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Abstract

Williams Syndrome (WS) is associated with poor academic performance, and reduced educational attainment, with
research consistently finding literacy and numeracy impairments across the lifespan in WS. To date, however, most studies
have focused on older children and adults, with little research on early development of academic functioning in WS.
The present research investigates emerging reading and mathematical abilities in young children with WS and examines
potential early cognitive abilities associated with later academic functioning. The present research aimed to identify
the early academic profile of young children with WS and to examine the relationship between academic functioning
and demographic variables. Early cognitive abilities associated with later academic functioning were also investigated.
The performance of the WS group was compared to a typically developing control group matched on chronological
age, socio-economic status, and parental education. Participants included 20 young children with WS and 40 typically
developing children, aged between 2 to 7 years (at initial testing), who completed a comprehensive developmental and
academic assessment, utilising standardised measures (the Mullens Scale of Early Learning and the Wechsler Individual
Achievement Test, Second Edition) that contained normative data appropriate for our young WS sample in terms of
both mental age and chronological age [1,2]. Young WS children exhibited relative impairments in mathematical
abilities compared to single word reading, but both areas were generally below chronological age expectations. Lower
levels of developmental/intellectual functioning, executive functioning, and attentional difficulties were found to be
associated with reduced academic outcomes in young WS children. For typically developing children, only attention and
behavioural measures predicted later academic outcome, not earlier levels of developmental/intellectual functioning.
Considerable variability was evidenced in early academic abilities, including whether mathematics was a relative area
of weakness compared to reading, confirming the importance of individual assessments, and developing individualised
educational provisions and learning support for this neurodevelopmental population.
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1. Introduction

Literacy and numeracy abilities are key indicators of academic
achievement, important for later employment, and allow a person
to participate in society with more independence [3,4]. Developing
these academic skills is just as important for people with an
intellectual disability, as it increases levels of adaptive functioning,
enables them more independence, and contributes to their quality
of life and mental health [5-7]. Investigating academic abilities
and the factors that affect literacy and numeracy development in

individuals with Williams syndrome (WS), who typically have
a mild to moderate intellectual disability and specific learning
disabilities (SLD), is essential [8-10]. To date, however, this area
of research has received relatively little attention, with a clear
lack of longitudinal research. WS is associated with impairments
in literacy and numeracy, although the exact prevalence of SLD
remains unclear. Also, while reading skills are generally considered
to be stronger than numerical abilities, most literacy research in
WS has focused on single word reading and decoding (rather than,
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for example, reading rate and reading comprehension or spelling
ability), and very few studies have directly compared the various
aspects of literacy and numeracy all together in the one study [9-
12]. Moreover, methodological differences across studies make
it hard to directly compare findings, with different measurement
tools used and different definitions of what constitutes a literacy
or numeracy impairment. Most studies have also focused on older
children and adults, with little research on early development of
academic functioning in WS.

The current study investigated early literacy and numeracy
development in a young sample of children with WS and in
neurotypical controls, focusing on single word reading (real words
and nonwords) and mathematical abilities (numerical calculation
and numerical problem-solving). By adopting a longitudinal
study design, the present research also examined early cognitive
correlates of later academic functioning (approximately 3.5 years
later). As previous studies with TD, intellectual disability, and
older WS populations have linked cognitive factors to academic
outcomes, particularly IQ, executive functioning, and attention,
these variables were the focus of the current research [13-17].

1.1. Williams Syndrome

Williams syndrome (WS) is a neurodevelopmental disorder caused
by a hemizygous microdeletion spanning approximately 26 to 28
genes on chromosome 7q11.23 [18-21]. The prevalence of WS
has been estimated to be somewhere between 1 per 20,000 and
1 per 7,500 [22-24]. The neurodevelopmental phenotype of this
syndrome is distinct and multifaceted. Developmental delay and
subsequent intellectual disability is almost universal, although there
is evidence of intellectual variability with Full-Scale 1Q ranging
from the profoundly impaired range to average in school-aged
children and adults with WS [8,11,25]. WS research also suggests
relative strengths in expressive vocabulary, visual memory, verbal
short-term memory, phonological awareness, and nonverbal
reasoning, and relative weaknesses in visuospatial skills, receptive
grammar, and comprehension/relational language and pragmatics
[8,26-30]. However, again, this profile is not always reflected at
an individual level, with vast clinical variability [26,31,32]. The
WS phenotype also includes hypersociability and high levels of
generalised anxiety and specific phobias, with a lower prevalence
of social phobia across the life span [33,34]. Attentional difficulties
are also well documented in the WS literature and a diagnosis of
Attention-Deficit/Hyperactivity Disorder (ADHD) is common,
with the overall prevalence estimated to be 55% for preschool
children and between 33% and 80% for school-aged children
and adolescents with WS [11,35,36]. The likelihood of an ADHD
diagnosis is comparable for females and males with WS, unlike the
typical male bias in the general population [34]. The prevalence of
Autism Spectrum Disorder (ASD) is also higher in WS than it is in
the typically developing population [11]. Furthermore, individuals
with WS display deficits in executive functioning, typically in:
working memory; inhibition; initiation; cognitive flexibility
(i.e., shifting); planning and organisation, and self- and task-
monitoring, although age-related changes in the manifestation of
each executive component has been suggested [37-40]. This unique

pattern of strengths and weaknesses in WS suggests that educators,
clinicians, and other professionals will require specific knowledge,
educational provisions, and evidence-based interventions to
appropriately support the complex needs of children with WS and
maximise their learning and academic achievements.

1.1.1. Reading Ability and WS

Research has consistently reported reading difficulties amongst
WS individuals, with a recent study reporting that only 27% were
reading at a basic functional level, with about 93% of WS children
and adults (aged 9 to 35 years; Mage =21.0 years; N=30) able read
at least a few words [5]. Indeed, even after excluding individuals
who were not able to read any words at all, the average reading age
(single word tasks) for WS adults was reported to be approximately
8 years, 8 months, further indicating that the reading abilities of
this population are below the level of functional literacy even after
completing formal schooling [41].

Longitudinal studies have identified limited improvement inreading
over time in older children and adults with WS. For example,
although scores on measures utilised were not directly comparable
(i.e., Time 1: Neale Analysis of Reading; Time 2: Wechsler
Objective Reading Dimensions (WORD), Udwin et al. reported
a slight (nonsignificant) increase in reading accuracy scores and
a significant reduction in reading comprehension scores over an
almost 9-year interval in 23 adolescent and adult WS individuals,
indicating the gap in ability level between typically developing
controls and WS individuals is widening with chronological age
(Time 1: aged 10 to 15 years, Mage = 12.92 years, N = 44; Time 2:
aged 19 to 24 years, Mage =21.75 years) [42-45]. Later, the same
researchers' reported that one quarter of their WS adult sample
remained at floor on the WORD reading measure at follow-up
testing [41]. Udwin et al. and Howlin et al. suggested that the lack
of progress may be due to the limited literacy support provided to
students with additional needs.

Delayed and atypical developmental patterns in early reading have
also been reported in WS [46,47]. In their 12-month longitudinal
study, Steele and colleagues found that children with WS (aged 5 to
8 years at Time 1; Mage = 6.5 years; N =26) and Down syndrome
(DS; aged 5 to 8 years at Time 1; Mage = 6.92 years; N = 26)
showed reduced improvement on (non-standardised) single-word
reading tasks? over time compared to TD controls matched on
reading ability (aged 4 to 5 years at Time 1; Mage = 5.08; N =41)
[47]. Steele et al. also explored the association between specific
language capabilities and early single word reading, and found that
increased vocabulary was the only significant predictor for young
WS and DS children—in contrast to the TD controls, where greater
phonological awareness and letter knowledge were also found to
predict single word reading development. Furthermore, when WS
and DS groups were compared directly, better vocabulary and
phonological skills (phoneme and rhyme matching) predicted
a smaller improvement in reading for WS. Interestingly, these
precursor language skills for WS were equivalent to TD controls
at Time 1, which poses the question of whether factors impacting
later reading ability extend beyond specific language skills to
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other areas of cognitive processing, for example, attention, 1Q, or
executive functioning.

As the genetic and cognitive heterogeneity outlined above may
suggest, studies have demonstrated a wide range of reading
abilities in WS [5]. For example, several studies have reported a
proportion of WS individuals who were not able to read any words
at all, and this did not always relate to 1Q levels [5,9,41,45,48-
50]. In contrast, studies have identified some WS individuals to
be reading in the average range or at their chronological age/grade
level [10,27,51]. Heterogeneity has also been established with
nonword reading abilities (phonological decoding), as skills also
ranged from average levels to an inability to read any nonwords
[27,50,52,53]. Despite the wide variability in reading skill, early
cognitive characteristics associated with reading abilities for WS
individuals remains relatively unexplored. This limited literature
is discussed in detail below.

1.1.2. Mathematical Ability and WS

Notwithstanding the scant literature examining mathematical
skills in WS individuals, especially relative to the literacy research,
studies have repeatedly found, on average, mathematical abilities
to be impaired, or as most studies define impairment, below
mental age levels [10,13,41,44,54,55]. Learning numeracy skills
is thought to require the early development of core representations
[56]. In WS infants and toddlers, such core representations, like
magnitude (i.e., how much) and object representations, appear
to be relatively typical, however limitations become evident by
maturity, suggesting an abnormal developmental trajectory [54,56-
58]. Neuroanatomically, the mathematical impairments reported in
WS individuals also appear to be consistent with neurological data,
with the reduced grey matter and hypoactivation in areas of the
parietal region of the brain being areas involved in mathematical
processing as well as visuospatial abilities and visual attention
[56].

A recent systematic review by Van Herwegen and Simms reported
that mathematical skills in WS individuals generally do not exceed
the ability level of 8- to 9-year-old neurotypical children, and show
a particular difficulty with symbolic and non-symbolic magnitude
representation, with better performance on more verbal aspects
of mathematics [7]. For example, several studies using different
age groups, different control groups, and different methodologies
have shown that people with WS generally know the names of
numbers and can complete basic forward counting tasks, however
cardinality skills (i.e., understanding concepts associated with
counting, or how many items in a group/set) were found to be
particularly problematic [13,59-62]. This finding is consistent
with the bilateral reduction of grey matter and connectivity in the
intraparietal sulcus (IPS) evident in children and adults with WS,
and is in line with the literature reporting a gap between language
production and language comprehension abilities [28,63].

