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ABSTRACT

Autism Spectrum Disorder, which includes previous diagnostic terms such as Asperger
Syndrome, Pervasive Developmental Disorder and High Functioning Autism, is a lifelong
neurodevelopmental disorder that is characterised by persistent deficits in social
communication, difficulties in interaction across multiple contexts, difficulties in non-verbal
communicative behaviours, and the exhibition of unusual behaviours. Given that Autism
Spectrum Disorder is a spectrum disorder, Autism Spectrum Disorder individuals experience
different degrees of signs and symptoms. Given the nature of Autism Spectrum Disorder and
the differing levels of severity, individuals also present with varying cognitive capabilities and
subsequently cognitive abilities (strengths and weaknesses) when assessed on individual
intelligence measures such as the Wechsler Intelligence Scale for Children, which has been
revised multiple times since its inception in 1949. The purpose of this research study is to
investigate the cognitive performance of Autism Spectrum Disorder children assessed on the
Wechsler Intelligence Scale for Children. First, a systematic review was conducted of available
literature and research studies focused on the cognitive performance of Autism Spectrum
Disorder children who have been assessed on the Wechsler Intelligence Scale for Children,
followed by a meta-analysis to investigate the extent to which the performance differences
observed between Autism Spectrum Disorder children and typically developing peers, when
measured on the Wechsler Intelligence Scale for Children, is meaningful. Although a
systematic review of 49 published research studies was undertaken, the meta-analysis included
only 12 studies which focused on comparing the cognitive performance of Autism Spectrum
Disorder and typically developing children. The results revealed that children diagnosed with
Autism Spectrum Disorder, Asperger Syndrome and High Functioning Autism performed the
highest on the Perceptual Reasoning Index and the lowest on the Processing Speed Index.
Although limited data are available on individuals diagnosed with Pervasive Developmental
Disorder, they performed the highest on the Perceptual Organisation Index and the lowest on
the Verbal Comprehension Index. The results also revealed that when taking into account all
the diagnostic terms used, Autism Spectrum Disorder children performed the highest on the
Block Design subtest, followed by the Similarities subtest. They performed the lowest on the
Coding subtest, followed by the Comprehension subtest. The meta-analysis revealed that the
means and standard deviation differences found among the various Wechsler Intelligence Scale
for Children indices between Autism Spectrum Disorder and typically developing children

revealed that the typically developing children who participated in the various studies



performed higher than Autism Spectrum Disorder children across all the Wechsler Intelligence
Scale for Children indices except for the following: The High Functioning Autism children
obtained a slightly higher mean Full-Scale 1Q score than typically developing peers, with a
higher mean Verbal Comprehension Index found on the part of the High Functioning Autism
children. There is practical value in supporting Autism Spectrum Disorder children to reach
their potential and minimising the impact of their diagnosis, as well as its accompanying

difficulties on their scholastic progress and performance.
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CHAPTER 1: INTRODUCTION

1.1  Background to the Research Study and Rationale

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder that primarily
affects communication, social interaction and relationships, and behaviour (Rylaarsdam &
Guemez-Gamboa, 2019). ASD is considered a spectrum disorder, which implies that the
symptoms and severity can vary widely from person to person (Audras-Torrent et al., 2021).
ASD children* may have difficulty understanding social cues, maintaining eye contact, and
engaging in reciprocal conversations (Caron et al., 2004; Matsumoto et al., 2016). They may
also struggle with developing and maintaining meaningful relationships with others, and may
prefer to spend time alone rather than with peers (Kwok et al., 2015). ASD children may also
exhibit repetitive behaviours, such as hand-flapping, rocking back and forth, and repeating
phrases or words (Kercood et al., 2014). These behaviours may be comforting to the child, but
can also interfere with their ability to engage in everyday activities fully. Among the difficulties
experienced by ASD children are cognitive difficulties that require accurate identification so
that appropriate support can be offered. In the identification of these difficulties, individual
intelligence measures, such as the Wechsler Intelligence Scale for Children (WISC), are often
used.

The WISC is a widely used psychological assessment measure, specifically an
individual intelligence measure, which assesses cognitive abilities in children (De Jong, 2023).
The WISC was first published by psychologist David Wechsler in 1949 as a way to assess the
cognitive functioning of children between the ages of 6 years and 0 months, and 16 years and
11 months (Wechsler, 1949). Since its inception, the WISC has undergone several revisions to
improve its accuracy, theoretical grounding, and relevance to modern-day cognitive and
scholastic tasks. The current version of the assessment, namely the Wechsler Intelligence Scale
for Children — Fifth Edition (WISC-V), was published in 2014. The WISC-V includes updated
norms, which means that the assessment measure is based on a more current and representative
sample of children (Wechsler, 2014). One application of the WISC is to assess the cognitive
performance of ASD children. This application can provide valuable insights into the cognitive
strengths and weaknesses experienced by ASD children, which can inform targeted

interventions to support the scholastic functioning and progress of these children. Research has

1 ASD children/ASD individuals is the preferred term used by Autism South Africa and is, therefore, used

throughout the research report.



shown that ASD children often have uneven cognitive profiles, meaning that their abilities in
different areas can vary widely (Mayes & Calhoun, 2003; Oliveras-Rentas et al., 2012; Stack
et al., 2017). As an example, an ASD child may have strong verbal abilities, but struggle with
visual-spatial skills. Alternatively, a child may have strong skills in quantitative and non-verbal
reasoning, but struggle with social communication and verbal comprehension. The WISC is a
useful tool for assessing children’s cognitive abilities and identifying areas of strength and
weakness (Kuehnel et al., 2019). The assessment includes several subtests that measure
different cognitive abilities, such as verbal comprehension, visual-perceptual reasoning, and
processing speed (Willcutt et al., 2013). By administering a variety of subtests, clinicians can
gain a more detailed understanding of a child’s cognitive abilities and tailor interventions to
build strengths while addressing areas of weakness. In addition to identifying cognitive
strengths and weaknesses, the WISC can also provide valuable information about the child’s
learning style and preferences.

However, in South Africa, limited research has been conducted on ASD children
(Sefotho & Onyishi, 2021; Van Schalkwyk et al., 2021), with no published research studies
having investigated their cognitive abilities when measured on individual intelligence
measures such as the WISC. In an article published by Pillay et al. (2021), the importance of
educational systems supporting ASD children in South Africa is highlighted; yet, in order to
do so, it is important that their specific cognitive needs are met. With no published research
studies on the cognitive abilities of ASD children in South Africa, including their cognitive
strengths and difficulties, further research in this area is needed. However, before such research
can be conducted and ASD children in South Africa can be assessed on the WISC to investigate
their cognitive strengths and needs, it is important to understand what research has been done
internationally. This can assist in the development and planning of South African studies on
the assessment of ASD children. In addition, it can provide valuable information on the
cognitive strengths and difficulties of ASD children, and their specific cognitive needs which
should be met in inclusive classrooms so that their educational progress and functioning are
supported. Taking this into consideration, the present research study aimed to systematically
review international research studies that investigated the WISC cognitive performance of
ASD children, and conducted a meta-analysis aimed at investigating the extent to which the
performance differences observed between ASD children and typically developing peers, when

measured on the WISC, is meaningful.



1.2 Aims

The aim of the present research study was to conduct a systematic review of
international literature of published research studies which investigated the cognitive
performance of ASD children, as measured by the WISC. The study was also aimed at
conducting a meta-analysis to investigate the extent to which the performance differences
observed between ASD children and typically developing peers, when measured on the WISC,

is meaningful.

1.3 Research Questions
While considering the aim of the research study, the following research questions were
presented:
1. What does a systematic review of literature reveal about international research that has
been conducted to investigate the cognitive performance (abilities and difficulties) of
ASD children when assessed on the WISC?
2. Does the cognitive performance of ASD children, as assessed by the WISC, differ

meaningfully from that of typically developing peers?

1.4 Concept Clarification
1.4.1 Autism Spectrum Disorder

According to the Diagnostic and Statistical Manual of Mental Disorders (Fifth Edition,
Text Revision) (DSM-5-TR) (American Psychiatric Association [APA], 2022), ASD is a
lifelong neurodevelopmental disorder that is characterised by the following behaviours, namely
persistent deficits in social communication, difficulties in interaction across multiple contexts,
difficulties in non-verbal communicative behaviours, and the exhibition of unusual behaviours.
Furthermore, the DSM-5-TR also includes the following specifiers: With or without an
accompanying intellectual impairment, an accompanying language impairment, whether the
ASD is associated with a known environmental factor or genetic or medical condition, with
comorbid catatonia, or associated with another neurodevelopmental, mental or behavioural

disorder.

1.4.2 Wechsler Intelligence Scale for Children
The WISC is an individual intelligence measure used to assess the cognitive
performance of children between the ages of 6 years and 16 years and 11 months (Dale et al.,

2021;). It has undergone many modifications since the original test released in 1949, with the



most recent version of the WISC, namely WISC-V, released in 2014 (Wechsler, 1949, 2014).

1.4.3 Intelligence and Cognitive Abilities

One of the most widely accepted definitions of intelligence was proposed by
Gottfredson (1997), who defined it as an amalgamation of cognitive abilities, which
include reasoning, problem-solving, planning, abstract thought, understanding complicated
ideas, and experience-based learning. Cognitive abilities are brain-based features required to
complete any task, regardless of the level of difficulty. As opposed to having much to do with
actual information, cognitive abilities have more to do with the processes by which people
learn, remember, solve problems, and pay attention. Specific neural networks support cognitive
abilities (Johnson & Munakata, 2005). For instance, the frontal and temporal lobes (located
behind the forehead) play a major role in memory abilities (Ritchey et al., 2015). Given the
focus of the WISC, this research report is focused more closely on the following cognitive
abilities, namely verbal comprehension, perceptual and visual-spatial reasoning, working

memory, processing speed, and fluid reasoning.

1.5  Outline of the Research Report
1.5.1 Chapter 1

The first chapter introduced this research study, which is focused on the cognitive
abilities and difficulties of ASD children, as measured by the WISC. The chapter provided a
background to the research study, as well as the research rationale, followed by the research
aims and questions. Clarification was given regarding three concepts that are used throughout

the research report.

1.5.2 Chapter 2

The second chapter provides a detailed report on the available literature on the cognitive
abilities and difficulties of ASD children using the WISC. The literature review is focused on
the following areas, namely ASD, including research on the difficulties experienced by ASD
children, the importance of the accurate identification and assessment of ASD children, the
WISC, and South African research conducted with ASD children highlighting the need for

future research.

1.5.3 Chapter 3

In this chapter, a detailed outline is given of the methodology that was used to conduct

4



this research report. The following sections are included in this chapter, namely the aims,
research questions, research design, sample, study identification process, selection of cognitive
domains, data analysis section, and ethical considerations.

1.5.4 Chapter 4

The fourth chapter is focused on presenting the results found in this research report.
This is presented as tables and graphs to illustrate the various mean performances found across
the various articles that were used in the systematic literature review and meta-analysis.
Although a systematic review of 49 published research studies was undertaken, the meta-
analysis included only 12 studies which was focused on comparing the cognitive performance
of ASD and typically developing children.

1.5.,5 Chapter 5
The fifth chapter is focused on discussing and interpreting the results reported in
Chapter 4. The results of this research study are also interpreted in relation to previous

literature.

1.5.6 Chapter 6
The sixth chapter is aimed at discussing the strengths and weaknesses of the current
study. Possible recommendations for individuals working with ASD children are also

considered.



CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

According to the DSM-5-TR (American Psychiatric Association [APA], 2022), ASD is
a lifelong neurodevelopmental disorder that is characterised by the following, namely
persistent deficits in social communication, difficulties in interaction across multiple contexts,
difficulties in non-verbal communicative behaviours, and the exhibition of unusual behaviours.
ASD has no single known cause (Constantino & Charman, 2016). The WISC-V is the latest
version of the WISC assessment tool and is an individual intelligence measure that assesses a
child’s cognitive abilities across primarily five different cognitive domains (Flanagan &
Alfonso, 2017). This literature review expands on these thoughts by firstly examining ASD as
a neurodevelopmental disorder. Secondly, the cognitive difficulties experienced by ASD
children will be highlighted and discussed. This includes an overview of their language,
processing speed, working memory, and visual-spatial and fluid reasoning abilities. Thirdly,
the literature review identifies some of the implications that cognitive difficulties have on ASD
children’s classroom performance. Lastly, the WISC is discussed in more detail, including a
section on the link between the Cattell-Horn—Carroll (CHC) Theory and the various WISC-V

indexes and subtests.

2.2 Autism Spectrum Disorder
2.2.1 Defining and Understanding Autism Spectrum Disorder

According to the DSM-5-TR (APA, 2022), Masi et al. (2017) defines ASD as being a
complex, widespread and multifactorial neurodevelopmental condition, whereby the
foundation for diagnosis is the observation of atypical behaviour, with diagnostic criteria
emphasising limitations in social communication and interaction, and constrained, repetitive
patterns of behaviour, interests or activities. Similarly, Stack et al. (2017) define ASD as a
group of Pervasive Developmental Disorders (PPDs) that are distinguished based on specific
differences and deficits in social communication and understanding. In addition to this,
ASD individuals experience restricted interests and repetitive behaviours. Therefore, the
common themes across literature in defining ASD surround the fact that it is a spectrum
disorder and, therefore, the disorder presents itself in a multilayered way with the emphasis
being placed on the individual’s behaviours and socio-communicative skills.

A neurodevelopmental disorder such as ASD is defined as a disorder of the nervous

system and, therefore, it affects the body’s brain and nerves (D’Souza & Karmiloff-Smith,



2017). A variety of symptoms can be caused by structural, metabolic or electrical abnormalities
in the brain, spinal cord, or other nerves (Tick et al., 2016). The DSM-5-TR (APA, 2022) and
the 1CD-11 (World Health Organisation [WHO], 2022) provide criteria to assist in the
diagnosis of ASD. The DSM-5-TR criteria for the diagnosis of ASD are as follows, with the
first domain stating that the individual should experience impairment in social interaction and
communication, specifically with social and emotional reciprocity, non-verbal communication,
as well as in creating and maintaining relationships (all three specifications need to be met).
The second domain states that the individual should experience abnormal and repetitive
behaviours, interests and activities. Two or more of the following behaviours need to be met,
namely stereotyped speech and behaviour, resistance to change, hypersensitivity or
hyposensitivity to sensory input, and/or fixated interests. The third domain states that these
symptoms and behaviours need to be present in early childhood development. The fourth
domain states that the difficulties experienced by the individual impacts everyday activities
and their functioning in various areas. Lastly, the individual’s symptoms and behaviours are
not better explained by another disorder, such as Intellectual Developmental Disorder (APA,
2022).

The ICD-11 criteria for a diagnosis of ASD are similar. The first domain states that
individuals experience prolonged difficulties in starting and maintaining social communication
and interactions. These difficulties may be manifested in the following ways, namely
inappropriate social communication and understanding of social cues, reduced non-verbal
complimentary behaviours, a lack of social awareness, decreased empathy, and difficulties in
building and maintaining social relationships. The second domain states that the individual
experiences limited, consistent and rigid behavioural, interest or activity patterns. These
behaviours may manifest in the following ways, namely increased distress and decreased
adaptability when routine is broken, extreme compliance to rules, excessive repetitive
behaviours, motor motions that are repetitive and stereotyped, hypersensitivity or
hyposensitivity to sensory input, and/or strong fixations. The third domain states that these
symptoms and behaviours need to be present in early childhood development. Lastly, the
deficits are sufficiently severe to cause impairment in various areas of functioning (WHO,
2022).

As part of the stated diagnostic criteria, the DSM-5-TR (APA, 2022) has also developed
three levels of severity to be considered in the diagnoses of ASD children. Individuals with a
severity level of one need some assistance. When there is no support available to them, their

repetitious behaviours, social skills deficits, and communication difficulties are more



pronounced and visible to others, and will increasingly impact their daily functioning.
Therefore, while this group of ASD children may be able to express themselves verbally, they
can struggle with and often show little interest in social interactions and conversations with
others. Executive functioning difficulties are also present in that ASD children with a severity
level of one often struggle with task switching, flexibility, planning and organisation.
Individuals with a severity level of two need a significant amount of assistance. Even with
appropriate support in place, their lack of social and communication skills, as well as their
repeated behaviours, are visible to the casual observer and interfere quite significantly with
their daily functioning. The latter is further hampered by significant execution functioning
difficulties and struggles in managing change. Individuals with a severity level of three require
extensive support. Their daily lives are significantly hampered by verbal and non-verbal social
and communication difficulties, and atypical, repetitive behaviours. Difficulties with their
executive functions, especially their inflexibility, cause extreme distress, especially when they
are confronted with change (APA, 2022). These three severity levels once again emphasise the
complexity of ASD and highlight the spectrum aspect of the disorder (Hoogenhout & Malcolm-
Smith, 2017). In the same manner that individuals present and experience ASD in various
ways, So too is the aetiology of the disorder ascribed to multiple factors.

ASD is not related to one specific cause, with ongoing research indicating that it is most
likely the result of a combination of genetic and environmental risk factors (Masi et al., 2017).
The Centers for Disease Control and Prevention (CDC) has identified several risk factors for
ASD, some of which are hereditable, for example, chromosomal or genetic disorders, as well
as family history; some are biological, for example, pregnancy or birth complications, as well
as older-aged parents; and others are environmental, for example, exposure to harmful
chemicals and air pollution during pregnancy (CDC, 2014). Given the complexity of the
disorder and the fact that the symptoms and severity thereof vary so vastly, there are likely
many factors that contribute to the development of the disorder.

Owing to its extreme genetic heterogeneity, ASD can result from both heritable and
spontaneous gene variants (Tick et al., 2016). In the past 10 years, multiple genes have been
found to play a role in the severe behavioural, social cognition, and speech deficits that
ASD individuals frequently experience. However, these findings only account for 10%-20%
of ASD cases, and individuals with the same pathogenic variants may experience various levels
of ASD (Rylaarsdam & Guemez-Gamboa, 2019). Common and rare inherited variations have
frequently been linked to research on the genetic causes of ASD. However, it has been found

that additional, non-inherited genetic factors could be connected to trait variation (Kong et al.,
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2018). Even though the complete aetiology of ASD is unclear, familial and twin studies show
a high heritability rate of 60%-90%, suggesting a major genetic component in the development
of the disorder (Pugsley et al., 2022). Similarly, a meta-analysis of twin studies conducted by
Tick et al. (2016) found the estimated heritability of ASD to be in the range of 64%-90%.
Therefore, the impact of genetics on the aetiology of ASD has largely been regarded as a
probable contributing factor.

Through epigenetic mechanisms such as DNA methylation, changes in histone
proteins, and expression of noncoding RNAs, environmental variables can influence the type
and amount of gene expression without altering the DNA sequence. In this manner, they can
be passed on to the next generation of cells or individuals (Perera & Herbstman, 2011). When
developmental important genes are expressed differently during crucial stages of embryo
development, it increases the chance of disorders with genomic imprinting, such as ASD (Foley
et al., 2009; Wang et al., 2008). It has been suggested that none of the environmental variables
alone can cause ASD; rather, a combination of environmental factors may contribute to its
occurrence (Glasson et al., 2004). As a result, the primary explanation for the aetiology of ASD
has been suggested as the interactions between susceptible genes and environmental factors.

Additional prenatal, natal and postnatal risk factors have also been identified as possible
contributing factors to ASD. Prenatal risk factors, such as the pregnant mother’s physical,
mental and emotional well-being, as well as their financial situation, all have a significant
impact on the development and health of a baby (Zhang et al., 2010). Mothers who are
undernourished and struggle with their emotional and physical wellbeing are at risk of giving
birth to a baby who experiences multiple difficulties, including ASD (Hisle-Gorman et al.,
2018). One of the most important risk factors that have also been identified for ASD has been
found as advanced parental age (Durkin et al., 2008; Lee & McGrath, 2015). Maternal and
paternal ages greater than or equal to 34 have been linked to an increased chance of ASD in
their children; however, in other studies, the association between ASD and the ages of both
parents or even one parent has been disproved (Alter et al., 2011; Larsson et al., 2005;
Reichenberg et al., 2006). A natal risk factor that has been investigated to contribute to the
possible causes of ASD includes the umbilical cord being wrapped around the baby’s neck at
birth (Hisle-Gorman et al., 2018). Studies have found that this occurred significantly more
frequently in ASD children (23,2%) compared to controls (6,3%), and it resulted in fetal
anaemia, which can harm the developing brain and cause trauma to the newborn’s central
nervous system if the anaemia is severe or persistent enough (Gardener et al., 2011; Kolevzon

et al., 2007; Zhang et al., 2010). Low birth weight, jaundice, and postnatal infection are some
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of the most commonly considered postnatal risk factors (Gardener et al., 2011; Hultman et al.,
2002). However, considering the prenatal, natal and postnatal risk factors, the postnatal risk
factors were found to be the least concerning (Hisle-Gorman et al., 2018). Additional risk
factors in the development of ASD that are continuously being investigated include
environmental toxins, medications, pregnancy complications, and viral infections (Grabrucker,
2013; Masini et al., 2020). Regardless, the origin and evolution of ASD have been studied for
many years, and yet it remains a controversial point of discussion with a multitude of
contributing factors continually considered and researched.

It is important to be cognisant that while the DSM-5-TR (APA, 2022) refers to ASD,
this term includes conditions that were previously considered separate. The term ‘Autistic
disorder’ is often referred to as ‘Classic Autism’ (Simms, 2017). When individuals are
classified as having an autistic disorder, they are often thought to experience significant
language delays, have difficulty communicating with others, and display unusual behaviours
(Simmons et al., 2009; Tierney et al., 2015). An additional intellectual disability may also be
associated with an autistic disorder (Mefford et al., 2012). Asperger Disorder has been used to
describe less severe symptoms than those thought to be associated with an autistic disorder
(Foley-Nicpon et al., 2012). Social difficulties and unusual habits remain present; however,
there is usually no intellectual disability or language impairment (Klila & Giuliani, 2021).
Lastly, PDD, also known as ‘atypical autism’, is described as a condition in which a person
exhibits some, but not all of the characteristics of Asperger Syndrome or an autistic disorder
(Springer et al., 2013). There could be fewer and less severe symptoms, and the individual
could experience communication and societal difficulties. However, according to the DSM-5-
TR, these terms are no longer being used to describe individuals. Instead, all individuals who
would previously have fallen under one of the above-mentioned terms are now described as
having ASD.

2.2.2 Cognitive Difficulties Experienced by Autism Spectrum Disorder Children

Given the nature of ASD and the differing levels of severity, individuals present with
varying cognitive capabilities and subsequently also cognitive strengths and weaknesses when
assessed on individual intelligence measures such as the WISC. ASD individuals have a variety
of skills and challenges, which can change over time (Dawson et al., 2008). Although some
ASD individuals can live independently, others have significant needs and require ongoing
care and assistance (Baker et al., 2019). ASD affects how people communicate and interact

with the world (Matson et al., 2012). Language is subsequently often seen as being a significant
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difficulty that is experienced by ASD individuals (Springer et al., 2013). However, each ASD
individual has their own strengths and challenges. Regardless, the most common trait shared
by almost all ASD individuals is difficulty in communicating and interacting with people
(Oakley et al., 2022). Depending on the level of severity, this may be exhibited by not speaking
at all, needing longer to process information, or not understanding facial expressions (Oakley
et al., 2022). ASD individuals also engage in repetitive behaviour through recurring thoughts
or behaviour (Masi et al., 2017). They sometimes display these repetitive behaviours out of
enjoyment and other times, these behaviours help them to manage their anxiety (Kercood et
al., 2014). ASD individuals may also find unexpected changes very distressing. Sensory
overload is often also a significant challenge for ASD individuals, where noises, smells, and
bright lights may become very painful and distressing (Hazen et al., 2014). These challenges
can be very confusing for ASD individuals and, more so, ASD children who have not yet
learned how to manage these challenges. These overwhelming challenges may lead to
emotional meltdowns or shutdowns.

