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reading success (Whitehurst & Lonigan, 1998). As such, PA 
is the emergent literacy skill of focus throughout this study.

Phonological awareness is a metalinguistic skill that 
represents the ability to analyse and manipulate the sound 
structures of spoken language (Hudson et al., 2017; Scar-
borough & Brady, 2002; Schuele & Boudreau, 2008). The 
manipulation and analysis of phonological sound structures 
of oral language can be conducted at several levels, namely 
at the syllable, subsyllabic (i.e., the division of syllables into 
onsets and rimes), and phoneme (i.e., the smallest unit of 
speech, /k/, /a/, and /t/ in the word cat) levels (Moritz et al., 
2013; Scarborough & Brady, 2002). Research shows that the 
typical development of PA skills follows a common pattern, 
beginning at an early age (e.g., syllable awareness devel-
ops around age 3) and growing in complexity throughout 
the late preschool (e.g., onset and rime awareness develop 
around age 4) and school age years (e.g., segmenting words 
into individual phonemes) (Goswami, 2002; Moritz et al., 
2013; Scarborough & Brady, 2002). A child’s understand-
ing of the phonological structure of spoken words can be 
displayed and assessed in various ways. Scarborough and 
Brady (2002) describe detailed PA assessment methods (see 
Table 1).

Developing reading precursor skills, such as PA, is criti-
cal given the emphasis society places on the use of literacy in 
academics and daily life (Browder et al., 2009). Numerous 
studies over the last four decades have established that PA 

Reading is a crucial skill to acquire as it leads to enhanced 
future learning opportunities, academic achievement, adap-
tive skills, social skills, and occupational attainment (Nally 
et al., 2018; Westerveld et al., 2018). Several necessary pre-
cursors essential to future reading achievement (i.e., emer-
gent literacy skills) have been identified in the literature 
including alphabet knowledge, print-concept knowledge, 
rapid naming, and working memory (National Early Lit-
eracy Panel [NELP], 2008; Ring & Black, 2018). Phono-
logical awareness (PA) is considered one of the strongest 
emergent literacy predictors with a moderately strong cor-
relation with word decoding (r = .40) (NELP, 2008) for non-
autistic children (Blachman et al., 1999; Dynia et al., 2017), 
signifying that it is a necessary precursor essential to future 
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plays a prominent role in reading development (Catts, 1989; 
Catts et al., 1999; Kirby et al., 2003; Milankov et al., 2021; 
NELP, 2008; Torgesen et al., 1994), consistently finding that 
difficulties with PA are one of the most distinguishing fea-
tures that characterize children with a developmental read-
ing disability (also known as dyslexia) (Stanovich, 1988; 
Stone & Brady, 1995; Wagner & Torgesen, 1987). More 
recently, research showed that deficits in PA were present in 
around 73% of a sample of 279 children with a reading dis-
ability (Morris et al., 2012) and in 69% of a sample of 218 
children with a language impairment (Justice et al., 2015). 
Children with deficits in PA have difficulty manipulating the 
sound structure of words (Morris et al., 2012), therefore, 
they have trouble segmenting individual or groups of letters 
into phonemes and blending them to make words (Wagner 
& Torgesen, 1987). In turn, difficulties with PA can impact 
a child’s ability to develop necessary reading skills (Layes 
et al., 2020).

Given the important role of PA in reading achievement, 
the purpose of the current study is to compare the PA skills 
of school age autistic children to non-autistic children and to 
explore the relationship between PA skills and cognitive and 
autism characteristics to better understand the development 
of literacy skills of autistic children. The literature investi-
gating the PA skills of autistic children has mostly included 
preschool age children and continued investigation is war-
ranted in this field as findings vary widely across studies.

Phonological Awareness Skills and Autism

Investigations into the reading profiles of autistic children 
have revealed considerable diversity in reading profiles. 
A number of children on the autism spectrum experience 
challenges in reading comprehension (Davidson & Ellis 
Weismer, 2014; Henderson et al., 2014; Nation et al., 2006), 
decoding (Nation et al., 2006), and word reading abilities 
(Westerveld et al., 2018). Meanwhile, between 6 and 20% 
of autistic children present with hyperlexia (Ostrolenk et 
al., 2017), a strength in word decoding and recognition 

alongside difficulties with reading comprehension skills and 
verbal abilities (Silberberg & Silberberg, 1967). In essence, 
a review of the literature suggests a heterogeneous reading 
profile among children on the autism spectrum ranging from 
difficulties to enhanced skills.

Many factors play a role in literacy development, as 
such, the multiple deficit model framework proposed by 
Pennington (2006) posits that behavioural symptoms (such 
as reading success/challenges) within developmental disor-
ders cannot be explained by a single cause, but rather by the 
interplay of multiple genetic and environmental protective 
and risk factors (Pennington, 2006; Van Bergen et al., 2014). 
For instance, the development of reading skills for autis-
tic children could be impacted by multiple protective/risk 
factors including (1) autism characteristics (i.e., restricted 
interests, differences in social-communication skills), (2) 
language skills, (3) cognitive skills, and (4) co-occurring 
conditions (e.g., Dynia et al., 2014; Fleury & Lease, 2018; 
Nally et al., 2018; Westerveld et al., 2020).