As mentioned above, there has also been some suggestion
that mathematical development in WS follows an atypical
developmental pathway [7]. A recent cross-sectional study by

Van Herwegen et al. explored the developmental trajectories of
mathematical ability in school-aged children and adults with WS
(aged 8 to 51 years; Mage = 19.41 years; N = 24) and DS (aged
8 to 49 years; Mage = 21.85 years; N = 26), compared to mental
age matched TD controls (aged 4 to 10 years; Mage = 6.37 years;
N = 26) [64]. Using the Numerical Operations subtest from the
Wechsler Individual achievement Test (WIAT), they found that,
whilst scores increased significantly with chronological age in
the TD group, mathematic computational skills were delayed for
both the neurodevelopmental groups and developed in line with
their overall mental age [65]. Steele and Brown et al., however,
reported mathematical performance to be above overall mental
age, with other studies finding a particular association with
nonverbal mental age [44,62]. Furthermore, the understanding of
counting (i.e., cardinality skills) has been shown to be associated
with verbal abilities, rather than visuospatial abilities as reported
in the TD population, suggesting that that these skills are not only
delayed but also atypical in WS individuals [13]. Heterogeneity in
mathematical abilities is also evident across the WS literature, for
example, some individuals have been shown to perform arithmetic
at year-11 levels and others not able to answer any calculation
problems atall [12,41,61,66]. However, as most studies include WS
individuals over a wide age range it is not clear if this variability
is due to developmental ability or a syndrome-specific phenotype.
As such, although all studies are reporting mathematical abilities
as delayed, the extent and underlying causes of this delay remains
unknown. Moreover, mental age equivalent scores are known to be
very unreliable, and the use of standard scores, both for academic
abilities and for IQ scores should, ideally, be compared to enhance
accuracy [67].

To date, only two research studies have investigated the longitudinal
development of mathematical abilities in WS and, like with the
reading literature, these studies suggest very limited improvement
in mathematical abilities over time. Firstly, as described above,
Udwin, Howlin, and colleagues provided longitudinal insights for
a group of WS adults by utilising data from their earlier studies
[12,41,44,45]. To explore mathematical skills, the WS participants
were assessed using the Arithmetic subtest on the Wechsler
Intelligence Scale for Children, revised (WISC-R) at Time 1, and,
although participants were out of the normative age range, the
Arithmetic subtest on the Wechsler Intelligence Scale for Children,
Third Edition (WISC-III) was utilised at Time 2 [68,69]. Findings
for Udwin et al. showed a decline in performance in the follow-
up study of young WS adults, however some caution is required
when interpreting these results as the measures were not directly
comparable (i.e., scores are typically lower on the WISC-III than
the WISC-R [44,70,71]. Also, this subtest is arguably not an ideal
measure of numerical abilities, as it can also be a measure of
working memory, verbal processing, and processing speed, among
other things. As such, the authors surmised that, although there
was no notable improvement overall, the scores did not reflect a
true decline. In their 1998 follow-up study, Howlin et al. reported
that their sample of WS adolescents did not display a substantial
increase in their WISC-III Arithmetic scores as they reached
adulthood, despite maintaining their general cognitive ability
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levels [41]. Overall, age-equivalent scores were around the 7- to
8-year level, however, only 16 individuals were able to achieve
a score above the basal level (6 years, 1 month). In an attempt to
make the different Wechsler versions more comparable, Howlin et
al. adjusted the scores on the WISC-III [12]. Despite this, graphical
displays show the mean arithmetic scores for their sample of 47
WS adults to be lower at their 12-year follow-up (Time 1: aged
19 to 38 years, Mage = 25.75; Time 2: aged 25 to 49 years, Mage
= 36.83)—although it is unclear if this result was significant. Of
note, however, only 18 participants in the Howlin et al. sample
had a genetically confirmed diagnosis of WS (Fluorescence in Situ
Hybridization [FISH] test), with the remainder diagnosed based on
clinical characteristics [12,18,23,72]. In a more recent 12-month
longitudinal study looking at early mathematical abilities, Steele
and Brown et al. included 27 WS children (Mage = 6.7 years; no
age range available) using the Test of Early Mathematics Ability,
Third Edition (TEMA-III) and found that numerical and cardinality
abilities improved over time in this young cohort [62,73].

Although several WS studies have investigated whether
mathematical performance is in line with mental age, very few
studies have examined specific skills and general cognitive
predictors, and, as such, very little is known about what impacts
mathematical development. Within the specific skill research
with WS children, and in line with the TD literature, findings
have shown mathematical abilities are associated with a non-
symbolic Approximate Number Sense task (ANS; a non-verbal
task that measures large number discrimination without counting
or numerical symbols), and estimation abilities, particularly in
early development [61,64]. Furthermore, Steele and Brown et
al. found cardinality skills were a unique predictor of increased
early mathematical abilities [62]. In terms of general cognitive
processes, aspects of attention, 1Q, particularly verbal intellect,
and executive functioning have all been suggested to impact
mathematical abilities in the WS population [13,46,74].

1.2. The Role of Cognition in Academic Functioning in WS
1.2.1. Intellectual Functioning

Findings to date have shown very mixed results regarding
the relationship between 1Q and academic functioning in WS
individuals. In the literacy domain, for example, Pagon et al.
explored the reading abilities of nine school-aged children and
adults (aged 10 to 20 years; Mdn = 13 years) [10]. Although
statistical analyses were not performed, the authors described that
an individual’s reading skills® were qualitatively higher relative to
their Full-Scale 1Q (FSIQ; mean reading ability/FSIQ difference
being 19 points)-great variability was noted, however, with one
individual only displaying a 1-point difference. Several WS
studies have also found that reading ability was on par with overall
IQ. For example, Levy and Antebi found (single word) real word
and nonword reading scores were significantly and positively
correlated with FSIQ for their WS sample (aged 11 to 22 years;
Mage =16.17 years) [51]. Levy et al. reported that WS individuals
aged 12 to 20 years (Mage = 16.42 years) with a FSIQ in the mild
impairment range (i.e., scores ranging from 50 to 70) were reading
at this 1Q level, whereas individuals with a FSIQ above 70 were

reading at low average to average ranges (often above their FSIQ)
[50]. Similarly, Udwin, Howlin, and colleagues, found that older
children and adults with WS who were unable to read displayed
significantly lower FSIQ, verbal intellect, and nonverbal intellect
than those that could read [41,44,45].

Looking at single word reading literature specifically (both real
and nonwords), which is the focus of the current study, correlations
with FSIQ have been reported to be strong* [49]. However, only
one study to date has utilised the absolute difference method,
where an individual’s reading abilities are directly compared to
their level of intellectual functioning (standard score comparison)
[75]. Brawn and colleagues found that, although there was a small
proportion of WS individuals who achieved a single word reading
level significantly® above their FSIQ, the majority of their older
WS sample (aged 9 to 39 years; Mage = 21.0) showed reading for
regular, irregular, and nonwords was commensurate with overall
intellectual abilities (ranging from 61% to 89% depending on the
word type) [5]. No individuals showed a significantly higher FSIQ
compared to reading skill. In terms of verbal abilities, associations
with single word reading have been found to be moderate to
strong (nonwords and/or real words) [5,49,50]. The correlations
with nonverbal abilities were mixed, with moderate to strong
associations with nonwords, and correlations ranging from weak,
to moderate (both regular and irregular, to strong for real words
[5,49,50]. In a recent cross-sectional study looking at 9-year-
old children with WS (Mage = 9.32 years; N = 70), however,
Mervis, et al. found that the method of reading instruction® was
significantly and more strongly correlated with the Wechsler
Individual Achievement Test, Third Edition (WIAT-III) Basic
Reading Composite (which is comprised of the single word
reading subtests Word Reading [regular and irregular words] and
Phonological Decoding [nonwords]) than FSIQ, indicating that
IQ may account for only a small amount of variance in reading
ability [9,76]. Instead, these authors found visuospatial ability to
be a weak, but significant, predictor of reading performance. Other
studies have also shown single word reading abilities to have a
weak (real and nonwords) to strong (real words) association with
visuo-spatial abilities [5,49].

Similarly, in the mathematics literature, some researchers have
argued that visuospatial difficulties are predominantly responsible
for the poor mathematical abilities found in WS [61,77]. However,
several studies have failed to find a significant relationship between
mathematic abilities and visuospatial skills in their child and adult
WS cohorts [13,64]. For example, O’Hearn and Landau found that
early mathematical counting, calculation, and basic reasoning skills
(as measured by TEMA-II) were higher than visuospatial abilities
and, instead, were associated with verbal and nonverbal reasoning
in their sample of WS children and adults (aged 10 to 38 years;
Mage = 17.75 years) [55,78]. These findings, which are in contrast
to the TD literature, provide further support that the mathematical
developmental trajectory in WS individuals is atypical and follows
a different developmental path to the neurotypical population [79].
Furthermore, as a result of their findings that mathematical ability
was in line with verbal and overall intellect, Van Herwegen and
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Simms proposed that verbal and general intellectual functioning
may interact and provide compensation for poor nonverbal and
mathematical abilities [7].

1.2.2. Executive Functioning

Executive Functions (EF) have long been established as important
for functional academic skills, at least in TD populations [80].
EFs refer to a set of distinct, yet partially interrelated, higher-
order cognitive processes that are commonly associated with
prefrontal circuitry, believed to enable independent, purposeful,
and goal-directed behaviour [81-83]. In the TD mathematical
literature, studies have shown that EFs are a significant predictor
of mathematical performance, both with numerical calculation
and mathematical problem-solving [84-86]. Functional brain
imaging has also evidenced links between EF and mathematics in
TD populations, with coactivation reported between the posterior
parietal cortex (a region known to be implicated in numerical
processing) and the prefrontal cortex during arithmetic tasks [87].
EF abilities have also been found to predict the development of
mathematical skills in TD children, specifically, working memory,
inhibition and shifting [74]. No study to date has investigated the
association between EF abilities and mathematical performance
in WS, however, Kim and Cameron postulated that EF deficits
may help explain reduced mathematical abilities in this population
[74]. Moreover, WS individuals have been shown to perform more
poorly on tasks that require working memory abilities than TD
controls, like counting onwards and backwards [54].

In the TD literature, working memory is thought to be necessary
for phonological decoding and uniquely contributes to nonword
reading abilities, however, its underlying role in reading remains
unclear [88,89]. Only two studies to date have explored the
relationship between verbal working memory and (single word)
reading in WS school-aged children and adults, with mixed results
[5,9]. The first study, by Brawn et al., reported that verbal working
memory had a moderate association with ability to read real words
(regular and irregular) and a strong association with ability to
read nonwords [5]. In contrast, Mervis and colleagues found that
associations between verbal working memory and the WIAT-II
Basic Reading Composite were strong, however verbal working
memory did not predict performance for basic reading skills after
controlling for method of instruction and phonological processing

[91.