Along with the physical, emotional and social challenges experienced by
ASD individuals, they also experience varying degrees of cognitive challenges. An
individual’s cognitive abilities are frequently impacted by ASD in a variety of ways and to
differing degrees. ASD individuals commonly have cognitive strengths such as being able to
pay close attention to fine detail (Bury et al., 2020). They may also experience cognitive
challenges such as delayed executive function skills and difficulties in Theory of Mind (Hajri
et al., 2022). Theory of Mind is the capacity to recognise that others do not possess our ideas
and emotions. It also involves being able to acknowledge that other people have their own
thoughts and emotions, and comprehending how those things influence both our own and their
behaviour (Andreou & Skrimpa, 2020). Although Theory of Mind typically starts to show
around the age of four years, its foundation is laid in infancy (Rakoczy, 2022). Challenges with
Theory of Mind are considered the main reason why many ASD individuals frequently have
difficulty in navigating social situations (Andreou & Skrimpa, 2020). The term ‘executive
function’ describes the higher-order control mechanisms required to direct behaviour in a
dynamic world (Zelazo, 2020). As mentioned earlier in the discussion of the severity levels, it
is common for ASD individuals to experience challenges with the following, namely planning
various tasks, using their working memory to hold onto information in order to use it again,
sustaining attention and being able to shift their attention from one activity to the next, initiating
tasks on their own, controlling their emotions and behaviour, and being flexible by adapting to
changes to their routine (Braconnier & Siper, 2021; Hajri et al., 2022; Mitchell & Ropar, 2004).
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The executive functions can be assessed using various assessments, with the WISC assessment
tool being one of them.

2.2.3 Autism Spectrum Disorder and Language Abilities

Language plays a vital role in expression and communication (Berk, 2015). To
communicate effectively, individuals need to be able to understand what others are saying to
them (Gleason & Ratner, 2022). This can be described as receptive language, specifically
verbal comprehension or listening comprehension (Mcintyre et al., 2017). Effective
communication also relies on the ability to express oneself using both words (oral expression)
and gestures. This form of communication is known as expressive language (Cheung et al.,
2022). Once individuals are able to make use of receptive and expressive language, it is also
important for them to be able to use these language skills in ways that are seen as being socially
appropriate. According to the DSM-5-TR (APA, 2022), in order for a child to be diagnosed
with ASD, they need to experience persistent deficits in social communication and interactions
across various contexts (APA, 2022). Therefore, one of the primary challenges that most often
describes an ASD child is the difficulties they experience in the development of age-
appropriate language skills (Oliveras-Rentas et al., 2012; Tierney et al., 2015).

The cognitive and social growth of ASD children affects their capacity for language
and communication (Geurts & Embrechts, 2008). Some ASD children may be unable to
communicate verbally, while others might have extremely limited verbal communication
abilities (Brignell et al., 2018). Some ASD individuals may have large vocabulary sets and be
able to discuss particular topics in great detail (Brignell et al., 2018). However, many ASD
individuals struggle with word meaning (Dawson et al., 2008). Additionally, they may also
struggle to interpret facial expressions and distinct verbal tones, as well as body language,
appropriately (Mjosund et al., 2015). When these challenges are considered collectively, they
have an impact on how well ASD children interact with others, particularly children their own
age. ASD children who are able to express themselves verbally in age-appropriate ways may
say things that are unrelated to the interactions they are having with other people (Geurts &
Embrechts, 2008). An example of this may be that a child might continually count from one to
five while engaging in a discourse unrelated to numbers. An ASD child may also constantly
repeat phrases they have heard; a condition known as echolalia (Grossi et al., 2013). Some
ASD children have high-pitched, sing-song voices or communicate in robotic ways
(Matsumoto et al., 2016).
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2.2.4  Autism Spectrum Disorder and Processing Speed Abilities

The amount of time it takes an individual to complete a mental task can be characterised
by the cognitive ability of processing speed (O’Brien et al., 2020). Processing speed concerns
how quickly a person can comprehend and respond to information, whether it be visual (letters
and numbers), auditory (linguistic) or physical (movement). Slow processing speed means that
some skills, such as reading, mathematics, listening and taking notes, or having conversations,
will be more challenging than others (Dodonova & Dodonov, 2012). An individual with slow
processing speed may also experience challenges with their executive functions as processing
speed is linked to an individual’s capacity to perform executive functions (Gordon et al., 2018).
As a result, they might find it more difficult to plan, create objectives, make decisions, initiate
tasks, focus and sustain attention.

Many social and non-social behavioural difficulties are seen in ASD. Slower processing
speed is one of the cognitive abilities that can potentially unify the heterogenous profile of
behaviours experienced by ASD individuals (Eack et al., 2013; Faja et al., 2009; Haigh et al.,
2018). A dominant theory regarding the cognitive performance of ASD individuals is that they
“process” their surroundings differently and exhibit a wide range of cognitive strengths and
weaknesses (Lerner et al., 2013). It has been proposed that many ASD children are only able
to process one stimulus at a time, which causes them to become excessively preoccupied with
one activity or one aspect of their environment (Doi et al., 2021). This is frequently evident in
the particular nuances or interests that ASD children pay attention to that are typically
disregarded by others. Additionally, a delayed response to sensory integration may occur in
ASD children as a result of their fragmented perception (Russo et al., 2010). Fragmented
perception refers to the action of seeing things as parts, rather than as a whole concept (Smid
et al., 2013). The fragmentation of the world is a reality for many ASD individuals. Owing to
the difficulties experienced by ASD children to process large amounts of different information
at once, they frequently struggle to “separate” a scene into discrete parts and understand the
concepts, people and surroundings as parts of a larger context. They instead analyse “pieces”
that happen to catch their attention (Russo et al., 2010). Therefore, the slower processing speed

abilities seen in ASD individuals can be related to a number of underlying factors.

2.2.5 Autism Spectrum Disorder and Working Memory Abilities
Focus, following directions, and processing and responding to emotions are all daily
tasks that require the use of executive functions such as working memory. Working memory

is a short-term storage system with a finite capacity for holding onto information while
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processing it mentally (Alloway & Alloway, 2010). Both working memory and other executive
function abilities are essential for learning, working, relating, and other important daily tasks
(Cornoldi & Giofre, 2014).

Research suggests that in comparison to typically developing children controls,
ASD individuals perform worse on tests of working memory, particularly when the tasks rely
heavily on planning, spatial working memory, a heavy workload, increasing task complexity,
and dual tasking (Kercood et al., 2014). A meta-analysis conducted by Wang et al. (2017),
which focused specifically on the working memory capabilities of ASD individuals, found that
they displayed general impairments in working memory. Notably, these individuals’ visual—
spatial working memory was more impaired when compared to their verbal/auditory working
memory. Similarly, Zhang et al. (2020) found that ASD children experienced abnormalities in

their visual-spatial working memory compared to typically developing children.

2.2.6  Autism Spectrum Disorder and Visual-Spatial Abilities

An individual’s capacity to process visual stimuli, discern spatial relationships between
objects, and visualise various situations or images is known as visual-spatial processing
(Radan et al., 2020). Visual-spatial skills allow individuals to orient themselves within the
space that they find themselves (Zhang et al., 2020). They can do so by taking in information
from the world around them and by arranging that visual information in a specific way to make
meaning of what they see. Visual-spatial processing difficulties may be a permanent weakness
as they impair an individual’s capacity to learn, as well as their ability to engage in daily
activities (Liu et al., 2021). A child’s academic success, emotional state, and life skills are all
impacted by their weaknesses in this area. Common signs of visual processing difficulties
include difficulty focusing on visual tasks; being easily distracted by excessive visual stimuli;
difficulty with reading, writing, and Mathematics; as well as difficulty differentiating between
letters, numbers, and symbols; frequent eye strain or rubbing; and a tendency to bump into
objects in the environment (Yilmaz & Yilmaz, 2017).

Research has shown that ASD individuals display a variety of enhanced visual-spatial
cognitive skills (Mitchell & Ropar, 2004). Additionally, it has been found that prior knowledge
does not affect the visual-spatial abilities of ASD individuals as much as it does those who do
not present with ASD (Falter et al., 2008). In this regard, ASD individuals may be able to
evaluate a situation with greater objectivity. ASD individuals tend to focus on detail, which
makes it difficult for them to see the underlying relationship between concepts, people and

surroundings that would add to their understanding of context; however, this focus on detail
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allows them to analyse a visual stimulus and find the detail in the broader stimulus (Falter et
al., 2008). Simmons et al. (2009) compiled the findings of numerous studies and discovered
that ASD individuals performed better on visual search tasks even when the task was made
more difficult, such as in multiple conjunction searches. It has also been hypothesised that
improved Figure Disembedding ability in ASD is caused by higher visual acuity (Brosnan et
al., 2012). Figure Disembedding assesses the ability to locate various figures that are hidden
within a larger shape (Damarla et al., 2010). This hypothesis was supported with the use of
Functional Magnetic Resonance Imaging (fMRI). It was found that ASD individuals displayed
less frontal brain activation while completing Figure Disembedding activities when compared
to those of typically developing individuals (Damarla et al., 2010). These results indicate that
ASD individuals do not need as many resources as typically developing individuals to perform
visual-spatial tasks at the same level. However, in contrast to these findings, a study by Caron
et al. (2004) found that ASD individuals did not display superior visual-spatial abilities when
compared to typically developing individuals.

2.2.7 Autism Spectrum Disorder and Fluid Reasoning Abilities

A psychologist named Raymond Cattell split our conceptualisation of human
intelligence into two categories, namely fluid reasoning and crystallised intelligence. The
capacity to make use of previously acquired abilities and information is referred to as
crystallised intelligence (Cattell, 1963). Utilising crystallised intelligence requires the recall of
prior knowledge and abilities (Schipolowski et al., 2014). Fluid reasoning is the ability to think
logically and to solve problems in new situations without heavy reliance on prior knowledge
and learning (Partanen et al., 2020). The process of fluid reasoning entails recognising novel
patterns. Examples of the application of fluid intelligence include the ability to solve puzzles,
devise solutions to novel issues, identify trends in data, and engage in speculative philosophical
thinking (Ferrer et al., 2009).

It has long been believed that fluid intelligence reaches its peak in an individual’s late
20s before progressively declining. Although it is likely linked to the deterioration of
neurological functioning, fluid intelligence may also deteriorate as one matures and uses it less
frequently (Cacioppo & Freberg, 2018). Children’s ability to analyse situations is improved by
learning to comprehend and identify these patterns, which enhances both their academic and
everyday performance (Ferrer et al., 2009). Children’s ability to receive and process new
knowledge is influenced by their capacity for fluid reasoning. It gives them the ability to handle

complicated problems by thinking creatively. Therefore, fluid reasoning is a vital ability that
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individuals make use of daily. Although there appears to be limited research in this regard, a
study by Hayashi et al. (2008) found that children with Asperger Syndrome performed better
than typically developing peers on activities that rely on fluid reasoning. Similarly, a study
conducted by Chen et al. (2010) found that individuals with Asperger Syndrome, as well as
those with Autism, display superior fluid reasoning performance.

2.2.8 The Implications of Autism Spectrum Disorder Children’s Cognitive Difficulties on

Classroom Performance

ASD is a multifaceted disorder that can have a significant impact on a child’s cognitive
and emotional growth, creating substantial challenges for them in school. Early identification
and management are essential to reducing the extent to which ASD may create challenges in
the classroom, especially with relation to cognitive functioning (Zwaigenbaum et al., 2015).
ASD children can receive the information and assistance they need to build self-management
skills that will help them manage the difficulties they may have in the classroom when they
receive early diagnosis and intervention. It has been recommended that parents and caregivers
communicate to young children about their difficulties in order to foster a sense of acceptance
and to further their familiarity regarding their diagnosis (Lord et al., 2020). Additionally, early
intervention ought to emphasise the importance of executive functioning abilities that will help
them finish tasks in the classroom more readily, including abilities such as task initiation, self-
monitoring, and set changing (Stahmer et al., 2005).

ASD individuals frequently struggle with interpersonal relationships and
communication. These difficulties can make it challenging for ASD children to participate in
group activities, participate in conversations, and follow the teacher’s instructions in the
classroom (Watkins et al., 2017). They could struggle to comprehend the social norms that
apply in a school context, such as taking turns and non-verbal cues. This might subsequently
result in ASD children having trouble understanding the directions given by teachers, which
can impair their ability to accomplish assignments and comprehend what is being demonstrated
in class (Weiss et al., 2011). Deficits in executive functioning may make it difficult to maintain
sustained attention and focus on tasks that require the child to switch between projects, staying
organised, and managing multiple thoughts (Shmulsky & Gobbo, 2013). These executive
functioning abilities are crucial in the classroom, but can be challenging for certain
ASD children to achieve. ASD children could have trouble keeping track of their assignments
and organising their thoughts, or they might struggle to switch between work in several

academic areas.
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Although being diagnosed with ASD can affect a child’s academic performance in a
number of different ways, the cognitive and social difficulties it may bring about can be
addressed with early detection and intervention. ASD children can receive the support and help
that they need to progress in the classroom provided teachers are aware of the challenges that
may occur, as well as possible strategies that can be used to address them.

2.3 Wechsler Intelligence Scale for Children

The first edition of the WISC was published in 1949 as a downward extension of an
adult individual intelligence measure, called the Wechsler Adult Intelligence Scale (WAIS)
(Wechsler, 1949). The WAIS has been normed to assess individuals from 16 years and 11
months to 90 years and 11 months (Siegel et al., 1996). Therefore, the WISC was created to
assess individuals that are between 6 years 0 months and 16 years 11 months (Wechsler, 2014).
The WISC has undergone many modifications since the original test. A revised edition was
released in 1974 as the WISC-R and a third edition, namely the WISC-I11, was published in
1991, followed by the production of the WISC-1V in 2003 (Canivez et al., 2018; Nader et al.,
2015). The fifth edition, namely WISC-V, is the most recent edition of the WISC scales, which
was published in 2014 (Wechsler, 2014). The various versions of the WISC have
been redesigned to account for the Flynn effect. The Flynn effect refers to the increase in scores
on standardised individual intelligence measures that have been shown throughout time
(Williams, 2013). Research found that the increase in scores on individual intelligence
measures was not merely limited to a group or nation, but that the manifestation of the increased
scores was rather dependent on time and place (Wicherts et al., 2004). Therefore, the
sequentially updated versions of the WISC ensured that the norms of these measures do not
become outdated, as well as ensuring that they are representative of the current population.
Modifications to the questions are among further upgrades and improvements to the WISC to
decrease their bias against females, as well as individuals from minority groups (Giofré et al.,
2017; Watkins et al., 2021). Updated materials also ensured that the administration of the test
is more useful and efficient. Therefore, the evolution of the various WISC versions has ensured
more optimal and accurate testing.

The subtests of the WISC were originally categorised into two sections, namely Verbal
and Performance. The Verbal section comprised the following subtests, namely General
Information, General Comprehension, Arithmetic, Similarities, Vocabulary, and Digit Span.
Whereas the Performance section comprised Picture Completion, Picture Arrangement, Block

Design, Object Assembly, Coding, and Mazes (Kaufman, 1975).
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The WISC-R was created as a result of a nearly 25-year analysis of the original WISC
(Kaufman, 1979). The revised version encompassed several changes to the application and
scoring of the subtests. The subtests containing Number Sequencing, Coding and Mazes were
kept the same. However, the Picture Completion subtest was altered due to finding a need that
it was necessary for the items of the subtests to be more attention-grabbing for the children
while completing the subtest (Ottem, 1999). The same 12 subtests that were used in the WISC
were used in the WISC-R. However, the order of application changed to the following, namely
General Information, Picture Completion, Similarities, Picture Arrangement, Arithmetic,
Block Design, Vocabulary, Object Assembly, General Comprehension, Coding, Digit Span,
and Mazes (Slate et al., 1992). The primary goal of the WISC-111 was to recreate the norms for
the same age range as in the WISC-R (Kezer & Arik, 2012). Additional reasons for revising
the WISC included strengthening the items, enhancing the content of the test and subtests, and
handling the factor structure differently (Kezer & Arik, 2012).

The WISC-I11 was guaranteed to enhance the WISC-R while maintaining the basic
structure and content of the WISC. This was done by incorporating modern and representative
norms, better subtest floors and ceilings, new artwork and items sensitive to multicultural and
gender differences, and improved factor structure (Little, 1992). The overall WISC-I11 was
enhanced as the items were made to be more colourful than the previous versions. The items
were also designed to be more sensitive toward racial and gender discrimination (Kezer &
Arik, 2012). Although many of the WISC-I11 properties remained the same as in the WISC-R,
some alterations were made to the structure of the assessment. The WISC-I11 brought with it a
new subtest that measured processing speed. Additionally, four index scores were used in the
WISC-I11, namely the Verbal Comprehension Index (\VCl), the Processing Speed Index (PSI),
the Freedom from Distractibility Factor (FFD), and the Perceptual Organisation Index (POI)
(Nader et al., 2015). The structure of the WISC-111 comprised six subtests that formed part of
the Verbal section and seven subtests that formed part of the Performance section (Little, 1992).
The Number Sequence, Symbol Search and Mazes subtests were regarded as alternate subtests
among these (Little, 1992).

Similar to the previous versions, the WISC-1V was revised for the age range six years
and 0 months to 16 years and 11 months (Wechsler, 2003). The WISC-IV introduced a few
significant changes in the subtests and the layout of the indexes. Four index scores were
substituted for the performance and verbal 1Q scores in accordance with the findings of earlier
factor analyses (Baum et al., 2015). These four indexes included the VCI, the Perceptual
Reasoning Index (PRI), the Working Memory Index (WMI), and the PSI (Wechsler, 2003).
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The following subtest modifications were made from the WISC-I11I to the WISC-1V, namely
the Object Assembly, Picture Arrangement and Mazes subtests that were in the WISC-I111 were
excluded from the test in the fourth revision of the WISC (Baron, 2005). In addition to this,
five new subtests were added to the WISC-IV. Therefore, the revised version included
15 subtests comprising 10 core subtests and five supplementary subtests. The three subtests
that were removed from the assessment tool all measured an individual’s problem-solving
abilities. It was found that the Picture Arrangement and Object Assembly subtests relied
heavily on response time and that the Mazes subtest had noticeably weak reliability and
validity. It was, therefore, decided that it would be beneficial to remove these subtests (Baron,
2005; Donders, 1996). The following 15 subtests formed part of the WISC-1V, namely the VVCI
subtests, which comprised Similarities, Vocabulary, Comprehension, Information, and Word
Reasoning; the PRI subtests, which comprised Block Design, Picture Concepts, Matrix
Reasoning, and Picture Completion; the WMI subtests comprising Digit Span, Letter—Number
Sequencing, and Arithmetic; and the PSI subtests comprising Coding, Symbol Search, and
Cancellation (Wechsler, 2003). The changes made in the WISC-1V brought about positive and
beneficial alterations that improved the validity of the assessment, replaced outdated items,
updated the norm groups, and increased cultural fairness (Kaufman et al., 2006).

The most updated version, namely the WISC-V, is still normed for ages 6 years and
0 months to 16 years and 11 months (Wechsler, 2014). The revision goals for the WISC-V
included updating the theoretical foundations, increasing user-friendliness, increasing
developmental appropriateness of the measure for various cultural groups, improving the
psychometric properties of the assessment measure, and enhancing its clinical utility (Flanagan
& Alfonso, 2017; MacAllister et al., 2019; Raiford, 2017). The integrated features of the
WISC-V include the following, namely that the WISC-V remains targeted and flexible by
allowing one to select the relevant subtests to ensure that the referral question is addressed, that
the WISC-V provides a measure that broadens the conceptual coverage of working memory
and allows one to assess how well the individual is able to apply working memory in specific
domains, both of which are essential for making recommendations, that the WISC-V can better
evaluate a child who experiences expressive language difficulties, and lastly, that the WISC-V
enables one to develop and evaluate hypotheses as to why a child may be experiencing
difficulties in a particular cognitive area (Cormier et al., 2016; Flanagan & Alfonso, 2017,
Holdnack et al., 2016; Weiss et al., 2019). Therefore, theoretically, the WISC has become more
useful in targeting and answering specific questions related to a child’s cognitive functioning

and the abilities that underlie it. In terms of its structure, the WISC-V comprises five primary
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indexes that measure specific cognitive abilities. These include the following, namely the VClI,
Fluid Reasoning Index (FRI), Visual-Spatial Index (VSI), WMI, and PSI. Each of the five
primary indexes is calculated based on a child’s performance on two primary subtests per index
(Wechsler, 2014).

2.3.1 The Cattell-Horn—Carroll Theory

The CHC Theory is a theoretical model that closely represents the foundational ideas
of the WISC-V (Scheiber, 2016). It is based on a hierarchical model that conceptualises and
divides a person’s cognitive abilities across three layers or strata. The third stratum measures
a person’s general underlying cognitive functioning, represented by Spearman’s general
intelligence factor (g). While the second stratum represents 16 broad abilities, the first
represents the further division of these broad abilities into more than 80 narrow abilities (Abu-
Hamour & Al Hmouz, 2020).

The CHC Theory assists in interpreting the results of the WISC-V, with five of the
broad abilities being represented by the five primary indexes, and the narrow abilities being
represented and measured by specific subtests within these indexes (Zaboski et al., 2018). The
VCI coincides with verbal comprehension and acquired knowledge or crystallised intelligence
(Gc), the VSI coincides with visual processing (Gv), the FRI coincides with fluid intelligence
(Gf), the PSI coincides with processing speed (Gs), and the WMI coincides with short-term
and working memory (Gsm). In addition to those five broad abilities, the WISC-V also offers
the option to yield a sixth (supplementary) scale, namely Symbol Translation, which is
representative of long-term storage and retrieval (Glr). The Full-Scale 1Q (FSIQ) corresponds
to the Stratum Ill general ability factor or g (Beaujean et al., 2014; Breaux et al., 2017,
Caemmerer et al., 2018; Grégoire, 2017).

According to the CHC Theory, the broad ability (Gc) that encompasses the VCI
comprises two narrow abilities, namely KO (General Verbal Information) and VL (Lexical
Knowledge) (Kaufman et al., 2016). The WISC-V VCI comprises the following primary
subtests, namely Similarities and VVocabulary. The Similarities subtest assesses the capacity for
verbal abstract thought and reasoning, as well as the understanding of links between concepts,
ideas or symbols (Becker et al., 2021). The two narrow abilities that are assessed by the
Similarities subtest includes lexical knowledge, as well as induction (which is typically a
narrow ability of Gf) (Flanagan & Alfonso, 2017). The Vocabulary subtest assesses
one’s capacity for comprehending and defining words. It measures a person’s capacity for

association and the ability to link concepts (Zayat et al., 2011). The narrow ability that is
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assessed by the VVocabulary subtest is lexical knowledge (Flanagan & Alfonso, 2017).