Phonological Awareness Skills of Preschool 
Autistic Children

Phonological awareness skills are a significant predictor 
for reading achievement of preschool aged autistic children 
(Dynia et al., 2017). The literature reports mixed findings 
on the development of PA skills of preschool autistic chil-
dren with some studies reporting PA as an area of challenge 
(Dynia et al., 2019; Westerveld et al., 2016), while others 
reporting PA as a relative strength (Macdonald et al., 2020; 
Westerveld et al., 2020). However, mixed findings appear to 
be the result of group matching, such that there are few if 
any differences between groups matched for verbal and non-
verbal cognitive skills; preschool children on the autism 
spectrum show comparable PA skills to non-autistic chil-
dren when verbal skills (Dynia et al., 2014; Westerveld et 
al., 2020) and non-verbal skills (Westerveld et al., 2020) are 
accounted for.

Phonological Awareness Skills of School Age 
Autistic Children

There is a limited number of studies that have investigated 
PA in school age autistic children and found impairments 
in PA skills within this age group (Nally et al., 2018; Smith 
Gabig, 2010); although caution should be taken when inter-
preting these results given the absence of group matching 
on language and cognitive skills. Similar to findings from 
the preschool literature, school age autistic children showed 
lower performance on a PA task compared to non-autistic 

Table 1 Examples of Phonological Awareness Assessment Methods as 
Described in Scarborough and Brady (2002)
PA Assessment Methods Example
Rhyming Which of these words rhymes with 

cat: seal, hat, five? Hat
Segmentation Say a little bit of snake. /s/,
Categorization door…pan…duck…Which one 

doesn’t belong? Pan
Identity Tell me the last sound in fish. /sh/
Synthesis/blending car…tune…What do you get when 

you say them together? Cartoon
Manipulation Say winter without the ter part. Win
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children when groups were not matched for cognitive or 
language skills (Smith Gabig, 2010). In addition, school age 
autistic children between the ages of 6–17 years old show 
difficulty in PA skills, with 67% of the sample obtaining 
floor level scores on the PA task (Nally et al. 2018).

The Role of Cognitive Skills and Autism 
Characteristics on the Phonological 
Awareness Skills of Autistic Children

Linguistic abilities are considered an important underpin-
ning in reading development, as the association between 
verbal skills and literacy skills has been well documented 
for non-autistic children (e.g., Catts et al., 1999; Cornwall, 
1992; Macdonald et al., 2020; McArthur et al., 2000; Roth 
et al., 2002). However, this may not be the case for autistic 
children. Evidence of a common developmental pathway 
exists within the cognitive profile of autistic children, show-
ing discrepantly higher non-verbal/perceptual skills com-
pared to verbal skills (Ankenman et al., 2014; Charman et 
al., 2011; Courchesne et al., 2015; Joseph et al., 2002; Nader 
et al., 2015; Soulières et al., 2011). The marked strength for 
non-verbal/perceptual skills over verbal skills may be the 
results of the distinct cognitive styles of autistic persons. 
For instance, the Enhanced Perceptual Functioning model 
(EPF; Mottron et al., 2001, 2006, 2009) posits that autistic 
cognitive profiles can be characterized by superior repre-
sentations of locally oriented and featural information and 
enhanced activation of perceptual brain areas during task 
performance (e.g., visuospatial, language, working memory 
tasks). Similarly, the Trigger-Threshold-Target model (TTT; 
Mottron et al., 2014) of autism suggests that cognitive 
enhancement, where perceptual materials are preferentially 
processed over social materials, is due to brain reorganiza-
tion triggered by a series of genetic mutations. Together, the 
EPF and TTT models highlight how persons on the autism 
spectrum perceive and experience the world differently 
and account for the relative strength in visual and auditory 
processing documented in the literature, such as superior 
visual search skills (Kaldy et al., 2011), musical memory 
and melodic perception (Heaton, 2003; Stanutz et al., 2014), 
and pitch frequency distinction (Bonnel et al., 2010).

The EPF and TTT models describe the cognitive profiles 
of persons on the autism spectrum. As such, academic skill 
development, including the development of emergent lit-
eracy skills, can also be considered within the framework 
of the EPF and TTT models. For example, the EPF and TTT 
models applied to PA skills would posit that when presented 
with a PA task, autistic children may show greater reliance 
on lower-level perceptual processes (e.g., detection, dis-
crimination, categorization) over higher-order cognitive 

processes (e.g., memory, attention) when reasoning and 
problem solving (Mottron et al., 2001). For example, per-
sons on the autism spectrum show increased activity in per-
ceptual (sensory) regions of the brain and reduced activity in 
the prefrontal region (involved in reasoning) during matrix 
reasoning tasks compared to age-matched controls, while 
obtaining similar behavioral results (Soulières et al., 2009). 
Persons on the autism spectrum also show increased reli-
ance on visual-spatial abilities, even in higher-order prob-
lem solving tasks, again with similar behavioural results 
as non-autistic persons (Sahyoun et al., 2010; Soulières et 
al., 2009). It may also be the case that autistic children may 
show comparable behavioural performance on academic 
tasks as non-autistic children while using an alternative 
approach (i.e., a perceptual approach) to literacy acquisi-
tion. Therefore, investigating if PA skills are related to ver-
bal skills, as in the case of non-autistic children, or other 
skills (i.e., non-verbal skills) due to the distinct cognitive 
styles of autistic persons, is needed to elucidate correlates 
of literacy development for autistic children.