1.2.3. Attention

In the TD literature, a strong correlation has been found between
early inattention and poor reading acquisition [90]. Attentional
flexibility, and selective and sustained attention, have also been
reported to predict the development of numeracy skills in TD
populations [17,87]. In the case of WS individuals, who have
well-documented attentional difficulties (both inattention and
hyperactivity) across the life span, early atypical attentional
patterns (e.g., poor attentional shifting and sustained attention)
and have been found to affect later cardinality skills and non-
verbal mathematical estimation abilities [35,36,62,77,91,92].
Interestingly, however, attentional impairments have not been found

to impact substantially on literacy performance in WS children.
For example, in a cross-sectional and 12-month longitudinal study,
Cornish et al. examined how inattention and hyperactivity (as
measured by the Conners Rating Scale, Teacher Form) influenced
literacy and vocabulary development in children with WS (aged 4
to 9 years at Time 1; Mage = 6.54 years; N=26) and DS (aged 4 to
9 years at Time 1; Mage = 6.96 years; N=26) [46,93]. In contrast to
the DS group, despite WS children displaying significantly greater
ADHD symptomology, inattention, and hyperactive behaviours,
both neurodevelopmental groups were found to have equivalent
single word reading and letter knowledge abilities at Time 1 and
Time 2. WS children scored significantly higher for receptive
vocabulary, thyme matching, and phoneme matching across both
time points. However, in contrast to the DS group, impairments in
inattention and hyperactivity for the WS children were not found to
be significantly associated with performance on tasks of receptive
vocabulary, letter knowledge, phonological awareness (phoneme
and rhyme matching), and single word reading’, as indexed by
concurrent (Time 1) and longitudinal (Time 2) correlations [46].

Overall, although poor literacy and numeracy abilities have been
reported, no study to date has identified the merging reading and
mathematical profile in a young cohort of WS children, nor have
studies utilised standard scores and a TD control group matched
on chronological age, SES, and parent education in this young
population. Furthermore, the underlying cognitive processes that
underpin the early development of literacy and numeracy in the
population remains unclear.

1.3. Current Study

The first aim of the current study was to investigate the emerging
profile of reading and mathematical abilities in a sample of young
children with WS and in TD controls. In line with previous
research, we expected young WS children to display deficits in
early reading and mathematical skills, in comparison to the TD
control group, with the WS group showing a particular difficulty
in mathematics relative to literacy. Individual variability was also
expected, with some WS children expected to show impaired
literacy and/or numeracy abilities and some falling within normal
limits across academic tasks.

The second aim of the present research was to identify early
cognitive abilities associated with later academic functioning in
a longitudinal study design (spanning approximately 3.5 years).
Specifically, IQ, executive functioning, and attentional difficulties
were assessed at Time 1 using measures commonly utilised
in clinical settings (e.g., preschool and school-aged version of
the Child Behavior Rating Inventory of Executive Functioning
[BRIEF] and the Conners Early Childhood/Conners 3 Edition
questionnaires), and these scores were then examined for their
association with later literacy and numeracy functioning [94-97].
Early functional academic abilities (as measured by combining the
Conners Early Childhood Pre-Academic/Cognitive developmental
milestone and the Conners 3rd Edition Learning content scales)
were also included as an early cognitive abilities associated with
later academic skills [96,97]. In line with previous WS studies,
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we expected IQ, attention, and aspects of executive functioning,
particularly working memory, to be associated with later academic
outcomes in the WS cohort. We also expected ratings on the
combined Conners Early Childhood/Conners 3rd Edition academic
scales to significantly correlate with later literacy and numeracy
skills in WS children, as measured at Time 2 [96,97].

2. Method

2.1. Participants

The present study involved a total of 60 young children and their
parents/guardians, including children with WS (N = 20) and a
community comparison group (N = 40). All WS and TD children
spoke English as their first language.

2.1.1. Williams Syndrome Group

Twenty young children with diagnosis of WS (14 males, 6 females,
and zero nonbinary) and their parents/guardians were recruited
through Williams Syndrome Australia Limited. The WS diagnosis
was confirmed using the Fluorescence in Situ Hybridization (FISH)
test to look for deletion of the elastin gene [18,23,72]. WS children
were screened for a history of psychological, neurodevelopmental,
and/or neurological conditions unrelated to their WS (e.g., peri-
natal hypoxic brain injury, acquired brain injury, etc.), and major
sensory impairments that could impact on their ability to perform
the research tasks. No WS child was excluded from the study
based on the above criteria. Of note, one child had a comorbid
diagnosis of ASD. Although attentional difficulties were apparent
during face-to-face testing and when analysing the questionnaire
data, no child was diagnosed with ADHD during the length of the
study [11]. No child had a coexisting diagnosis of anxiety.

2.1.2. Typically Developing Group
Due to the longitudinal nature of the study, forty typically

developing (TD) controls (14 males, 26 females, and zero
nonbinary) and their parents/guardians participated in the study.
Thirty-three families were recruited through the Macquarie
University Neuronauts Kids Science Club (82.5% of TD sample)
and two from the child-care centres on campus at Macquarie
University, Sydney, Australia (5%). Five typically developing
siblings of WS children were also recruited to participate in the
study (12.5% of TD sample). TD children were screened for a
history of psychological, developmental, neurological conditions,
learning disorders, and any major sensory impairments. No TD
child was excluded from the study based on the above criteria.

Demographic information for both groups is shown in Table 1.
In line with previous studies, cognitive ability was assessed
using either the Mullens Scale of Early Learning (MSEL) or the
Differential Ability Scales, Second Edition (DAS-II), depending
on each child’s age at Time 1 testing [1,98-100]. The DAS-II was
used for all children at Time 2 testing. On average, WS children
performed in the mild to moderate range, with Developmental
Quotient (DQ) scores ranging from severely impaired to average;
this is highly consistent with the reported developmental levels for
WS, the mean IQ reported for older children and adults with WS,
and the cognitive heterogeneity reported for WS [11,29,31,32].
Geographic residence for each family was utilised as a measure
of socioeconomic status (SES) using the Australian Bureau of
Statistics Index of Relative Socio-economic Advantage and
Disadvantage [101]. Families were provided with a score from
“1” to “5”, with a lower score denoting a greater socioeconomic
disadvantage. Independent ¢-tests and nonparametric Mann-
Whitney U tests revealed no significant differences between the
chronological age of the children (Time 1 and Time 2), SES, or
parental education (mother, father, and average) across the two
groups (p =>.05).

Measure WS (N =20) TD (N =40)

Time Point

Time 1 Time 2 Time 1 Time 2

Mean (SD) | Range Mean (SD) | Range Mean (SD) | Range Mean (SD) | Range
CA (years)” 458 (1.74) |2.17-7.73 |8.26 (2.15) |4.87-12.04 |4.80(1.65) |2.23-8.10 7.51(1.77) | 4.87-10.58
Gender distribution 14M (70%) 14 M (35%)

6F (30%) 26 F (65%)

0 NB® (0%) 0 NB® (0%)
Handedness
% Right 55 85 75 87.5
% Left 10 15 10.7 12.5
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% Ambidextrous 0 0 0 0

%Unestablished 35 0 14.2 0

Overall DQYIQ? 56.94 38.00- 61.64 40.00— 105.96 86.14- 112.73 77.00—
(11.92)° 81.21° (11.83)¢ 79.00¢ (10.35)° 132.00° (11.61)° 140.00¢

Verbal DQ%/IQ* 58.96 32.00- 68.56 35.00- 106.97 76.00- 109.00 58.00-
(16.56)¢ 93.00° (17.30) 92.00¢ (11.94)° 142.00° (14.77)° 135.00¢

Nonverbal DQYIQ? 63.73 40.27- 70.00 27.00- 102.72 84.00- 110.15 87.00-
(12.09)¢ 87.00° (19.61) 102.00¢ (11.44)° 135.79° (12.15)¢ 147.00°

Current Interventions

% Speech Therapy 65 55 10 25

% Occupational Therapy 55 55 0 2.5

% Physiotherapy 55 20 0 0

% Comorbid ASD® Diagnosis | 5 5 0 0

Current Education

% Public Main-Steam 30 65 325 65

School

% Support-Stream in Main- | 5 15 0 15

Stream School

% Special Education School | 10 15 0 15

% Private/Independent 0 5 0 5

School

% Daycare/ Preschool 55 0 52.5 0

% Home 0 0 15 0

Family SES' 3.61(1.29) |1-5 3.89(1.08) |2-5 4.55(0.88) |2-5 4.44(1.05) |[2-5

Family Ethnicity

% Oceanian 60 67.5

% European 10 25

%Asian 15 5

% Other 15 2.5

Years of Education

Mother 14.05 (2.22) | 10-18 15.38 (2.37) | 12-20

Father 13.24 (2.25) | 9-18 13.70 (2.20) | 10-20
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9.50-
16.50

Average Parent Years of | 13.65(2.02)

Education

14.82 (1.78) | 11.50-20

greater socioeconomic disadvantage.

Note. * chronological age. ® NB = nonbinary. © DQ = developmental quotient as measured by MSEL or DAS-II at Time 1 (Standard Scores; M =
100, SD = 15). ¢ IQ = intelligence quotient as measured by DAS=II at Time 2 (Standard Scores; M = 100, SD = 15). ¢ ASD = Autism Spectrum
Disorder. ' SES = socioeconomic status as measured by the Australian Bureau of Statistics Index of Relative Socio-economic Advantage and
Disadvantage (ABS, 2016) based on geographic residence. Families were provided with a score from “1” to “5”, with a lower score denoting a

Table 1: Between Group Comparisons of Descriptive and Demographic Data at Time 1 and Time 2

3. Materials

3.1. Academic Functioning

Wechsler Individual Achievement Test, Second Edition (Australian
Standardised Edition) WIAT-1I. The WIAT-II is an individually
administered measure of academic achievement for children and
adults aged 4 to 85 years (Australian standardisation sample N =
1261) [2]. The measure consists of nine subtests which map onto
four composites (Reading, Mathematics, Written Language, and
Oral Language), each yielding a standard score (M = 100, SD = 15)
based on either the individual’s age or year of education. Lower
scores denote greater academic difficulties (a score of 69 or below
is classified as abnormal or impaired, 70-79 is borderline impaired,
80-79 is low average, 90-109 is average, 110-119 is high average,
120-129 is very high or superior, and 130 or above is extremely
high or very superior) [2]. The WIAT-II reading and mathematics
subtests and composite scores are outlined in Appendix A. The
WIAT-II displays adequate reliability and validity [2]. Split-half
reliability coefficients for ages 4 to 19 years ranged from .71 to
.98, displaying moderate to high inter-item reliability, and the test-
retest reliability correlations range from .80 to .96 with a mean
interval of 23 days [2]. The WIAT-II has also established reliability
and validity for the WS population [27]. Due to the longitudinal
nature of the study, the WIAT-II was the current edition available
when the study began, and it continued to be utilised in order to
allow for a robust comparison.