According to the CHC Theory, the broad ability (Gv) that encompasses the VSI
comprises two narrow abilities, namely Vz (Visualisation) and MV (Visual Memory)
(Kaufman et al., 2016). The WISC-V VSI comprises the following primary subtests, namely
Block Design and Visual Puzzles. The Block Design subtest requires individuals to use red and
white blocks to duplicate a design pattern that is depicted as a visual stimulus (Soto & Kraper,
2013). For the Visual Puzzles subtest, the individual is required to put the puzzle pieces in the
right order to make the image that is displayed in the stimulus (Breaux et al., 2017). Both
subtests require an individual to organise information and solve problems using their visual
perception abilities. Therefore, both primary subtests measure the same narrow ability — Vz
(Flanagan & Alfonso, 2017).

According to the CHC Theory, the broad ability (Gf) that encompasses the FRI
comprises three narrow abilities, namely I (Induction), RG (General Sequential Reasoning) and
RQ (Quantitative Reasoning) (Kaufman et al., 2016). The WISC-V FRI comprises the
following primary subtests, namely Figure Weights and Matrix Reasoning. The
Matrix Reasoning subtest assesses an individual’s ability to recognise relationships between
patterns, whereas the Figure Weights subtest requires an individual to figure out which item
from a group of items is unique and has the highest weighting. Both of these subtests are
regarded as non-verbal and have a strong relationship to both academic success and overall
intelligence (Lecerf & Canivez, 2018). The narrow ability that is assessed by the
Matrix Reasoning subtest includes induction. The Figure Weights subtest assesses both RG
and RQ (Flanagan & Alfonso, 2017).

According to the CHC Theory, the broad ability (Gs) that encompasses the PSI
comprises three narrow abilities, namely R9 (rate of Test-Taking), P (Perceptual Speed) and N
(Naming Speed Quantity) (Kaufman et al., 2016). The WISC-V PSI comprises the following
primary subtests, namely Coding and Symbol Search. On the Coding subtest, the individual is
given a set of numbers and is required to complete a code correctly in a limited amount of time.
To solve the code accurately, one must have the capacity to assimilate information fluidly and
manipulate the given numbers (Mayes et al., 2017). The narrow ability that is assessed by the
Coding subtest is R9 (Flanagan & Alfonso, 2017). On the Symbol Search subtest, the candidate
is required to rapidly identify and compare symbols to determine which ones are similar and
which ones are different. In order to draw logical conclusions and make judgements, this calls
for both fluent processing and analytical thinking (Zaboski Il et al., 2018). The narrow ability
that is assessed by the Symbol Search subtest is P (Flanagan & Alfonso, 2017).
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According to the CHC Theory, the broad ability (Gsm) that encompasses the WMI
comprises two narrow abilities, namely MS (Memory Span), and MW (Working Memory
Capacity) (Kaufman et al., 2016). The WISC-V WMI comprises the following primary
subtests, namely Picture Span and Digit Span. The Picture Span subtest evaluates sequencing
and visual working memory, while the Digit Span subtest measures auditory working memory.
The narrow abilities that are assessed by the Digit Span and Picture Span subtests both include
MS and MW (Flanagan & Alfonso, 2017).

2.4  Conclusion

Given the complexity of ASD and the fact that the symptoms and the severity thereof
vary so vastly, there may be many factors that contribute to the development of the disorder.
ASD individuals have a variety of skills and challenges, which can change over time (Dawson
et al., 2008). They also present a range of different cognitive abilities, strengths and weaknesses
and, therefore, also varying cognitive profiles when assessed using individual intelligence
measures such as the WISC. The cognitive difficulties experienced by ASD children may
impact their classroom performance. It is, therefore, vital to have a clear understanding of their
cognitive strengths and weaknesses in order to help them optimise their learning. As
mentioned, this research study comprises a systematic review of the literature, followed by a
meta-analysis of the cognitive performance of ASD children using the WISC. In light of this,
this study intended to examine the cognitive performance of ASD children. The following

chapter will give an overview of the procedure employed to conduct this research study.
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CHAPTER 3: RESEARCH PROCEDURE AND METHODS

3.1 Introduction

This chapter provides an overview of the procedure that was followed to conduct the
research study. First, the research aims are highlighted. Secondly, the research questions are
discussed. This is followed by a discussion on the research design within which the study was
conducted. Fourthly, a description of the articles is given, followed by a detailed discussion on
the study identification process. The focus is then placed on the selection of cognitive domains
that were analysed during the study.

3.2 Research Aims

The aim of the present research study was to conduct a systematic review of
international literature of published research studies which investigated the cognitive
performance of ASD children as measured by the WISC. In addition, the study also aimed to
conduct a meta-analysis to investigate the extent to which the performance differences
observed between ASD children and typically developing peers, when measured on the WISC,

is meaningful.

3.3 Research Questions
While considering the aim of the research study, the following research questions were
presented:
1. What does a systematic review of literature reveal about international research that has
been conducted to investigate the cognitive performance (abilities and difficulties) of
ASD children when assessed on the WISC?
2. Does the cognitive performance of ASD children, as assessed by the WISC, differ

meaningfully from that of typically developing peers?

3.4  Research Design

First, a systematic review of the literature was conducted. Systematic literature reviews
are carefully designed studies that use an organised and explicit process for determining,
selecting and critically assessing the findings of studies related to a specific topic (Tawfik et
al., 2019).

A meta-analysis was then conducted to compare the cognitive performance of

ASD children with that of typically developing peers, as assessed by the WISC. A meta-
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analysis is a quantitative, formal, epidemiological study design that is used to quantitatively
and methodically evaluate prior research studies in order to draw conclusions about that
collection of knowledge (Esmaili et al., 2010). When conclusions are drawn from a pattern of
findings across several studies, such as those of a meta-analysis, they are supported by more
convincing evidence than if they were drawn from a single research study (Ahn & Kang, 2018).

Meta-analyses and systematic literature reviews are useful methods for combining
previous data, although they do have some methodological flaws. The possibility of publication
bias, where studies with statistically significant results are more likely to be published, is a
severe constraint because it could cause the effect size in the meta-analysis to be overestimated
(Glasson et al., 2004). Furthermore, the included studies' quality can vary greatly, producing
heterogeneity that could jeopardise the overall conclusions' validity (Masi et al., 2017).
Researcher bias may be introduced throughout the study selection and data extraction
processes, which might be subjective. The representation of the available evidence may also
be incomplete if non-English research is excluded. The comparability required for a successful
meta-analysis may also be hampered by inherent differences in study designs, demographics,
and procedures among the included studies. These weaknesses were addressed in the present
study in the following ways: Publication bias was accounted for by only including high-quality
studies regardless of novelty or unexciting results (Tawfik et al., 2019). Heterogeneity was
accounted for by having clearly defined inclusion and exclusion criteria. Although multiple
researchers weren’t involved in the study selection process, the methodology and decision-

making process was clearly documented to enhance transparency and replicability.

3.5  Study Identification: Inclusion and Exclusion Criteria
The systematic review made use of a set of initial criteria to identify relevant articles
according to their abstracts. The following initial inclusion criteria were used:

1. The full-text article was published in English.

2. The article reported on the cognitive performance of ASD children using any of the
following search terms, namely ‘Autism’, ‘Autism Spectrum Disorder’, ‘Asperger
Syndrome/Disorder’, ‘High Functioning Autism (HFA)’, ‘Pervasive Developmental
Disorder-Not Otherwise Specified (PDD-NOS)’ and ‘High Functioning Pervasive
Developmental Disorder (HFPDD)’.

3. The cognitive performance was measured using any of the WISC versions.

4. The article was published in a peer-reviewed journal.

5. The article made use of a quantitative or mixed-methods approach.
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6. The article population comprised both males and/or females.
7. The article population’s age range was between 6 years 0 months and 16 years 11
months.

Once the articles that met the initial inclusion criteria were identified and those that did
not were excluded, they were screened by reading through the full text of the article using
the following narrowing-down criteria:

1. The article included WISC scores comprising means and standard deviations.

2. Thearticle clearly separated the WISC and WAIS scores if both instruments were used.

A total of 3691 children were included in the systematic review when taking into account
all of the children across the 49 primary articles that were identified. Of the 3 691 children,
57,65% (n = 2128) were diagnosed as having ASD, 14,87% (n = 549) were diagnosed as having
Asperger Syndrome (AS), 9,02% (n = 333) were diagnosed as having Autism, 7,5% (n = 277)
were diagnosed as having HFA, 4,9% (n = 181) were diagnosed as having PDD-NOS and
6,04% (n = 223) were diagnosed as having HFPDD. Of the 49 articles, 12 were included in the
meta-analysis as they involved comparisons between ASD children (n = 483, 39,82%) and

children who were considered typically developing (n = 730, 60,18%).

3.6  Search Strategy

A search for published, peer-reviewed research studies that met the inclusion criteria
were primarily undertaken on a number of databases, including Pubmed, ERIC, EBSCO, and
Psychinfo databases. In this search, specific search terms and subject delimiters were used,
including Autism Spectrum Disorder OR ASD OR pervasive developmental disorder OR
Asperger disorder OR Autism* OR Asperger* OR Pervasive Development* OR autistic
disorder OR Asperger syndrome AND WISC-* OR Wechsler Intelligence Scale OR Wechsler
Intelligence Scale for Children. The initial search yielded 1 618 articles. The comprehensive
databases yielded the results as follows, namely Pubmed (n = 689 articles), ERIC (n =
76 articles), EBSCO (n = 251 articles), and Psychinfo (n = 602 articles). A total of 163 duplicate
articles were removed manually based on a title match method. Once the 163 duplicate articles
were removed, 1 455 articles were screened and assessed for eligibility by means of reading
through the abstracts of the articles using the above-mentioned initial inclusion criteria.

A total of 1 300 articles were excluded as they did not meet the initial inclusion criteria.
Once these articles were excluded, 155 articles were assessed by manual review of the full text.

Next, a thorough search was conducted by examining the reference lists of the 155 identified

25



articles to locate studies that were not included in the initial pool. A total of 11 additional
studies were identified. Therefore, 166 articles were identified as meeting the initial inclusion
criteria. The 166 articles were screened by means of reading through the full text of the article
using the narrowing-down criteria. After applying the narrowing-down criteria, 117 articles
were excluded. Forty-nine articles met all inclusion criteria and were included in the systematic

review, with 12 of these being included in the meta-analysis.
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database search in =
1618}

1 N Duplicate records based on tithe match (n= 163}
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Figure 3.1: Selection Criteria Procedure

3.7  Selection of Cognitive Domains

As newer versions of the WISC were released, the indexes changed as each successive
edition of the WISC had been re-normed. The subtests of the original WISC were organised
into Verbal and Performance scales, and provided scores for Verbal 1Q (VIQ), Performance 1Q
(P1Q), and Full-Scale 1Q (FSIQ). The revised edition of the WISC featured the same subtests
as the original WISC. The third edition introduced a new subtest to measure processing speed.
Overall, the WISC-I11I provided scores for VIQ, PIQ, and FSIQ, in addition to the VCI, the
POI, the FFD, and the PSI. The WISC-1V comprised 15 subtests which consisted of four
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different indexes, namely the VVCI, PRI, WMI, and PSI. Lastly, the WISC-V comprises the
following indexes, namely the VCI, WMI, VSI, the Fluid Reasoning Index (FRI), and PSI.
During the course of the systematic literature review, means and standard deviations for the
following indexes were obtained, namely the VCI, WMI, PSI, FRI, VSI, PRI, FFD, and POI.
Where available, the means and standard deviations of the FSIQ and P1Q were also included.

Together with the mentioned indexes, the systematic literature review also revealed
15 subtests, from various versions of the WISC, that were either a particular group of
participants’ highest or lowest-scoring subtests. These 15 subtests are mentioned and discussed
in more depth below.

For Verbal Comprehension, which is a measure of a child’s crystalised reasoning and

language abilities, four subtests were identified (Muthoni, 2017; Toffalini et al., 2017):

1. Similarities: This subtest primarily measures a child’s ability to apply verbal
abstract reasoning in identifying the underlying conceptual relationship between
two words. Within the context of CHC Theory, it, therefore, measures inductive
reasoning, as well as lexical or word knowledge.

2. Vocabulary: This subtest primarily measures a child’s word knowledge, learning
ability, verbal expressive language, evidence of environmental stimulation, and the
ability to retain knowledge. Within the context of CHC Theory, it, therefore,
measures lexical or word knowledge.

3. Information: This subtest primarily measures a child’s ability to recall long-term
facts. It also measures a child’s ability to acquire, retain and retrieve general factual
knowledge. Within the context of CHC Theory, it, therefore, measures lexical or
word knowledge.

4. Comprehension: This subtest primarily measures a child’s understanding of
general principles and social situations, knowledge of conventional standards of
behaviour, and common knowledge. Within the context of CHC Theory, it,

therefore, measures general verbal information, and lexical or word knowledge.

For Perceptual Reasoning and Visual-Spatial Reasoning, which is a measure of a
child’s visual-spatial abilities and visual-motor integration, two subtests were identified
(Radan et al., 2020; Toffalini et al., 2017):

1. Block Design: This subtest primarily measures a child’s non-verbal abstract

reasoning ability, visual organisation and spatial perception with visual motor

coordination. Within the context of CHC Theory, it, therefore, measures visual

27



processing.

2. Visual Puzzles: This subtest primarily measures a child’s visual and spatial
reasoning, mental rotation, visual working memory, and analysis and synthesis of
abstract visual stimuli. Within the context of CHC Theory, it, therefore, measures

visual processing.

For Fluid Reasoning, which is a measure of a child’s ability to detect the underlying
conceptual relationship among visual objects and to use reasoning to identify and apply rules,
three subtests were identified (Dombrowski et al., 2021; Ferrer et al., 2009):

1. Matrix Reasoning: This subtest primarily measures a child’s visual information
processing, visual abstract reasoning, and visual inductive reasoning. Within the
context of CHC Theory, it, therefore, measures induction.

2. Arithmetic: This subtest primarily measures a child’s auditory short-term memory
working with meaningful material and basic computational skills. Within the
context of CHC Theory, it, therefore, measures, quantitative reasoning, and
working memory capacity.

3. Picture Concepts: This subtest primarily measures a child’s abstract categorical
reasoning. Within the context of CHC Theory, it, therefore, measures, general
verbal information and induction.

While the Figure Weights subtest has been included as a primary FRI subtest in the

WISC-V, this was not identified as either a highest- or lowest-scoring subtest in the systematic

literature review.

For Working Memory, which is the measure of a child’s ability to register, maintain,
and manipulate visual and auditory information in conscious awareness, two subtests were
identified (Audras-Torrent et al., 2021; Toffalini et al., 2017):

1. Digit Span: This subtest primarily measures a child’s ability to recall auditory
short-term information, auditory sequencing, and the transformation of information
through mental manipulation. Within the context of CHC Theory, it, therefore,
measures, working memory capacity and memory span.

2. Letter—Number Sequencing: This subtest primarily measures a child’s ability to
mentally manipulate auditory information. Within the context of CHC Theory, it,
therefore, measures working memory capacity.

Similar to the Figure Weights subtest, the Picture Span subtest has also been included in the
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WISC-V as a subtest within the WMI; however, is not included here as it was not identified as

either a highest- or lowest-scoring subtest in the systematic literature review.

For Processing Speed, which is a measure of a child’s speed and accuracy of visual

identification, decision-making, and decision implementation, two subtests were identified:

1. Coding: This subtest primarily measures a child’s fine motor coordination,
processing speed, visual scanning ability, short-term memory, learning ability, and
cognitive flexibility. Within the context of CHC Theory, it, therefore, measures,
rate of test taking.

2. Symbol Search: This subtest primarily measures a child’s visual memory, cognitive
flexibility, and visual discrimination. Within the context of CHC Theory, it,
therefore, measures perceptual speed.

Two additional subtests were identified and included the following:

1. Picture Arrangement: This subtest primarily measures a child’s motor reasoning and
visual anticipation. Within the context of CHC Theory, it, therefore, measures
induction.

2. Object Assembly: This subtest primarily measures a child’s visual-motor skills in
puzzle construction. Within the context of CHC Theory, it, therefore, measures
visualisation.

Therefore, the 15 subtests mentioned above were found to be either the lowest-scoring

or highest-scoring WISC subtest among ASD children.

3.8  Statistical Analysis: Systematic Review and Meta-Analysis

The systematic review yielded 49 articles which met the inclusion criteria to investigate
the cognitive performance of children diagnosed with ASD as measured by the WISC. The
data collected were captured on an Excel spreadsheet. Two annexures are included comprising
the primary articles that were included in the systematic review. Annexure A provides a
summary of the means and standard deviations of various indexes that were measured by
different WISC versions. The number of participants (only those diagnosed with ASD) that
were included in the studies, their ages, as well as the participants’ diagnoses, are also included
in the tables in the annexures. Annexure B provides a summary of the highest- and lowest-
scoring subtests found among the 49 articles, as measured by various WISC versions.
Additionally, Annexure C provides a summary of the 12 articles that were included in the meta-

analysis comparing the cognitive performance of ASD to typically developing children using

29



various WISC versions. The data obtained were analysed using a Cohen’s d formula, which
rendered effect sizes. These effect sizes were interpreted according to the guidelines provided
by Lakens (2013) where 0.2 = small effect, 0.5 = moderate effect, and 0.8 = large effect. The
higher the effect size, the more practically meaningful the differences are. The information
provided in Annexures A-C were used to examine and investigate the research questions.

3.9  Ethical Considerations

This systematic review and meta-analysis study was exempt from ethics approval as
the researcher of this study collected and synthesised data from previous studies in which
informed consent had already been obtained by the researchers. Although no ethics approval
was required, a systematic review and meta-analysis research study follows the same ethical
protocols as other studies. The research process must be thorough, make use of the high-quality
data available, address the key research questions, provide an accurate statistical analysis,
effectively communicate the findings, and produce beneficial outcomes (lzudi et al., 2018;
Wager & Wiffen, 2011).

3.10 Conclusion

An outline of the procedure used to conduct this research study was given in the
methods chapter. The study design, sample of participants, study identification process,
cognitive domains used, as well as tables containing all of the analysed data were illustrated in
this chapter. The following chapter is focused on the findings of this chapter, which informs

the discussion chapter (Chapter 5).

CHAPTER 4: RESULTS

4.1 Introduction

An in-depth understanding of the information gathered during the systematic literature
review and meta-analysis process is provided in this chapter. As part of the systematic literature
review and in answering the first research question, the 49 primary articles that were selected
as a result of meeting the inclusion criteria were tabulated and subsequently broken down and
analysed to answer the relevant research questions. The data were analysed manually using
Excel to create and calculate tables and graphs. To answer the second research question and to
determine whether the cognitive performance of ASD children, as assessed by the WISC, differ

meaningfully from that of typically developing peers, 12 articles were included in the meta-
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analysis. The data obtained from these 12 articles were analysed with a Cohen’s d formula.
This allowed for the calculation of a Cohen’s d effect size, which is an indication of the
standardised difference between the mean scores obtained for ASD children and the mean
scores obtained for their typically developing peers.

As noted in the tables mentioned in the previous chapter (Annexures A-C), not all the
articles included results on all of the WISC indexes. Therefore, the information presented in
tables and graphs in this chapter accounts for all the participants whose data was presented in
the articles. The various indexes were measured by different versions of the WISC. First, the
mean performance on various WISC indexes across all the diagnostic terms of ASD is
provided. Secondly, the mean performance on various WISC indexes is analysed by examining
each diagnostic term individually, namely ASD, Asperger Syndrome, PDD, and HFA.
Thereafter, the highest- and lowest-performed subtests across all the diagnostic terms of ASD
are examined. Finally, the Cohen’s d effect sizes that were calculated as part of the meta-

analysis are presented.

4.2  Mean Performance of all Autism Spectrum Disorder Children across Wechsler

Intelligence Scale for Children Indexes

Table 4.1 presents the mean performance of the ASD children, diagnosed with various
terms, who participated in the studies reported on in the 49 selected articles that were included
in the systematic literature review. For each of the indexes, the mean performance of the
ASD children were calculated (which are displayed first), as well as the mean standard
deviations, listed here in descending order of performance. In the calculation of the ASD
children’s performance on the PRI, scores from 17 groups of participants were included. The
average mean score for this index is 104.09 (SD = 15.14). In the calculation of the VSI, the
scores of nine groups of participants were included (M = 99.39; SD = 16.95); in the VCI, the
scores of 58 groups of participants (M = 97.32; SD = 14.57); in the POI, the scores of 12 groups
of participants (M = 96.32; SD = 15.20); in the FRI, the scores of five groups of participants
(M =95.61; SD =17.59); in the FSIQ, the scores of 62 groups of participants (M = 94.87; SD =
16.02); in the FFD, the scores of 12 groups of participants (M = 94.68; SD = 18.92); in the P1Q),
the scores of 32 groups of participants (M = 94.19; SD = 16.23); in the WMI, the scores of
27 groups of participants (M = 93.79; SD = 16.27); and in the PSI, the scores of 37 groups of
participants (M = 90.05; SD = 14.79). Therefore, overall, the highest-performing index when
taking into account all four of the diagnostic terms was the PRI and the lowest-performing

index was the PSI.
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Table 4.1: The mean performance on various Wechsler Intelligence Scale for Children indexes
across all the diagnostic terms for Autism Spectrum Disorder

F5IQ VI WHMI Psl FRI V&I PRI FIQ) FFD POI

Performance® 94837 9732 9317 80.03 95.61 9039 10400 9419 0468 RE6.32

(16.02) (1757 (1827 (1497%)  (17.53%) (1683 (15.14) (16.23) (18.%I) (1319

*Performance is presented as the mean index score and standard deviation
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Figure 4.1: The mean performance on various Wechsler Intelligence Scale for Children indexes

across all four diagnostic terms for Autism Spectrum Disorder

4.3  Mean Performance of Children Diagnosed with Autism Spectrum Disorder across

Wechsler Intelligence Scale for Children Indexes

Table 4.2 considers the scores of children diagnosed specifically with ASD. The
children’s mean performance on the various indexes, as well as the mean standard deviations
for each of these indexes, were calculated and are listed in descending order of performance.
In the calculation of the PRI, the scores of 14 groups of participants (M = 100.39; SD = 15.39)
were included; in the VSI, the scores of seven groups of participants (M = 96.86; SD = 17.47)
were included; in the FRI, the scores of five groups of participants (M = 95.67; SD = 17.59)
were included; in the VVCI, the scores of 34 groups of participants (M = 92.47; SD = 18.55)
were included; in the POI, the scores of five groups of participants (M = 91.94; SD = 16.15)
were included; in the WMI, the scores of 20 groups of participants (M = 91.83; SD = 16.93)
were included; in the FSIQ, the scores of 34 groups of participants (M = 89.13; SD = 17.11)
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were included; in the P1Q, the scores of 10 groups of participants (M = 86.61; SD = 17.52)
were included; in the FFD, the scores of five groups of participants (M = 88.60; SD = 18.36)
were included; and in the PSI, the scores of 25 groups of participants (M = 88.19; SD = 15.38)
were included. Therefore, considering the available data, the highest-performing index when
taking into account individuals diagnosed with ASD was the PRI and the lowest-performing

index was the PSI.

