn2701_3

398. Alloway TP, Gathercole SE. Working memory and neurodevelopmental disorders.
Developmental Disorders & Autism 3250. Working memory and neurodevelopmental disorders.
2006;

399. Booth JN, Boyle JME, Kelly SW. The relationship between inhibition and working
memory in predicting children's reading difficulties. Learning Disorders 3253. Journal of
Research in Reading. 2014;37(1):84-101. doi:http://dx.doi.org/10.1111/1467-9817.12011

400. Gray S, Fox AB, Green S, et al. Working memory profiles of children with dyslexia,
developmental language disorder, or both. Speech & Language Disorders 3270. Journal of
Speech, Language, and Hearing Research. 2019;62(6):1839-1858. Journal of Speech & Hearing
Research. doi:http://dx.doi.org/10.1044/2019 JSLHR-L-18-0148

401. Kopelman-Rubin D, Siegel A, Weiss N, Kats-Gold I. The relationship between emotion
regulation, school belonging, and psychosocial difficulties among adolescents with specific
learning disorder. Children & Schools. 2020;42(4):216-224.

402. Freis SM, Morrison CL, Smolker HR, et al. Executive Functions and Impulsivity as
Transdiagnostic Correlates of Psychopathology in Childhood: A Behavioral Genetic Analysis.
Original Research. Frontiers in Human Neuroscience. 2022-March-25
2022;16d0i:10.3389/fnhum.2022.863235

182


https://doi.org/10.1016/j.jaac.2017.03.013
https://doi.org/10.1016/j.jaac.2022.05.010
http://dx.doi.org/10.1207/s15326942dn2701_3
http://dx.doi.org/10.1111/1467-9817.12011
http://dx.doi.org/10.1044/2019_JSLHR-L-18-0148

403. England-Mason G. Emotion Regulation as a Transdiagnostic Feature in Children with
Neurodevelopmental Disorders. Current Developmental Disorders Reports. 2020/09/01
2020;7(3):130-138. doi:10.1007/s40474-020-00200-2

404. Greenberg MT, Kusché CA, Speltz M. Emotional regulation, self control, and
psychopathology: The role of relationships in early childhood. 2014:21-55.

405. Alloway TP, Gathercole SE. Working memory and neurodevelopmental disorders.
Psychology Press; 2006.

406. Djambazova-Popordanoska S. Implications of emotion regulation on young children’s
emotional wellbeing and educational achievement. Educational Review. 2016;68(4):497-515.
407. Edossa AK, Schroeders U, Weinert S, Artelt C. The development of emotional and
behavioral self-regulation and their effects on academic achievement in childhood. International
Journal of Behavioral Development. 2018;42(2):192-202.

408. Majerus S. Chapter 26 - Cognitive remediation for neurodevelopmental disabilities. In:
Gallagher A, Bulteau C, Cohen D, Michaud JL, eds. Handbook of Clinical Neurology. Elsevier;
2020:357-367.

409. Ahn S, Hwang S. Cognitive rehabilitation with neurodevelopmental disorder: A
systematic review. NeuroRehabilitation. 2017;41:707-719. doi:10.3233/NRE-172146

410. Micai M, Fulceri F, Caruso A, Guzzetta A, Gila L, Scattoni ML. Early behavioral markers
for neurodevelopmental disorders in the first 3 years of life: An overview of systematic reviews.
Neuroscience & Biobehavioral Reviews. 2020/09/01/ 2020;116:183-201.
doi:https://doi.org/10.1016/j.neubiorev.2020.06.027

411. Otterman DL, Koopman-Verhoeff ME, White TJ, Tiemeier H, Bolhuis K, Jansen PW.
Executive functioning and neurodevelopmental disorders in early childhood: a prospective
population-based study. Child and Adolescent Psychiatry and Mental Health. 2019/10/22
2019;13(1):38. doi:10.1186/s13034-019-0299-7

412. Costescu C, Rosan A, David C, Cozma L, Calota A. The Relation between Cognitive and
Emotional Processes in Children and Adolescents with Neurodevelopmental Disorders&mdash; A
Meta-Analysis. European Journal of Investigation in Health, Psychology and Education.
2023;13(12):2811-2826.

413. Finlay-Jones A, Varcin K, Leonard H, Bosco A, Alvares G, Downs J. Very Early
Identification and Intervention for Infants at Risk of Neurodevelopmental Disorders:

A Transdiagnostic Approach. Child Development Perspectives. 2019/06/01 2019;13(2):97-103.
doi:https://doi.org/10.1111/cdep.12319

414. Pellicano E, Dinsmore A, Charman T. What should autism research focus upon?
Community views and priorities from the United Kingdom. Autism. 2014;18(7):756-770.

415. Meltzer L. Promoting executive function in the classroom. Guilford Press; 2010.

416. Sabapathy T, Madduri N, Deavenport-Saman A, Zamora I, Schrager SM, Vanderbilt DL.
Parent-Reported Strengths in Children with Autism Spectrum Disorders at the Time of an
Interdisciplinary Diagnostic Evaluation. Journal of Developmental & Behavioral Pediatrics. //
2017;38(3):181-186. doi:10.1097/DBP.0000000000000423

417. Barkley RA. The executive functions and self-regulation: An evolutionary
neuropsychological perspective. Neuropsychology review. 2001;11(1):1-29.

418. Barkley RA. The Assessment of Executive Functioning Using the Barkley Deficits in
Executive Functioning Scales. In: Goldstein S, Naglieri JA, eds. Handbook of Executive
Functioning. Springer New York; 2014:245-263.

183


https://doi.org/10.1016/j.neubiorev.2020.06.027
https://doi.org/10.1111/cdep.12319

419. Iyer KG, Srinivasan V. A bibliometric review of executive function as cognitive
endophenotypes in parents of children with neurodevelopmental disorders. Disability, CBR &
Inclusive Development. 2020;31(2):92-113.

420. Siugzdaite R, Bathelt J, Holmes J, Astle DE. Transdiagnostic brain mapping in
developmental disorders. Current Biology. 2020;30(7):1245-1257. e4.

421. Astle DE, Fletcher-Watson S. Beyond the Core-Deficit Hypothesis in Developmental
Disorders. Current Directions in Psychological Science. 2020/10/01 2020;29(5):431-437.
doi:10.1177/0963721420925518

422. Gau SSF, Shang CY. Executive functions as endophenotypes in ADHD: evidence from
the Cambridge Neuropsychological Test Battery (CANTAB). Journal of Child Psychology and
Psychiatry. 2010;51(7):838-849.

423. MouraJ, Leal J, Cunha J, et al. Autism spectrum disorders-gender differences and the
diagnosis dilemma. European Psychiatry. 2023;66(S1):S726-S726.

424. Park WPB, Treforest P. Why do we find it so hard to calculate the burden of
neurodevelopmental disorders. Arch Med. 2018;4(3):10.

425. HusYY, Segal O. Challenges Surrounding the Diagnosis of Autism in Children.
Neuropsychiatr Dis Treat. 2021/12/03 2021;17(null):3509-3529. doi:10.2147/NDT.S282569
426. Klin A, Jones W. An agenda for 21st century neurodevelopmental medicine: lessons from
autism. Rev Neurol. Mar 1 2018;66(S01):S3-s15. Una agenda para la medicina del
neurodesarrollo en el siglo XXI: lecciones aportadas por el autismo.

427. Ahn S, Hwang S. Cognitive rehabilitation with neurodevelopmental disorder: A
systematic review. NeuroRehabilitation. 2017;41(4):707-719.

428. Majerus S. Cognitive remediation for neurodevelopmental disabilities. Handbook of
Clinical Neurology. Elsevier; 2020:357-367.

429. Inguaggiato E, Sgandurra G, Cioni G. Brain plasticity and early development:
Implications for early intervention in neurodevelopmental disorders. Neuropsychiatrie de
I'"Enfance et de lI'Adolescence. 2017;65(5):299-306.

430. Lucas BR, Elliott EJ, Coggan S, et al. Interventions to improve gross motor performance
in children with neurodevelopmental disorders: a meta-analysis. BMC pediatrics. 2016;16:1-16.
431. Pasqualotto A, Mazzoni N, Bentenuto A, Mule A, Benso F, Venuti P. Effects of cognitive
training programs on executive function in children and adolescents with Autism Spectrum
Disorder: A systematic review. Brain sciences. 2021;11(10):1280.

432. Rapport MD, Orban SA, Kofler MJ, Friedman LM. Do programs designed to train
working memory, other executive functions, and attention benefit children with ADHD? A meta-
analytic review of cognitive, academic, and behavioral outcomes. Clinical psychology review.
2013;33(8):1237-1252.

433, Riccio CA, Gomes H. Interventions for executive function deficits in children and
adolescents. Applied Neuropsychology: Child. 2013;2(2):133-140.

434.  Asherson P, Caci H, Doepfner M, et al. Daily life impairments associated with self-
reported childhood/adolescent attention-deficit/hyperactivity disorder and experiences of
diagnosis and treatment: Results from the European Lifetime Impairment Survey. European
Psychiatry. 2014;29(5):316-323. doi:10.1016/j.eurpsy.2013.10.007

435. Hattier MA, Matson JL, Belva BC, Horovitz M. The occurrence of challenging
behaviours in children with autism spectrum disorders and atypical development. Developmental
Neurorehabilitation. 2011;14(4):221-229.