3.2. Intellectual Functioning

The Mullen Scales of Early LearningMSEL. The MSEL is a
standardised individually administered measure of early cognitive
functioning for infants and preschool children, ranging from birth
through to 68 months (US standardisation sample N = 1849)
[1]. The MSEL consists of four core cognitive subtestsVisual
Reception, Fine Motor, Receptive Language, and Expressive
Language [1]. Raw scores for each subtest are converted to a
T score (with a population M = 50, SD = 10). T scores for the
four core cognitive subtests yield an Early Learning Composite
standard score (M = 100, SD = 15; a lower score indicates greater
cognitive difficulties). Across each age group, the median internal
consistency values ranged from .75 to .83 for the five subtests
[1]. The internal consistency of the Early Learning Composite
was high, ranging from .83 to .95 across (median value was .91)
[1]. Test-retest reliability correlations ranged from .71 to .96, and
interscorer reliability ranged from .91 to .99 [1]. Previous studies
have also used the MSEL with WS children and established its

reliability and validity within this population [102].

Differential Ability Scales, Second Edition — DAS-1I. The DAS-II is
an individually administered standardised measure of intelligence
designed for children aged from 2 years, 6 months to 17 years, 11
months (US standardisation sample N = 3,475) [100]. The DAS-II
is divided into two record forms: 1) the Early Years battery, which
comprises two levels, the lower level for children aged 2 years 6
months to 3 years 5 months, and the upper level for children aged
3 years 6 months to 6 years 11 months (and children aged 7 to 8
years 11 months who display low ability); and 2) the School-Age
battery for children aged 7 to 17 years 11 months. The lower level
of the Early Years battery has four core subtests that contribute
to the overall General Conceptual Ability and two cluster scores:
Verbal Ability and Nonverbal Ability. The upper level Early Years
and School-Aged batteries require six core subtests to obtain the
General Conceptual Ability and three cluster scores: Verbal Ability,
Nonverbal Reasoning Ability, and Spatial Ability. Raw scores for
each subtest are converted to a T score based on the child’s age
(M =50, SD = 10), and the relevant T scores then yield a standard
score for each cluster and the General Conceptual Ability (M =
100, SD = 15). Lower scores reflect greater cognitive difficulties
(a standard score of 69 or below is classified as “very low”) [100].
The internal reliability coefficient for each core subtest, cluster,
and the General Conceptual Ability (all ages) ranged from .82 to
.94 for the Early Years battery, and .68 to .97 for the School-Aged
battery [100]. Across all ages, test-retest coefficients for each core
subtest, cluster, and General Conceptual Ability ranged from .63
to .91, and interscorer agreement ranged from .95 to .99 [100]. The
DAS-II Introductory and Technical Handbook outlines evidence
to support both concurrent and construct validity. Previous studies
have also established the validity and reliability of the DAS-II in
the WS population [100,103].

Combining MSEL and DAS-II scores. At Time 1, to maintain
consistency with the DAS-II Verbal and Nonverbal cluster, and
the General Conceptual Ability scores, DQ scores were manually
calculated using the MSEL four core subtests (for details, see
Bishop et al., 2011). This is in line with other published studies
with young typically developing children and children with
neurodevelopmental disorders, including WS [98,99,104]. To
reduce the probability of making a Type-II error, the calculated
MSEL DQ scores (all children under 68 months of age at Time 1;
WS: n=14; TD: n=27), and the DAS-II verbal cluster, nonverbal
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cluster, and General Conceptual Ability scores (all children over 68
months of age at Time 1; WS: n = 6; TD: n = 13), were combined
to create single measures of global, verbal, and nonverbal ability
for each WS and TD child. As such, the three scores (i.e., Global,
Verbal, and Nonverbal) were used for the longitudinal correlational
analyses as a measure of each child’s developmental or intellectual
quotient (collectively known as the ‘developmental quotient’ or
‘DQ’ score). The DAS-II was used for all children at Time 2
testing. Previous studies have also shown good convergent and
concurrent validity for combining MSEL and DAS-II in this way
within typical and neurodevelopmental populations [98,99,105].

3.3. Executive Functioning

The Child Behavior Rating Inventory of Executive Functioning-
Preschool Version (Parent Form) BRIEF-P. The BRIEF-P is a
questionnaire which measures everyday executive functioning
behaviours of preschool children aged 2 years 0 months to 5
years 11 months [94]. The 63 items map onto five clinical scales
(Inhibit, Shift, Emotional Control, Working Memory, and Plan/
Organise), which combine to form the three indices of Inhibitory
Self-Control, Flexibility, and Emergent Metacognition, and the
overall Global Executive Composite. Internal consistency for
parent normative data sets across all scales, indices, and Global
Executive Composite, range from .80 to .95. Previous studies
have used the BRIEF-P with neurodevelopmental populations,
including WS [37].

Behavior Rating Inventory of Executive Functioning (Parent
Form)—BRIEF. The BRIEF is a questionnaire which measures
everyday executive functioning behaviours [95]. Seventy-two
items map onto nine clinical scales (Inhibit, Shift, Emotional
Control, Initiate, Working Memory, Plan/Organise, Organisation
of Materials, and Monitor), which combine to form the two
indices, the Behavioural Regulation Index and the Metacognition
Index, and the overall Global Executive Composite. Internal
consistency for parent normative data sets across all scales,
indices, and Global Executive Composite, ranges from .80 to
.97 [95]. Test-retest reliability correlation ranged from .76 to .88
over an average interval of 2 weeks [95]. Previous studies have
also used and validated the BRIEF-C within the WS population
[39,106]. Due to the longitudinal nature of the study, the BRIEF-C
(first edition) was the current edition available when testing began,
and it continued to be utilised at Time 2 data collection in order to
allow for a direct comparison.

Combining BRIEF data. Due to the age range of the WS and TD
children, we were required to utilise both the preschool (WS:
n = 11; TD: n = 9) and child (WS: n = 9; TD: n = 13) BRIEF
questionnaires. To increase power for the analyses, data from both
measures were combined, and are collectively referred to as BRIEF
data. For the purposes of this research, only the five corresponding
clinical subscales (Inhibit, Shift, Emotional Control, Working
Memory, and Plan/Organise) were utilised. The combined BRIEF
sub-scales utilised in the current study are outlined in Appendix B.
Each clinical scale and index yields a 7 score (with population M =
50, SD = 10) based on the individuals’ chronological age and sex.

Higher scores indicate greater degrees of executive dysfunction,
with scores at or above 65 suggesting clinical significance [94,95].
T scores were used in our analyses as they most readily signify
whether the ratings indicate clinical significance (=65). The
number of items relating to each of the five subscales also differs
across the two measures, so the use of 7 scores was also more
appropriate.

3.4. Functional Attention

Conners Early Childhood, Full-Length (Parent)—Conners EC.
The Conners EC (Conners, 2009) is a standardised questionnaire
completed by a parent/guardian to assess attentional, behavioural,
emotional, and social concerns in preschool children aged 2 to
6 years (US standardisation sample N = 800). The full-length
Conners EC consists of six behavioural scales (Inattention/
Hyperactivity, Defiant/Aggressive Behaviours, Social
Functioning/Atypical Behaviours, Anxiety, Mood and Affect, and
Physical Symptoms) and five developmental milestones (Adaptive
Skills, Communication, Motor Skills, Play, and Pre-Academic/
Cognitive). Each clinical scale yields a T score (with population
M = 50, SD = 10) based on the individuals’ chronological age
and sex. Higher scores indicate greater degrees of concern, with
T scores 60 and above suggesting High Average levels, 65 and
above suggesting elevated levels, and 70 and above suggesting
very elevated levels [97]. Due to the scope of the Conners EC,
only the Inattention/Hyperactivity behavioural scale and the
Pre-Academic/Cognitive developmental milestone were utilised
in the current study. The Inattention/Hyperactivity behavioural
scale evaluates the level of inattentive and hyperactive-impulsive
behaviour that is exhibited by a child in the past month and the
items closely reflect the diagnostic criteria for attention/deficit-
hyperactivity disorder (ADHD) in the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5) [107]. The
Pre-Academic/Cognitive  developmental milestone assesses
the level of a child’s knowledge of pre-academic concepts, pre-
reading abilities, and early memory and reasoning skills. The
Conners EC behavioural scales and developmental milestones
are further outlined in Appendix C. The Conners EC parent rated
Inattention/Hyperactivity behaviour scale and Pre-Academic/
Cognitive developmental milestone have very good psychometric
properties [97]. The average test-retest reliability correlation for
a two- to four-week interval for the Inattention/Hyperactivity
behaviour scale and Pre-Academic/Cognitive developmental
milestone is .88 and .97, respectively, and the average Cronbach’s
alpha coefficient for the two scales are both above .94 [97]. The
Conners EC also displays evidence of reliability and validity
within neurodevelopmental populations [108].

Conners, 3rd Edition, Short Form (Parent)—Conners 3. The
Conners 3 Short Form is a standardised questionnaire completed
by a parent/guardian to assess attention, behaviour, learning, and
social concerns in school-aged children aged 6 to 18 years (US
standardisation sample N = 1200) [96]. The Conners 3 Short
Form consists of 45 items, 43 of which map onto six content
scales: Inattention, Hyperactivity/Impulsivity, Learning Problems,
Executive Functioning, Aggression, and Peer Relations. Each
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clinical scale yields a T score (with population M = 50, SD = 10)
based on the individual’s chronological age and sex. Higher scores
indicate greater degrees of concern, with 7 scores at or above 60
suggesting elevated levels and 7 scores at or above 70 suggesting
very elevated levels [96]. Due to the scope of the Conners 3, only
the Inattention, Hyperactivity/Impulsivity, and Learning content
scales were utilised in the current study. The Inattention content
scale evaluates a child’s ability to concentrate and keep their mind
on their work in the past month. The Hyperactivity/Impulsivity
content scale assesses the level of hyperactive and impulsive
behaviours (e.g., restlessness, excessive talking, or interrupting
others) that is exhibited by a child in the past month. The items
on these scales also closely reflect the diagnostic criteria for
ADHD in the DSM-5 [107]. The Learning content scale provides
an indication of learning, memory, and academic challenges.
The Conners 3 content scales are further outlined in Appendix
D. The Conners 3 Inattention, Hyperactivity/Impulsivity, and
Learning content scales have good psychometric properties
[96]. The average adjusted test-retest reliability correlation for
a two- to four-week interval for all three scales ranged from .82
to .91 [96]. The average Cronbach’s alpha coefficient across all
ages for the Inattention, Hyperactivity/Impulsivity, and Learning
content scales were .93, .94, and .90, respectively [96]. The
Conners 3 also displays evidence of reliability and validity within
neurodevelopmental populations [109].