Table 4.2: The mean performance on various Wechsler Intelligence Scale for Children indexes
by individuals diagnosed with Autism Spectrum Disorder

F51Q Wl Wi Psl FRI Vsl PRI P FFD POI

Performance® 89.15 92.47 01.83 £8.19 95.61 96.86 100.32 8661 88.60 91.94
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Figure 4.2: The mean performance on various Wechsler Intelligence Scale for Children indexes

by individuals diagnosed with Autism Spectrum Disorder

4.4  Mean Performance of Children Diagnosed with Asperger Syndrome across
Wechsler Intelligence Scale for Children Indexes
Table 4.3 considers information from all the articles that reported on participants who
were diagnosed with Asperger Syndrome. The children’s mean performance on the various

indexes, as well as the mean standard deviations for each index was calculated and is reported
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on in descending order. In the calculation of the PRI, the scores of one group of participants
(M = 125.75; SD = 13.90) were included; in the VCI, the scores of 11 groups of participants
(M =110.05; SD = 15.79) were included; in the VSI, the scores of two groups of participants
(M = 108.25; SD = 15.15) were included; in the FSIQ, the scores of 15 groups of participants
(M = 103.33; SD = 15.37) were included; in the POI, the scores of two groups of participants
(M =101.80; SD = 16.15) were included; in the FFD, the scores of two groups of participants
(M =100.69; SD = 21.51) were included; in the WMI, the scores of three groups of participants
(M =100.33; SD = 13.18) were included; in the PIQ, the scores of 12 groups of participants
(M =96.70; SD = 17.05) were included; and in the PSI, the scores of four groups of participants
(M =89.87; SD = 12.30) were included. None of the articles that reported on children diagnosed
with Asperger Syndrome included FRI scores. Therefore, considering the available data, the
highest-performing index when taking into account individuals diagnosed with
Asperger Syndrome was the PRI and the lowest-performing index was the PSI.

Table 4.3: The mean performance on various Wechsler Intelligence Scale for Children indexes

by individuals diagnosed with Asperger Syndrome

FsIQ VCl Wl P5l FRI VSl PRI PIQy FFD POI
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Figure 2.3: The mean performance on various Wechsler Intelligence Scale for Children indexes

34



by individuals diagnosed with Asperger syndrome

45 Mean Performance of Children Diagnosed with Pervasive Developmental

Disorder across Wechsler Intelligence Scale for Children Indexes

Table 4.4 considers the performance of participants who were diagnosed with
PDP across various WISC indexes. The mean performance on the various indexes, as well as
the mean standard deviations for each index, was found to be the following, listed in descending
order of performance: In the calculations of the POI, the scores of five groups of participants
(M =98.52; SD = 14.59) were included; in the FFD, the scores of five groups of participants
(M =98.36; SD = 18.45) were included; in the P1Q, the scores of five groups of participants
(M =97.91; SD = 14.56) were included; in the PSI, the scores of four groups of participants
(M =97.75; SD = 14.15) were included; in the FSIQ, the scores of five groups of participants
(M =95.88; SD = 14.42) were included; and in the VVCI, the scores of five groups of participants
(M =95.26; SD = 17.19) were included. None of the articles included WMI, FRI, VSI or PRI
scores for individuals diagnosed with PDD. Therefore, considering the available data, the
highest-performing index when taking into account individuals diagnosed with PDD was the

POI and the lowest-performing index was the VVCI.

Table 4.4: The mean performance on various Wechsler Intelligence Scale for Children indexes

FsiQ vCl WMl PsI FRI Vsl PRI PIQ FFD POI
Performance* 0588 9526 NA 97.75  NA NA NA 97.91 9836 0852
(14.42) (17.19) (14.15) (14.56) (18.45) (14.59)
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Mean Performance

by individuals diagnosed with Pervasive Developmental Disorder

*Performance is presented as the mean index score and standard deviation
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Figure 4.4: The mean performance on various Wechsler Intelligence Scale for Children indexes

by individuals diagnosed with Pervasive Developmental Disorder

4.6  Mean Performance of Children Diagnosed with High Functioning Autism across

Wechsler Intelligence Scale for Children Indexes

Table 4.5 considers all the articles that reported on participants who were diagnosed
with HFA. The mean performance on the various indexes, as well as the mean standard
deviations for each index was found to be the following, listed in descending order of
performance: In calculating the PRI, the score of two groups of participants (M = 119.22;
SD = 14.01) were included; in the FSIQ, the score of eight groups of participants (M = 101.91;
SD = 13.89) were included; in the VVCI, the score of eight groups of participants (M = 101.76;
SD = 16.1) were included; in the PI1Q, the score of four groups of participants (M = 100.30;
SD = 13.29) were included; in the WMI, the score of four groups of participants (M = 98.64;
SD = 15.26) were included; and in the PSI, the score of four groups of participants (M = 92.05;
SD = 14.25) were included. None of the articles included FRI, VSI, FFD or POI scores for
individuals diagnosed with HFA. Therefore, considering the available data, the highest-
performing index when taking into account individuals diagnosed with HFA was the PRI and

the lowest-performing index was the PSI.
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Table 4.5: The mean performance on various Wechsler Intelligence Scale for Children indexes
by individuals diagnosed with High Functioning Autism

Fsia vl WM Psi FRI Vsl PRI PIQ FFD POI
Performance* 10191 10176 9864  92.05 NA NA 11922 1003 NA NA
(13.89) (161} (15.26) (14.25) {14.04) (13.29)

*Performance is presented as the mean index score and standard deviation
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Figure 4.5: The mean performance on various Wechsler Intelligence Scale for Children indexes

by individuals diagnosed with High Functioning Autism

4.7  Performance of Autism Spectrum Disorder Children on Specific Wechsler
Intelligence Scale for Children Indexes
The graphs below separate the children’s (diagnosed with various terms) performance
across the different WISC-V indexes. By highlighting the children’s performance on the
different indexes, one is able to compare how individuals with various ASD diagnoses may

have different cognitive profiles.
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Figure 4.6: The mean Full-Scale 1Q performance across all four diagnostic terms for Autism

Spectrum Disorder

Based on the calculations done and the information presented in Figure 4.6, the highest
average mean FSIQ score (M = 103.33) was obtained by children diagnosed with
Asperger Syndrome, followed by children diagnosed with HFA (M = 101.91), children
diagnosed with PDD (M = 95.88) and then children diagnosed with ASD (M = 89.13).
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Figure 4.7: The mean Verbal Comprehension Index performance across all four diagnostic

terms for Autism Spectrum Disorder

Based on the calculations done and the information presented in Figure 4.7, the highest
average mean VCI score (M = 110.05) was obtained by children diagnosed with Asperger
Syndrome, followed by children diagnosed with HFA (M = 101.76), children diagnosed with
PDD (M = 95.26) and then children diagnosed with ASD (M = 92.47).
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Figure 4.8: The mean Working Memory Index performance across all four diagnostic terms for

Autism Spectrum Disorder

Based on the calculations done and the information presented in Figure 4.8, the highest
average mean WMI score (M = 100.33) was obtained by children diagnosed with Asperger
Syndrome, followed by children diagnosed with HFA (M = 98.64) and then children diagnosed
with ASD (M = 91.83).
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Figure 4.9: The mean Processing Speed Index performance across all four diagnostic terms for
Autism Spectrum Disorder

Based on the calculations done and the information presented in Figure 4.9, the highest
average mean PSI score (M = 92.05) was obtained by children diagnosed with HFA, followed
by children diagnosed with Asperger Syndrome (M = 89.87) and then children diagnosed with
ASD (M = 88.19).
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Figure 4.10: The mean Fluid Reasoning Index performance across all four diagnostic terms

for Autism Spectrum Disorder

Based on the calculations done and the information presented in Figure 4.10, the only
data captured for the average mean FRI score (M =95.61) was obtained by children diagnosed
with ASD.
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The mean Visual-Spatial Index performance across all four diagnostic terms for

Autism Spectrum Disorder

Based on the calculations done and the information presented in Figure 4.11, the highest

average mean FSIQ score (M = 108.25) was obtained by children diagnosed with

Asperger Syndrome, followed by children diagnosed with ASD (M = 96.86).
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The mean Perceptual Reasoning Index performance across all four diagnostic

terms for Autism Spectrum Disorder

Based on the calculations done and the information presented in Figure 4.12, the highest

average mean PRI score (M = 125.75) was obtained by children diagnosed with
Asperger Syndrome, followed by children diagnosed with HFA (M = 119.22) and then children
diagnosed with ASD (M = 100.39).
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Figure 4.13:  The mean Performance 1Q performance across all four diagnostic terms for

Autism Spectrum Disorder

Based on the calculations done and the information presented in Figure 4.13, the highest
average mean PIQ score (M = 100.3) was obtained by children diagnosed with HFA, followed
by children diagnosed with PDD (M = 97.91), children diagnosed with Asperger Syndrome
(M =96.7) and then children diagnosed with ASD (M = 86.61).
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Figure 4.14:  The mean Freedom from Distractibility Factor performance across all four

diagnostic terms for Autism Spectrum Disorder

Based on the calculations done and the information presented in Figure 4.14, the highest
average mean FFD score (M = 100.69) was obtained by children diagnosed with Asperger
Syndrome, followed by children diagnosed with PDD (M = 98.36), and then children diagnosed
with ASD (M = 88.6).
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Figure 4.15: The mean Perceptional Organisational Index performance across all four

diagnostic terms for Autism Spectrum Disorder

Based on the calculations done and the information presented in Figure 4.15, the highest
average mean POl score (M = 101.8) was obtained by children diagnosed with
Asperger Syndrome, followed by children diagnosed with PDD (M = 98.52) and then children
diagnosed with ASD (M =91.94).

As noted in the graphs above, individuals diagnosed with Asperger Syndrome
performed the highest on the FSIQ, VCI, WMI, VSI, FRI, FFD and POI. Additionally,
individuals diagnosed with HFA performed the highest on the PSI and P1Q. ASD individuals

performed the lowest on all the indexes.

4.8  Performance of Individuals across the Four Diagnostic Terms for Autism
Spectrum Disorder
The graph below displays the highest- and lowest-performed subtests across all four of
the diagnostic terms for Autism Spectrum Disorder. By highlighting the highest- and lowest-
performed subtests, one is able to compare how individuals with various ASD diagnoses may

perform on these subtests that assess different cognitive abilities.
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Figure 4.16:  3The highest- and lowest-performed subtests across all four diagnostic terms for

Autism Spectrum Disorder

Based on the information presented in Figure 4.16, when considering all four of the
diagnostic terms used across the 49 articles, the lowest-performed subtest was the
Coding subtest, followed by the Comprehension subtest. The highest-performed subtest was

the Block Design subtest, followed by the Similarities subtest.

4.9 A Meta-Analysis Comparing Autism Spectrum Disorder and Typically

Developing Children

Based on the information in Annexure D, comparisons between the means and standard
deviations of two groups of participants diagnosed with HFA and ASD, respectively, and their
typically developing peers, revealed no large effect sizes when assessed on the WISC-R and
WISC-I11. However, a moderate effect size (d = -0.53) was noted in comparing the PIQ means
and standard deviations of a group of ASD participants with typically developing peers. In this
study, the mean of the ASD participants (M = 101.08) was lower than that of their typically
developing peers (M = 108.44). The remaining score comparisons for this group of
ASD participants and typically developing peers only revealed small effect sizes.

When comparing the WISC-IV means and standard deviations of eight groups of

participants diagnosed with either HFA or ASD and typically developing peers, 19 large and
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one moderate effect sizes were identified. Of the 19 large effect sizes that were found, four
large effect sizes were noted in comparing the FSIQ means and standard deviations of
ASD participants with typically developing peers (2016-study, d = -1.47; 2017b study, d = -
0.81; 2019b study, d =-2.26; 2020 study, d = -2.35), and one large effect size (2017 a study, d
=-1.05) in comparing the FSIQ means and standard deviation of a group of HFA participants
with typically developing peers. The moderate effect size (d = 0.6) was found in a 2021 study
which compared HFA participants with typically developing peers. In all instances where large
effect sizes were identified, the means of the ASD and HFA participants were lower than their
typically developing peers. In comparison, the mentioned 2021 study revealed a higher mean
for the HFA participants (M = 110.16) than for their typically developing peers.

With reference to the VCI, five large effect sizes were noted in comparing the
VCI means and standard deviations of groups of HFA and ASD participants with typically
developing peers. The remaining effect sizes were all < 0.5. Of these, three large effect sizes
(2016 study, d =-1.67; 2017b study, d =-0.98; 2019b study, d =-2.02) were noted in comparing
the VCI means and standard deviations of ASD participants with typically developing peers
and two large effect sizes (2017a study, d = -1.27; 2021 study, d = 0.84) noted in comparing
the VCI means and standard deviations of HFA participants with typically developing peers.
Again, within these groups, the means of the ASD and HFA participants were lower than that
of typically developing peers, aside from the above-mentioned 2021 study, where the
VCI mean of the HFA participants (M = 111) was higher than that of their comparison group
(M =103.15).

In comparing the means and standard deviations of groups of ASD participants with
typically developing peers on the WMI, a large effect size (2019b study, d = -1.11) was noted
in a study comparing the performance of specifically ASD participants with typically
developing peers. The mean of the ASD participants (M = 85.2) was lower than that of their
comparison group (M = 99.56). In addition, one moderate effect size was noted (2016 study, d
=-0.76), with the mean WMI score of the ASD participants (M = 87) again lower than that of
their typically developing peers (M = 99.9).

With reference to the PSI, six large effect sizes were noted in comparing the PSI means
and standard deviations of groups of HFA and ASD participants with typically developing
peers (2016 study, d = -1.29; 2017a study, d = -1.44; 2017b study, d = -1.01; 2019a study, d
=-0.82; 2019b study d = -1.82; 2021 study d = -1.75). Of these six large effect sizes, four large
effect sizes (2016 study, d =-1.29; 2017b study, d =-1.01; 2019a study, d =-0.82; 2019b study

d =-1.82) were noted in comparing the PSI means and standard deviations of ASD participants
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with typically developing peers and two large effect sizes (2017a study, d = -1.44; 2021 study
d =-1.75) noted in comparing the PSI means and standard deviations of HFA participants with
typically developing peers. Again, within these groups, the means of the ASD and
HFA participants were lower than that of typically developing peers. The remaining effect size
was a moderate effect size (2014 study, d = -0.71), with the mean PSI score of the
ASD participants (M = 97.4) again lower than that of their typically developing peers (M =
105).

With reference to the PRI, two large effect sizes were noted in comparing the
PRI means and standard deviations of groups of HFA and ASD participants with typically
developing peers (2016 study, d = -1.09; 2019b study, d = -1.74). Both of these large effect
sizes were noted in comparing the PRI means and standard deviations of ASD participants with
typically developing peers. In addition, one moderate effect size was noted (2014 study, d = -
0.68). The remaining effect sizes were all < 0.5. In all instances identified, the means of the
ASD and HFA participants were lower than their typically developing peers.

When comparing the WISC-V means and standard deviations of two groups of
participants diagnosed with either HFA or ASD and typically developing peers, seven large
and three moderate effect sizes were identified. The remaining effect sizes were all < 0.5. With
reference to the FSIQ, two large effect sizes were noted in comparing the FSIQ means and
standard deviations of groups of HFA and ASD participants with typically developing peers
(2021 study, d = -2.11; 2022 study, d = -0.91). Both of these large effect sizes were noted in
comparing the PRI means and standard deviations of ASD participants with typically
developing peers. In addition, one moderate effect size was noted (2021 study, d = -0.51).
Again, within these groups, the means of the ASD participants were lower than that of typically
developing peers.

With reference to the VCI, one large effect size was noted in comparing the FSIQ means
and standard deviations of groups of HFA and ASD participants with typically developing
peers (2021 study, d = -1.86) with the mean VCI score of the ASD participants (M = 80.4)
again lower than that of their typically developing peers (M = 104.8). The remaining effect
sizes were all < 0.5, with the means of the ASD and HFA participants being lower than their
typically developing peers. With reference to the WMI, one large effect size was noted in
comparing the WMI means and standard deviations of groups of HFA and ASD participants
with typically developing peers (2021 study, d = -1.94), with the mean WMI score of the
ASD participants (M = 77.6) being lower than that of their typically developing peers (M =
104.3). In addition, one moderate effect size was noted (2021 study, d = -0.68), with the mean
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WMI score of the ASD participants (M = 95.4) being lower than that of their typically
developing peers (M = 104.3).

With reference to the PSI, one large effect size was noted in comparing the PSI means
and standard deviations of groups of HFA and ASD participants with typically developing
peers (2021 study, d = -1.42), with the mean PSI score of the ASD participants (M = 89.4)
being lower than that of their typically developing peers (M = 98). In addition, one moderate
effect size was noted (2021 study, d = -0.55), with the mean PSI score of the ASD participants
(M =89.4) being lower than that of their typically developing peers (M = 98). With reference
to the VSI, one large effect size was noted in comparing the VSI means and standard deviations
of groups of HFA and ASD participants with typically developing peers (2021 study, d = -
1.27), with the mean VSI score of the ASD participants (M = 82.8) being lower than that of
their typically developing peers (M = 103.4). In addition, one small effect size was noted (2021
study, d = -0.18). With reference to the FRI, one large effect size was noted in comparing the
FRI means and standard deviations of groups of HFA and ASD participants with typically
developing peers (2021 study, d = -1.14), with the mean FRI score of the ASD participants (M
=100.9) being lower than that of their typically developing peers (M = 103.5). In addition, one
small effect size was noted (2021 study, d =-0.19).

4.10 Conclusion

The results chapter provided an overview of the various cognitive abilities of
individuals diagnosed with ASD, Asperger Syndrome, PDD and HFA. The mean performance
on various WISC indexes was calculated and compared. Not all of the 49 articles included in
the systematic literature review reported on every index and, therefore, only those that did
report were used to calculate the relevant mean index performances. Although no data were
available for some of the indexes, it was found that the different groups of ASD participants
performed the highest on the PRI and the lowest on the PSI. These two indexes were found to
be the highest- and lowest-performed indexes for three of the four diagnoses. It was found that
individuals who were diagnosed with PDD performed the highest on the POI and the lowest
on the VCI. However, it should be noted that there was no PRI data for this group. The mean
performance across all the diagnostic terms indicated that individuals diagnosed with
Asperger Syndrome and HFA had the highest cognitive profiles and those with an
ASD diagnosis displayed the lowest cognitive performance. When comparing the subtests
across all four diagnoses, it was found that the different groups of ASD participants performed

the lowest on the Coding subtest, followed by the Comprehension subtest. In comparison, they
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performed the highest on the Block Design subtest, followed by the Similarities subtest.
Although 49 articles were included in the systematic literature review, only 12 articles were
included in the meta-analysis comparing the means and standard deviations of different groups
of ASD children with typically developing children. Within the meta-analysis, comparisons
between the means and standard deviations of HFA and ASD children and their typically
developing peers, using the WISC-R, WISC-I111, WISC-1V and WISC-V, revealed a total of 26
large effect sizes, and five moderate effect sizes were identified in comparing the means and
standard deviations scores of ASD children with typically developing children. The remaining
score comparisons revealed only small effect sizes. The following chapter provides an in-depth
discussion of the results found in the systematic literature review and the meta-analysis.
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CHAPTER 5: DISCUSSION

5.1 Introduction

Numerous articles investigating the cognitive performance of ASD children have been
written over the past few decades, with most being published from 2010 onwards. Professionals
are also becoming more familiar with the disorder, which has assisted in an increase in
literature on ASD profiles. There is a substantial amount of available literature on the cognitive
profiles of ASD children and although some of the studies report similar findings, others found
contradicting results. The cognitive profiles of ASD children remain a popular topic of
discussion and investigation. Although there appears to be a lot of literature on the cognitive
profiles of ASD children, there, however, seems to be no published systematic literature review
and meta-analysis on the cognitive performance of children diagnosed with ASD using the
WISC.

The primary aim of this research study was to gain a greater understanding of the
cognitive performance of children diagnosed with ASD as assessed by the WISC. This was
done by examining the vast literature available on ASD children. Furthermore, the study aimed
to investigate ASD children’s cognitive strengths and weaknesses when considering the
different diagnostic terms used over the years. After a thorough review of available literature
using various inclusion and exclusion criteria, 49 published articles were selected to form part
of the initial review. Of this, 12 articles were included in a meta-analysis to compare the results
of ASD children and typically developing peers.

The research study considered all the data presented in the 49 articles, as assessed by
the various WISC versions. The WISC versions ranged from the WISC-R to the WISC-V.
Additionally, across the 49 articles, four diagnostic terms were identified, namely ASD,
Asperger Syndrome, PDD and HFA. Therefore, these diagnostic terms were used to investigate
the children’s cognitive performance. The mean scores for the different WISC indexes were
accounted for from each article to calculate the overall means, as displayed in the results. It
should be noted that not all the articles used in the systematic literature review and meta-
analysis had data for all the indexes that were included in the study. Nonetheless, the children’s
performance across the following indexes were investigated, namely FSIQ, VCI, WMI, PSI,
FRI, VSI, PRI, PIQ, FFD and POI, as well as the FSIQ. The highest- and lowest-performed
subtests were also considered. Finally, the meta-analysis compared the results of various
groups of ASD participants with typically developing peers to investigate the extent to which

the performance differences observed between ASD children and typically developing peers,
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when measured on the WISC, is meaningful. The following sections discuss the results found
in order to answer the research questions. Within the context of the CHC Theory, discussed in

Chapter 2, the discussion is divided across the different cognitive domains assessed.

5.2  The Overall General Cognitive Ability, as Captured by the Full-Scale 1Q

The findings of the systematic literature review revealed that the mean FSIQ score of
ASD children, across all four diagnostic terms, who participated in the various studies, fell
within the Average range. Within the context of CHC Theory, this implies that their general
underlying cognitive ability, as assessed by the WISC FSIQ, presents as age-appropriately
developed. However, further analysis revealed that while the mean FSIQ scores of the different
groups diagnosed with Asperger Syndrome, HFA and PDD fell in the Average range, the mean
FSIQ score of children diagnosed specifically with ASD fell in the upper limits of the
Low Average range. As such, the mean FSIQ score of the ASD children was, therefore, slightly
lower than that of their counterparts diagnosed with Asperger Syndrome, HFA or PDD. In
addition, results from the meta-analysis revealed strong and meaningful differences in the
FSIQ means and standard deviations of seven of the 12 studies that included comparisons
between ASD and typically developing children. Five of these compared the
WISC performance of specifically ASD children and their typically developing peers (Dale et
al., 2022; Li et al; 2017; Nader et al., 2016; Rabiee et al., 2019, Rabiee et al., 2020), one the
WISC performance of ASD children with specified language impairments and typically
developing children (Dale et al., 2021) and another, the WISC performance of HFA children
and their typically developing peers (Li et al., 2017a). A moderately strong difference was also
found in a study comparing the WISC FSIQ means and standard deviations of HFA children
and typically developing peers (Operto et al., 2021). While the results from this study by
Operto et al. (2021) revealed that the HFA children obtained a slightly higher mean FSIQ score
than typically developing peers, the results from the remaining studies revealed higher mean
FSIQ scores on the part of the typically developing children.

Therefore, despite the difficulties that ASD children present with in the literature
(Dawson et al., 2008; Mjosund et al., 2015; Russo et al., 2010; Zhang et al., 2010), which can
potentially impact their scholastic functioning, as discussed in Chapter 2, the results from a
systematic literature review investigating their cognitive performance, as assessed by the
WISC, indicate that their averaged underlying cognitive ability falls in the upper limits of the
Low Average and Average ranges. However, with the meta-analysis revealing a number of

meaningful differences when comparing the FSI1Q performance of ASD and HFA to typically
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developing children, predominantly in favour of the latter, there is still concern that the general
underlying cognitive performance of ASD children are impacted by the difficulties related to
their diagnoses. If one considers the large effect sizes that supported this finding, there is
practical value in supporting ASD children to reach their potential and minimising the impact
of their diagnosis and its accompanying difficulties on their scholastic progress and
performance.