184



436. Ringer N, Wilder J, Scheja M, Gustavsson A. Managing children with challenging
behaviours. Parents’ meaning-making processes in relation to their children’s ADHD diagnosis.
International Journal of Disability, Development and Education. 2020;67(4):376-392.

437. Mikami AY, Miller M, Lerner MD. Social functioning in youth with attention-
deficit/hyperactivity disorder and autism spectrum disorder: transdiagnostic commonalities and
differences. Clinical psychology review. 2019;68:54-70.

438. Blue-Banning M, Summers JA, Frankland HC, Nelson LL, Beegle G. Dimensions of
family and professional partnerships: Constructive guidelines for collaboration. Exceptional
children. 2004;70(2):167-184.

439. Oswald DP, Cohen R, Best AM, Jenson CE, Lyons JS. Child Strengths and the Level of
Care for Children with Emotional and Behavioral Disorders. Journal of Emotional and
Behavioral Disorders. 2001/07/01 2001;9(3):192-199. do0i:10.1177/106342660100900305

440. Bal VH, Wilkinson E, Fok M. Cognitive profiles of children with autism spectrum
disorder with parent-reported extraordinary talents and personal strengths. Autism.
2022;26(1):62-74. doi:10.1177/13623613211020618

441. Dawson G, Burner K. Behavioral interventions in children and adolescents with autism
spectrum disorder: a review of recent findings. Current opinion in pediatrics. 2011;23(6):616-
620.

442. Donaldson AL, Krejcha K, McMillin A. A strengths-based approach to autism:
Neurodiversity and partnering with the autism community. Perspectives of the ASHA Special
Interest Groups. 2017;2(1):56-68.

443,  Steiner AM, Gengoux GW. Strength-based approaches to working with families of
children with ASD. Handbook of parent-implemented interventions for very young children with
autism. 2018:155-168.

444. Bosch R, Pagerols M, Rivas C, et al. Neurodevelopmental disorders among Spanish
school-age children: prevalence and sociodemographic correlates. Psychological medicine.
2021:1-11. doi:http://dx.doi.org/10.1017/S0033291720005115

445. Boyle CA, Boulet S, Schieve LA, et al. Trends in the prevalence of developmental
disabilities in US children, 1997-2008. Pediatrics. 2011;127(6):1034-42.
doi:https://dx.doi.org/10.1542/peds.2010-2989

446. Carballal Marino M, Gago Ageitos A, Ares Alvarez J, et al. Prevalence of
neurodevelopmental, behavioural and learning disorders in Pediatric Primary Care. Anales de
Pediatria. 2018;89(3):153-161. Prevalencia de trastornos del neurodesarrollo, comportamiento y
aprendizaje en Atencion Primaria. doi:http://dx.doi.org/10.1016/j.anpedi.2017.10.007

447. Harms MB, Zayas V, Meltzoff AN, Carlson SM. Stability of executive function and
predictions to adaptive behavior from middle childhood to pre-adolescence. Frontiers in
psychology. 2014;5:331.

448. Fossum IN, Andersen PN, @Qie MG, Skogli EW. Development of executive functioning
from childhood to young adulthood in autism spectrum disorder and attention-
deficit/hyperactivity disorder: A 10-year longitudinal study. Neuropsychology. 2021;35(8):809.

185


http://dx.doi.org/10.1017/S0033291720005115
https://dx.doi.org/10.1542/peds.2010-2989
http://dx.doi.org/10.1016/j.anpedi.2017.10.007

Appendix A. Chapter 2: Supplementary Tables/Figures

Supplementary Table 1 — Search Strategy

Medline_ NDC
Search

©wNoe gk wNRE

executive dysfunction.mp.

cognitive flexibility.mp.

mental flexibility.mp.

set switching.mp.

task switching.mp.

set shifting.mp.

exp short term memory/

working memory.mp.

Attention/ or Memory, Short-Term/ or Brain/ or cognitive

updating.mp. or mental updating.mp.

10.
11.
12.
13.
14.
15.

fluency.mp. or exp Verbal Fluency/

planning.mp.

cognitive planning.mp.

(central executive or inhibitory control).mp.

response inhibition.mp. or exp Response Inhibition/
exp neuropsychological assessment/ or halstead reitan

neuropsychological battery/ or luria nebraska neuropsychological
battery/ or task switching/ or wisconsin card sorting test/

16.
17.
18.
19.
20.
21.
22.
23.
24.

neuropsychological assessment.mp.

BRIEF.mp.

behavior rating inventory of executive function.mp.
BRIEF-P.mp.

Tower of london.mp.

exp Stroop Color Word Test/ or stroop test.mp.
delis-kaplan executive function system.mp.

trail making test.mp.

exp Luria Nebraska Neuropsychological Battery/ or luria-

nebraska neuropsychological battery.mp.

25.
26.
217.

task shifting.mp.
Go no-go task.mp.
*planning/




28. Wisconsin Card Sorting Test.mp.

29. (delis-kaplan executive function system or DKEFS).mp.
30. Tower of london.mp.

31. Affective decision making.mp.

32. Childrens gambling task.mp.

33. lowa gambling task.mp.

34, Sandbox task.mp.
35. (Cambridge Neuropsychological Test Automated Battery or

CANTAB).mp.

36. Cambridge Gambling Task.mp.

37. Information Sampling Task.mp.

38. Tower of Hanoi.mp.

39. Hayling test.mp.

40. Eriksen flanker test.mp.

41. Color-Word interference test.mp.

42. NIH toolbox cognition battery.mp.

43. (Flanker Inhibitory Control and Attention test).mp.
44, List Sorting Working Memory Test.mp.

45, exp *Wechsler Memory Scale/ or wechsler memory
scale.mp.

46. Digits backwards.mp.

47, n-back test.mp.

48. Letter Sequencing task.mp.

49, Intra-extra Dimensional Set Shift.mp.

50. (Stop Signal Task and Stroop Stepping Test).mp.
51. Spatial Working Memory Test.mp.

52. Dimensional Change Card Sort Test.mp.

53. Flexible Item Selection Task.mp.

54. (Barkley Deficits in Executive Functioning Scale or
BDEFS).mp.

55. (Controlled Oral Word Association Test or COWAT).mp.
56. (Behavioural Assessment of the Dysexecutive Syndrome or
BADS).mp.

57. Dysexecutive Questionnaire.mp.

58. (Autism Spectrum disorder or ASD).mp.
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59. exp autism spectrum disorders/

60. Asperger Syndrome.mp.

61. Pervasive developmental Disorder.mp.
62. 58 or 59 or 60 or 61

63. tic disorder.mp.

64. tourette's syndrome.mp.

65. Tourettes disease.mp.

66. cerebral palsy.mp. or *Cerebral Palsy/

67. Down syndrome.mp. or exp Down's Syndrome/

68. Trisomy 21 syndrome.mp.
69. *Fragile X Syndrome/ or fragile X syndrome.mp.

70. Martin-Bell syndrome.mp.

71. *williams syndrome/

72. (williams beuren syndrome or Williams syndrome).mp.
73. *Prader Willi Syndrome/ or Prader Willi syndrome.mp.
74. Angelman syndrome.mp.

75. happy puppet syndrome.mp.
76. *Rett Syndrome/ or Rett syndrome.mp.

77. *Turners Syndrome/ or Turner syndrome.mp.

78. Smith-Magenis syndrome.mp.

79. *"Sclerosis (Nervous System)"/ or Tuberous sclerosis.mp.
80. DiGeorge syndrome.mp.

81. velocardiofacial syndrome.mp.

82. 22011 deletion syndrome.mp.

83. dyslexia.mp. or *Dyslexia/

84. dyscalculia.mp. or exp Acalculia/

85. exp Learning Disorders/ or Specific learning disorders.mp.
86. (executive adj2 function*).mp. [mp=title, book title,
abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word,
rare disease supplementary concept word, unique identifier,
synonyms, population supplementary concept word, anatomy
supplementary concept word]

87. concept formation.mp. or concept formation/
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88. (fluency or verbal fluency or non verbal fluency).mp.

89. "Delay of Gratification"/ or delayed gratification.mp.

90. Attention/

91. Cognition/

92. exp Memory/

93. Problem Solving/

94, Attention Deficit Hyperactivity Disorder.mp.

95. "attention deficit and disruptive behavior disorders"/ or exp
attention deficit disorder with hyperactivity/ or ADHD.mp.