Combining Conners data. Due to the chronological age range of
the WS and TD children at Time 1, we were required to utilise both
the preschool (WS: n = 16; TD: n = 31) and the child (WS: n =4;
TD: n =9) Conners questionnaires. To maintain consistency with
the Conners EC Inattention/Hyperactivity behavioural scale, the
scores for the Conners 3 Inattention and Hyperactivity/Impulsivity
scales were averaged to obtain an overall score of attention. To
increase power for the analyses, the Conners EC Inattention/
Hyperactivity scale and the Conners 3 attention scores, and the
Conners EC Pre-Academic/Cognitive and Conners 3 Learning
scores were then combined to create a single measure of attention
and learning (collectively referred to as ‘Inattention-Hyperactivity/
Impulsivity’ and ‘Early Academic Performance’, respectively).
T scores were used in our analyses as they most readily signify
whether the ratings indicate clinical significance. The number
of items relating to each of the scales also differs across the two
measures, so the use of 7 scores was also more appropriate.

3.5. Procedure and Scoring

This research was part of a wider research study. Ethics approval
for this study was gained from the Macquarie University Human
Research Ethics Committee (reference number: 5200900071
and 52021913524613). The MSEL, DAS-II, WIAT-II, BRIEF-P,
BRIEF, Conners EC, and Conners 3 were administered and scored
by hand according to each of the examiner’s manuals by the first
author who had appropriate training [1,2,94-97,100]. The scores
on the MSEL, DAS-II, Conners EC, and Conners 3 measures
were checked with their corresponding computer scoring program
[1,96,97,100]. The WIAT-I1I, BRIEF-P, and BRIEF were double-
scored by hand by the second author of the paper. The age-based

norms were utilised for the WIAT-II. The BRIEF-P/BRIEF, and
Conners EC/Conners 3 were administered to the primary caregiver.
Most questionnaires were completed by the end of each face-to-
face testing session, although in cases where parents were unable
to do so, questionnaires were mailed back to the investigator within
4 weeks following face-to-face testing. The order of items on the
MSEL were randomised to avoid any systematic effects on tasks
and to maintain children’s motivation, in line with the standardised
instructions [1]. Due to the young age of the children in the current
study, just the Word Reading, Pseudoword Reading, Maths
Reasoning, and Numerical Operations WIAT-II subtests were
utilised, which only allowed for the calculation of the Mathematics
Composite score [2]. Of note, due to the ability level of the WS
children, it was inappropriate to administer the WIAT-II Reading
Comprehension subtest and, as such, the Reading Composite was
not able to be computed [2].

Due to the normative age range cut-offs for each cognitive and
academic measure, several subtests have reduced numbers. Firstly,
the age range begins at 5 years, 0 months for the Numerical
Operations and 6 years, 0 months for the Pseudoword Reading
subtests. As such, two WS and two TD children fell below the
age range for Numerical Operation (also meaning a Mathematics
Composite score could not be computed for these children).
Four WS and 10 TD children were also below the age range for
Pseudoword Reading. The total number of children for each task
is outlined in Table 2 (and Appendix E for the cognitive measures).

3.6. Analytic Approach

Given the small sample size, corrections for multiple comparisons
were not applied due to low power. Alpha was set at 0.05 to
minimise the likelihood of a Type-II error [110]. This is in line
with other published studies on WS [111-113]. For correlation
analyses, all coefficients that displayed moderate to large effect
sizes have also been reported to assist with interpretation and
to demonstrate that the findings were not simply a reflection of
Type-I error (in line with recommendations by Nakagawa and
Rothman) [110,114]. The effect size classifications for r were
as follows: <0.1=small; 0.3=medium, >.0.5=large [115]. Some
variables were found to violate the assumption of normality, and,
so where appropriate, nonparametric tests were engaged to check
the robustness of the result.

4. Results

4.1. Profile of Academic Functioning in Young WS Children
The mean WIAT-II Standard Scores for both the WS and TD
children are presented in Table 2. For the WS children, overall,
the mean Mathematics Reasoning, Numerical Operations, and
the Mathematics Composite scores fell within the impaired range
(i.e., standard scores below 69), and the mean Word Reading and
Pseudoword Decoding scores fell within the borderline range (i.e.,
70 to 79). All mean TD scores fell in the average range. As shown
in Table 2, Mann-Whitney U tests confirmed that, on average,
all WS WIAT-II subtest and composite scores were significantly
lower than TD scores (p = <.001).

J Edu Psyc Res, 2026

Volume 8 | Issue 1 | 10



WIAT-II WS Yy Difference
Subtest and

0, 0,
Composite M (SD) | Range | % N’ | Mean M (SD) | Range | % N’ | Mean U y4 r

Impaired® Overall Impaired” Overall

DQ DQ
(SD)* (SD)*

Word 72.75 40°-114 | 30.0 20 | 56.94 109.68 | 86-128 | 0.0 40 | 10596 |29.00 |<.001 |0.75
Reading (20.13) (11.91) | (10.47) (10.35)
Pseudoword 72.25 43-101 | 43.8 16 |55.75 107.27 81-124 | 0.0 30 | 105.71 19.50 | <.001 |[0.75
Decoding (17.50) (12.73) | (11.78) (10.54)
Mathematics | 51.67 40°-78 | 944 18 | 56.56 106.37 | 76-131 | 0.0 38 |106.28 1.00 <.001 |0.80
Composite (11.45) (12.24) | (12.90) (10.51)
Mathematics | 57.20 40°-102 | 80.0 20 | 56.94 108.15 | 89-129 | 0.0 40 |105.96 13.50 | <.001 |0.78
Reasoning (17.14) (11.91) | (10.46) (10.35)
Numerical 57.78 40°-79 | 77.8 18 | 56.56 103.16 61-125 | 2.6 38 | 106.28 9.50 <.001 |0.78
Operations (12.97) (12.24) | (14.69) (10.51)
Note. Standard Scores (population M = 100, SD = 15). Bold typeface indicates group mean scores impaired range (i.e., a standard score at or below
69). * Percentage of children who fell in the impaired range. Mathematics Composite was able to be calculated as all necessary mathematic subtests
on the WIAT were administered. ® Only children who fell within the WIAT-II normative age range were administered each subtest (see Wechsler
for details [2]). “ Lowest possible standard score. d Mean overall DQ for each adjusted sample.

Table 2: Descriptive Statistics for WS and TD Children on the WIAT-II (Time 2)

Looking at the difference between the WIAT-II subtests within each
clinical group, Friedman’s ANOVA indicated that mean scores for
WS children differed significantly, y*(3)=20.21, p=.000. Wilcoxon
signed-rank tests were then utilised to explore group differences
between each WIAT-II subtest. Mathematics Reasoning scores
(Mdn = 56.00) were significantly lower than Word Reading (Mdn
=77.50; T=17.00, p =.001, » =-0.76) and Pseudoword Decoding
(Mdn=175.00; T=5.00, p=.002, »=-0.78). Numerical Operations
scores (Mdn = 60.00) were significantly lower than Word Reading
(T =13.50, p = .005, » = -0.66) and Pseudoword Decoding (T =
25.50, p =.028, r = -0.55). The scores on the WIAT-II mathematic
subtests (i.e., Mathematics Reasoning and Numerical Operations;
T =39.50, p = 244, r = -0.27) and reading subtests (i.e., Word
Reading and Pseudoword Decoding; 7=32.00, p=.197, r=-0.32)
were not found to be significantly different. Overall, WS children
performed significantly more poorly on the mathematics subscales
than the reading subscales, indicating a dissociation between their
maths and reading abilities at this young age.

For the TD group, Friedman’s ANOVA indicated that the mean
WIAT-II subtest scores differed significantly, x*(3) = 9.66, p =

.022. In contrast to the WS group, post hoc Wilcoxon signed-
rank tests revealed the reading subtest scores were significantly
different (i.e., Word Reading scores [Mdn = 111.50] were higher
than Pseudoword Decoding [Mdn = 110.50]; T = 120.00, p =
.0.35, r=-0.39) and mathematics subtest scores (i.c., Mathematics
Reasoning scores [Mdn = 107.00] were significantly higher than
Numerical Operations [Mdn = 104.00]; T = 203.50, p = .042, r
= -0.33). No other significant differences between the WIAT-II
subtests were found for TD children (all p values > .05).

At an individual level, young children with WS displayed a
wide range of standard scores on each of the WIAT-II academic
achievement subtests (ranging from moderately impaired to
average/high average range [see Table 2]). Of note, a standard
score of 40 equates to a raw score of zero on the WIAT-II. The
percentage of young WS and TD children falling into the impaired
range (i.e., a standard score of 69 or below) for each WIAT-
IT subtest and the Mathematics Composite scores is presented
in Table 2. Figure 1 provides a graphical view of the spread of
scores for both the WS and TD groups. As indicated from the trend
lines in Figure 1, WIAT-II academic subtest scores for young WS
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children, but not the TD group, appears to be lower for the older
age groups, suggesting the gap in ability level between WS children
and their neurotypical peers is widening with chronological age.
To investigate this further, a series of Pearson and Spearmen
correlation coefficients were performed to explore the relationship
between each of the WIAT-II subtests and Mathematics Composite
scores and chronological age (at Time 1) for both WS and TD

WIAT-1I Mathematics Reasoning

groups. For the WS sample, although no significant relationships
were identified, there were negative, medium effect sizes between
chronological age and WIAT-II Word Reading (#(20) = -.440, p =
.052) and WIAT-II Mathematics Reasoning (rs(20) = -.307, p =
.189). No significant relationships (all p values > .05), or medium
to large effect sizes, were identified for the TD group.
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WIAT-II Mathematics Composite
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Figure 1: Academic achievement data for each WIAT-II subtest and Mathematics Composite by WS and TD child. Figure 1 illustrates
the vast heterogeneity in academic profiles across young children with WS. Standard scores of 69 or below are considered impaired [2]
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A series of Pearson and Spearmen correlation coefficients were
performed to explore the relationship between each of the WIAT-
IT subtests and Mathematics Composite scores and the level
of education and chronological age (at Time 1) of the primary
caregiver for both groups. No significant relationships (all p values
> .05), or medium to large effect sizes, were identified for either

group.