It is noteworthy that among the different diagnostic terms ascribed to children on the
Autism spectrum, children with Asperger Syndrome obtained the highest FSIQ mean score.
This can likely be attributed to the consensus that children with Asperger Syndrome display
less severe symptoms than those thought to be associated with other ASD diagnoses (Chen et
al., 2010; Foley-Nicpon et al., 2012; Spring et al., 2013). In comparison, children diagnosed
with ASD obtained the lowest mean FSIQ score. As stipulated in the DSM-5-TR (APA, 2022),
ASD can include children with varying levels of severity, which may have impacted the scores
of this group of children.

While the WISC FSIQ provides an indication of a child’s general underlying cognitive
functioning, an analysis of different indexes and subtests provides a more in-depth look at their
cognitive strengths and weaknesses, which needs to be considered in tailoring classroom

interventions.

5.3  The Overall Language Abilities, as captured by the Verbal Comprehension Index

As noted in Chapter 2, in order for a child to be diagnosed with ASD, they need to
experience persistent deficits in social communication and interactions across various contexts
(APA, 2022). Therefore, one of the primary challenges that most often describes an ASD child
is the difficulties they experience in the development of age-appropriate language skills. The
findings of the systematic literature review revealed that the mean VVCI score of ASD children,
diagnosed with PDD, HFA and ASD, who participated in the various studies, fell within the
Average range. The systematic literature review also revealed that the ASD children who
participated in the various studies and who had been diagnosed with Asperger Syndrome
performed within the High Average range on the VCI. This is a compelling finding as the
literature noted in Chapter 2 suggests that children on the Autism spectrum display difficulties
with language and the ability to recognise and express verbal cues (Saalasti et al., 2008). This
may again emphasise the fact that children on the Autism spectrum display a wide range of
cognitive abilities and difficulties. The participants who were diagnosed with PDD performed
the lowest in the VCI. Within the context of CHC Theory, this implies that PDD, HFA and
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ASD children’s general verbal and lexical knowledge abilities are age-appropriately
developed, whereas those diagnosed with Asperger Syndrome display a slightly more
developed ability to access and apply acquired word knowledge. As such, the mean VVCI score
of the Asperger Syndrome children was, therefore, slightly higher than that of their
counterparts diagnosed with Asperger Syndrome, HFA or PDD. Asperger Disorder has been
used to describe less severe symptoms than those thought to be associated with the other
diagnostic terms and could, therefore, act as an explanation for the results found (Foley-Nicpon
et al., 2012).

In addition, results from the meta-analysis revealed strong and meaningful differences
in the VCI means and standard deviations of six of the 12 studies that included comparisons
between ASD and typically developing children. Four of these compared the
WISC performance of specifically ASD children and their typically developing peers (Dale et
al., 2021; Li et al., 2017b; Nader et al., 2016; Rabiee et al., 2019), with one being of the
WISC performance of ASD children with specified language impairments and typically
developing children (Dale et al., 2021). Two of these compared the WISC performance of
specifically HFA children and their typically developing peers (Li et al., 2017a; Operto et al.,
2021). The results from the studies revealed higher mean VVCI scores on the part of the typically
developing children. However, the study conducted by Operto et al. (2021) revealed a higher
mean VCI on the part of the HFA children.

Furthermore, the Similarities subtest was found to be the second highest-performed
subtest among ASD children. The Similarities subtest forms part of the core subtests that make
up the VCI, therefore, it is interesting to note that the Similarities subtest was the second
highest-performed subtest when the VCI posed as a difficulty for individuals diagnosed with
PDD. This could be due to the fact that the number of individuals diagnosed with PDD was
less than those diagnosed with the other diagnostic terms for ASD. Additionally, Springer et
al. (2013) define PDD as a disorder that causes communication and societal difficulties. As
noted in Chapter 2, Oliveras-Rentas et al. (2012) attributed the pattern of higher
Similarities scores to the suggestion that ASD children can more consistently demonstrate their
talents when asked to give succinct verbal responses or finish untimed, motor-free non-verbal
tasks. The Comprehension subtest was found to be the second lowest-performed subtest among
all the individuals accounted for across the 49 articles. The Comprehension subtest forms part
of the VCI, but is not presently one of the two core subtests used to calculate the index. The
Comprehension subtest is based on social comprehension. These difficulties may be attributed

to deficits in the Theory of Mind, Weak Central Coherence, and Executive Functioning
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(Doleras Calero et al., 2015; Hajri et al., 2022; Hoogenhout & Malcolm-Smith, 2017).
Furthermore, Kuehnel et al. (2019) indicated that the Comprehension subtest was deemed to
be the most challenging for children with ASD due to the language challenges that they
experience.

Therefore, although the results from a systematic literature review investigating their
cognitive performance, as assessed by the WISC, indicate that their averaged underlying
language ability falls in the High Average and Average ranges, the meta-analysis revealed a
number of meaningful differences when comparing the VCI performance of ASD and HFA to
typically developing children, predominantly in favour of the latter. Therefore, there is still
concern that the general underlying language performance of ASD children is impacted by the
difficulties related to their diagnoses. Therefore, similar to the general cognitive performance,
there was a greater difference in overall language abilities between ASD children and typically
developing children than there was between HFA and typically developing children. These
results could be explained by the fact that ASD involves different levels of severity and is,
therefore, not such a homogeneous group as a group of children with HFA might be.

If one considers the large effect sizes found between the ASD and typically developing
children related to their language abilities, it is expected that the language difficulties that ASD
children experience may have an impact on their classroom performance. Therefore, there is
practical value in supporting ASD children to reach their potential and minimising the impact
of their diagnosis and its accompanying difficulties on their scholastic progress and

performance.

5.4  The Overall Processing Speed Abilities, as Captured by the Processing Speed

Index

The findings of the systematic literature review revealed that the mean PSI score of
ASD children, across all four diagnostic terms, who participated in the various studies, fell
within the lower limits of the average range. Within the context of CHC Theory, this implies
that their ability to organise information and solve problems using their visual perception
abilities, as assessed by the WISC PSI, presents as age-appropriately developed. However,
further analysis revealed that while the mean PSI scores of the different groups diagnosed with
Asperger Syndrome, ASD and HFA fell in the average range, the mean PSI score of children
diagnosed specifically with HFA also fell in the average range, whereas the mean PSI score of
children diagnosed specifically with ASD and Asperger Syndrome fell within the low average

range. As such, the mean PSI score of the HFA children was, therefore, slightly higher than
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that of their counterparts diagnosed with ASD or Asperger Syndrome. An HFA individual is
often referred to as someone who may not struggle with cognitive difficulties, but may struggle
with communication, emotion perception and expression, and social interaction (Klila &
Giuliani, 2021). This may help to provide an explanation as to why their PSI is slightly higher
than those of Asperger Syndrome and ASD individuals.

In addition, results from the meta-analysis revealed strong and meaningful differences
in the PSI means and standard deviations of seven of the 12 studies that included comparisons
between ASD and typically developing children. Five of these compared the WISC
performance of specifically ASD children and their typically developing peers (Dale et al.,
2021; Li et al., 2017b; Nader et al., 2016; Rabiee et al., 2019; Styck et al., 2019), with one
being on the WISC performance of ASD children with specified language impairments and
typically developing children (Dale et al., 2021) and another, the WISC performance of HFA
children and their typically developing peers (Li et al., 2017a; Operto et al., 2021). A
moderately strong difference was also found in two studies comparing the WISC PSI means
and standard deviations of ASD children and typically developing peers (Dale et al., 2021;
Matsuura et al., 2014). Although all the relevant studies revealed that the mean PSI scores and
standard deviations were higher in favour of the typically developing children, there were
stronger and more meaningful differences in the PSI means and standard deviations between
ASD and typically developing children than there were between HFA and typically developing
children. Therefore, supporting the finding that the HFA participants’ ability to organise
information and solve problems using their visual perception abilities are slightly stronger than
those of the ASD children.

The findings from the systematic literature review also revealed that ASD children
performed the lowest on the Coding subtest. As noted in Chapter 2, Mayes and Calhoun (2003)
suggest that the low patterns of Coding performance can be attributed to ASD children
experiencing difficulties with motor coordination. Alternatively, Hedvall et al. (2013) stated
that low Coding performance could be due to difficulties with cognitive flexibility experienced
by ASD individuals. As noted in the results of the systematic literature review, no matter how
differently the children’s diagnoses or degrees of intellectual functioning varied, low Coding
levels were always present. Therefore, this pattern can be verified as a common cognitive trait

across all ASD subtypes, but with varying degrees.
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5.5  The Overall Working Memory Abilities, as captured by the Working Memory

Index

The findings of the systematic literature review revealed that the mean WMI score of
ASD children, across all four diagnostic terms, who participated in the various studies, fell
within the Average range. Within the context of CHC Theory, this implies that the ability to
register, maintain and manipulate information in conscious awareness, as assessed by the
WISC WMI, presents as age-appropriately developed. Further analysis supported this finding
as the mean WMI scores for each specific diagnostic term, namely Asperger Syndrome, HFA
and ASD, also fell within the average range. The systematic literature review revealed that the
highest average mean WMI score (M = 100.33) was obtained by children diagnosed with
Asperger Syndrome, followed by children diagnosed with HFA (M = 98.64) and then children
diagnosed with ASD (M = 91.83).

In addition, the results from the meta-analysis revealed strong and meaningful
differences in the WMI means and standard deviations of only two of the 12 studies that
included comparisons between ASD and typically developing children. Both of these compared
the WISC performance of specifically ASD children and their typically developing peers (Dale
et al., 2021; Rabiee et al., 2019), with one being of the WISC performance of ASD children
with specified language impairments and typically developing children (Dale et al., 2021). Two
moderately strong differences were also found in a study comparing the WISC WMI means
and standard deviations of ASD children and typically developing peers (Dale et al., 2021;
Nader et al., 2016), with one being of the WISC performance of ASD children without
specified language impairments and typically developing children (Dale et al., 2021). The
results from these four studies revealed higher mean WMI scores on the part of the typically
developing children. This supports the literature noted in Chapter 2, with research conducted
by Kercood et al. (2014), suggesting that in comparison to typically developing children
controls, ASD individuals perform worse on tests of working memory, particularly when the
tasks rely heavily on planning, spatial working memory, a heavy workload, increasing task
complexity, and dual tasking. Therefore, these results suggest that although the ASD children
who were reviewed as part of the systematic literature review and meta-analysis performed
lower than typically developing children on the WMI, their working memory may still be age-
appropriately developed.

It should be noted that the two strong and two moderate effect sizes revealed by the
meta-analysis for the WMI are less than the other indexes included in the meta-analysis. This

may be due to the fact that the studies included in the meta-analysis only made use of the Digit
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Span and Letter—Number Sequencing subtests (assesses auditory working memory) and did
not include the Picture Span subtest (assesses visual working memory). Research has shown
that ASD individuals display impairments in both the auditory and visual working memory
domains (Habib et al., 2019). Additionally, it has been found that ASD individuals’ visual
working memory is more severely impaired than their auditory working memory (Kercood,
2014; Wang et al., 2017). Therefore, the number of strong and meaningful differences in the
WMI means and standard deviations between ASD and typically developing children may have
been more if more studies that incorporated their performance on the Picture Span subtest were
included.

5.6  The Overall Visual-Spatial and Fluid Reasoning Abilities, as captured by the

Perceptual Reasoning Index, Visual-Spatial Index and Fluid Reasoning Index

The findings of the systematic literature review revealed that the mean PRI, VSI and
FRI score of ASD children, across all four diagnostic terms, who participated in the various
studies, fell within the Average range. Within the context of CHC Theory, this implies that
their visual-spatial reasoning, integration and synthesis of part—-whole relationships,
attentiveness to visual detail, and visual-motor integration, as well as their ability to detect the
underlying conceptual relationship among visual objects and to use reasoning to identify and
apply rules, as assessed by the WISC PRI, VSI and FRI, presents as age-appropriately
developed.

However, further analysis revealed that the mean PRI score of children diagnosed
specifically with ASD fell within the Average range, whereas those diagnosed specifically with
HFA and Asperger Syndrome fell within the High Average and Very High ranges, respectively.
The mean FRI score of children diagnosed specifically with ASD fell within the Average range.
The mean VSI score of children diagnosed specifically with ASD, as well as those diagnosed
with Asperger Syndrome, also fell within the Average range. As such, the mean PRI scores of
the HFA and Asperger Syndrome children were, therefore, slightly higher than those of their
counterparts diagnosed with ASD. In addition, results from the meta-analysis revealed strong
and meaningful differences in the PRI means and standard deviations of two of the 12 studies
that included comparisons between ASD and typically developing children. Both of these
compared the WISC performance of specifically ASD children and their typically developing
peers (Nader et al., 2016; Rabiee et al., 2019). A moderately strong difference was also found
in a study comparing the WISC PRI means and standard deviations of ASD children and

typically developing peers (Matsuura et al., 2014). Similarly, results from the meta-analysis
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revealed strong and meaningful differences in the VSI and FRI means and standard deviations
of one of the 12 studies that included comparisons between ASD (with specified language
impairments) and typically developing children (Dale et al., 2021). Therefore, no strong and
meaningful differences in the PRI, VSI or FRI means and standard deviations were found
between HFA and typically developing children. The results from the studies revealed higher
mean PRI, VSI and FRI scores on the part of the typically developing children. The findings
from the systematic literature review also indicated that the Block Design subtest was found to
be the highest-performed subtest among ASD children.

As noted in Chapter 2, research by Mitchell and Ropar (2004) indicated that ASD
children present with well-developed visual-perceptual and visual—spatial skills. Research has
also shown that individuals who had been diagnosed with Asperger Syndrome perform better
than typically developing children in activities that rely on fluid reasoning (Hayashi et al.,
2008). Although the meta-analysis did not compare the performance of children diagnosed with
Asperger Syndrome with typically developing children, the systematic literature review
revealed that the participants diagnosed with HFA and Asperger Syndrome perform slightly
higher than that of their counterparts diagnosed with ASD on perceptual reasoning tasks.
Therefore, according to the CHC Theory, HFA and Asperger Syndrome individuals display a
relative strength in visual-spatial abilities and visual-motor integration. If one considers these
findings, there is practical value in supporting ASD children to reach their potential and use
their strengths to minimise the impact of their diagnosis and its accompanying difficulties on

their scholastic progress and performance.

5.7  Conclusion

It was found that ASD children perform the strongest on tasks that require visual—-
perception, visual-motor integration, as well as visuospatial processing and coordination
abilities. Furthermore, it was found that ASD children performed the lowest on tasks that
assessed their ability to organise information and solve problems using their visual-perception
abilities, as well as tasks that required them to use their general verbal and lexical knowledge
abilities. The systematic literature review also revealed that ASD children performed the
highest on the Block Design subtest which assessed their visual processing, followed by the
Similarities subtest which assessed their inductive reasoning, as well as lexical or word
knowledge. Additionally, the systematic literature review revealed that ASD children
performed the lowest on the Coding subtest which assessed their rate of test-taking, followed

by the Comprehension subtest which assessed their understanding of general principles and
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social situations. The means and standard deviation differences found among the various
WISC indices between ASD and typically developing children revealed that the typically
developing children who participated in the various studies performed higher than
ASD children across all the WISC indices except for the following: The HFA children obtained
a slightly higher mean FSIQ score than typically developing peers, with a higher mean VCI
being found on the part of the HFA children. The following chapter is focused on the strengths
and limitations of the research study. Recommendations for educational psychologists and

others working with ASD children are also discussed.
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CHAPTER 6: STRENGTHS, LIMITATIONS AND RECOMMENDATIONS FOR
EDUCATIONAL PSYCHOLOGISTS AND OTHERS WORKING WITH ASD
CHILDREN

6.1  Summary

The aim of the present research study was to conduct a systematic review of
international literature of published research studies which investigated the cognitive
performance of ASD children as measured by the WISC. In addition, the study also aimed to
conduct a meta-analysis to investigate the extent to which the performance differences
observed between ASD children and typically developing peers, when measured on the WISC,
is meaningful. The systematic literature review found that ASD children who participated in
the various studies performed the strongest on tasks that require visual-perception, visual—
motor integration, as well as visuospatial processing and coordination abilities; and they
performed the lowest on tasks that assessed their ability to organise information and solve
problems using their visual perception abilities, as well as tasks that required them to make use
of their general verbal and lexical knowledge abilities. The meta-analysis revealed that the
typically developing children who participated in the various studies generally performed
higher on the various WISC indices, except for the HFA children who obtained a slightly higher
mean FSIQ score than typically developing peers, and the HFA children who obtained a higher

mean VCI score than typically developing children.

6.2  Strengths

This study demonstrated the cognitive performance of children diagnosed with ASD
using the WISC. The following strengths can be identified when taking the findings into
account: This research study was able to compile and quantify the outcomes of various studies.
Some of the studies incorporated into the systematic literature review displayed an inadequate
number of participants in a specific subgroup. Through a systematic literature review and meta-
analysis, this research study was able to not only gather information and results from numerous
distinct studies, but also provide a clearer picture of the distinct subgroups. By identifying the
effects of interest and lowering the possibility of false-negative results, this research study was
able to overcome the limitation of small sample sizes in individual research.

This research study was also able to investigate discrepancies in the data and explain
heterogeneity between the findings of various investigations. A systematic literature review is

a more open-ended and subjective process that incorporates a methodological framework to
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overcome the drawbacks and biases of conventional narrative reviews. The systematic
procedure that was followed to find the articles in this research study ensured that various
biases were overcome. The findings of this research study may potentially be able to assist
parents, teachers and educational psychologists in understanding the cognitive performance of
children diagnosed with ASD in order to implement interventions and support structures that
will allow these children to perform at their optimal potential.

6.3  Limitations

Although the study made an important contribution to the understanding of
ASD children’s cognitive performance and may potentially be beneficial to those working with
these children, the study also had some limitations. Only published research is included in a
systematic literature review and specifically the meta-analysis; therefore, the true size of an
effect might be overstated. The result is known as publication bias. As the outcome of the
systematic literature review and meta-analysis depends on the studies included, considerable
efforts should be taken to locate all relevant papers in order to reduce the effect of publication
bias. Therefore, the first limitation of this research study is that the researcher performed the
initial systematic literature review manually by themselves. This may have resulted in a few
articles being missed. Instead of objectivity, a systematic literature review is based on shared
subjectivity. When determining how similar research should be before being combined,
frequently, some subjectivity is involved. Therefore, the second limitation is that the researcher
chose the inclusion and exclusion criteria, as well as which articles fit these criteria. This may
have resulted in some studies being included in this research report that do not have the same
diagnostic standards, comorbidities, disorder severity, and geographic location of the
individuals. A systematic literature review and conclusions of a meta-analysis will be
prejudiced and unreliable if it uses poor-quality studies. Therefore, although the researcher
explicitly searched for high-quality studies, there is no guarantee that all the included studies

may have been added to the research study if a different researcher was involved.

6.4  Recommendations for Educational Psychologists and Others Working with
Autism Spectrum Disorder Children
Although this study investigated the cognitive performance of children diagnosed with
ASD using the WISC, it is important to consider children holistically when recommending
ways to interact and work with them. ASD children need to be supported academically, socially

as well as emotionally. The following are helpful ways in which an educational psychologist

60



can optimise their time working with an ASD client in order to help and support them best: It
is vital for the psychologist to remain consistent with their client. As noted, ASD children like
to have routine and order, and, therefore, it is important that the psychologist does not diverge
from their therapeutic frame. ASD children may find it challenging to apply what they have
been taught within the therapeutic setting to other areas of their lives. Therefore, the best way
to reinforce learning is for the psychologist to create consistency in the therapy room. It would
be beneficial for the psychologist to advise the child’s parents of the techniques that have been
used in the therapy room so that they can continue using them at home. When addressing
challenging behaviours, it is also crucial for the psychologist to be consistent in their
interactions with the child. Positive reinforcement can be very beneficial for children with
ASD. It may be beneficial for the psychologist to reward good behaviour in the session by
giving the child stickers. It is also very important for the psychologist to pick up on non-verbal
cues during the therapy session. This can provide the therapist with a lot of information about
the ASD child. For instance, their body language, sounds they make, and gestures they use may
all convey significantly more information than what they say. Some ASD children are
hypersensitive to certain sensory stimuli (Hazen et al., 2014). Therefore, if psychologists
understands what affects their client, they may end up having a more successful therapy
session. The techniques used by psychologists can be used by parents and teachers too.

As noted in the findings of this research study, ASD children performed the highest on
the PRI and POI, and the lowest on the PSI and VVCI. This information may be beneficial for
parents and teachers to know when working with ASD children. It is important to focus on a
child’s strengths, and in the case of ASD children, it would be their ability to work with visual
information. High levels of perceptual reasoning may favour “learning by doing” or by making
use of visual aids for learning. Children whose strengths can be found in perceptual reasoning
perform better when they are given visual instructions and information rather than auditory
stimuli. Learning occurs most effectively when written, modelled or diagrammed teaching is
combined with visual materials for those with visual-spatial intelligence. Therefore, when
working with ASD children, it would be beneficial to present instructions and information to
them visually. In terms of addressing the difficulties that ASD children experience with
processing speed and verbal comprehension, it would be beneficial to repeat instructions and
tasks to them, allow them more time to complete tasks, provide them with paper to work out
problems, read books and stories to them that they find interesting, and practise non-verbal
communication with them. Therefore, by considering an ASD child holistically,

educational psychologists, teachers and parents are able to provide these children with optimal
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support.
6.5 Recommendations for Future Studies

For future studies, the findings of the systematic literature review and meta-analysis on
the cognitive performance of children ASD utilizing the WISC highlight several areas that
warrant attention. To improve the generalizability of results, researchers should give the most
thought to including bigger sample sizes that represent a range of age groups and degrees of
ASD severity. Investigations should use rigorous techniques, outlining precise diagnostic
standards and standard WISC versions, to address potential bias and heterogeneity. For
appropriate interpretation, it is also crucial to look into any potential cultural biases in the
WISC evaluation, especially for different populations. Researchers, medical professionals, and
educators working together can promote a more thorough understanding of the cognitive

profiles of individuals with ASD, assisting with targeted therapies and support methods.

6.6  Conclusion

This chapter provided a conclusion on the research findings by highlighting the
strengths and limitations of the research study. In addition, potential recommendations for
educational psychologists and others working with ASD children were discussed. The findings
indicated that ASD children have relative strengths and weaknesses, which are dependent on
the diagnostic terms used to describe the severity level of their signs and symptoms. This will

contribute to the knowledge of ASD children’s cognitive performance.