96. 94 or 95

97. Fetal Alcohol Spectrum Disorders/ or FASD.mp. or foetal
alcohol spectrum disorder.mp.

98. task switching/

99. executive function/

100. set shifting/

101. task switching/

102. executive functioning measures/

103. lor2or3ord4or5or6or7or8orl10orllorl2orl4or
15 0r 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or
27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or
39 0r 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or
51 or 52 or 53 or 54 or 55 or 56 or 57 or 62 or 86 or 87 or 88 or 89 or
90 or 91 or 92 or 93 or 99 or 100 or 101 or 102

104. 62 and 103

105. 96 and 103

106. 63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or
73 or740r750r76o0r 77 or78or79 or80or8lor82or83or84or
85

107. 104 and 106

108. 105 and 106

109. 107 or 108

110. limit 109 to yr="1980 - 2023"

111. limit 110 to (childhood or adolescence <13 to 17 years>)
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Supplementary Table 2. Characteristics of Final Included Studies with a Neurodevelopmental Group versus Controls

Study No. | Study Name & Diagnostic Group EF Domains Hedges' g, Control Age Range Gender JBI Quality
Year Analysed (95% CI) Sample Distribution | Assessment
size (% of
Males)
1 Bayliss, 2000 ADHD (n=15) and LD Set Shifting 0.42 (-0.56, 15 8-12 years 70 Good
(n=12) Response 0.90)
Inhibition
Attention
2 Bental, 2007 ADHD (n=13), Fluency 0.34 (-0.36, 23 7.9-11.7 years 100 Good
ADHD+RD Planning 0.88)
(n=27) and RD (n=17) Response
Inhibition
Working Memory
3 Brandimonte, ASD (n=10) and ADHD | Response 0.66 (-0.22, 10 6-12 years 81 Good
2011 (n=10) Inhibition 1.56)
4 Coles, 1997 FASD (n=15) and Set Shifting 0.36 (-0.27, 26 7-8.8 years Not reported Good
ADHD (n=17) Attention 0.98)
Corbett, 2009 ASD (n=18) and ADHD | Set Shifting 0.73 (0.06, 1.40) 18 7-12 years Not reported Good
(n=18) Fluency
Planning
Response
Inhibition
Working Memory
Attention
6 Crippa, 2015 ADHD (n=11), ADHD Set Shifting 1.28 (0.63, 1.93) 71 7-12 years 75 Good
+RD (n=13) Planning
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Study No. | Study Name & Diagnostic Group EF Domains Hedges' g, Control Age Range Gender JBI Quality
Year Analysed (95% ClI) Sample Distribution | Assessment
size (% of
Males)
Response
Inhibition
Attention
7 Crisci, 2021 ADHD (n=18) and LD Response 0.87 (0.35, 1.38) 48 8-14 years Good
(n=18) inhibition
Set Shifting
8 Crisci & ASD (n=50) and ADHD | Attention 0.91 (0.57,1.27) 94 8-16 years Not reported Fair
Mammeralla (n=64)
(Unpub)
9 Fernandez- ADHD (n=35), Dyslexia | Set Shifting 1.08 (0.57, 1.58) 35 8-10 years 48.57 Good
Andres, 2019 (n=35), ADHD+Dyslexia | Planning
(n=35) Response
Inhibition
Working Memory
10 Fernandez- Dyslexia (n=35), Response 1.21 (0.69, 1.72) 35 8-10 years 51.43 Good
Andres et al, ADHD (n=35), Inhibition
2021 ADHD+Dyslexia (n=35) | Set Shifting
Working Memory
Planning
Attention
11 Geurts, 2004 ASD (n=41) and ADHD | Set Shifting 0.53 (0.11, 0.96) 41 6-13 years Not reported Good
(n=54) Fluency
Planning
Response
Inhibition
Working Memory
Attention
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Study No. | Study Name & Diagnostic Group EF Domains Hedges' g, Control Age Range Gender JBI Quality
Year Analysed (95% ClI) Sample Distribution | Assessment
size (% of
Males)
12 Gioia (2002) RD (n=34), ADHD-I Response 1.50 (1.15, 1.85) 208 Not reported 72 Good
(n=27), ADHD-C (n=26) | Inhibition
and ASD (n=54) Planning
Set Shifting
Working Memory
13 Glass, 2013 FASD (n=38) and Fluency 0.81 (0.44, 1.07) 136 8-16 years 136 Good
ADHD (n=80) Planning
Set Shifting
Response
Inhibition
Working Memory
14 Goldberg, 2005 | ASD (n=17) and ADHD | Set Shifting 0.30 (-0.27, 32 8-12 years 75 Good
(n=21) Planning 0.86)
Response
Inhibition
Working Memory
15 Gooch, 2011 Dyslexia (n=17), Response 0.29 (-0.26, 35 5-14 years 61 Good
ADHD+Dyslexia (n=24) | Inhibition 0.86)
and ADHD (n=17) Attention
16 Greimel, 2011 ADHD (n=23), TS Set Shifting 0.26 (-0.37, 27 Up to 17 years 78.1 Good
(n=21) and ADHD+TS Response 0.74)
(n=25) Inhibition
Attention
17 Greimel, 2008 ADHD (n=20) and Set Shifting 0.23 (-0.26, 20 8-15 years 50 Good
ADHD+TS (n=20) Attention 0.97)
18 Hall, 1997 ADHD (n=14) and RD Attention 0.59 (-0.086, 28 6-13 years 67 Good
(n=17) 1.24)
19 Happé, 2006 ASD (n=32) and ADHD | Set Shifting 0.44 (-0.06, 32 8-16 years 100 Good
(n=30) Fluency 0.93)
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Study No. | Study Name & Diagnostic Group EF Domains Hedges' g, Control Age Range Gender JBI Quality
Year Analysed (95% ClI) Sample Distribution | Assessment
size (% of
Males)
Response
Inhibition
Set Shifting
Planning
Response
Inhibition
Set switching
Working Memory
Attention
20 Hovik, 2016 TS (n=19) and ADHD Response 0.38 (-0.03, 50 8-17 years 60 Good
(79) Inhibition 0.87)
Attention
21 Hovik, 2015 ADHD (n=33) and TS Attention 0.42 (-0.06, 50 Not reported 66 Good
(n=19) 0.91)
22 Huang, 2016 ADHD (n=391) and Set Shifting 0.29 (0.11, 0.46) 188 6-14 years Not reported Good
ADHD+LD (n=380) Response
Inhibition
23 Hwang-Gu, ASD (n=221), Attention 0.46 (0.24, 0.68) 249 8-15 years 60 Good
2019 ASD+ADHD (n=97) and
ADHD (n=8)
24 Kado, 2020 ASD (n=69) and Set Shifting 0.38 (0.02, 0.74) 69 5-15 years 72 Good
ADHD+ASD (n=43)
25 Kado, 2012 PDD (n=52) and ADHD | Set Shifting 0.41 (0.02, 0.81) 52 5-15 years 78 Good
(n=46)
26 Kibby, 2008 ADHD (n=30), Working Memory | 0.86 (0.32, 1.40) 30 6-15 years Not reported Good
ADHD+RD (n=30) and
RD (n=23)
27 Kooistra, 2011 ADHD (n=47) and Attention 0.20 (-0.26, 38 7-10 years 51 Good
FASD (n=28) 0.65)
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Study No. | Study Name & Diagnostic Group EF Domains Hedges' g, Control Age Range Gender JBI Quality
Year Analysed (95% ClI) Sample Distribution | Assessment
size (% of
Males)
28 Kuhn, 2016 Dyscalculia (n=33) and Set Shifting 0.51 (-0.01, 40 Not reported 40 Good
ADHD (n=16) Working Memory 1.04)
Attention
29 Lievore & ASD (n=60) and Set Shifting 0.27 (-0.01, 150 8-16 years Not reported Fair
Mammarella Learning Disorders 0.56)
(Unpub) (n=80)
30 Lundervold, ASD (n=9), Attention 0.41 (-0.16, 134 8-10 years 66 Fair
2016 ASD+ADHD (n=11) and 0.98)
ADHD (n=38)
31 Maehler, 2016 Dyslexia (n=31), Set Shifting 0.48 (-0.04, 31 Not reported 54 Good
Dyslexia+ADHD (n=37), | Fluency 1.00)
Dyscalculia (n=18), Planning
Dyscalculia+ADHD (n= | Response
21), ADHD (n=34) Inhibition
Set switching
Working Memory
Attention
32 Maghsoodloonej | ADHD (n=36) and LD Response 1.05(0.59, 1.52) 43 7-12 years Not reported Fair
ad, 2017 (n=47) Inhibition
Attention
33 Mammarella, ASD (n=17) and LD Planning 0.59 (-0.10, 17 8-18 years Not reported Good
2019 (n=17) Working Memory 1.28)
34 Martinussen, ADHD (n=60), LD Set Shifting 0.98 (0.44, 1.53) 34 Not reported 58 Good
2006 (n=14) and ADHD+LD Fluency
(n=28) Planning
Response
Inhibition