An individual academic-intelligence discrepancy analysis
was performed to determine whether there was a significant
discrepancy?® between each WIAT—II subtest and the Mathematics
Composite Standard Scores and Verbal and Nonverbal DQ scores
(see Figure 2 for percentages for each clinical group). WIAT-II
mathematics subtests and composite scores were compared to

a)

each child’s Nonverbal DQ scores at Time 2, and WIAT-II reading
subtests were compared to each child’s Verbal DQ scores at Time
2. Overall, most WS and TD children did not display a significant
difference between DQ and academic scores. However, for the
percentage of children who did display a significant difference,
more WS children displayed significantly lower scores on the
mathematical tasks compared to their Nonverbal DQ. The opposite
trends were seen for the reading tasks, with more WS children
significantly displaying higher literacy scores than their Verbal
DQ. In the TD group, a small proportion displayed significantly
lower numeracy scores in comparison to their Nonverbal DQ
(no numeracy scores fell significantly above Nonverbal DQ). In
contrast, an equal proportion of TD children displayed literacy
scores significantly above and below their Verbal DQ.
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Figure 2: Figure 2 illustrates the academic-intelligence discrepancy for WS and TD children. Group academic-intelligence discrepancy
analysis using the four WIAT—II subtests and Mathematics Composite Standard Scores was based on either Verbal or Nonverbal DQ
scores at Time 2. A difference of 1.5 SD was considered significant. The categories consisted of: 1) no significant difference between
scores on academic measure and DQ (green); 2) academic score is significantly above DQ score (yellow); and 3) academic score

significantly below DQ score (red)
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4.2. Cognitive Abilities Associated with Early Academic
Functioning in WS

A series of Pearson and Spearman correlation coefficients were
performed to explore whether early cognitive functioning (i.e.,
Time 1: DQ scores [Verbal, Nonverbal, and Global; as measured
by MSEL and DAS-II]; executive functioning [BRIEF-P and
BRIEF-C]; functional attention [Conners EC and Conners 3]; and
early academic performance [Conners EC and Conners 3]) was
associated with later academic functioning (as measured by Time
2: WIAT-II Word Reading, Pseudoword Decoding, Mathematics
Reasoning, Numerical Operations, and the Mathematics
Composite). Cognitive data at Time 1 for the WS and TD sample
is summarised in Appendix E.

4.2.1. Relationship Between Early Verbal, Nonverbal, and
Global DQ and Later Academic Skills

For the WS sample, correlations revealed a significant, positive
relationship between the Global DQ and the WIAT-II Numerical
Operations (r(18)=.49, p=.041), WIAT-1I Mathematics Reasoning
subtest ((20) = .67, p = .001), and the WIAT-II Mathematics
Composite (r(18)=.71,p=.001). No other significant relationships
were identified between DQ scores and the WIAT-II subtests and
Mathematics Composite scores (all p values > .05). However, there
were positive, medium to large effect sizes between: Verbal DQ
and WIAT-II Numerical Operations (1(18) = .44, p = .068), WIAT-
II Mathematics Reasoning (r (20) = .34, p = .137), and the WIAT-II
Mathematics Composite (7 (18) = .56, p = .016); Nonverbal DQ
and WIAT-II Mathematics Reasoning (r(20) = .31, p = .182) and
the WIAT-II Mathematics Composite (v (18) = .35, p = .160); and
Global DQ and WIAT-II Word Reading (#(20) = .39, p = .086).
No significant relationships, or medium to large effect sizes, were
identified between the DQ scores and the WIAT-II subtests and the
Mathematics Composite scores for the TD sample (all p values
> .05). Overall, these results suggest that, at least for young WS
children, higher levels of early intellectual functioning contribute
to better later mathematical abilities.

4.2.2. Relationship Between Early Executive Functioning
Abilities and Later Academic SKkills

For the WS sample, correlations revealed a significant, positive
relationship between the BRIEF Emotional Control clinical scale
and WIAT-II Pseudoword Decoding (#(16) = .50, p = .050). No
other significant relationships were identified between BRIEF
ratings at Time 1 and the WIAT-II subtests and Mathematics
Composite scores at Time 2 for WS children. There was, however,
a positive, medium effect size between the BRIEF Inhibit clinical
scale and WIAT-II Pseudoword Decoding (#(16) = .30, p = .254).
No significant relationships, or medium to large effect sizes, were
identified between the BRIEF data and the WIAT-II subtests and
the Mathematics Composite scores for the TD sample (all p values
>.,05). Overall, these results provided evidence that early executive
functioning abilities impact later phonological decoding abilities
for young children with WS, especially Emotional Control and
Inhibit.

4.2.3. Relationship Between Early Functional Attention and
Later Academic Functioning

For the WS sample, correlations revealed a significant, negative
relationship between the Conners Inattention-Hyperactivity/
Impulsivity ratings at Time 1 and the WIAT-II Mathematics
Reasoning subtest at Time 2 (r(20) = -.50, p = .047). Although no
other significant relationships were identified (all other p values >
.05), there were negative, medium effect sizes between Conners
Inattention-Hyperactivity/Impulsivity and WIAT-II: Word Reading
(r(20) = -.43, p = .095), WIAT-II Numerical Operations ((20) =
-.37, p = .195), and the WIAT-II Maths Composite (v (18) = -.41,
p = .144). The TD sample also displayed a significant, negative
association between the Conners Inattention-Hyperactivity/
Impulsivity data and the WIAT-II Mathematics Reasoning subtest
(r(40) = -.37, p = .022). No other significant relationships, or
medium to large effect sizes, were identified between Conners
Inattention-Hyperactivity/Impulsivity data and the WIAT-II
subtests and the Mathematics Composite scores for the TD sample
(all p values > .05). Overall, these results suggest that for young WS
and TD children, functional attentional and behavioural difficulties
impact on later academic abilities, particularly mathematics.

4.2.4. Relationship Between Early Functional Academics and
Later Academic Skills

Correlational analyses with the WS sample revealed a significant,
negative relationship between the Conners Early Academic
Performance ratings and the WIAT-II Word Reading (#(20) = -.63,
p = .009) and WIAT-II Mathematics Reasoning subtests (r(20) =
-.65, p = .006). Negative, medium to large effect sizes were also
obtained between Conners Early Academic Performance ratings
at Time 1 and the WIAT-II: Numerical Operations (#(18) = -.41, p
= .144); WIAT-II Pseudoword Decoding (r(16) = -.50, p = .082);
and the Maths Composite (7 (18) = -.52, p = .059). No significant
relationships, or medium to large effect sizes, were identified
between the Conners Early Academic Performance data and the
WIAT-II subtests and the Mathematics Composite scores for the
TD sample (all p values > .05). Overall, these results provide
evidence that pre-academic skills, as rated by parents on the
Conners Early Academic Performance scales, were associated
with later academic abilities for young children with WS.

5. Discussion

The present longitudinal study allowed us to examine the early
literacy and numeracy profile, as well as the early cognitive
abilities associated with later academic functioning in a cohort
of young children with WS and typically developing controls
(matched on chronological age, SES, and parental education).
There were five main findings from this study, which are discussed
below. Firstly, mathematics abilities were significantly lower than
reading abilities, on average, in this young WS cohort. This finding
provides support for the dissociation of maths and reading skills
that is anecdotally reported in the WS literature [11]. The second
main finding of the current study related to the considerable
variability of reading and mathematics abilities in this young
sample of WS children, particularly with regard to reading single
words (real and nonwords). This variability is in line with previous
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literacy and numeracy studies on older children and adults with
WS [5,61]. The third main finding was that the gap in ability level
between typically developing controls and WS children seems
to be widening with chronological age, most likely reflecting a
failure to make appropriate gains, or WS children falling further
and further behind compared to same aged peers. The fourth
main finding was that WS children displayed a relative difficulty,
on average, with nonword reading, mathematical calculations
and mathematical problem-solving. Finally, lower levels of
developmental/intellectual functioning, executive functioning,
and attentional difficulties was found to be associated with reduced
later academic outcomes.

5.1. Early Profile of Academic Functioning in Young WS
Children (Time 1)

The first aim of the current study was to investigate the early
emerging profile of reading and mathematical abilities in young
children with WS in comparison to TD controls. As predicted, and
in line with previous research, we found that, on average, young WS
children displayed impairments across early literacy and numeracy
skills, in comparison to the TD control group (with mean scores
in the average range) [5,13,41]. More specifically, for the literacy
subtests, out of the 20 children with WS, approximately one
quarter (30%) were impaired on single word reading and almost
one quarter (43.8%) showed phonological decoding impairments.
In contrast, no TD children fell in the impaired range for reading.
For numeracy, in comparison to performance on literacy tasks, the
percentage of young WS children in the impaired range was much
higher (ranging from 77% to 94% across each WIAT-II numeracy
subscale and the WIAT-II Mathematical Composite score). One
TD child (representing 2.5% of the control sample) also fell in
the mildly impaired range on the WIAT-II Numerical Operations
subtest on this occasion, in line with a normally distributed sample.

As already indicated, the WS cohort also showed particular
difficulty with numeracy, with all mean scores across the WIAT-
II Mathematics Reasoning, Numerical Operations, and the
Mathematics Composite falling in the impaired range, and with
both Maths subtests scores falling significantly below both WIAT-II
Word Reading and Phonological Decoding subscales, on average.
Furthermore, no difference in WS group performance was found
between the reading subtests or between the mathematics subtests.
Taken together, these results provide evidence for a dissociation
between numeracy and reading abilities for WS at this early age,
which has been reported previously in older children and adults
with WS [10,11]. In contrast to the WS group, however, a different
pattern of results was found between early reading and numeracy
abilities for our TD cohort. Specifically, single nonword reading
skills (i.e., phonological decoding) were significantly lower than
single real word reading skills, and mathematical computation
skills were significantly lower than mathematical problem-solving
skills.

At an individual level, when the WS and TD scores for each
WIAT-II subtest and the WIAT-II Mathematics Composite scores
were plotted together, trend lines indicated that the gap for literacy

and numeracy skills for the WS children was increasing with age
and so they were not making appropriate gains in comparison
to neurotypical children. Moderate (non-significant) effect sizes
confirmed this trend for single word reading (real words) and
mathematical reasoning and problem-solving. In contrast, and
as would be expected, no significant associations were found
for our TD control group, indicating that they were developing
at the same rate as the WIAT-II Australian normative population.
Neither the chronological age nor the educational level of each
child’s primary caregiver was significantly associated with child
academic performance (for WS or for TD groups).

5.1.1. Heterogeneity of Academic Abilities in WS

As predicted, there was considerable individual variability of
literacy and numeracy abilities in young WS children, with
children displaying a wide range of standard scores on each of the
WIAT-II academic achievement subtests with some at moderate
levels of impairment and others at average or high average levels.
This finding of academic heterogeneity in young WS children is
commensurate with the cognitive variability previously reported
in WS individuals [8,29,32].

For the WIAT-II reading subtests, our sample included young
WS children who ranged from a moderate level of impairment
to reading single words (real words) at average levels, with one
WS child falling in the high average range. This variability is
consistent with previous literature on older children and adults
with WS [5,9,41,45,49-51]. Similarly, with nonword reading (i.e.,
phonological decoding) WS children ranged from moderately
impaired to low average and average levels [5,27,50,52,53]. As
evident, scores on the phonological decoding tasks did not quite
reach high average levels of ability, in comparison to real word
reading skills. It is possible that early educational methods and
reading instruction for these WS children focussed on sight
word reading instead of the recommended systematic phonics
approach [9]. As such, background information regarding the
type of reading instruction methods each individual has received
would be very useful going forward. Of note, however, the WS
child that performed at high average levels for the WIAT-II Word
Reading subtest fell out of the normative age range for the WIAT-
IT Phonological Decoding subtest, which may have also slightly
reduced the range of score on this task.