62



REFERENCES

Abu-Hamour, B., & Al Hmouz, H. (2020). Cattell-Horn-Carroll broad cognitive ability
profiles for dyslexia and intellectual disability. International Journal of Inclusive
Education, 24(13), 1 444- 1 460. https://doi.org/10.1080/13603116.2018.1534999

Ahn, E., & Kang, H. (2018). Introduction to systematic review and meta-analysis. Korean
Journal of Anesthesiology, 71(2), 103-112. https://doi.org/10.4097/kjae.2018.71.2.103

Alloway, T. P., & Alloway, R. G. (2010). Investigating the predictive roles of working
memory and IQ in academic attainment. Journal of Experimental Child Psychology,
106(1), 20-29. https://doi.org/10.1016/j.jecp.2009.11.003

Alter, M. D., Kharkar, R., Ramsey, K. E., Craig, D. W., Melmed, R. D., Grebe, T. A., Bay, R.
C., Ober-Reynolds, S., Kirwan, J., Jones, J. J., & others. (2011). Autism and increased
paternal age related changes in global levels of gene expression regulation. PloS One,
6(2), e16715. https://doi.org/doi.org/10.1371/journal.pone.0016715

Andreou, M., & Skrimpa, V. (2020). Theory of mind deficits and neurophysiological
operations in Autism Spectrum Disorders: A review. Brain Sciences, 10(6), 393.
https://doi.org/doi.org/10.3390/brainsci10060393

Audras-Torrent, L., Miniarikova, E., Couty, F., Dellapiazza, F., Berard, M., Michelon, C.,
Picot, M. C., & Baghdadli, A. (2021). WISC-V profiles and their correlates in
children with Autism Spectrum Disorder without Intellectual Developmental
Disorder: Report from the ELENA cohort. Autism Research, 14(5), 997-1 006.
https://doi.org/10.1002/aur.2444

Baker, E., Stavropoulos, K. K. M., Baker, B. L., & Blacher, J. (2019). Daily living skills in
adolescents with Autism Spectrum Disorder: Implications for intervention and
independence. Research in Autism Spectrum Disorders, 87(2), 101-113.
https://doi.org/doi.org/10.1177/000841741989017

Baron, I. S. (2005). Test review: Wechsler Intelligence Scale for Children (WISC-1V). Child
Neuropsychology, 11(5), 471-475.
https://doi.org/doi.org/10.1080/09297040590951587

Baum, K. T., Shear, P. K., Howe, S. R., & Bishop, S. L. (2015). A comparison of WISC-IVV
and SB-5 intelligence scores in adolescents with Autism Spectrum Disorder. Autism,
19(6), 736-745. https://doi.org/10.1177/1362361314554920

63



Beaujean, A. A., Parkin, J., & Parker, S. (2014). Comparing Cattell-Horn-Carroll factor
models: Differences between bifactor and higher order factor models in predicting
language achievement. Psychological Assessment, 26(3), 789-805.
https://doi.org/10.1037/a0036745

Becker, A., Daseking, M., & Koerner, J. K. A. (2021). Cognitive profiles in the WISC-V of
children with ADHD and specific learning disorders. Sustainability (Switzerland),
13(17), 1-15. https://doi.org/10.3390/su13179948

Berk, L. (2015). Child development. Pearson Higher Education AU.

Braconnier, M. L., & Siper, P. M. (2021). Neuropsychological assessment in Autism
Spectrum Disorder. Current Psychiatry Reports, 23(10), 63.
https://doi.org/10.1007/s11920-021-01277-1

Breaux, K. C., Avitia, M., Koriakin, T., Bray, M. A., DeBiase, E., Courville, T., Pan, X.,
Witholt, T., & Grossman, S. (2017). Patterns of strengths and weaknesses on the
WISC-V, DAS-I11, and KABC-II and their relationship to students’ errors in oral
language, reading, writing, spelling, and math. Journal of Psychoeducational
Assessment, 35(1-2), 168-185. https://doi.org/10.1177/0734282916669657

Brignell, A., Williams, K., Jachno, K., Prior, M., Reilly, S., & Morgan, A. T. (2018). Patterns
and predictors of language development from 4 to 7 years in verbal children with and
without Autism Spectrum Disorder. Journal of Autism and Developmental Disorders,
48(10), 3 282-3 295. https://doi.org/10.1007/s10803-018-3565-2

Brosnan, M. J., Gwilliam, L. R., & Walker, 1. (2012). Brief report: The relationship between
visual acuity, the Embedded Figures Test and systemizing in Autism Spectrum
Disorders. Journal of Autism and Developmental Disorders, 42(11), 2 491-2 497.
https://doi.org/10.1007/s10803-012-1505-0

Bury, S. M., Hedley, D., Uljarevi¢, M., & Gal, E. (2020). The Autism advantage at work: A
critical and systematic review of current evidence. Research in Developmental
Disabilities, 105, 103-116. https://doi.org/doi.org/10.1016/j.ridd.2020.103750

Cacioppo, J. T., & Freberg, L. (2018). Discovering psychology: The science of mind.

Cengage Learning.

Caemmerer, J. M., Maddocks, D. L. S., Keith, T. Z., & Reynolds, M. R. (2018). Effects of

cognitive abilities on child and youth academic achievement: Evidence from the

64



WISC-V and WIAT-III. Intelligence, 68(November 2016), 6-20.
https://doi.org/10.1016/j.intell.2018.02.005

Canivez, G. L., Dombrowski, S. C., & Watkins, M. W. (2018). Factor structure of the WISC-
V in four standardization age groups: Exploratory and hierarchical factor analyses
with the 16 primary and secondary subtests. Psychology in the Schools, 55(7), 741-
769. https://doi.org/10.1002/pits.22138

Caron, M. J., Mottron, L., Rainville, C., & Chouinard, S. (2004). Do high functioning persons
with Autism present superior spatial abilities? Neuropsychologia, 42(4), 467-481.
https://doi.org/10.1016/j.neuropsychologia.2003.08.015

Cattell, R. B. (1963). Theory of Fluid and Crystallized Intelligence: A critical experiment.
Journal of Educational Psychology, 54(1), 1.

Chen, F., Planche, P., & Lemonnier, E. (2010). Superior nonverbal intelligence in children
with High-Functioning Autism or Asperger’s Syndrome. Research in Autism
Spectrum Disorders, 4(3), 457-460. https://doi.org/10.1016/j.rasd.2009.11.002

Cheung, R. W., Hartley, C., & Monaghan, P. (2022). Receptive and expressive language
ability differentially support symbolic understanding over time: Picture
comprehension in late talking and typically developing children. Journal of
Experimental Child Psychology, 214, 105 305.
https://doi.org/https://doi.org/10.1016/j.jecp.2021.105305

Constantino, J. N., & Charman, T. (2016). Diagnosis of Autism Spectrum Disorder:
Reconciling the syndrome, its diverse origins, and variation in expression. The Lancet
Neurology, 15(3), 279-291. https://doi.org/10.1016/S1474-4422(15)00151-9

Cormier, D. C., Wang, K., & Kennedy, K. E. (2016). Linguistic demands of the oral
directions for administering the WISC-1V and WISC-V. Canadian Journal of School
Psychology, 31(4), 290-304. https://doi.org/doi.org/10.1177/0829573516643314

Cornoldi, C., & Giofre, D. (2014). The crucial role of working memory in intellectual
functioning. European Psychologist, 19(4), 260-268. https://doi.org/10.1027/1016-
9040/a000183

D’Souza, H., & Karmiloff-Smith, A. (2017). Neurodevelopmental disorders. Wiley
Interdisciplinary Reviews: Cognitive Science, 8(1), 139-145.
https://doi.org/10.1002/wcs.1398

65



Dale, B. A., Finch, W. H., Shellabarger, K. A. R., & Davis, A. (2021). Wechsler Intelligence
Scale for Children, fifth edition profiles of children with Autism Spectrum Disorder
using a classification and regression trees analysis. Journal of Psychoeducational
Assessment, 39(7), 783-799. https://doi.org/10.1177/07342829211025924

Dale, B. A., Finch, W. H., Shellabarger, K. A. R., & Davis, A. (2022). Comparison of verbal
performance of children with Autism Spectrum Disorder on the WISC-V. Journal of
Psychoeducational Assessment. https://doi.org/10.1177/07342829221106592

Damarla, S. R., Keller, T. A, Kana, R. K., Cherkassky, V. L., Williams, D. L., Minshew, N.
J., & Just, M. A. (2010). Cortical underconnectivity coupled with preserved
visuospatial cognition in Autism: Evidence from an fMRI study of an embedded
figures task. Autism Research, 3(5), 273-279. https://doi.org/10.1002/aur.153

Dawson, M., Soulieres, 1., Gernsbacher, M., & Mottron, L. (2008). The level and nature of
autistic intelligence. Journal of Abnormal Psychology, 18(8), 657-662.
https://doi.org/10.1037/a0029984

De Jong, P. F. (2023). The validity of WISC-V profiles of strengths and weaknesses. Journal
of Psychoeducational Assessment, 0(0), 1-17.
https://doi.org/10.1177/07342829221150868

Dodonova, Y. A., & Dodonov, Y. S. (2012). Processing speed and intelligence as predictors
of school achievement: Mediation or unique contribution? Intelligence, 40(2), 163-
171. https://doi.org/10.1016/j.intell.2012.01.003

Doleras Calero, M., Mata, S., Bonete, S., Molinero, C., & Mar Gomez-Pérez, M. (2015).
Relations between learning potential, cognitive and interpersonal skills in Asperger
children. Learning and Individual Differences, 44, 53-60.
https://doi.org/10.1016/j.1indif.2015.07.004

Dombrowski, S. C., Watkins, M. W., McGill, R. J., Canivez, G. L., Holingue, C., Pritchard,
A. E., & Jacobson, L. A. (2021). Measurement invariance of the Wechsler
Intelligence Scale for Children, fifth edition 10-subtest primary battery: Can index
scores be compared across age, sex, and diagnostic groups? Journal of
Psychoeducational Assessment, 39(1), 89-99.
https://doi.org/10.1177/0734282920954583

Donders, J. (1996). Cluster subtypes in the WISC-I111 standardization sample: Analysis of

Factor Index scores. Psychological Assessment, 8(3), 312.

66



https://doi.org/doi.org/10.1037/1040-3590.8.3.312

Durkin, M. S., Maenner, M. J., Newschaffer, C. J., Lee, L.-C., Cunniff, C. M., Daniels, J. L.,
Kirby, R. S., Leavitt, L., Miller, L., Zahorodny, W., & others. (2008). Advanced
parental age and the risk of Autism Spectrum Disorder. American Journal of
Epidemiology, 168(11), 1 268-1 276. https://doi.org/doi.org/10.1093/aje/kwn250

Eack, S. M., Bahorik, A. L., McKnight, S. A. F., Hogarty, S. S., Greenwald, D. P., Newhill,
C. E., Phillips, M. L., Keshavan, M. S., & Minshew, N. J. (2013). Commonalities in
social and non-social cognitive impairments in adults with Autism Spectrum Disorder
and Schizophrenia. Schizophrenia Research, 148(1-3), 24-28.
https://doi.org/doi.org/10.1016/j.schres.2013.05.013

Esmaili, H. O., Hadialijanvand, M., Doosti, H., & Shakeri, M. T. (2010). Meta-analysis in
medical research. Hippokratia, 14(1), 29-37.

Faja, S., Webb, S. J., Merkle, K., Aylward, E., & Dawson, G. (2009). Brief report: Face
configuration accuracy and processing speed among adults with High-Functioning
Autism Spectrum Disorders. Journal of Autism and Developmental Disorders, 39,
532-538.

Falter, C. M., Plaisted, K. C., & Davis, G. (2008). Visuo-spatial processing in Autism -
Testing the predictions of Extreme Male Brain Theory. Journal of Autism and
Developmental Disorders, 38(3), 507-515. https://doi.org/10.1007/s10803-007-0419-
8

Ferrer, E., O’Hare, E. D., & Bunge, S. A. (2009). Fluid reasoning and the developing brain.
Frontiers in Neuroscience, 3(1), 46-51. https://doi.org/10.3389/neuro.01.003.2009

Flanagan, D.P., & Alfonso, V.C. (2017). Essentials of WISC-V assessment. John Wiley &

Sons, Inc.

Foley-Nicpon, M., Assouline, S. G., & Stinson, R. D. (2012). Cognitive and academic
distinctions between gifted students with Autism and Asperger Syndrome. Gifted
Child Quarterly, 56(2), 77-89. https://doi.org/10.1177/0016986211433199

Foley, D. L., Craig, J. M., Morley, R., Olsson, C. J., Dwyer, T., Smith, K., & Saffery, R.
(2009). Prospects for epigenetic epidemiology. American Journal of Epidemiology,
169(4), 389-400. https://doi.org/doi.org/10.1093/aje/kwn380

Gardener, H., Spiegelman, D., & Buka, S. L. (2011). Perinatal and neonatal risk factors for

67



Autism: A comprehensive meta-analysis. Pediatrics, 128(2), 344-355.
https://doi.org/doi.org/10.1542/peds.2010-1036

Geurts, H. M., & Embrechts, M. (2008). Language profiles in ASD, SLI, and ADHD.
Journal of Autism and Developmental Disorders, 38(10), 1 931-1 943.
https://doi.org/10.1007/s10803-008-0587-1

Giofre, D., Toffalini, E., Altoé, G., & Cornoldi, C. (2017). Intelligence measures as
diagnostic tools for children with specific learning disabilities. Intelligence, 61, 140-
145. https://doi.org/10.1016/j.intell.2017.01.014

Glasson, E. J., Bower, C., Petterson, B., de Klerk, N., Chaney, G., & Hallmayer, J. F. (2004).
Perinatal factors and the development of Autism: A population study. Archives of
General Psychiatry, 61(6), 618-627. https://doi.org/doi:10.1001/archpsyc.61.6.618

Gleason, J. B., & Ratner, N. B. (2022). The development of language. Plural Publishing.

Gordon, R., Smith-Spark, J. H., Newton, E. J., & Henry, L. A. (2018). Executive function
and academic achievement in primary school children: The use of task-related
processing speed. Frontiers in Psychology, 9(589), 1-4.
https://doi.org/10.3389/fpsyg.2018.00582

Gottfredson, L. S. (1997). Why g matters: The complexity of everyday life. Intelligence,
24(1), 79-132. https://doi.org/doi.org/10.1016/S0160-2896(97)90014-3

Grabrucker, A. M. (2013). Environmental factors in Autism. Frontiers in Psychiatry, 3, 118-
123. https://doi.org/doi.org/10.3389/fpsyt.2012.00118

Grégoire, J. (2017). Interpreting the WISC. Le Journal Des Psychologues, 1, 24-29.

Grossi, D., Marcone, R., Cinquegrana, T., & Gallucci, M. (2013). On the differential nature
of induced and incidental Echolalia in Autism. Journal of Intellectual Disability
Research, 57(10), 903-912. https://doi.org/10.1111/].1365-2788.2012.01579.x

Habib, A., Harris, L., Pollick, F., & Melville, C. (2019). A meta-analysis of working memory
in individuals with Autism Spectrum Disorders. Plos One 14(4).
https://doi.org/10.1371/journal.pone.0216198

Haigh, S., Walsh, J., Mazefsky, C., Minshew, N., & Eack, S. (2018). Processing speed is
impaired in adults with Autism Spectrum Disorder, and relates to social
communication abilities. Physiology & Behavior, 48(8), 2 653-2 662.
https://doi.org/10.1007/s10803-018-3515-z

68



Hajri, M., Abbes, Z., Yahia, H. Ben, Jelili, S., Halayem, S., Mrabet, A., & Bouden, A.
(2022). Cognitive deficits in children with Autism Spectrum Disorders: Toward an
integrative approach combining social and non-social cognition. Frontiers in
Psychiatry, 13(1). https://doi.org/10.3389/fpsyt.2022.917121

Hayashi, M., Kato, M., Igarashi, K., & Kashima, H. (2008). Superior fluid intelligence in
children with Asperger’s Disorder. Brain and Cognition, 66(3), 306-310.
https://doi.org/10.1016/j.bandc.2007.09.008

Hazen, E., Stornelli, J. L., O’Rourke, J. A., Koesterer, K., & McDougle, C. J. (2014). Sensory
symptoms in Autism Spectrum Disorders. Harvard Review of Psychiatry, 22(2), 112-
124.

Hedvall, A., Fernell, E., Holm, A., Asberg Johnels, J., Gillberg, C., & Billstedt, E. (2013).
Autism, processing, speed, and adaptive functioning in preschool children. The
Scientific World Journal. https://doi.org/10.1155/2013/158263

Hisle-Gorman, E., Susi, A., Stokes, T., Gorman, G., Erdie-Lalena, C., & Nylund, C. M.
(2018). Prenatal, perinatal, and neonatal risk factors of Autism Spectrum Disorder.

Pediatric Research, 84(2), 190-198. https://doi.org/10.1038/pr.2018.23

Holdnack, J. A., Prifitera, A., Weiss, L. G., & Saklofske, D. H. (2016). WISC-V and the

personalized assessment approach. Elsevier.

Hoogenhout, M., & Malcolm-Smith, S. (2017). Theory of Mind predicts severity level in
Autism. Autism, 21(2), 242-252. https://doi.org/doi.org/10.1177/1362361316636758

Hultman, C. M., Sparén, P., & Cnattingius, S. (2002). Perinatal risk factors for infantile
Autism. Epidemiology, 13(2), 417-423.

Izudi, J., Semakula, D., Sennono, R., Tamwesigire, I. K., & Bajunirwe, F. (2018). Protocol
for systematic review and meta-analysis of treatment success rate among adult
patients with Tuberculosis in sub-Saharan Africa. BMJ Open, 8(12), 1-6.
https://doi.org/10.1136/bmjopen-2018-024559

Johnson, M. H., & Munakata, Y. (2005). Processes of change in brain and cognitive
development. Trends in Cognitive Sciences, 9(3), 152-158.
https://doi.org/doi.org/10.1016/j.tics.2005.01.009

Kaufman, A. S. (1975). Factor analysis of the WISC-R at 11 age levels between 6 1/2 and
16 1/2 years. Journal of Consulting and Clinical Psychology, 43(2), 135.

69



https://doi.org/doi.org/10.1037/h0076502

Kaufman, A. S. (1979). WISC-R research: Implications for interpretation. School Psychology
Review, 8(1), 5-27. https://doi.org/doi.org/10.1080/02796015.1979.12086466

Kaufman, A. S., Flanagan, D. P., Alfonso, V. C., & Mascolo, J. T. (2006). Test review:
Wechsler Intelligence Scale for Children (WISC-1V). Journal of Psychoeducational
Assessment, 24(3), 278-295. https://doi.org/doi.org/10.1177/0734282906288389

Kaufman, A.S., Raiford, S.E., & Coalson, D.L. (2016). Intelligence testing with the WISC-V.
John Wiley & Sons, Inc.

Kercood, S., Grskovic, J. A., Banda, D., & Begeske, J. (2014). Working memory and Autism:
A review of literature. Research in Autism Spectrum Disorders, 8(10), 1 316-1 332.
https://doi.org/10.1016/j.rasd.2014.06.011

Kezer, F., & Arik, R. S. (2012). An examination and comparison of the revisions of the
Wechsler Intelligence Scale for Children. Procedia - Social and Behavioral Sciences,
46, 2 104-2 110. https://doi.org/10.1016/j.sbspro.2012.05.436

Klila, H., & Giuliani, F. (2021). Autism Spectrum Disorder in verbal adults without
intellectual disabilities (Asperger Syndrome). Revue Medicale Suisse, 17(734), 751-
753.

Kolevzon, A., Gross, R., & Reichenberg, A. (2007). Prenatal and perinatal risk factors for
Autism: A review and integration of findings. Archives of Pediatrics & Adolescent
Medicine, 161(4), 326-333. https://doi.org/doi:10.1001/archpedi.161.4.326

Kong, A., Thorleifsson, G., Frigge, M. L., Vilhjalmsson, B. J., Young, A. I., Thorgeirsson, T.
E., Benonisdottir, S., Oddsson, A., Halldorsson, B. V, Masson, G., & others. (2018).
The nature of nurture: Effects of parental genotypes. Science, 359(6374), 424-428.
https://doi.org/10.1126/science.aan6877

Kuehnel, C. A., Castro, R., & Furey, W. M. (2019). A comparison of WISC-1V and WISC-V
Verbal Comprehension Index scores for children with Autism Spectrum Disorder.
Clinical Neuropsychologist, 33(6), 1 127-1 137.
https://doi.org/10.1080/13854046.2018.1503721

Kwok, E. Y. L., Brown, H. M., Smyth, R. E., & Oram Cardy, J. (2015). Meta-analysis of
receptive and expressive language skills in Autism Spectrum Disorder. Research in
Autism Spectrum Disorders, 9, 202-222. https://doi.org/10.1016/j.rasd.2014.10.008

70



Lakens, D. (2013). Calculating and reporting effect sizes to facilitate cumulative science: A
practical primer for t-tests and ANOVAs. Frontiers in Psychology, 4 (863), 1-12.
https://doi.org/10.3389/fpsyg.2013.00863

Larsson, H. J., Eaton, W. W., Madsen, K. M., Vestergaard, M., Olesen, A. V., Agerbo, E.,
Schendel, D., Thorsen, P., & Mortensen, P. B. (2005). Risk factors for Autism:
Perinatal factors, parental psychiatric history, and socioeconomic status. American
Journal of Epidemiology, 161(10), 916-925.
https://doi.org/doi.org/10.1093/aje/kwil23

Lecerf, T., & Canivez, G. L. (2018). Complementary exploratory and confirmatory factor
analyses of the French WISC-V: Analyses based on the standardization sample.
Psychological Assessment, 30(6), 793-808. https://doi.org/10.1037/pas0000526

Lee, B. K., & McGrath, J. J. (2015). Advancing parental age and Autism: Multifactorial
pathways. Trends in Molecular Medicine, 21(2), 118-125.
https://doi.org/doi.org/10.1016/j.molmed.2014.11.005

Lerner, M. D., McPartland, J. C., & Morris, J. P. (2013). Multimodal emotion processing in
Autism Spectrum Disorders: An event-related potential study. Developmental

Cognitive Neuroscience, 3, 11-21.

Li, G., Du, Y., Luan, F., Li, M., & Qusley, O. (2017a). IQ profiles and clinical symptoms of
Chinese school-aged boys with Autism Spectrum Disorder. European Journal of
Psychiatry, 31(2), 59-65. https://doi.org/10.1016/j.ejpsy.2017.04.001

Li, G., Jiang, W., Du, Y., & Rossbach, K. (2017b). Intelligence profiles of Chinese school-
aged boys with High-Functioning ASD and ADHD. Neuropsychiatric Disease and
Treatment, 13, 1 541-1 549. https://doi.org/10.2147/NDT.S136477

Little, S. G. (1992). The WISC-III: Everything old is new again. School Psychology
Quarterly, 7(2), 148. https://doi.org/doi.org/10.1037/h0088249

Liu, S., Wei, W., Chen, Y., Hugo, P., & Zhao, J. (2021). Visual—spatial ability predicts
academic achievement through arithmetic and reading abilities. Frontiers in
Psychology, 11(April), 1-11. https://doi.org/10.3389/fpsyg.2020.591308

Lord, C., Brugha, T. S., Charman, T., Cusack, J., Dumas, G., Frazier, T., Jones, E. J. H.,
Jones, R. M., Pickles, A., State, M. W., & others. (2020). Autism Spectrum Disorder.

Nature Reviews Disease Primers, 6(1), 1-23.