Set switching
Working Memory
Attention
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Study No. | Study Name & Diagnostic Group EF Domains Hedges' g, Control Age Range Gender JBI Quality
Year Analysed (95% ClI) Sample Distribution | Assessment
size (% of
Males)
35 Marzocchi, 2008 | ADHD (n=35) and RD Set Shifting 0.50 (- 30 7-12 years 86 Good
(n=22) Fluency 0.02,1.03)
Planning
Response
Inhibition
Working Memory
36 Matsuura, 2014 | ASD (n=11) and ADHD | Working Memory 0.40 (-0.30, 19 Not reported 80 Good
(n=15) Attention 1.10)
37 Maziero, 2020 Dyslexia (n=47), Working Memory | 0.98 (0.48, 1.50) 42 7-12 years Not reported Good
Developmental
Coordination Disorder,
DCD (n=22) and
Dyslexia+DCD (n=27)
38 Mohl, 2015 ADHD (n=14), Attention 0.76 (-0.06, 14 Not reported 100 Good
ADHD+RD (n=10) 1.57)
39 Moura, 2017 ADHD (n=32), Dyslexia | Fluency 0.76 (0.23, 1.29) 34 8-10 years 69 Good
(n=32), Dyslexia+ADHD | Planning
(n=18) Set switching
Working Memory
40 Narhi 1995 RD (n=21), ADHD+RD | Set switching 0.35 (-0.39, 10 8-12 years Not reported Good
(n=25) and ADHD 1.09)
(n=17)
41 Nyden, 1999 Asperger's (n=10), Set Shifting 0.86 (-0.04, 10 6-18 years 100 Good
ADHD (n=10), RD/WD | Response 1.75)
(n=10) Inhibition

Working Memory
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Study No. | Study Name & Diagnostic Group EF Domains Hedges' g, Control Age Range Gender JBI Quality
Year Analysed (95% ClI) Sample Distribution | Assessment
size (% of
Males)
42 Openneer, 2020 | TS (n=34), TS+ADHD Set Shifting 0.23 (-0.18, 60 8-12 years Not reported Good
(n=26) and ADHD Response 0.65)
(n=54) Inhibition
Working Memory
43 Operto 2021 ASD-HF (n =19) ADHD | Working Memory | 0.96 (0.31, 1.61) 20 years 72 Good
(n=21),SLD (n=22)
44 Ozonoff, 1994 TS (n=14) and ASD Set switching 0.23 (-0.50, 14 8-16 years 83 Good
(n=14) 0.95)
45 Ozonoff, 1999 ASD (n=40), TS (n=30) | Set Shifting 0.40 (-0.11, 29 8-17 years Not reported Good
and ADHD (n=24) Planning 0.91)
46 Passolunghi, ADHD (n=10) and LD Working Memory | 0.92 (0.03, 1.80) 10 9-11 years Not reported Good
2005 (n=10)
47 Pennington, ADHD (n=16) and RD Set Shifting 0.39 (-0.25, 23 7-10 years 100 Good
1993 (n=15) Planning 1.04)
Attention
48 Pereira, 2020 ADHD (n=11), RD Fluency 0.61 (0.02, 1.21) 33 8-11 years 48 Good
(n=45) and ADHD/RD Planning
(n=15) Response
Inhibition
Set switching
Working Memory
49 Pitzianti, 2016 ASD (n=13), Planning 1.51 (0.62, 2.40) 13 8-15 years 92 Good
ASD+ADHD (n=12) and | Response
ADHD (n=13) Inhibition
Working Memory
50 Poon, 2014 ADHD (n=27), RD Planning 0.67 (0.11, 1.23) 25 12-18yr 100 Good
(n=22) and ADHD+RD Response
(n=34) Inhibition
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Study No. | Study Name & Diagnostic Group EF Domains Hedges' g, Control Age Range Gender JBI Quality
Year Analysed (95% ClI) Sample Distribution | Assessment
size (% of
Males)
Working Memory
51 Pride, 2012 ADHD+NF1 (n=60) and | Set Shifting 0.57 (0.22, 0.93) 52 6-16 years 54 Good
NF1 (n=132) Fluency
Planning
Attention
52 Purvis, 2000 ADHD (n=17), Response 1.50 (-0.03, 17 7-11 years 72 Good
ADHD+RD (n=17) and Inhibition 1.33)
RD (n=17) Attention
53 Roessner, 2007 | TS (n=22), TD+ADHD Set Shifting 0.35 (-0.27, 22 Not reported 100 Good
(n=14) and ADHD Attention 0.97)
(n=19)
54 Rhodes, 2011 ADHD (n=24) and WS Working Memory | 1.64 (0.83, 2.45) 19 7-14 years 87.8 Fair
(n=20) Planning
55 Saito, 2019 ASD+ADHD (n=10) and | Attention 0.95 (0.05, 1.86) 9 Not reported 71 Good
ADHD (n=11)
56 Samyn, 2015 ADHD (n=30) and ASD | Set Shifting 0.20 (-0.19, 148 10-15 years Not reported Good
(n=31) Response 0.59)
Inhibition
Attention
57 Samyn, 2014 ADHD (n=24) and ASD | Response 0.34 (-0.25, 21 10-15 years Not reported Good
(n=20) Inhibition 0.94)
58 Schuchardt, Dyscalculia (n=17), Working Memory | 0.74 (0.17, 1.32) 30 7-10 years 51 Good
2008 Dyscalculia+Dyslexia
(n=20)
and Dyslexia (n=30)
59 Schuerholz, ADHD+TS (n=19) and Fluency 0.50 (-0.09, 27 6-14 years 86 Good
1996 TS (n=21) Planning 1.08)
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Study No. | Study Name & Diagnostic Group EF Domains Hedges' g, Control Age Range Gender JBI Quality
Year Analysed (95% ClI) Sample Distribution | Assessment
size (% of
Males)
Attention
60 Schuerholz, ADHD (n=39), Fluency 0.76 (0.23, 1.29) 36 6-16 years 44 Good
1998 TS+ADHD (n=23) and Attention
TS (n=18)
61 Seidman, 2001 | ADHD (n=79), Dyslexia | Set Shifting 0.51 (0.08, 0.94) 127 6-17 years 100 Good
(n=16), Dyscalculia Planning
(n=32), Dyslexia+ Response
Dyscalculia (n=21) Inhibition
Working Memory
Attention
62 Semrud- ADHD (n=39) and LD Planning 0.28 (-0.23, 39 9-15 years Not reported Good
Clikeman, 2008 | (n=16) Attention 0.80)
63 Semrud- ASD (n=50), ADHD Planning 0.84 (0.30, 1.37) 113 9-16 years 70 Good
Clikeman, 2010 | (n=156) and NVLD
(n=26)
64 Semrud- ASD (n=15) and ADHD | Set Shifting 0.89 (0.32, 1.45) 32 9-16.5 years 60 Good
Clikeman et al (n=49) Planning
2010a Response
Inhibition
Set switching
Working Memory
65 Semrud- ASD (n=37), NVLD Set Shifting 0.71 (0.24, 1.18) 40 8-17.5 years 74 Good
Clikeman, 2014 | (n=31) Fluency
Planning

Set switching
Working Memory
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Study No. | Study Name & Diagnostic Group EF Domains Hedges' g, Control Age Range Gender JBI Quality
Year Analysed (95% ClI) Sample Distribution | Assessment
size (% of
Males)
66 Shalev, 2019 Williams syndrome Attention 0.59 (0.11, 1.07) 99 3-7 years Not reported Good
(n=25) and Downs
Syndrome (n=18)
67 Shanahan, 2006 | ADHD (n=105), Set switching 0.69 (0.40, 0.98) 144 Not reported 51 Good
ADHD+RD (n=51) and
RD (n=95)
68 Shin, 2001 ADHD (n=21) and TS Set switching 1.08 (0.41, 1.75) 22 6-18 years Not reported Good
(n=16) Attention
69 Shin, 2003 ADHD (n=15), LD Planning 0.21 (-0.45, 20 6-13 years Not reported Good
(n=13), ADHD+LD 0.88)
(n=15) and TS (n=15)
70 Sinzig, 2008 ASD (n=20), Response 0.32 (-0.22, 30 6-18 years 85 Good
ASD+ADHD (n=21) and | Inhibition 0.87)
ADHD (n=30) Attention
71 Sinzig, 2008a ASD (n=20), Set Shifting 0.35 (-0.27, 20 6-18 years 85 Good
ASD+ADHD (n=20) and | Planning 0.97)
ADHD (n=20) Response
Inhibition
Working Memory
72 Sinzig 2014 ASD (n=26), and ADHD | Response 0.44 (-0.08, 29 4-9 years 70 Good
(n=30) Inhibition 0.96)
Attention
Set Shifting
73 Stubenrauch, ADHD (n=21), Response 0.51 (-0.09, 24 8-12 years 55 Good
2014 ADHD+RD (n=17) and Inhibition 1.11)
RD (n=22)
74 Sukhodolsky, ADHD (n=64), TS Attention 0.40 (0.05, 0.76) 71 Not reported 74.25 Good
2010 (n=56) and ADHD+TS | Response
(n=45) Inhibition
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Study No. | Study Name & Diagnostic Group EF Domains Hedges' g, Control Age Range Gender JBI Quality
Year Analysed (95% ClI) Sample Distribution | Assessment
size (% of
Males)
75 Termine, 2016 ADHD (n=39), TS Planning 0.93(0.33, 1.54) 66 6-15 years Not reported Good
(n=13) and TS+ADHD
(n=8)
76 Tiffin-Richards, | ADHD (n=20), Set Shifting 0.90 (0.25, 1.55) 19 10-14 years 79 Good
2008 ADHD+Dyslexia (n=20) | Working Memory
and Dyslexia (n=20)
77 Tsuchiya, 2005 | ADHD (n=22) and ASD | Set Shifting 1.03 (0.41, 1.66) 25 Not reported 76 Good
(n=17)
78 Turker, 2019 ADHD (n=43), Working Memory | 0.68 (0.22, 1.15) 89 8-18 years 62 Good
ADHD+RD (n=15) and
RD (n=27)
79 Tye, 2014 ADHD (n=18), Response 0.53 (-0.13, 26 13-18 years 100 Good
ASD+ADHD Inhibition 1.03)
(n=29) and ASD (n=19)
80 Unterrainer, ASD (n=18), ADHD Planning 0.21 (-0.30, 42 6-14 years Not reported Good
2016 (n=42) and ASD+ADHD 0.73)
(n=19-23)
81 Van De Voorde, | ADHD (n=19), RD Response 1.02 (0.30, 1.75) 19 8-12 years 69.7 Good
2010 (n=17), ADHD+RD Inhibition
(n=21) Working Memory
82 Van De Voorde, | ADHD (n=19), RD Response 0.70 (0.05, 1.35) 19 8-12 years 69.7 Good
2011 (n=17), ADHD+RD Inhibition
(n=21)
83 Wang, 2018 ADHD (n=30), RD Response 1.01 (0.47, 1.55) 30 Not reported 58 Good
(n=33), ADHD+RD Inhibition