For mathematical abilities, individual variability was also evident,
with WS children ranging from moderately impaired to average
levels for mathematical reasoning and problem-solving skills.
Although the range was reduced, WS children displayed some
variability in mathematical calculation skills, with scores ranging
from moderately impaired to borderline impaired. These findings
of heterogeneity in mathematical ability in a young WS cohort is
also consistent with previous WS literature [12,41,61,66]. Similar
to the aforementioned differences in reading skill, however,
individual scores for WS children did not reach low average to
average levels for mathematical computation skills, like they
did for mathematical reasoning. This may again reflect sampling
characteristics as two WS children fell out of the age range for
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WIAT-II Numerical Operations, with one of these children falling
in the average range on the WIAT-II mathematical reasoning
subtest.

Using an absolute difference method, in line with Brawn and
colleagues, the majority of young WS (and TD) children did
not display a significant different between their verbal DQ and
literacy abilities, and nonverbal DQ and numeracy abilities
[5,75]. However, there were subgroups that displayed significant
differences. For the WS group, and in line with Brawn et al., a
percentage of children displayed single word reading skills (real
words [15%] and nonwords [19%]) above their verbal DQ,
thus attaining a level of reading significantly above their verbal
intellect [5]. In contrast to the Brawn study, however, a small
percentage (6%) of WS children displayed the opposite pattern,
with nonword reading skills significantly below verbal intellect,
indicating they have difficulties with phonological decoding. For
mathematical abilities, a similar pattern emerged, however with a
higher percentage of WS children whose mathematical reasoning
(15%), computational skills (11%), and overall mathematical
ability (28%) were significantly below their nonverbal intellectual
ability, and a smaller percentage who showed the opposite pattern
(i.e., maths skills were significantly higher than nonverbal DQ);
5-6%).

5.2. 1Q, Executive Function, and Functional Attention is
Associated with Early Academic Functioning

The second aim of the present research was to identify early
cognitive abilities associated with later academic functioning,
specifically, 1Q, executive functioning, and attentional difficulties
(each measured at Time 1).

5.2.1. Higher IQ is Associated with Improved Early
Mathematical Abilities in WS

Literacy. The only relevant association obtained in the literacy
domain was a moderate (non-significant) effect size between
overall DQ and the WIAT-II Word Reading subtest, indicating
that higher overall developmental/intellectual ability contributed
to better single (real) word reading for WS children. This finding
is consistent with findings on older WS children and adults
[41,44,45,50,51]. In contrast, however, no association was found
between overall DQ and nonword reading ability at this young
age. Furthermore, no association was found between single word
reading ability (both real and nonwords) and either verbal or
nonverbal DQ, and no significant association was found between
global DQ and nonword reading. As such, we propose that our
results may be more in line with Mervis et al., who found that the
type of early instructional methods, ideally using the system phonics
instruction, accounted for more of the variance in reading ability
than IQ [9]. As such, these results indicate that all WS individuals
should aim to learn to read despite their level of developmental or
intellectual functioning. To confirm this hypothesis, as mentioned
above, background information on the type and length of early
reading instruction received by these children should be collected
in future research. Furthermore, although it was beyond the scope
of the current study, future research should focus on the impact

of visuo-spatial abilities on reading development in young WS
children to further examine the cognitive processes underpinning
early literacy development in line with previous WS research
[5,49]. It could be that, in the present study, the association with
visuospatial abilities is being masked by other processes measured
by the nonverbal domain. Although nonverbal reasoning and
visuospatial skills have been linked to word reading accuracy
in the TD literature, no relationship was identified between the
developmental quotient and later reading accuracy skills for the
TD controls in the current study [9,116]. Similarly, perhaps this is
also due to the nonverbal domain measuring other processes.

Numeracy. In contrast to the above literacy results, mathematical
abilities were found to be positively associated with
developmental/intellectual functioning in this young WS cohort.
Specifically, global DQ was significantly correlated with later
mathematical calculation abilities, mathematical reasoning skills,
and overall mathematics abilities (as measured by the WIAT-
II Mathematics Composite score). Moderate to strong (non-
significant) associations were also found between verbal DQ and
later mathematical computational and reasoning skills. Although
very few studies have directly examined how early developmental
or intellectual functioning relates to mathematical development in
WS individuals to date, our findings are in line with Ansari et al.
who also found verbal abilities to predict mathematical abilities
(cardinality) in WS school-aged children aged 6 to 11 years [13].
Similarly, O’Hearn et al. found verbal and general reasoning
abilities to be correlated with early mathematical counting,
calculation, and basic reasoning skills in their sample of older
children and adults with WS [55]. These results are commensurate
with our findings of an association between overall and verbal DQ
and later mathematical calculation and reasoning skills, and the
overall mathematical composite. Interestingly, however, we also
found a positive association between higher nonverbal DQ and
improved later mathematics reasoning skills and overall numeracy
abilities. The current WS literature surrounding the association
between mathematical skill and visuospatial abilities is mixed,
with some researchers showing that visuospatial difficulties are
predominantly responsible for the poor mathematical abilities
[61,77] and others finding no relationship [13,55,64]. Furthermore,
no associations were found between DQ and later mathematic
abilities in the TD group in the present study, in contrast to
previous research reporting visuo-spatial abilities to be the main
predictor of mathematical skill in neurotypical children [13]. As
most previous studies have utilised tests that measure specific
mathematical abilities, such as estimation and cardinality, it
may be that these specific skills are underpinning mathematical
development and interacting with intellectual functioning. Further
longitudinal research is required with larger samples over a longer
time frame to clarify these relationships.

5.2.2. Early EF Abilities are Associated with Improved Early
Phonological Decoding Skills in WS

Literacy. In line with Mervis et al., we also found no significant
relationship between working memory and later reading accuracy
for young WS children [9]. Instead, however, a significant
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association was found between increased emotional dysregulation
and improved phonological decoding. Further, although not
significant, a moderate effect size was found between poor
inhibition and improved phonological decoding skills. These
results were not expected, and the reason is unknown. As such,
future longitudinal research is needed to clarify the impact of
EF on reading development. In contrast to the TD literature, no
relationship was found between the BRIEF Working Memory
subscale and later word reading accuracy (both real and nonwords)
for our TD control group [88].

Numeracy. No significant associations were identified between
early EF abilities and later mathematical skills for young WS or
TD children in the current study. Although this was the first known
study to directly investigate this association in WS individuals, a
relationship between early EF and mathematical development was
expected based on the TD literature stating that the development
of mathematical skill relies on EF abilities, such as and especially
working memory [87]. It could be that EF abilities impact the
development of more specific mathematical skills, and the more
general measures of mathematical calculation and mathematical
reasoning employed in this study were masking any significant
associations. For example, in the TD literature, planning has been
found to be associated with applied problem solving, and working
memory related to calculation accuracy and early magnitude skills
[117-119]. As such, alongside brain imaging, future research
should implement a longitudinal study design utilising tests that
measure specific mathematical skills in order to further investigate
the impact of EF on numeracy development in WS children.

5.2.3. Better Functional Attention is Associated with Improved
Early Academic Abilities in WS

Literacy. In contrast to previous WS studies, a moderate and
negative effect size evidenced an association between poor early
inattention/hyperactivity and later word reading accuracy (real
words) in our WS sample [46]. Furthermore, no such associations
were found in the TD group, despite previous studies finding a
strong association [90]. One likely reason for these results,
particularly with the TD group, may be the combined inattention/
hyperactivity measure utilised in the current study. As previous
studies have shown, inattentive behaviour, and not hyperactivity,
in the early years predicts later reading acquisition, long-term
educational attainment, and occupation choices in TD populations
[90,120]. Although Cornish et al. did separate out these attentional
behaviours from hyperactivity, the age of their participants at
the first timepoint was slightly older (ranging from 4 to 9 years,
in contrast to our sample which ranged from 2 to 7 years) [46].
Perhaps attentional difficulties uniquely impact literacy attainment
at different developmental stages. Another possibility, however,
is that different types of attention may be underpinning reading
development in these populations and at various age-points. For
example, studies have identified that selective and sustained
attention have emerged as longitudinal predictors of numeracy
development in neurotypicals [17]. This differentiation and
manifestation of attentional skills may also be impacting literacy
development in the WS population. Indeed, sustained attention

and attentional shifting are reduced in WS individuals [77,121].
Overall, the impact of poor attention on reading attainment
remains unclear. Future longitudinal research should explore these
different attentional skills independently in young WS children to
disentangle the impact each has on literacy development.

Numeracy. In line with previous research, inattention/hyperactive
behaviours were significantly correlated with the WIAT-II Maths
Reasoning subscale in WS, indicating that poor attention reduces
later numerical reasoning and problem-solving abilities in young
WS children [62,77]. This same significant pattern of results was
also seen for the TD group, in line with previous studies [17,87].
Although not significant, negative, medium effect sizes also
evidenced an association between poor inattention/hyperactivity
and mathematical calculations and overall maths abilities (as
measured by the Mathematics Composite) in the WS group.

5.2.4. Early Functional Academic Abilities are Associated with
Early Academic Skills in WS

As predicted, early functional academic abilities (as measured by
the Conners Early Academic Performance ratings), was found to
be associated with later literacy and numeracy skills in young WS
children only.

5.3. Clinical implications

As academic achievement plays a crucial role in later adaptive
functioning, increased independence, and improved quality of
life and mental health, it is essential for educators and clinicians
to understand the academic profile of young WS children and
the cognitive processes that underpin them [5,6,7]. The findings
from the current study further support a dissociation between
numeracy and literacy, with numeracy skills being significantly
reduced. The current study also identifies those aspects of 1Q,
executive functioning, and attention that significantly contribute
to later reading accuracy and mathematical calculation and
reasoning skills. By highlighting the underlying cognitive
processes that impact later academic outcomes, appropriate
educational provisions and intervention programs that address the
specific needs of this population and maximise their learning and
educational achievements are needed. These findings may direct
thoughts to ways that executive and attentional impairments could
be minimised in WS preschool children through interventions
that are targeted to their specific deficits, as well as ways to
minimise any functional impairments associated with EF delays
or dysfunction. Furthermore, screening of early academic abilities
(e.g., utilising either the Conners Early Childhood Pre-Academic/
Cognitive developmental milestone or the Conners 3rd Edition)
is advised in order to identify the young WS children most at
risk of poor academic attainment so that early intervention and
preventative measures can be implemented [96,97].