71



MacAllister, W. S., Maiman, M., Vasserman, M., Fay-Mcclymont, T., Brooks, B. L., &
Sherman, E. M. S. (2019). The WISC-V in children and adolescents with epilepsy.
Child Neuropsychology, 25(7), 992-1 002.
https://doi.org/doi.org/10.1080/09297049.2019.1571181

Masi, A, DeMayo, M. M., Glozier, N., & Guastella, A. J. (2017). An overview of Autism
Spectrum Disorder, heterogeneity and treatment options. Neuroscience Bulletin,
33(2), 183-193. https://doi.org/10.1007/s12264-017-0100-y

Masini, E., Loi, E., Vega-Benedetti, A. F., Carta, M., Doneddu, G., Fadda, R., & Zavattari, P.
(2020). An overview of the main genetic, epigenetic and environmental factors
involved in Autism Spectrum Disorder focusing on synaptic activity. International
Journal of Molecular Sciences, 21(21), 829-840.
https://doi.org/doi.org/10.3390/ijms21218290

Matson, J. L., Turygin, N. C., Beighley, J., Rieske, R., Tureck, K., & Matson, M. L. (2012).
Applied behavior analysis in Autism Spectrum Disorders: Recent developments,
strengths, and pitfalls. Research in Autism Spectrum Disorders, 6(1), 144-150.
https://doi.org/10.1016/j.rasd.2011.03.014

Matsumoto, K., Sugiyama, T., Saito, C., Kato, S., Kuriyama, K., Kanemoto, K., &
Nakamura, A. (2016). Behavioral study on emotional voice perception in children
with Autism Spectrum Disorder. Journal of Pediatric Neuropsychology, 2(3-4), 108-
118. https://doi.org/10.1007/s40817-016-0021-0

Matsuura, N., Ishitobi, M., Arai, S., Kawamura, K., Asano, M., Inohara, K., Narimoto, T.,
Wada, Y., Hiratani, M., & Kosaka, H. (2014). Distinguishing between Autism
Spectrum Disorder and Attention Deficit Hyperactivity Disorder by using behavioral
checklists, cognitive assessments, and neuropsychological test battery. Asian Journal
of Psychiatry, 12(1), 50-57. https://doi.org/10.1016/j.ajp.2014.06.011

Mayes, S. D., Breaux, R. P., Calhoun, S. L., & Frye, S. S. (2017). High prevalence of
Dysgraphia in elementary through high school students with ADHD and Autism.
Journal of Attention Disorders, 23(8), 787-796.
https://doi.org/10.1177/1087054717720721

Mayes, S. D., & Calhoun, S. L. (2003). Ability profiles in children with Autism. Autism, 6(4),
65-80. https://doi.org/10.1177/1362361303007001006

Mclintyre, L. J., Hellsten, L. ann M., Bidonde, J., Boden, C., & Doi, C. (2017). Receptive and

72



expressive English language assessments used for young children: A scoping review
protocol. Systematic Reviews, 6(1), 1-7. https://doi.org/10.1186/s13643-017-0471-1

Mefford, H. C., Batshaw, M. L., & Hoffman, E. P. (2012). Genomics, intellectual disability,
and Autism. New England Journal of Medicine, 366(8), 733-743. https://doi.org/DOlI.
10.1056/NEJMral114194

Mitchell, R., & Ropar, D. (2004). Visuo-spatial abilities in Autism: A review. Infant and
Child Development, 13(1), 185-198. https://doi.org/10.1002/icd

Mjosund, N. H., Eriksson, M., Norheim, 1., Keyes, C. L. M., Espnes, G. A., & Vinje, H. F.
(2015). Mental health as perceived by persons with mental disorders: An
interpretative phenomenological analysis study. International Journal of Mental
Health Promotion, 17(4), 215-233. https://doi.org/10.1080/14623730.2015.1039329

Muthoni, G. (2017). Correlation between English and VVerbal Comprehension Index scores
Class Six, Embu West Subcounty, Kenya. Journal of Cognitive Education and
Psychology, 16(3), 304-309. https://doi.org/DOI: 10.1891/1945-8959.16.3.304

Nader, A. M., Courchesne, V., Dawson, M., & Soulieres, 1. (2016). Does WISC-1V
underestimate the intelligence of Autistic children? Journal of Autism and
Developmental Disorders, 46(5), 1 582-1 589. https://doi.org/10.1007/s10803-014-
2270-z

Nader, A. M., Jelenic, P., & Soulieres, I. (2015). Discrepancy between WISC-I11 and WISC-
IV cognitive profile in Autism spectrum: What does it reveal about autistic cognition?
PLoS ONE, 10(12), 1-16. https://doi.org/10.1371/journal.pone.0144645

O’Brien, A. M., Bartlett, A. N., Frost, N., & Casey, J. E. (2020). Inflated scaled scores on the
digital WISC-V coding subtest in a Canadian sample. Applied Neuropsychology:
Child, 1-8. https://doi.org/10.1080/21622965.2020.1773270

Oakley, B. F. M., Jones, E. J. H., Crawley, D., Charman, T., Buitelaar, J., Tillmann, J.,
Murphy, D. G, Loth, E., & others. (2022). Alexithymia in Autism: Cross-sectional
and longitudinal associations with social-communication difficulties, anxiety and
depression symptoms. Psychological Medicine, 52(8), 1 458-1 470.
https://doi.org/10.1017/S0033291720003244

Oliveras-Rentas, R., Kenworthy, L., Roberson, R., Martin, A., & Wallace, G. (2012). WISC-

IV profile in High-Functioning Autism Spectrum Disorders: Impaired processing

73



speed is associated with increased Autism communication symptoms and decreased
adaptive communication abilities Rafael. Journal of Autism and Developmental
Disorders, 42(5), 655-664. https://doi.org/10.1007/s10803-011-1289-7.WISC-1V

Operto, F. F., Smirni, D., Scuoppo, C., Padovano, C., Vivenzio, V., Quatrosi, G., Carotenuto,
M., Precenzano, F., & Pastorino, G. M. G. (2021). Neuropsychological profile,
emotional/behavioral problems, and parental stress in children with
neurodevelopmental disorders. Brain Sciences, 11(5), 1-10.
https://doi.org/10.3390/brainsci11050584

Ottem, E. (1999). The structures of the WISC-R subtests: A comparison of the 1Q-profiles of
reading impaired and autistic subjects. Scandinavian Journal of Psychology, 40(1), 1-
9. https://doi.org/10.1111/1467-9450.00092

Partanen, P., Jansson, B., & Sundin, O. (2020). Fluid reasoning, working memory and
planning ability in assessment of risk for mathematical difficulties. Educational
Psychology in Practice, 36(3), 229-240.
https://doi.org/10.1080/02667363.2020.1736518

Perera, F., & Herbstman, J. (2011). Prenatal environmental exposures, epigenetics, and
disease. Reproductive Toxicology, 31(3), 363-373.
https://doi.org/doi.org/10.1016/j.reprotox.2010.12.055

Pillay, S., Duncan, M., & De Vries, P. J. (2021). Autism in the Western Cape province of
South Africa: Rates, socio-demographics, disability and educational characteristics in
one million school children. Autism, 25(4), 1 076-1 089.
https://doi.org/10.1177/1362361320978042

Pugsley, K., Scherer, S. W., Bellgrove, M. A., & Hawi, Z. (2022). Environmental exposures
associated with elevated risk for Autism Spectrum Disorder may augment the burden
of deleterious de novo mutations among probands. Molecular Psychiatry, 27(1), 710-
730. https://doi.org/10.1038/s41380-021-01142-w

Rabiee, A., Samadi, S. A., Vasaghi-Gharamaleki, B., & Hosseini, S. (2019). The cognitive
profile of people with High-Functioning Autism Spectrum Disorders. Behavioural
Science, 9(20), 1-16. https://doi.org/10.3390/bs9020020

Rabiee, A., Vasaghi-Gharamaleki, B., Samadi, S. A., Amiri-Shavaki, Y., & Alaghband-Rad,
J. (2020). Working memory deficits and its relationship to Autism Spectrum

Disorders. Iranian Journal of Medical Sciences, 45(2), 100-109.

74



https://doi.org/10.30476/ijms.2019.45315

Radan, F., Johnston, N., Nguyen, C. H., Restrepo, A., Varga, R., Patterson, K. K., Brooks,
D., & Vaughan-Graham, J. (2020). Investigating visual-spatial abilities in students
and expert physical therapists. Physiotherapy Canada, 72(2), 132-136.
https://doi.org/10.3138/ptc-2018-0091

Raiford, S. E. (2017). Essentials of WISC-V integrated assessment. John Wiley & Sons.

Rakoczy, H. (2022). Foundations of Theory of Mind and its development in early childhood.
Nature Reviews Psychology, 1(4), 223-235.

Reichenberg, A., Gross, R., Weiser, M., Bresnahan, M., Silverman, J., Harlap, S.,
Rabinowitz, J., Shulman, C., Malaspina, D., Lubin, G., & others. (2006). Advancing
paternal age and Autism. Archives of General Psychiatry, 63(9), 1 026-1 032.
https://doi.org/doi:10.1001/archpsyc.63.9.1026

Ritchey, M., Libby, L. A., & Ranganath, C. (2015). Cortico-hippocampal systems involved in
memory and cognition: The PMAT Framework. Progress in Brain Research, 219, 45-
64. https://doi.org/doi.org/10.1016/bs.pbr.2015.04.001

Russo, N., Foxe, J. J., Brandwein, A. B., Altschuler, T., Gomes, H., & Molholm, S. (2010).
Multisensory processing in children with Autism: High-density electrical mapping of
auditory-somatosensory integration. Autism Research, 3(5), 253-267.
https://doi.org/10.1002/aur.152

Rylaarsdam, L., & Guemez-Gamboa, A. (2019). Genetic causes and modifiers of Autism
Spectrum Disorder. Frontiers in Cellular Neuroscience, 13(8), 1-15.
https://doi.org/10.3389/fncel.2019.00385

Saalasti, S., Lepistd, T., Toppila, E., Kujala, T., Laakso, M., Nieminen-von Wendt, T., Von
Wendt, L., & Jansson-Verkasalo, E. (2008). Language abilities of children with
Asperger Syndrome. Journal of Autism and Developmental Disorders, 38, 1 574-1
580.

Scheiber, C. (2016). Is the Cattell-Horn—Carroll-based factor structure of the Wechsler
Intelligence Scale for Children — Fifth Edition (WISC-V) construct invariant for a
representative sample of African—American, Hispanic, and Caucasian male and
female students ages 6 to 16 years. Journal of Pediatric Neuropsychology, 2(3-4), 79-
88. https://doi.org/10.1007/s40817-016-0019-7

75



Schipolowski, S., Wilhelm, O., & Schroeders, U. (2014). On the nature of crystallized
intelligence: The relationship between verbal ability and factual knowledge.
Intelligence, 46, 156-168.

Sefotho, M. M., & Onyishi, C. N. (2021). In-school transition challenges among primary
school learners with Autism Spectrum Disorders in South Africa: Parents and
teachers’ perspectives. Perspectives in Education, 39(2), 283-302.
https://doi.org/10.18820/2519593X/pie.v39.i2.20

Shmulsky, S., & Gobbo, K. (2013). Autism Spectrum in the college classroom: Strategies for
instructors. Community College Journal of Research and Practice, 37(6), 490-495.
https://doi.org/10.1080/10668926.2012.716753

Siegel, D. J., Minshew, N. J., & Goldstein, G. (1996). Wechsler 1Q profiles in diagnosis of
High Functioning Autism. Journal of Autism and Developmental Disorders, 26(4),
389-406. https://doi.org/10.1007/BF02172825

Simmons, D. R., Robertson, A. E., McKay, L. S., Toal, E., McAleer, P., & Pollick, F. E.
(2009). Vision in Autism Spectrum Disorders. Vision Research, 49(22), 2 705-2 739.
https://doi.org/10.1016/j.visres.2009.08.005

Simms, M. D. (2017). When autistic behavior suggests a disease other than Classic Autism.
Pediatric Clinics, 64(1), 127-138. https://doi.org/doi.org/10.1016/j.pcl.2016.08.009

Slate, J. R., Jones, C. H., Coulter, C., & Covert, T. L. (1992). Practitioners’ administration
and scoring of the WISC-R. Journal of School Psychology, 30(1), 77-82.
https://doi.org/doi.org/10.1016/0022-4405(92)90021-V

Smid, H. G. O. M., Bruggeman, R., & Martens, S. (2013). Fragmented perception: Slower
space-based but faster object-based attention in recent-onset psychosis with and
without Schizophrenia. PLoS ONE, 8(3).
https://doi.org/10.1371/journal.pone.0059983

Soto, T., & Kraper, C. (2013). Block design subtest. In F. R. Volkmar (Ed.), Encyclopedia of
Autism Spectrum Disorders (pp. 464-465). Springer: New York.
https://doi.org/10.1007/978-1-4419-1698-3_226

Springer, P. E., Van Toorn, R., Laughton, B., & Kidd, M. (2013). Characteristics of children
with Pervasive Developmental Disorders attending a developmental clinic in the
Western Cape province, South Africa. SAJCH South African Journal of Child Health,

76



7(3), 95-99. https://doi.org/10.7196/SAJCH.530

Stack, K., Murphy, R., Prendeville, P., & O’Halloran, M. (2017). WISC-IV UK profiles of
children with Autism Spectrum Disorder in a specialist Autism service. Educational
and Child Psychology, 34(2), 40-53.

Stahmer, A. C., Collings, N. M., & Palinkas, L. A. (2005). Early intervention practices for
children with Autism: Descriptions from community providers. Focus on Autism and
Other Developmental Disabilities, 20(2), 66-79.
https://doi.org/10.1177/10883576050200020301

Styck, K. M., Aman, M. S., & Watkins, M. W. (2019). Diagnostic utility of the WISC-1VV
GAI > CPI Cognitive Score Profile for a referred sample of children and adolescents
with Autism. Contemporary School Psychology, 23(2), 115-125.
https://doi.org/10.1007/s40688-018-0172-3

Tawfik, G. M., Dila, K. A. S., Mohamed, M. Y. F., Tam, D. N. H., Kien, N. D., Ahmed, A.
M., & Huy, N. T. (2019). A step-by-step guide for conducting a systematic review
and meta-analysis with simulation data. Tropical Medicine and Health, 47(1), 1-9.
https://doi.org/10.1186/s41182-019-0165-6

Tick, B., Bolton, P., Happé, F., Rutter, M., & Rijsdijk, F. (2016). Heritability of Autism
Spectrum Disorders: A meta-analysis of twin studies. Journal of Child Psychology

and Psychiatry and Allied Disciplines, 57(5), 585-595.
https://doi.org/10.1111/jcpp.12499

Tierney, C., Mayes, S., Lohs, S. R., Black, A., Gisin, E., & Veglia, M. (2015). How valid is
the checklist for Autism Spectrum Disorder when a child has Apraxia of speech?

Journal of Developmental and Behavioral Pediatrics, 36(8), 569-574.
https://doi.org/10.1097/DBP.0000000000000189

Toffalini, E., Giofre, D., & Cornoldi, C. (2017). Strengths and weaknesses in the intellectual
profile of different subtypes of specific learning disorder: A study on 1,049 diagnosed
children. Clinical Psychological Science, 5(2), 402-4009.
https://doi.org/10.1177/2167702616672038

Van Schalkwyk, G. I., Beyer, C., & De Vries, P. J. (2021). South Africa and Autism. In
Encyclopedia of Autism Spectrum Disorders. Springer, 4 515-4 520.

Wager, E., & Wiffen, P. J. (2011). Ethical issues in preparing and publishing systematic

77



reviews. Journal of Evidence-Based Medicine, 4(2), 130-134.
https://doi.org/10.1111/j.1756-5391.2011.01122.x

Wang, S. C., Oelze, B., & Schumacher, A. (2008). Age-specific epigenetic drift in late-onset
Alzheimer’s Disease. PloS One, 3(7), 269-278.
https://doi.org/doi.org/10.1371/journal.pone.0002698

Wang, Y., Zhang, Y., Liu, L., Cui, J., Wang, J., Shum, D. H. K., Van Amelsvoort, T., &
Chan, R. C. (2017). A meta-analysis of working memory impairments in Autism
Spectrum Disorders. Neuropsychology Review, 27, 46-61.

Watkins, L., Kuhn, M., Ledbetter-Cho, K., Gevarter, C., & O’Reilly, M. (2017). Evidence-
based social communication interventions for children with Autism Spectrum
Disorder. Indian Journal of Pediatrics, 84(1), 68-75. https://doi.org/10.1007/s12098-
015-1938-5

Watkins, M. W., Canivez, G. L., Dombrowski, S. C., McGill, R. J., Pritchard, A. E.,
Holingue, C. B., & Jacobson, L. A. (2021). Long-term stability of Wechsler
Intelligence Scale for Children — Fifth Edition — Scores in a clinical sample. Applied
Neuropsychology: Child, 1-7. https://doi.org/10.1080/21622965.2021.1875827

Wechsler, D. (1949). Wechsler Intelligence Scale for Children. Psychological Corporation.

Wechsler, D. (2003). Wechsler Intelligence Scale for Children Technical Manual (3" ed.).

The Psychological Corporation.

Wechsler, D. (2014). WISC-V Technical and Interpretive Manual Supplement. MN: NCS

Pearson.

Weiss, J., Lyons, J., Cappadocia, M. C., & Weiss, J. A. (2011). Social characteristics of
students with Autism Spectrum Disorders across classroom settings. Journal of
Developmental Disabilities, 17(1), 77-82.

Weiss, L. G., Saklofske, D. H., Holdnack, J. A., & Prifitera, A. (2019). WISC-V: Clinical use

and interpretation. Academic Press.

Wicherts, J. M., Dolan, C. V, Hessen, D. J., Oosterveld, P., Van Baal, G. C. M., Boomsma,
D. I., & Span, M. M. (2004). Are intelligence tests measurement invariant over time?
Investigating the nature of the Flynn Effect. Intelligence, 32(5), 509-537.

Willcutt, E. G., Petrill, S. A., Wu, S., Boada, R., De Fries, J. C., Olson, R. K., & Pennington,
B. F. (2013). Comorbidity between reading disability and math disability: Concurrent

78



psychopathology, functional impairment, and neuropsychological functioning.
Journal of Learning Disabilities, 46(6), 500-516.
https://doi.org/10.1177/0022219413477476

Williams, R. L. (2013). Overview of the Flynn Effect. Intelligence, 41(6), 753-764.

World Health Organization (WHO). (2022). ICD-11: International classification of diseases
(11" revision).

Yilmaz, B., & Yilmaz, H. B. (2017). On the development and measurement of spatial ability.
International Electronic Journal of Elementary Education, 1(2), 83-96.

Zaboski, B. A., Kranzler, J. H., & Gage, N. A. (2018). Meta-analysis of the relationship
between academic achievement and broad abilities of the Cattell-Horn-Carroll
Theory. Journal of School Psychology, 71, 42-56.
https://doi.org/doi.org/10.1016/j.jsp.2018.10.001

Zaboski 11, B. A., Kranzler, J. H., & Gage, N. A. (2018). Meta-analysis of the relationship
between academic achievement and broad abilities of the Cattell-Horn-Carroll
Theory. Journal of School Psychology, 71, 42-56.
https://doi.org/10.1016/j.jsp.2018.10.001

Zayat, M., Kalb, L., & Wodka, E. L. (2011). Brief report: Performance pattern differences
between children with Autism Spectrum Disorders and Attention Deficit-
Hyperactivity Disorder on measures of verbal intelligence. Journal of Autism and
Developmental Disorders, 41(12), 1 743-1 747. https://doi.org/10.1007/s10803-011-
1207-z

Zelazo, P. D. (2020). Executive function and psychopathology: A neurodevelopmental
perspective. Annual Review of Clinical Psychology, 16(2), 431-454.
https://doi.org/doi.org/10.1146/annurev-clinpsy-072319-024242

Zhang, M., Jiao, J., Hu, X,, Yang, P., Huang, Y., Situ, M., Guo, K., Cai, J., & Huang, Y.
(2020). Exploring the spatial working memory and visual perception in children with
Autism Spectrum Disorder and general population with High Autism-like traits. PLoS
ONE, 15(7), 1-16. https://doi.org/10.1371/journal.pone.0235552

Zhang, X., Lv, C.-C., Tian, J., Miao, R.-J., Xi, W., Hertz-Picciotto, I., & Qi, L. (2010).
Prenatal and perinatal risk factors for Autism in China. Journal of Autism and
Developmental Disorders, 40, 1 311-1 321. https://doi.org/doi.org/10.1007/s10803-

79



010-0992-0

Zwaigenbaum, L., Bauman, M. L., Choueiri, R., Kasari, C., Carter, A., Granpeesheh, D.,
Mailloux, Z., Smith Roley, S., Wagner, S., Fein, D., & others. (2015). Early
intervention for children with Autism Spectrum Disorder under 3 years of age:
Recommendations for practice and research. Pediatrics, 136(1), 60-81.
https://doi.org/10.1542/peds.2014-3667E

80



luded in the systematic literature review

ies inc

f stud

: Description o

Annexure A

reporting on cognitive performance of children diagnosed with Autism Spectrum

Disorder using the Wechsler Intelligence Scale for Children

(7'vT) 00T (c21)9°T0T (tvT)T86 VN VN VN (891) 526 VN (U8T)v'v6 (zv1) 96 (s1ew) aad JA9T -9 91T
(r'zr) 8's6 (8'6T) TOT (r'zr) 996 VN VN VN (Ter) T'T0T VN (z'L1) 00T (9€1)6°L6 (sleway)aad  JA9T-9 9z 6007 ‘e 13 eweAoy| 0z
VN VN (ts1) 66 VN VN VN VN wN (zer)8Te (s€1) 976 V4H 1ho1-9 L€
VN VN (SVT)¥'se VN VN VN VN VN (szT)T'T0T (TvT) €86 J1a81adsy JA9T-9 9€ £00T “|e 19 eweAoy 61
(T°€T) 6°T0T (r'61) v'86 (9'zT) TOT VN VN VN (5°€T) 86 VN (991)6'68 (621) 676 aad JA9T -9 P4 900T “|e 32 eweAoy 8T
(8'zT) T°€0T (91) S'v0T (e°zT) v'eoT VN VN VN (ver)ve6 VN (1) 9'66 (et) T0T aad JA9T -9 8L
(zot) 20T (6'91) T'OTT (e01) 8'66 VN VN VN [VAraak=3 VN (2'sT) €01 (e'6) T'z0T 19810dsy JA9T -9 8T 8007 ‘e3uny g eweAoy s
VN VN VN (8T) 6E76 VN VN (91°51) 9158 (€8°£1) ¥0'96 (es'st) €c7e6 (8891) 26'68 NIFDSIM asy JAST -9 67 0207 ‘8u0S g Wiy 9T
WN N (€'6T) 516 N VN WN VN wN VN (e'sT) L'96 1a81adsy Jher-9 Jas 800¢ ““[e13 Iysehey ST
WN N (6L%T) 6€°96 N VN N VN wN WN (ezst)eTse J1a81adsy JAYT -8 LET 800¢ “*[2 19 UI21SP|09 vT
VN VN VN (¢8'81) 8268 VN VN (66°4T)vE08  (9€°T2) 0S'vL (e€'02) 26°SL (eL6T)0LEL AIFISIM asv Jhot-9 0s 6107 “|e 39 215019 34
VN VN VN (6€T) seser VN VN (es'sT)Ov'T6  (VBET)SYYIT  (61°ST)09°0ET (65°€T) 68721 AI-DSIM J1a81adsy JA9T -9 14
VN VN VN (cozt) vreer VN VN (vE'ST) €€Z0T  (ESET) TT'TIT (€6°€T) 95°8TT (8T°6) 67°0CT NIFDSIM ViH JA9T -9 Ly 710z “[e 32 uodaIN-A3j04 [
VN VN (zvT)T08 VN VN VN VN VN (891) €18 (vr)88L Y-2SIM wshny JAST-9 ov
WN VN (L'12)9°56 VN VN VN VN VN (€'T2) v'80T (tz)szot ¥-DSIM 1a81adsy 1hsT-9 oy L66T |23 51343 T
WN N VN VN (6€'vT) 6T'STT VN (£9T1)80'86  (69°0T) ¥8'€6 (66'6) SS8TT (zz°oT) Sv'60T AIFISIM Ja8iadsy  UAET-L 54 ST0Z “|e32 013je) s310l00 0T
WN WN VN WN VN WN VN wN (L1°61) 6996 (tz1e) L18 ADSIM asv 4ho1-9 85 7207 “[e13 3je@ 6
WN VN VN VN (zze)ges (902) £v8 (61)8°'5L (re61)9°2L (zst)vos (teT) €9 ADSIM 1-asv A9t -9 03
VN VN VN VN (TzT) 00T (S£T)6°00T (r8T) v'68 (8'91) v'S6 (rv1) ST0T (rzt) €86 A-DSIM IN-ASY JA9T -9 43 T20T “1e 19 3e@ 8
VN VN (tee) L6l VN VN VN VN VN (02)6'sL (coe)sse asy JAVT -6 Jxas TI0Z “|e 39 uewsey) L
(v9°61) S'TOT (er9e) Lz'16 (¢s12) 1626 VN VN VN VN VN (£€°8T) 8T'60T (eTve) 167201 4-2SIM 19819dsy JATT-9 124
(rr'12) 6928 (65'92) TE€E8 (98°02) ££°08 VN VN VN VN VN (eL'€2) LL'68 (e972) 79°€8 ¥-2SIM wsnny JAer-9 €1
(vz'0z)6L°T6 (ve'6T) ZE'S8 (e8'02) LET6 VN VN VN VN VN (vo'LT)v'ze (8€°'6T) 8568 ¥-ISIM aad Jher-9 9L 900¢ “[e 12 uinig 9
VN VN (18'TE) v1°TS VN VN VN VN VN (s'62)9L'09 (€8'1€) 1595 1-2SIM asy Jhot-8 L€ ¥10Z |2 33 Jaupog S
VN VN VN (troz)ss L8 VN VN (s6'st)6L2L (00TT) 8E'9L (tv'02) 6v°€8 (8€°6T) 18'8L AI-DSIM asy JA9T-0T or STOZ “|e 39 wneg v
VN VN (85°02) 2£'96 VN VN VN VN VN (ss'12) ZE66 (ez'12) 0786 OSIM 4-OSIM  J981adsy JAvT-9 L€ 000z “Ie 32 ||1yuleg €
VN VN VN VN (9v1) z'20T (vT) zoT [(79k4:3 (9°€T) v6 (zoe) 87001 (£'s1)6'86 A-DSIM asy JA9T -9 142 120C “|e193ulauoL-seipny ¢
VN VN VN (eeet)eLeer VN VN (T£'ST)£5°96  (EL'€T) EETIT (t°st) s0'szt VN NIFDSIM asy JA9T -9 65 TT0T “[e 39 dul|nossy T
:lod a4 ‘oId ‘ldd ‘g INM DA ‘DIsd pasnisal sisouseiq a8y  sjuedpniedjooN Jeap doyiny OoN Apnis