(n=28)

Working Memory
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Study No. | Study Name & Diagnostic Group EF Domains Hedges' g, Control Age Range Gender JBI Quality
Year Analysed (95% ClI) Sample Distribution | Assessment
size (% of
Males)
84 Ware, 2012 FASD (n=142) and Set Shifting 0.85(0.58, 1.12) 133 8-18 years 58 Good
ADHD (n=82) Fluency
Response
Inhibition
85 Willcutt, 2005 ADHD (n=113), Set Shifting 0.66 (0.39, 0.93) 151 8-18 years 53 Good
ADHD+RD (n=64) and Response
RD (n=109) Inhibition
Set switching
Working Memory
86 Xiao, 2012 ADHD (n=16) and ASD | Response 1.30 (0.45, 2.15) 16 8-14 years 100 Good
(n=19) Inhibition
87 Yang, 2009 ADHD (n=26) and ASD | Set Shifting 0.36 (-0.19, 30 3-15 years 88 Good
(n=20) Response 0.90)
Inhibition
Working Memory
88 Zarchi, 2014 Velocardiofacial Set Shifting 0.53 (-0.02, 22 Not reported 50 Good
(22911.2 deletion) Response 1.07)
(n=39) and Williams Inhibition

(7911.23 deletion)
syndromes (n=24)

Working Memory
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Supplementary Table 3. List of Excluded Studies at the Stage of Statistical Analysis and Reasons for Exclusion

Study Authors | Title Exclusion reason
Hovik KT, Distinct Patterns of Everyday Executive Function Problems Distinguish Data screening deemed it to be an outlier, removed to ensure statistical
Egeland J, Children with Tourette Syndrome From Children With ADHD or Autism integrity

Isquith PK, et al
2014

Spectrum Disorders.

de Jong CGW,
Van De Voorde
S, Roeyers H,
Raymaekers R,
Oosterlaan J,
Sergeant JA.
2009

How Distinctive Are ADHD And RD? Results Of a Double Dissociation
Study.

Data screening deemed it to be an outlier, removed to ensure statistical
integrity

Kibby MY,
Newsham G,
Imre Z, Schlak
JE. 2021

Is Executive Dysfunction a Potential Contributor To The Comorbidity
Between Basic Reading Disability And Attention-Deficit/Hyperactivity
Disorder?

Data screening deemed it to be an outlier, removed to ensure statistical
integrity

Holingue C,
Volk H, Crocetti
D, Gottlieb B,
Spira AP,
Mostofsky SH.
2021

Links between Parent-Reported Measures of Poor Sleep and Executive
Function in Childhood Autism and Attention Deficit Hyperactivity Disorder

Data screening deemed it to be an outlier, removed to ensure statistical
integrity
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Supplementary Table 4: Key Executive Function Domains and Related Measures

EF domain

Background Information on EF Domains

Examples of Key Measures Used to Assess

this Domain

Global EF abilities

e  Overall Executive function encompasses a range of processing
including but not limited to working memory, response inhibition and
flexibility.

Behavior Rating Inventory of Executive Function
(BRIEF; ages 5 to 18 years)*

Behavior Rating Inventory of Executive Function—
Preschool Version (BRIEF-P; ages 2 to 5 years)?

Childhood Executive Functioning Inventory
(CHEXI;? Global measure of EF in children)

Concept formation/Set
shifting

The capacity to shift between
mental processes to form new
concepts and identify the
conceptual relationships shared
by stimuli 4

e  Emerges in early childhood and matures in adolescence, °

e Functional peak observed in mid adolescence (17 years) followed by
decline (18-19 years)®

e  Adult levels of set shifting observed in 8-10 year olds’ but also in
adolescence®

WCST (Wisconsin Card Sorting Test)®

The Children’s Cooking Task (CCT)

Task Switch®

Vienna Test System Trail Making Test-B (VTS
TMT-B)

Delis-Kaplan Executive Function System (D-KEFS)
Number-Letter Switching*?

Delis-Kaplan Executive Function System (D-KEFS)
Design Fluency Switching??

d2 Selective Attention Test — % errors'®

d2 Selective Attention Test — Total Correct!®

Mental flexibility/Set
switching

The capacity to switch between
mental processes (multiple
tasks, operations, or mental
sets) in response to changing
demands!*1°

e  Emerges in early childhood and matures in adolescence®1®

Trail Making Task B/Trails-PY

Wechsler Intelligence Scale for Children, Fourth
Edition (WISC-1V) - Letter-Number Sequencing®®
Shift from Digit Span Forward to Digit Span
Backward (WISC-IV)*®

Word Order Subtest (K-ABC)*

Children’s Category Test (CCT)%
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Fluency

The capacity to generate novel
ideas (ideational fluency) and
responses (phonemic and
semantic fluency?:. May be
assessed by verbal and non-
verbal tasks.

Emerges in early childhood and matures in early adolescence,>

Greatest period of development in early to mid- childhood (5-8) with
continued improvement into early adulthood?

Category fluency

Letter fluency

Verbal fluency test

Animals category/Animal Naming Test

Controlled Oral Word Association Test (COWA)
Phonemic Cue®

Controlled Oral Word Association Test (COWA)
Semantic Cue?®

Controlled Oral Word Association Test (COWA)
FAS?

California Verbal Learning Test-11 (CVLT-II)
Semantic Clustering®

California Verbal Learning Test-11 (CVLT-II) Long
Delay Recall®*

Delis-Kaplan Executive Function System (D-KEFS)
Verbal Category Fluency*?

Delis-Kaplan Executive Function System (D-KEFS)
Category Switching Fluency*?

Delis-Kaplan Executive Function System (D-KEFS)
Letter Fluency*?

Planning

The capacity to execute a
sequence of actions so that a
desired goal is achieve®.

Emerges and significantly develops in early childhood, some research
suggests brief regression of skills in adolescence, matures in early
adulthood®>1®

Significant improvement in late adolescence (15-19) with optimal
performance in early adulthood (20-29)7

Greatest period of development in early to mid-childhood (5-8) with
continued improvement into early adulthood?

Rey-Osterieth Complex Figure?®

ToL (Tower of London)?’

ToH (Tower of Hanoi)?®

Clock Drawing Test?®

Block Design Subtest (WPPSI-IV, WISC-1V)8%
Symbol Search and Symbol Coding (WISC-I1V,
WPPSI-IV)8:30
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Response Inhibition
The capacity to inhibit a

previously learned response!4.

Emerges in early childhood, matures in late childhood to early
adolescence’®

Greatest period of development in early to mid-childhood (5-8) with
continued improvement into early adolescence??

Adult levels of response inhibition achieved in late childhood (age 11)8

Stroop Color Word Interference Test_C-W3!
Stroop Color Word Interference 3
NEPSY-II_Inhibition B
NEPSY-11_Inhibtion C%

5 Digit Test33

Go/NoGo Test*

Delis-Kaplan Executive Function System (D-KEFS)
Color-Word Interference — Condition 3 (CWIT 3)*2
Delis-Kaplan Executive Function System (D-KEFS)
Color-Word Interference — Condition 4 (CWIT 4)*2
Delis-Kaplan Executive Function System (D-KEFS)
Color-Word Interference??

d2 — Accuracy®®

d2 — Deviation®

d2 — Percentage of mistakes®

Interference trials

Working Memory (WM)
The capacity to store and
manipulate information in
temporary short term storage
for complex cognitive
manipulations®,

Emerges in early childhood and matures in early adolescence. 6.3

Peak improvement in late adolescence (15-19) maintained in early
adulthood.”

NEPSY-1I_Word List Interfernce®?

Digit Span (Backward, Sequencing), Arithmetic,
Letter-Number Sequencing (WISC-1V, WPPSI-
|V)18,30

Working memory scale (K-ABC)*®

Delis-Kaplan Executive Function System (D-KEFS)
Number Sequencing*?