5.4. Limitations and Future Research

A unique aspect of this study was the longitudinal design, which
allowed exploration of the underlying cognitive processes that
impact later academic outcomes. Furthermore, the current study
employed a TD control group matched on chronological age, SES,
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and parental education. Nonetheless, the current study should be
interpreted in the context of several limitations that need to be
considered when interpreting the present findings and that need
to be addressed in future research. For example, the WS sample
size was small. Although this sample size (N = 20) is comparable
to most WS studies to date, we acknowledge that a larger sample
size would produce more robust results, less sampling error and
improve the generalisability of the findings. Unfortunately, due
to the rarity of the syndrome, it is very difficult to recruit large
numbers, particularly for longitudinal studies and for a restricted
age range. To overcome this, however, it is recommended that
scholars engage in a collaborative, multi-site, and international
research recruitment approach.

Another issue pertains to the reliance on caregiver reports of early
attention and executive processes, which may lead to retrospective
or subjective rater bias. To overcome this issue, it is recommended
that future studies incorporate data from multiple informants and
also utilise performance-based measures, like the Test of Everyday
Attention for Children (TEA-Ch) [122]. This would be particularly
useful in gaining an understanding of how the different aspects
of early attention (e.g., sustained attention, divided attention, etc.)
may impact on later academic outcomes. As self-report measures
are not appropriate for such a young WS cohort, future research
should combine these performance-based measures of EF and
informant reports from multiple sources (e.g., caregivers and

preschool teachers) to assess executive functioning and attention
in WS preschool children across different environments, with the
view that each form of assessment provides unique and specialised
information. As specific skill deficits (e.g., phonological awareness
and estimation abilities) have also been shown to impact academic
outcomes in TD and WS individuals, it is recommended that
future studies examine their role in the early development of
academic difficulties in conjunction with the broad cognitive
deficits outlined in this study. Finally, future research should also
investigate academic functioning at different age groups in order to
determine if these relationships change with age or development.
Additionally, examination of how aspects of literacy and numeracy
are accessed through the learning curriculum at the various
educational/developmental stages would be beneficial within this
population.

6. Conclusion

This is the first study to investigate the literacy and numeracy
profile of young children with WS and identify the early
cognitive and behavioural factors that impact their later academic
functioning. Findings support a dissociation between reading and
mathematical abilities in WS, with the former a relative strength
in this population. Considerable variability was evidenced in
early academic abilities, confirming the importance of individual
assessments and developing individualised educational provisions
and learning support for this neurodevelopmental population.

Appendix A: Wechsler Individual Achievement Test, Second Edition

Composite Score

Composite Score Subscales Age Range Skills Measured

Reading Composite General level of reading achievement

Score
Word Reading 4 years to adult Phonological awareness, letter identification, decoding skills,

and word recognition for regular and irregular words

Pseudoword Decoding | 6 years to adult Phonological decoding (i.e., nonwords)
Reading 6 years to adult Literal, inferential, lexical comprehension, reading rate, reading
Comprehension accuracy and fluency, and word recognition

Mathematics General level of mathematical achievement

Numerical Operations | 5 years to adult

Mathematical computation, including: identifying and
writing numbers; counting; written calculation problems;
and simple equations involving addition, subtraction,
multiplication, and division; fractions, decimal, and algebra

Maths Reasoning 4 years to adult

Quantitative concepts; multi-step problem solving; money,
time, and measurement; geometry; interpreting charts and
graphs; statistics and probability; estimation; identifying
mathematical patterns

Note. Adapted from “Examiner’s Manual” by Pearson, pp. 13 to 14, pp. 50 to 63, and pp. 144 to 145. Copyright 2007 by NCS Pearson, Inc.
Bold typeface indicates the subtests and composites that were utilised in this study.

Table A: Description of the WIAT-II Reading and Mathematics Subtests and Composite Scores
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Appendix B: Behaviour Rating Inventory of Executive Function

Clinical Scales

Behaviour Measured

Inhibit

Ability to control impulses and behaviour

Shift

Ability to move from one situation to another, in a flexible manner

Emotional Control

Ability to modulate emotional responses appropriately

Working Memory

Ability to hold and manipulate information in mind

Plan/Organise

Ability to organise and guide behaviour in order to manage current and future task demands

Note. Adapted from: “Behavior Rating Inventory of Executive Function-Preschool Version” by G. A. Gioia, K.A. Espy,
and P. K. Isquith, 2003, p. 2. Copyright 2003 by the Psychological Assessment Resources, Inc.; and “Behavior Rating
Inventory of Executive Function” by G. A. Gioia, P. K. Isquith, S. Guy, and L. Kenworthy, 2000, p. 2. Copyright 2000 by
the Psychological Assessment Resources, Inc.

Table B: Description of the Combined BRIEF Sub-Scales Utilised in the Current Study

Appendix C: Conners Early Childhood

Behaviour Scales Subscales Behaviour Measured
Inattention/ Hyperactivity The extent a child controls their attention and hyperactive/impulsive
behaviours
Defiant/Aggressive Behaviour The level of aggressive, defiant, destructive, and/or dishonest behaviours
Defiance/Temper The level of argumentative, defiant, or manipulative behaviours
Aggression The level of aggressive, rude, destructive, and/or dishonest behaviour
Social Functioning/ Atypical The extent a child can function socially and levels of odd/unusual behaviour
Behaviour
Social Functioning The ability to understand social cues and interact with peers in a functional way
Atypical Behaviours The level of unusual interests, language, and behaviour. The extent a child displays
repetitive or inflexible behaviour
Anxiety Emotional and physical symptoms of anxiety
Mood and Affect The level of irritability, low mood or self-esteem displayed day-to-day and in play

Physical Symptoms

Symptoms of pain, aches, sickness, eating difficulties, tiredness, sleep difficulties.
May have either medical or emotional underpinnings

Sleep Problems

The length and quality of sleep

Note. Adapted from “Conners Early Childhood Manual” by C. K. Conners, pp. 40. Copyright 2009 by Multi-Health Systems Inc. Bold typeface
indicates the behavioural scale that was utilised in this study.

Table C1: Description of the Full Length Conners EC Parent Response Booklet Behaviour Scales and Subscales

Developmental Milestone
Scales

Skills Measured

Adaptive Skills

Evaluates a child’s adaptive functioning skills, including their
ability to dress, eat/drink, toileting behaviours, and personal

hygiene
Communication Evaluates a child’s receptive and expressive language
Motor Skills Evaluates a child’s fine and gross motor skills
Play Evaluates a child’s level of imaginative and pretend play

Pre-Academic/Cognitive

Evaluates a child’s knowledge of pre-academic concepts,
pre-reading skills, and their early memory and reasoning
skills

Note. Adapted from “Conners Early Childhood Manual” by C. K. Conners, pp. 42. Copyright
2009 by Multi-Health Systems Inc. Bold typeface indicates the developmental milestone scale that

was utilised in this study.

Table C2: Description of the Full Length Conners EC Parent Response Booklet Developmental Milestone Scales
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Appendix D: Conners 3 Edition

Appendix E

Measures WS TD
M (SD) Range n M (SD) Range n

BRIEF (7 scores)
Inhibit 69.20 (12.11) | 51-91 20 46.70 (9.13) | 36-78 40
Shift 62.50 (13.34) | 43-90 20 43.38 (5.43) | 37-59 40
Emotional Control 66.05 (12.40) | 38-86 20 45.17 (8.12) | 35-70 40
Working Memory 77.15 (10.61) | 58-95 20 46.43 (9.48) | 36-81 40
Plan/Organise 71.10 (14.28) | 39-100 20 46.03 (9.50) | 34-71 40
Global Executive Composite 74.30 (12.19) | 53-93 20 44.38 (8.82) | 33-70 40
Conners (T scores)
Inattention-Hyperactivity/ 69.31 (13.23) | 51-90 20 48.58 (9.14) | 33-81 40
Impulsivity
Early Academic Performance 67.63 (13.04) | 43-90 20 46.15 (6.35) | 30-64 40
Note. T-scores (population M = 50, SD = 10). Bold typeface indicates group mean scores that fall within the elevated, very
elevated, or clinically impaired range [2,94-97].

Behaviour Scales

Behaviour Measured

Inattention

Evaluates a child’s ability to concentrate and keep their mind
on their work

Hyperactivity/Impulsivity

Assesses the level of hyperactive and impulsive behaviours
that is exhibited by a child. For example, restlessness, excessive
talking, or interrupting others

Learning Problems

Provides an indication of learning, memory, and academic
challenges

Executive Functioning

Evaluates executive functioning deficits. For example, planning,
organisation, and the of initiation of tasks

Aggression

The level of aggressive, rude, destructive, manipulative, and/or
dishonest behaviour

Peer Relations

Assesses a child’s social skills

Note. Adapted from “Conners 3rd Edition Manual” by C. K. Conners, pp. 69. Copyright 2008 by
Multi-Health Systems Inc. Bold typeface indicates the scales that were utilised in this study.

Table D: Description of the Conners 3 Short Form (Parent) Content Scales

Table E: Between Group Descriptive Statistics for the BRIEF Data and Conners Data at Time 1
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Footnotes

'The Howlin et al. study utilised identical measures to the Udwin et al. study [41,44]. The sample also included 23 WS individuals who
were involved in the earlier Udwin et al. study [45]. Time 1: age range was 6 to 16 years, no mean age provided; Time 2: age range was
19 to 39 years, and mean age was 26.49 years.

2 Single word reading skills were measured using the Early Word Reading ability scale (EWR) and the British Ability Scale, Second
Edition (BAS-II) [123,124]. As some children in the study fell out of the normed age range on these tests, a single word reading raw
score was computed by calculating the number of correctly read words on each test. Of note, children were only administered the BAS-
IT if they achieved a raw score of 34 or above on the EWR. If they were administered both tests, raw scores were added and then 20
points was subtracted to allow for the overlap between reading level for the EWR and the first 20 items on the BAS-II. See Steele et al.
for further details [47].

3 As measured by the individuals highest standard score on either the Reading Recognition [identifying sounds and single word reading]
or Reading Comprehension subtests on the Peabody Individual Achievement Test [125].

4Using the r values proposed by Cohen [115].

> Either < - 1.5 or > + 1.5 standard deviations

¢The study found that WS children who were taught to read using a systematic phonics method showed significantly greater reading
abilities than children taught with other methods of instruction.

"The same non standardised tasks as those administered by Steele et al. described above [47].

8 Significant discrepancy was calculated by using a conservative approach of 1.5 standard deviations (i.e., either <-1.5 or > +1.5) based
on the normative population (population mean = 100 and standard deviation = 15). This is in line with Brawn et al. [2,5].
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