81



WN v¥N (pLPT) €596 N v¥N WN WN N lotet) ggTIT (£8'9T) £5°50T -251M 1afiadsy PUYCE] ST
WN v¥N (ZS°€T) £0°60T N v¥N WN WN N (o5 LT) €168 (gz°at) 2096 1-2SIM W4H JAQT9 st TI0T ‘Wa17g apueld
WN WN v¥N (86°8T) 8E +OT v¥N v¥N [8y'8T)69°v6  (26'0T)88°20T (T2°€T) 88 TTT g2 1zZ)90T NFISIM asvy Jhgr-9 b T20C |2 32 OAjRD-SB|3NU3d
WN WN WN N WN v¥N ¥9'9) 5026 (¥8ZT)9T 10T (ezot)TiT (4TOT)oTOTT AIFISIM W4H Jhgr-9 6T TZ0Z |2 32 ouadp
WN WN v¥N (£1°8T) £2T°H0T v¥N v¥N log'oT) 8018 (€2°8T) T9°56 (80°12) 2066 (g6T) 55746 AIFISIM asy Jhgr-9 a5 TT0Z “|2 13 SRIUY-SRI3M| O
WN WN v¥N (85T) 166 v¥N v¥N [EvT)L 88 (9°41) 8'v6 T4T) 166 p'sT)TS6 NFISIM asvy JAgT -2 8T TT0T "2 32 epeyO
WN v¥N [69T) 126 N v¥N v¥N WN N N (8'5T) 8'00T -251M 1adiadsy JATT-9 14 TO0Z |2 32 uapAN
WN v¥N loTT)826 N v¥N WN WN N weTT) 96 (9°6) v6 J5IM W4H JAgTg 55
WN v¥N (Tor) 596 N v¥N WN WN N (S'8T) £°ETT ([E%T) THOT J5IM 1afiadsy JAgTg 5 0T0Z |2 12 2waepiajoN
WN WN v¥N (s°4T) 5°T0T v¥N v¥N [8ET)8 L8 (soz)sg Lot) 98 (£sT)8¢8 NFISIM asvy Jhgr-9 5T 970z “|21243peN
WN WN WN N (6°sT) £7T0T WN le6)Tse sT) 226 (sot) soTT rTT) £86 N-2SIM 1adiadsy JAST-£ ST
WN WN WN N (€°€T) 8°30T v¥N (TT)ST6 [69T)8°¢8 (Tot)g9se vTT) L 06 NFISIM wsnny JAST-£ 15
WN v¥N [Z¥T)se N v¥N WN WN N @)z vor T6) v'66 -251M 1adiadsy JAST-£ ST
WN v¥N [radl-3 N v¥N WN WN N (TsT) 688 9ZT) 906 -251M wsnny Jhgr-9 15 STOZ “|231243peN
WN v¥N (86°02) 90'T6 N WN v¥N (881) v8'z8 N (80°12) 8€"88 (ooTZ) 8T L2 1-2SIM asy Jhgr-9 2T 910z “|2 313 28nop
WN WN v¥N {ot) aT1T v¥N v¥N (81)s8 (sT) 68 (6T) 20T (6T) TOT NFISIM W4H JAYT -9 s 800E ‘unoyjed g sake
(£T) vOT (81)s6 v¥N N v¥N 8T) 56 (oT)v6 N (o1) 20T (oT) 0T -251M lozzoijasy  JAsTg Fad
(ST)ve (TT)s9 v¥N N WN v¥N (ET) o N (13974 fot) 29 1-2SIM loe=Di)asy  JAsSTg 12 £00€ ‘unoyjed g sakew
¥N ¥N v¥N (TTT) 6°80T v¥N v¥N Totlve6 lo9T)9TIT (€74T) T80T (ET) ¥'S0T NFISIM asvy hoT-9 T 10T "2 12 aunnsiep
WN v¥N [o%T) 968 N v¥N v¥N WN N N le'sT) 988 H-25IM wsnny JAST-£ 4
WN v¥N [6'6T)Z0T N v¥N v¥N WN N N (eT)9zot H-25IM 1adiadsy Jhgr-9 = 666T "2 13 euainiiuely
WN WN v¥N (z8vT) £8°70T v¥N v¥N (9z€T)89°T6 (¥8vT) £9°96 (E2°ET) 65 "E0T (ET°ET) ¥E'66 NFISIM wsnny JAgTg ot TT0T "2 32 yuequauun
WN WN WN N WN v¥N (10°LT) 1888 (£9°6T) 8T°€6 (£9°2T) vE¥6 (€5°0T) ¥ v6 NFISIM W4H Jhgr-9 43 LT0Z “|e32n
WN WN v¥N (84°6T) 9T 00T v¥N v¥N l62°2T) 688 (2867 vL'E6 (96'22) TL¥6 (ze'0z) 89v6 NFISIM asvy Jhgr-9 1€ LT0Z 232N
WN WN WN N v6T)TT6 WN [SeT)Be [oTz)18 (Tsz) L08 (s0z)o8 NFISIM asvy JAST-£ £ +I0T "as0yeuny
(ozT) 800T [68T) TTOT [ETT) 586 N WN v¥N (TTT)E66 N FoT) v's6 [SeT)loee -251M (2l2w)asy hE-9 9z
(LPT)TE6 e741)9°86 £TT)E8e N WN v¥N (zot) TZ0oT N [8+T) 786 [oeT)se6 -251M (2lewayjgsy  JAg-9 14 STOZ |2 32 1yezewny
N N N wN N N N N (ze'er)oose WN A-DSIM asy ihgT -8 e
N N N wN N N N N (£2°6T) 8568 N AIFISIAN asy 1AgT -9 e 6I0Z "[2 32 |3uyany
10d 044 Did tldd HISA e isd M A 0Is4 pasnysal sisoudelq a8y spuedpiyed jo oN Jea Soyymy

82



LL LL ¥N (k-4 ¥N ¥N LL WN (9'91) #'10T LL AI-DSIA asy 1A aT-g o5 TI0Z “ |2 32 wehez
¥N ¥N (Z6°2T) £7'T0T ¥N ¥N ¥N ¥N ¥N (£2°%T) 59°E0T (82'ZT)89Z0T  11I-DSIM “¥-DSIM WaH 9T -9 69 200Z “|233 swel|im
LL ¥N (€9'¥T) £0°Z0T WN ¥N ¥N LL N N (BO°ST) ETHOT N-JSIA wsgny eT-g 35 900Z “ |2 33 SWwel||Im
¥N ¥N ¥N ¥N (68T) €46 ¥N 5iT)618 [Zet)1ee (L6T) ¥v6 (€'8T) 16 A-ISIM asy 9T -9 2 6102 "|233y2Mag
¥N ¥N ¥N wN og9t)soee  (vELT)9gse  (LL9T)sTde (eeat) 1282 (a1 1) 0S'S6 (esLT) TP 06 A-DSIM asy JAST -3 6t TZ0Z “|e 33 uosuaydays
¥N ¥N ¥N (ET°ET) ZE'TOT ¥N ¥N (9'¥T) 9616 (62°ST) 9€ '¥6 (£sT)¢e9T0T (E6°ET) ¥EL6 AFJSIM asy JAGT-9 ¥ET LT02 " 13yIEs
¥N ¥N (69°€T) 996 ¥N ¥N ¥N ¥N WN ¥N (6¥'+T) Z0'96 1-25 1M aad 9T -9 12 9661 “|213 35315
LL LL LL N LL LL LL WN N (1s°Z1) £9°52 AIFISIA asy ar-g '3 0Z0Z "2 33 33iqey
¥N ¥N ¥N Lg1r)zee ¥N ¥N (67 +T) €6 [evst)zse (8T°6T) 298 (1s°ZT) £9's2 AFISIM asy 9T -9 0 6102 "|212 33igey
:10d 044 Did tidd HISA T isd TN 1A DIs4 pasnjsal sisouSelq  ediopued o guedoiped jo oN 1e3) Soyny

83



Annexure B: Description of studies included in the systematic literature review

reporting on the highest- and lowest-performed subtests

Author, Year Diagnosis Test Used Highest Scoring Subtest Lowest Scoring Subtest
Assouline etal., 2012 ASD WISC-IV NA NA
Audras-Torremt et al., 2021 ASD WISC-V Similarities: 10.5 (3.8) Digit Span: 8.5 (2.6)
Barnhill et al., 2000 Asperger WISC-R; WISC-III Block Design: 11.03 (4.34) Coding: 7(3.03)
Baumet al., 2015 ASD WISC-IV NA NA
Bodneretal., 2014 ASD WISC-III NA NA
Bruin et al., 2006 PDD WISC-R Picture Arrangement: 9.8 (3.59) DigitSpan: 7.32(3.37)
Autism WISC-R Similarities: 8.77 (4.36) Coding: 5.77 (3.75)
Asperger WISC-R Information: 13.36(3.85) Coding: 6.55 (4.7)
Charman et al., 2011 ASD WISCHII Picture Arrangement: 8.4 (5.2) Comprehension: 4.7 (3.6)
Dale et al., 2021 ASD-NL WISC-V NA NA
ASD-L WISC-V NA NA
Dale et al., 2022 ASD WISC-V NA NA
Dolores Calero et al., 2015 Asperger WISC-IV Similarities: 15.83 (2.83) Coding: 8.15(2.68)
Ehlers et al., 1997 Asperger WISC-R Similarities: 12.3 (4.6) Coding: 7.8 (4.3)
Autism WISC-R Block Design:9.1(3.1) Coding: 5.5(3.7)
Foley-Nicpon etal., 2012 HFA WISC-IV Matrix Reasoning: 15.25(3.19) Coding:9.5(2.92)
Asperger WISC-IV Vocabulary: 15.57 (2.5) Coding: 7.36(3.25)
Giofre et al., 2019 ASD WISC-IV NA NA
Goldstein et al., 2008 Asperger WISC-R: WISC-11I NA NA
Hayashi et al., 2008 Asperger WISCHII NA NA
Kim & Song, 2020 ASD WISC-IV Block Design: 10.48 (3.85) Coding: 7.3(3)
Koyama & Kurita, 2008 Asperger WISC-III NA NA
PDD WISC-III NA NA
Koyama et al., 2006 PDD WISCHII Block Design: 12 (3.8) Comprehension: 6.5(3.4)
Koyama et al., 2007 Asperger WISC-R; WISC-III Digit Span: 11.8(3) Coding: 7.5(2.7)
HFA WISC-R; WISC-III Block Design: 12 (3.9) Comprehension: 6.2 (2.9)
Koyama et al, 2009 PDD (female) WISCHII Information: 11.2 (4.1) Comprehension: 8.1(3.6)
PDD (male) WISCHII Block Design: 11.6(3.5) Vocabulary: 7.8 (3.2)
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Author, Year Diagnosis TestUsed Highest Scoring Subtest Lowest Scoring Subtest
Kuehnel et al., 2019 ASD WISC-IV NA NA
ASD WISC-V NA NA
Kumazaki et al., 2015 ASD (females) WISC-II Symbol Search: 10.8 (2.4) Object Assembly: 8.1(3.4)
ASD (males) WISC-II Block Design: 11.6(3.1) Coding: 8.5 (2.6)
Kuriakose, 2014 ASD WISC-IV Block Design: 9.5 (2.9) Comprehension: 4.9 (4.5)
Lietal., 2017 HFA WISC-IV Block Design: 12.31(4.02) Coding: 7.66 (3.17)
Lietal., 2017 ASD WISC-IV Block Design: 12.29(4.08) Coding: 7.65 (3.22)
Linnenbank et al., 2022 Autism WISC-IV NA NA
Manjiviona et al., 1999 Asperger WISC-R Block Design: 12.6 (4.2) Coding: 7.6 (3.5)
Autism WISC-R Block Design: 10.2 (2.9) Coding: 6(3.9)
Matsuura et al., 2014 ASD WISC-IV Block Design: 12.2 (3.1} Picture Concepts: 8.7 (2.5)
Mayes & Calhoun, 2003 ASD (10=80) WISC-III NA NA
ASD (1Q = 80) WISC-III NA NA
Mayes & Calhoun, 2008 HFA WISC-IV Matrix Reasoning: 13.1 (3} Coding: 6.6 (4]
Mougaetal., 2016 ASD WISC-II Block Design: 10.11(3.98) Comprehension: 6.43 (3.36)
Naderetal., 2015 Autism WISC-II Block Design: 12.2 (3.5) Comprehension: 5.2 (3)
Autism WISC-IV Matrix Reasoning: 11.7 (2.9) Comprehension: 5.8 (3)
Asperger WISC-II Vocabulary: 13.3 (3.2) Coding: 6.4 (3)
Asperger WISC-IV Vocabulary: 13.3 (3.2) Coding: 6.7 (1.9)
Naderetal., 2016 ASD WISC-IV NA NA
Noterdaeme et al., 2010 Asperger Information: 12.6(3.3) Coding: 8.1 (2.8)
& Similarities: 12.6(2.9)
HFA Information: 10.7 (2.5) Comprehension: 7.3 (2.4)
Nyden et al., 2001 Asperger WISC-II Vocabulary: 15.1 (4.3) Symbol Search: 7.5(3.4)
Okadaetal., 2022
Oliveras-Rentasetal., 2012 ASD WISC-IV Similarities: 11.75(3.7) Coding: 7.34 (3.63)
Operto et al., 2021 HFA WISC-IV NA NA
Penuelas-Calvo et al., 2021 ASD WISC-IV NA NA
Planche & Lem, 2012 HFA Block Design: 12.47(2.39) Arithmetic: 6.07 (2.6)
Asperger Block Design: 13.47(3.14) Coding: 4(2.8)
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Author, Year Diagnosis Test Used Highest Scoring Subtest Lowest Scoring Subtest
Rabiee etal., 2019 ASD WISC-IV Matrix Reasoning: 10.76 (2.67) Comprehension: 5.03 (3.46)
Rabiee etal., 2020 ASD WISC-IV Letter Span: 10.5 (3.31) Arithmetic: 3.43 (3.34)
Siegel etal., 1996 PDD WISC-III Block Design: 11.33(3.72) Comprehension:7.47 (4.05)
Stack et al., 2017 ASD WISC-IV Similarities: 11.92(2.83) Comprehension: 8.71(3.25)

Stephenson et al., 2021 ASD WISC-IV Visual Puzzles: 9.85 (3.15) Coding: 6.63 (3.22)
Styck et al., 2019 ASD WISC-IV Similarities: 10(3) Coding: 7(3.8)
Williams et al., 2006 Autism WISC-III NA NA
Williams et al., 2008 HFA WISC-R; WISC-11I NA NA
Zayatet al., 2011 ASD WISC-1V NA NA
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Annexure C
Description of studies included in the meta-analysis reporting on the comparison
between Autism Spectrum Disorder and typically developing children’s cognitive

performance using the Wechsler Intelligence Scale for Children

Study No Author, Year No of participants Age Diagnosis Test used FSIQ: VCl: WMI: PSI: FRI:
1 Bodneretal., 2014 37 8-16yr ASD WISC-II 104.46 (16.70) 107.08 (17.00) NA NA NA
48 8-16yr TD WISC-III 110.19 (11.28) 110.38(10.92) NA NA NA
2 Dale et al., 2022 58 6-16yr ASD WISC-V 87.7(21.21) 96.69 (19.17) NA NA NA
62 6-16yr TD WISC-V 103.60 (12.85) 104.48 (12.18) NA NA NA
3 Styck etal., 2019 79 6-16yr ASD WISC-IV 91(18.3) 94.4(19.7) 92.1(18.2) 84.9(17.5) NA
216 6-16yr ™ WISC-IV 95.4(11.5) 95.5 (11.4) 93.0(11.8) 96.3 (12.4) NA
4 Matsuuraetal., 2014 1 6-16yr ASD WISC-IV 105.4 (14.3) 103.1(17.3) 111.6 (16.6) 97.4(10.2) NA
19 6-16yr ™ WISC-IV 111.8(13.4) 107.5(11.9) 109.1(17.2) 105.0(10.9) NA
5 Williams et al., 2008 69 6-16yr HFA WISC-R; WISC-III 102.68 (12.88) 103.65 (14.77) NA NA NA
72 6-16yr TD WISC-R; WISC-III 103.35(8.26) 103.75 (8.90) NA NA NA
6 Nader et al., 2016 25 6-16yr ASD WISC-IV 87.8(15.7) 83.6(16.7) 87(20.5) 87.8(13.8) NA
2 6-16yr ™ WISC-IV 110.3 (14.8) 112.8(18.3) 99.9(11.9) 105.3(13.2) NA
7 Lietal., 2017 32 6-16yr ASD WISC-IV 94.44(20.53) 94.34(22.67) 93.28(19.67) 88.81(17.01) NA
39 6-16yr TD WISC-IV 111.38(11.29) 117.36 (13.32) 100.69 (12.94) 108.28 (15.22) NA
8 Lietal., 2017 31 6-16yr ASD WISC-IV 94.68 (20.82) 94.71(22.96) 93.74(19.82) 88.9(17.29) NA
48 6-16yr ™ WISC-IV 106.96 (10.07) 112.56 (14.21) 98.98(11.10) 105.10 (15.06) NA
9  Opertoetal., 2021 19 6-16yr HFA WISC-IV 110.16 (10.17) 111 (10.27) 101.16 (12.84) 92.05 (6.64) NA
20 6-16yr ™ WISC-IV 104.60 (8.30) 103.15 (8.46) 103.30 (8.42) 103.00 (5.84) NA
10 Rabiee etal., 2019 30 6-16yr ASD WISC-IV 85.63 (12.51) 86.7(19.18) 85.2(15.43) 93 (14.49) NA
6-16yr ™ WISC-IV 110.87 (9.62) 118.27 (10.99) 99.56(9.78) 115.43 (9.71) NA
11 Dale etal., 2021 32 6-16yr ASD-NL WISC-V 98.3(17.4) 102.5(14.4) 95.4(16.8) 89.4(18.4) 100.9 (17.5)
30 6-16yr ASD-L WISC-V 76.3(19.1) 80.4(18.2) 77.6(19.4) 75.8(19) 84.3(20.6)
6-16yr ™ WISC-V 105.0(11.9) 104.8 (11.6) 104.3 (12.1) 98.0(14.7) 103.5(12.7)
12 Rabiee et al., 2020 30 8-16yr ASD WISC-IV 85.63 (12.51) NA NA NA NA
30 8-16yr TD WISC-IV 111.87(9.62) NA NA NA NA
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Study No Author, Year No of participants Age Diagnosis Test used VSI: PRI: PIQ: FFD: POI:
1 Bodneretal., 2014 37 8-16yr ASD WISC-1II NA NA 101.08 (17.07) NA NA
48 8-16yr ™ WISC-IIl NA NA 108.44 (10.97) NA NA

2 Dale etal., 2022 58 6-16yr ASD WISC-V NA NA NA NA NA
62 6-16yr TD WISC-V NA NA NA NA NA

3 Stycketal., 2019 79 6-16yr ASD WISC-IV 97.3(18.9) NA NA NA NA
216 6-16yr ™ WISC-IV 99.7(12.5) NA NA NA NA

4 Matsuura etal., 2014 11 6-16yr ASD WISC-IV NA 103.9(12.2) NA NA NA
19 6-16yr D WISC-IV NA 111.9(11.6) NA NA NA

5 Williams et al., 2008 69 6-16yr HFA WISC-R; WISC-II NA NA 101.43 (12.92) NA NA
72 6-16yr TD WISC-R; WISC-1II NA NA 102.69( 8.21) NA NA

6 Naderetal., 2016 25 6-16yr ASD WISC-IV NA 101.5(17.5) NA NA NA
22 6-16yr TD WISC-IV NA 110.7 (12.4) NA NA NA

7 Li etal., 2017 32 6-16yr ASD WISC-IV NA NA NA NA NA
39 6-16yr TD WISC-IV NA NA NA NA NA

8 Lietal., 2017 31 6-16yr ASD WISC-IV NA 100.16 (19.78) NA NA NA
48 6-16yr D WISC-IV NA 102.71(11.20) NA NA NA

9 Opertoetal., 2021 19 6-16yr HFA WISC-IV NA NA NA NA NA
20 6-16yr TD WISC-IV NA NA NA NA NA

10 Rabiee etal., 2019 30 6-16yr ASD WISC-IV NA 93.2(11.87) NA NA NA
6-16yr ™D WISC-IV NA 113.23(11.14) NA NA NA

11 Dale etal., 2021 32 6-16yr ASD-NL WISC-V 100.7 (17.1) NA NA NA NA
30 6-16yr ASD-L WISC-V 82.8(22.2) NA NA NA NA

6-16yr TD WISC-V 103.4 (14.5) NA NA NA NA

12 Rabiee etal., 2020 30 8-16yr ASD WISC-IV NA NA NA NA NA
30 8-16yr TD WISC-IV NA NA NA NA NA
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Annexure D

Comparisons between Autism Spectrum Disorder and typically developing children
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