Connors Continuous Performance Test Version 3
(CPT-3) — Commissions subscale®”

Degraded Continuous Performance Test (Degraded
CPT) — Commissions®’

Degraded Continuous Performance Test (Degraded
CPT) — Omissions®

Visual-Spatial Working Memory (Visual-Spatial
WM)1830.38

Wechsler Memory Scale-Revised (WMS-R, WMS-
IV) Digit Span Backwards®

Wechsler Memory Scale-Revised (WMS-R, WMS-
IV) Spatial Span Backwards®

Auditory-Verbal Working Memory (Auditory-
Verbal WM)3®
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Digit Span Backwards Score!®

Letter Number Sequencing Test!®

Brief Visuospatial Memory Test-Revised (BVMT-
R) Total Recall®®

Reading Span — Partial-Credit Unit (PCU) Score*
Reading Span — Sentence Errors*

Attention

The subjective experience of
attending to environmental
stimuli by people thought to
have introspection and can
demonstrate alertness.*

Emerges in newborns and is a mechanism that continues to develop into
childhood.*?

Attention can be divided into two main forms: sustained and divided
attention.

Sustained attention refers to attentional focus performed over a
sustained time-period.*

Focused attention is where certain environmental stimuli is given a
priority over others and the attentional processes serve task demands
that engage certain cognitive resources.*

TOVA®

TEA-Ch*

Test of Attentional Performance for Children
(KiTAP)%

Letter-Number Sequencing (WISC-1V)1830
Verbal span tasks (WISC-1V)!83%0

Word order subtest (K-ABC)*®

Test of Attentional Performance (TAP)*

d2 test of attention3®

Note: Seven key EF domains in table reproduced with permission from Dr Eleni Demetriou*’
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Standard Error

Supplementary Figure 1. Small Study Effect Outputs. Figure Exploring Any Outliers During Preliminary Analysis
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Standard Error

Supplementary Figure 2. Small Study Effect Outputs. Figure Produced as Part of The Trim and Fill Code
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Comparison

Supplementary Figure 3. Outputs for Subdomain Cross-Condition analyses. Figures Produced in RStudio.
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Supplementary Table 1 for Chapter 3:

Appendix B. Chapter 3: Supplementary Tables

Mean difference and Standard Error for Significant Post Hoc results across NDCs

Combined BRIEF ASD? ASD and ADHDP ADHD and SLD¢ ASD, SLD and ADHD¢
T-scores Muitt (SE) Maits (SE) Maitr (SE) Mt (SE)
ASD - ns ns ns
Inhibit (Inhibitory ASD and ADHD ns - 7.51(2.36) ** P>* -
Control) ADHD and SLD ns 7.51(2.36) ** b>¢ - 7.45(2.62) * 9>¢
ASD, SLD and ADHD ns ns 7.45(2.62) * *° -
ASD - ns 10.12(2.38) *** &> -
. I ASD and ADHD ns R 9.95(2.46) *** b>C ns
Shift (Flexibility) ADHD and SLD 10.12(2.38) ***»* 9.95(2.46) *** >t - 12.32(2.72) =+
ASD, SLD and ADHD ns ns 12.32(2.72) *** ®¢ -
ASD - ns 9.46(2.40) *** a>¢ ns
Emotional Control ASD and ADHD ns - 8.81(2.46) **xb>c ns
(self- regulation) ADHD and SLD 9.46(2.40) *** 2>¢ 8.81(2.46) ***b>c - 11.85(2.48) ** ¢>c
ASD, SLD and ADHD ns ns 11.85(2.48) ** ¢>¢ -
ASD - ns ns ns
. ASD and ADHD ns - ns ns
Initiate ADHD and SLD ns s 5 6.07(2.10)
ASD, SLD and ADHD ns ns 6.07(2.10) * ¢ -
ASD - 6.55(2.24) **b> ns ns
T BT ASD and ADHD 6.55(2.24) **b> - 7.41(1.97) **b> -
ADHD and SLD ns 7.41(1.97) **b> - 7.02(2.19) ** &>
ASD, SLD and ADHD ns ns 7.02(2.19) ** > -
ASD - ns ns ns
ASD and ADHD ns - ns ns

Plan/Organise

ADHD and SLD

ns

ns

ASD, SLD and ADHD

ns

ns

5.72(2.12) *®°

5.72(2.12) *®°

Organisation of
Materials

ASD

ns

ns

ns

ASD and ADHD

ns

ns

ns

ADHD and SLD

ns

ns

ns

ASD, SLD and ADHD

ns

ns

ns

Behaviour Regulation
Index (BRI)

ASD

ns

6.07(2.22) *

ns

ASD and ADHD

ns

7.63(2.29) ** P>

ns
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ADHD and SLD 6.07(2.22) *&¢ 7.63(2.29) ** > - 7.70(2.53) *%¢
ASD, SLD and ADHD ns ns 7.70(2.53) * ®¢ -
ASD - ns ns ns
. ASD and ADHD ns - 8.27(2.09) **x b>c ns
CEC (TeiEl Compeslis) —Foe o = ns 8.27(2.00) =P - 0.70(2.24) ***
ASD, SLD and ADHD ns ns 9.70(2.24) *** d>c -

Note: *Denotes significance at p<0.05, **Denotes significance at p<0.01, ***Denotes significance at p<0.001
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Appendix C. Chapter 4: Supplementary Tables

Supplementary Figure 1. Parent/Carer Questionnaire utilised within CDU Service.

Page 1

Parentcarer Questionnaire

Please complete the survey below.

Thank you!

Please complete this questionnaire to the best of your ability. This will provide us with
important information regarding your child's development and family history.

If you would like to finish completing this questionnaire at another time, please click the 'Save
& Return Later' button at the bottom of this page. You will be able to access the questionnaire
again using the same link in the email you were sent previously.

Please enter the date:

What is the child's date of birth?

Childs Age

What is the child's country of birth?

What is the child's gender? O Male
Q) Female
() Other

If other, please explain:

Please answer the following demographic questions regarding the biological mother of the
child:

Date of birth:

Country of birth:

Current occupation:

Highest level of education: { Primary/Elementary School
O High School
(O Certificate, Diploma or Vocational Training
() Bachelors Degree
(O Postgraduate Degree (Masters, PhD, Graduate
Diploma)

11-05-2022 4:15pm projectredcap.org &EDCaPﬁ
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Page 2

Please answer the following demographic questions regarding the biological father of the
child:

Date of birth:

Country of birth:

Current occupation:

Highest level of education: (O Primary/Elementary School
QO High School
Q Certificate, Diploma or Vocational Training
(O Bachelors Degree
QO Postgraduate Degree (Masters, PhD, Graduate
Diploma)

Who is the full time carer of the child? (Q Biological mother and biological father are both

full time carers (together)

Q Biological mother and biological father are
co-parents (separated)

(O Biological mother alone

QO Biological mother with another partner

( Biological father alone

QO Biological father with another partner

Q Other

If other, please answer the following questions regarding the full time carer:

Relationship to child:

Date of birth:

Country of birth:

Current occupation:

Highest level of education: © Primary/Elementary School
QO High School
Q Certificate, Diploma or Vocational Training
(O Bachelors Degree
QO Postgraduate Degree (Masters, PhD, Graduate
Diploma)

11-05-2022 4:15pm projectredcap.org &EDCapﬁ
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Page 3

Please answer the following questions regarding your family:

Which languages do you speak at home?

Which language does your child use the most?

Would you like an interpreter present at the QO Yes
assessment? O No
Which language interpreter would you like?
Is your child of Aboriginal or Torres Strait Islander QO Yes
origin? O No
How many siblings does the child have (including Qo
half-siblings)? 01
Q2
O3
Q4
Q5
Sibling 1 age:
Sibling 1 gender: O Male
) Female
Any other information regarding the relationship
between the child and sibling 1 (half siblings,
closeness, conflict)
Sibling 4 gender: O Male
) Female
Sibling 2 age:
Any other information regarding the relationship
between the child and sibling 4 (half siblings,
closeness, conflict)
Sibling 5 age:
Sibling 2 gender: O Male
O Female
Any other information regarding the relationship
between the child and sibling 2 (half siblings,
closeness, conflict)
Sibling 5 gender: O Male
() Female

11-05-2022 4:15pm
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Page 4

Sibling 3 age:

Any other information regarding the relationship
between the child and sibling 5 (half siblings,
closeness, conflict)

Sibling 3 gender: O Male
) Female

Are there any other people important to your child's O Yes

care (cousin, grandparents)? O No

Any other information regarding the relationship

between the child and sibling 3 (half siblings,

closeness, conflict)

Please provide information regarding these people and

their relationship to your child:

Sibling 4 age:

Please list the concerns you have about your child:

What was your child's age when you became concerned?

Who raised these concerns and why?

What do you think are your child's strongest points

(what does he or she do best)?

Is your child's development different in any way to QO Yes

other children's development? O No

If yes, please explain the differences:

Have any of your child's abilities deteriorated or O Yes

gone backwards (not only slowed)? O No

If yes, please describe:

What questions do you want answered at this
assessment?

11-05-2022 4:15pm
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Page 5

Please answer the following questions regarding the child's past history:

Conception and Pregnancy (please tick all that apply):

[ Planned

[ Unplanned

[ Natural Conception
[ IVF/Donor

[ Other

If other, please provide details:

Labour Details (please tick all that apply):

[ Vaginal (Normal)

[ Planned Caesarean

[ Emergency Caesarean
[ Breech (feet first)

[ Fast Labour

[ Forceps/Vacuum

[ Other
If other, please provide details:
Birth details: O On time
Q Early
O Late

If early or late, by how many weeks?

Where was your child born (which hospital)?

Birth weight (kg):

Birth length/height (cm):

Birth head circumference {cm):

Apgar score:

Baby at birth (please tick all that apply):

[ Cried/breathed immediately

[] Needed help to breathe
[] Needed oxygen

[] Went to special care nursery

[ Neonatal intensive care

Did you experience any difficulties during this time
(e.g. illness, maternal depression)?

O Yes
O No

If yes, please describe:

11-05-2022 4:15pm
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Page 6

Was your baby tube fed? Q Yes
O No

If yes, please provide details regarding the reason

for tube feeding and age at which it was stopped:

To what age was your baby breast fed (in months)?

To what age was your baby bottle fed (in months)?

What age did your baby start solids (in months):

Did your child have any problems with feeding or Q) Yes

eating? O No

If yes, please describe:

Is your child's general health good? Q Yes
O No

If no, please describe significant ilinesses,

operations, accidents (e.g., fits or funny turns,

fractured skull, breathing problems, growth problems):

How many (if any) medications is your child currently Qo

taking? O1
02
O3
Q4
Q5

Medication 1 name:

Medication 1 reason for taking (indication):

Medication 1 dose (how much is taken, how many times a
day):

Medication 2 name:

Medication 2 reason for taking (indication):

Medication 2 dose (how much is taken, how many times a
day):
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Medication 3 name:

Medication 3 reason for taking (indication):

Medication 3 dose (how much is taken, how many times a
day):

Medication 4 name:

Medication 4 reason for taking (indication):

Medication 4 dose (how much is taken, how many times a
day):

Medication 5 name:

Medication 5 reason for taking (indication):

Medication 5 dose (how much is taken, how many times a
day):

Did your child have a newborn hearing test? QO Yes
O No
If yes, what were the results? O Pass

(O Referred for further testing

Has your child ever had any other hearing tests? O Yes
O No

If yes, please state where, when and the result:

Has your child's vision ever been tested? O Yes
O No

If yes, please state where, when and the result:

Does your child wear glasses? O Yes
O No

Does your child wear contact lenses? O Yes
O No
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If yes, who prescribed them?

How many specialists or therapists have been involved Qo

in your child's care in the past or now? 01
02
O3
O4
Q05

Specialist 1 name:

Specialist 1 speciality:

Specialist 1 telephone:

Specialist 1 address:

Is Specialist 1 still involved in your child's care? QO Yes
O No

Specialist 2 name:

Specialist 2 speciality:

Specialist 2 telephone:

Specialist 2 address:

Is Specialist 2 still involved in your child's care? O Yes
O No

Specialist 3 name:

Specialist 3 speciality:

Specialist 3 telephone:

Specialist 3 address:

Is Specialist 3 still involved in your child's care? QO Yes
O No
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Specialist 4 name:

Specialist 4 speciality:

Specialist 4 telephone:

Specialist 4 address:

Is Specialist 4 still involved in your child's care? O Yes
QO No

Specialist 5 name:

Specialist 5 speciality:

Specialist 5 telephone:

Specialist 5 address:

Is Specialist 5 still involved in your child's care? QO Yes
O No

Are any of these doctors aware of your referral to us? O Yes
O No

If yes, who?

How many times has your child been admitted to Qo

hospital? (if more than three, please provide details O1

regarding the most significant and recent admissions) 02
O3

Year of admission:

Hospital:

Condition treated (include any important information):

Year of admission:

Hospital:
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Condition treated (include any important information):

Year of admission:

Hospital:

Condition treated (include any important information):

Family History: We are interested to know whether anyone in the family had problems with
their health, development, learning (especially anything similar to the concerns about your
child). This includes you, your children and extended family, cousins, uncles, aunts,
grandparents etc. Please list the person's relationship to your child regarding any of the
problems you tick. (e.g. Trouble with reading - 1 maternal aunt and 2 brothers).

Has anyone in your family had trouble with:

[] Reading

[ Spelling

[ Writing

[] Maths

[ Talking and Understanding
[] Behaviour

Reading - relationship to child:

Spelling - relationship to child:

Writing - relationship to child:

Maths - relationship to child:

Talking and Understanding - relationship to child:

Behaviour - relationship to child:
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Does anyone in your family have a history of:

[] Hearing loss

[] Eyesight difficulties

[ Disabhility

[ Autism

[ Epilepsy

[ Social problems

[J ADHD

[ Cerebral Palsy

[ Inherited disorders

[ Repetitive behaviours

[ Other (e.g. emotional problems, mental health
concerns)

Hearing loss - relationship to child:

Eyesight difficulties - relationship to child:

Disability - relationship to child:

Autism - relationship to child:

Epilepsy - relationship to child:

Social problems - relationship to child:

ADHD - relationship to child:

Cerebral Palsy - relationship to child:

Inherited disorders - relationship to child:

Repetitive behaviours - relationship to child:

QOther - relationship to child:

Family history notes:
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Milestones
At what age did your child?

Sit:

Crawl:

Walk:

Jump:

Pedal a tricycle:

Develop a hand preference:

What is your child's hand preference?

) right
O left
O none

Hold a pencil to scribble:

Toilet trained by day:

Toilet trained by night:

Language Development
At what age did your child?

Babble (e.g. ma-ma-ma or da-da-da):

Say first word other than mum or dad:

Combine two words together (e.g. Mum up):

Understand single words:

Follow one-step verbal instructions:

Understand more complex sentences:
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How many words can your child now use in a sentence?

Did your child previously, or does your child?

Point to show: O Yes
O No
Wave (bye-bye or hello): O Yes
O No
Point to objects of interest: O Yes
O No

If your child doesn't talk, how does how do they let
you know what they want?

Any additional comments on your child's language?

Play and Behaviour

What does your child play with?

Describe how your child plays with toys/games:

Does your child play alongside another?

Does your child take turns in a game?

Behaviour and Temperament - please tick any which you
feel describes your child:

11-05-2022 4:15pm
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[ Sleep problems

[ Mixes poorly

[ Withdrawn

[ Distractible

[ Shy

[ Aggressive

[ Sad

[ Calm

[ In a world of their own

[ Temper tantrums

[ Unusually active/restless

[ Sensitive to the feelings of others
[] Dreamy

[ Poor attention

[ Obsessive

[] Moves from one place to another easily
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School/Preschool/Family Day Care

Has your child attended (tick all that apply):

[ Day care

[ Family day care
[ Preschool

[ School

What year did your child start attending day care?

Name of day care:

Telephone of day care:

Contact/Teacher/Carer name:

What year did your child start attending family day
care?

Name of family day care:

Telephone of family day care:

Contact/Teacher/Carer name:

What year did your child start attending preschool?

Name of preschool:

Telephone of preschool:

Contact/Teacher/Carer name:

What year did your child start attending school?

Name of school:

Telephone of school:

Contact/Teacher/Carer name:
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Has the school counsellor, psychologist, or learning
support team been involved?

Q Yes
O No

Final Information

Who completed this questionnaire?

[ Biological mother

[ Biological father

[ Both biological parents together
[ Other

If Other, please describe their relationship with the
child (do not provide any names, only relationship):

Did anyone assist with completing this questionnaire?

QO Yes
QO No

If yes, please describe who (do not provide any
names):

Have you used or received any other following (tick
all that apply):

[ Carer Allowance

[] FACHSIA

[ NDIS

[ Better Start

[ ATAPS

[ Better Access to Mental Health
[ Chronic disease management

Would you have preferred to receive a paper copy of
this form in the mail instead of completing it online?
Please keep in mind that you would have been required
to mail the form back to the hospital after completing
on paper.

O No - | preferred to complete it online
QO Yes - | would have preferred a paper copy in the

mail

Thank you for taking the time to complete this questionnaire.
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Supplementary Table 1: Concerns Reported by Parents in the PCQ.

Categories of Concerns Example concerns

Attention and focus - Difficulties concentrating or focusing.
- Difficulties following through on tasks at home/school

General behavioural Issues - Sensory seeking behaviours
- Self-stimulatory behaviours
- Sensitivity to stimuli
- Repetitive, restricted or rigid behaviours
- Stimming with objects
- Disruptive behaviour
- Problem behaviour
- Aggressive behaviour
- Emotional meltdowns
- Behaviours involving shutting down not explained by anxiety
- Concerns surrounding behaviour that was not addressed in sensory
restricted/repetitive or externalising behaviour categories.
- Eating non-edible items
- Bed wetting/toilet issues

Development - Concerns about development or developmental delay
- Developmental assessment

Learning/Academic skills - Learning at school
- Reading, writing, mathematics

Medical - Background of medical conditions. For example, fragile X syndrome, a
genetic condition that is associated with learning difficulties.

School readiness - To aid transition/ placement to kindergarten, primary school or high
school
- Appropriate school placement
- Preparation for school

Play and Social Skills - Social skills
- Developing friendships
- Playing with others
- Social communication

Speech and language Speech/ language delays or difficulties, for example:
- Stutter
- Delayed receptive/ expressive language
- Expressive/ receptive communication difficulties

Query NDC concerns (ASD, - Suspected ASD or concerns surrounding ASD.
ID/GDD, ADHD, SLD) - Suspected GDD/IDD or concerns surrounding GDD or intellectual
developmental disabilities.
- Suspected ADHD or concerns surrounding ADHD.
- Suspected SLD or concerns surrounding Specific Learning Disorders
(e.g., Dyslexia).

Note. ADHD = Attention-Deficit/Hyperactivity Disorder, ASD = Autism Spectrum Disorder, GDD = Global Developmental Delay, SLD
= Specific Learning Disorder, ID = Intellectual Developmental Disability. Note: Majority of categories of concern reproduced and
incorporated with permission from Martha Munro®®.
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Supplementary Table 2: Description of Strengths-based Themes Identified within

the PCQ

Strengths Based Themes

Description of Themes

Cognitive and intellectual

Cognitive and intellectual strengths include discrete mental abilities such

as thinking, remembering, and learning.

Social and interpersonal

Social and interpersonal strengths included strengths that required a
relationship or connection with others.

Hobbies and passions

Hobbies and passions were categorised when parents identified that a
child enjoyed the activity, regardless of whether it was noted they were
good at it.

Character and personality

Personality strengths that can be said to describe their children’s
characters in circumstances outside of direct interaction with others,

including being outgoing, independent, honest, and having a great sense

of humour.

Physical Parents frequently listed areas where they felt their children excelled at
or enjoyed physical activities, including gross and fine motor skills, as
well as sport and more general outdoor activities.

Behavioural Behavioural strengths were categorised as those pertaining to concrete

patterns of behaviour, generally outside of interpersonal interactions.

Examples included perseverance, resilience, and being well-behaved.

Note: All themes were reproduced and incorporated with permission from Lorna Hankin’s*

qualitative research (CAN Research).



Supplementary Tables 3-8: Statistical Analyses Tables for MANOVA Significant

Results (Concerns and Strengths in PCQ)

Table 3a. Dependant Variable Descriptive Statistics for Learning and Cognition Concerns

‘Yes’ to Learning ‘No’ to Learning and
and Cognition Concerns Cognition Concerns Raised
Raised (n=54)
(n=73)
BRIEF Domains M SD M SD
Inhibit T scores 60.24 13.01 64.03 10.84
Shift T scores 64.71 14.432 64.51 13.31
Emotional Control T 58.93 2.77 62.79 1.255
scores
Working Memory T 67.16 11.91 69.94 11.93
scores
Plan/Organise T 62.46 10.51 64.94 11.27
scores
GEC T scores 65.53 12.23 70.35 11.46

Table 3b. A two-way MANOVA was conducted on BRIEF domains and parental reported

learning/cognition concerns.

BRIEF F- p-value Np>
Combined Domains statistic
Inhibit T scores 3.03 .084 .024
Shift T scores .006 939 .000
Emotional 3.14 0.79 .025
Control T scores
Working Memory 1.68 .196 013

T scores
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Plan/Organise T 1.62 205 013
scores

GEC T scores 5.07 .026* .039
*Note: These values denote a significant effect of aforementioned T-scores with reported

parental concerns

Table 4a. Dependant Variable Descriptive Statistics for Social and Play Concerns

‘Yes’ to Play and ‘No’ to Play and
Social Concerns Raised Social Concerns Raised
(n=91) (n=36)
BRIEF Domains M SD M SD
Inhibit T scores 66.77 11.07 59.91 12.18
Shift T scores 68.91 12.19 62.93 14.24
Emotional Control T 63.05 11.99 59.59 12.28
scores
Working Memory T 71.36 13.84 67.15 10.97
scores
Plan/Organise T 65.38 9.92 62.78 11.18
scores
GEC T scores 71.66 11.36 65.96 12.06

Table 4b. A two-way MANOVA was conducted on BRIEF domains and parental reported play

and social concerns.

BRIEF F- p-value Np?
Combined Domains statistic

Inhibit T scores 8.611 .004* .064

Shift T scores 4917 .028* .038

Emotional 2.076 152 016
Control T scores

Working Memory 3.251 074 .025
T scores

Plan/Organise T 1.492 224 012
scores
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GEC T scores

5.941

.016*

.045

*Note: These values denote a significant effect of aforementioned T-scores with reported

parental concerns

Table 5a. Dependant Variable Descriptive Statistics for Behavioural Concerns

“Yes’ to Behavioural

Concerns Raised

‘No’ to Behavioural

Concerns Raised

(n=45) (n=82)
BRIEF Domains M SD M SD

Inhibit T scores 66.20 10.77 59.47 12.39

Shift T scores 68.66 12.39 62.41 14.17

Emotional Control T 68 10.23 56.50 11.37
scores

Working Memory T 70.11 12.27 67.37 11.73
scores

Plan/Organise T 65.64 10.38 62.35 11.01
scores

GEC T scores 72.33 10.54 64.97 12.17

Table 5b. A two-way MANOVA was conducted on BRIEF domains and parental reported

Externalising Behavioural concerns.

BRIEF F- p-value Mp
Combined Domains statistic

Inhibit T scores 9.35 .003* .070

Shift T scores 6.10 015% .047

Emotional 31.85 <.001%* 203
Control T scores

Working Memory 1.52 219 012
T scores

Plan/Organise T 2.70 .103 021

SCores
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GEC T scores 11.63 <0.001* .085
*Note: These values denote a significant effect of aforementioned T-scores with reported

parental concerns

Table 6a. Dependant Variable Descriptive Statistics for Behaviours Pertaining to NDC Concerns

Yes’ to Behaviours ‘No’ to Behaviours
Pertaining to Diagnostic Pertaining to Diagnostic
Concerns Concerns
(n=34) (n=93)
BRIEF Domains M SD M SD
Inhibit T scores 67.64 13.07 59.74 11.26
Shift T scores 67.88 12.11 63.44 14.39
Emotional Control T 67.88 12.11 58.54 11.30
scores
Working Memory T 72.05 13.44 66.98 11.13
scores
Plan/Organise T 67.08 11.22 62.21 10.49
scores
GEC T scores 73.17 12.60 65.53 11.31

Table 6b. A two-way MANOVA was conducted on BRIEF domains and parental reported

Behaviours Pertaining to Diagnostic Concerns.

BRIEF F- p-value Np>
Combined Domains statistic

Inhibit T scores 11.23 .001* .082

Shift T scores 2.56 122 .020

Emotional 10.19 .002* .075
Control T scores

Working Memory 4.60 .034* .036
T scores

Plan/Organise T 5.17 .025%* .040
scores
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GEC T scores

10.67

.001*

079

*Note: These values denote a significant effect of aforementioned T-scores with reported

parental concerns

Table 7a. Dependant Variable Descriptive Statistics for Cognitive and Intellectual Strengths

Yes’ to Cognitive

and Intellectual Strengths

‘No’ to Cognitive

and Intellectual Strengths

Raised Raised
(n=67) (n=43)
BRIEF Domains M SD M SD

Inhibit T scores 65.06 12.84 61.10 11.29

Shift T scores 65.16 14.18 63.71 13.93

Emotional Control T 63.81 13.910 58.92 10.81
scores

Working Memory T 69.88 15.50 67.92 9.87
scores

Plan/Organise T 64.67 11.72 63.00 10.10
scores

GEC T scores 69.79 14.09 66.73 0.80

Table 7b. A two-way MANOVA was conducted on BRIEF domains and parental reported

strengths in cognition/intellect.

BRIEF F- p-value Mp
Combined Domains statistic

Inhibit T scores 2.89 .092 .026

Shift T scores 278 .599 .003

Emotional 4.266 .041* .038
Control T scores

Working Memory .656 420 .006
T scores
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Plan/Organise T .633
scores

428

.006

GEC T scores 1.65

202

015

*Note: These values denote a significant effect of aforementioned T-scores with reported

parental strengths.

Table 8a. Dependant Variable Descriptive Statistics for Social and Interpersonal Strengths

“Yes’ to Social and

Interpersonal Strengths

‘No’ to Social and

Interpersonal Strengths

Raised Raised
(n=34) (n=76)
BRIEF Domains M SD M SD

Inhibit T scores 57.00 11.20 65.18 11.57

Shift T scores 59.52 13.45 66.40 13.78

Emotional Control T 57.14 11.02 62.48 12.53
scores

Working Memory T 67.05 12.24 69.42 12.41
scores

Plan/Organise T 61.61 10.87 64.56 10.63
scores

GEC T scores 63.35 11.89 69.97 11.88

Table 8b. A two-way MANOVA was conducted on BRIEF domains and parental reported

strengths in social and interpersonal skills.

BRIEF F- p-value Mp
Combined Domains statistic
Inhibit T scores 11.976 <.001* .100
Shift T scores 5.937 .016* .052
Emotional 4.577 .035% .041
Control T scores
Working Memory 858 356 .008

T scores
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Plan/Organise T 1.780 185 016
scores

GEC T scores 7.282 .008* .063

*Note: These values denote a significant effect of aforementioned T-scores with reported

parental strengths.
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