Indeed, various factors may play an important role in PA 
development of autistic children such as autism character-
istics, language skills, and cognitive skills (e.g., Dynia et 
al., 2014; Fleury & Lease, 2018; Nally et al., 2018; Smith 
Gabig, 2010; Westerveld et al., 2020). Autistic children 
show comparable performance on PA tasks to non-autis-
tic children when accounting for verbal skills (Dynia et 
al., 2014; Westerveld et al., 2020) and non-verbal skills 
(Westerveld et al., 2020). Furthermore, verbal skills (Nally 
et al., 2018), non-verbal skills (Jokel et al., 2020) and gen-
eral cognitive skills (Fleury & Lease, 2018) are associated 
with PA. Specifically, non-verbal (visual-spatial/perceptual 
reasoning) cognitive skills are a predictor for oral language 
abilities among autistic children (Wodka et al., 2013) and 
may even account for the heterogeneity in language profiles 
(Kjelgaard & Tager-Flusberg, 2001).

In addition, some studies show a relationship between 
autism characteristics and oral language skills such that 
greater social impairment is related to delayed acquisition 
of oral language (Wodka et al., 2013). However, social 
skills are not a significant predictor of PA skills (Dynia et 
al., 2019), and repetitive behaviours/sensory interests do not 
seem related to oral language skills (Wodka et al., 2013) of 
autistic children. Overall, it is pertinent to continue to inves-
tigate the impact of autism characteristics and verbal and 
non-verbal cognitive skills on the PA skills of autistic chil-
dren to understand which factors influence their learning.

The overall aim of this study is to extend prior research 
on the PA skills of preschool children to school age autistic 
children. Gaining insight into the development of PA skills of 
school age autistic children is relevant given that difficulties 
in PA skills can persist into later years (Nally et al., 2018). 
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studies regarding the role of general autism characteristics 
and oral language on PA skills (e.g., Dynia et al., 2019 vs. 
Wodka et al., 2013), the objective of the second study is 
to explore the relationship between verbal and non-verbal 
cognitive skills and autism characteristics (social commu-
nication/interaction and repetitive behaviours/restricted 
interests) and PA skills of autistic children across a wide 
spectrum of cognitive skills.

Study 1

Methodology

Participants in the current study represent a subset of par-
ticipants from a larger study where behavioural and neu-
rophysiological measures were collected for autistic and 
non-autistic children who participated in a Summer Social 
Science Research camp in Burnaby, British Columbia, Can-
ada. Ethical approval was granted by the Office of Research 
Ethics at the University.

Participants

A total of 32 participants (n = 9 females) between the ages of 
6 and 12 (M = 9, SD = 1.64) including 18 autistic and 14 non-
autistic participants were included in study 1. Exclusion cri-
teria included individuals with a co-occurring intellectual 
disability (IQ < 70). Participant characteristics of the autistic 
and non-autistic groups are reported in Table 2. Independent 
t-tests were used to investigate if the autistic and non-autis-
tic groups differed on the experimental measure of PA skills, 
and on group characteristics of chronological age, autism 
characteristics and verbal and non-verbal cognitive skills. 
Univariate effects were evaluated at a Bonferroni corrected 
alpha level of 0.008 (0.05/6). The autistic and non-autistic 
groups were matched on chronological age, the Wechsler 
Abbreviated Scale of Intelligence, 2nd Edition (WASI-II; 
Wechsler, 2011) Vocabulary and Matrix Reasoning subtests, 
but differed in terms of autism characteristics.

Measures and Group Characteristics

Autism Inclusionary Criteria. Children in the autistic 
group received a standardized clinical diagnosis of autism 
spectrum disorder from a qualified pediatrician, psycholo-
gist, or psychiatrist associated with the provincial gov-
ernment funded autism assessment network, or through 
a qualified private clinician. All diagnoses were based on 
the Diagnostic and Statistical Manual of Mental Disor-
ders (DSM-IV-5; APA, 2013) using the Autism Diagnostic 
Interview–Revised (ADI-R; Rutter et al. 2003), and Autism 

Furthermore, PA encompasses a range of skills that increase 
in complexity, ranging from shallow-level knowledge (e.g., 
dividing words into syllables) to deep-level knowledge 
(e.g., segmenting words into individual phonemes), which 
is developed during the school age years (Goswami, 2002; 
Moritz et al., 2013; Scarborough & Brady, 2002; Schuele & 
Boudreau, 2008). In addition, we will examine the relation-
ship between PA skills and cognitive and autism character-
istics to understand how autistic children best learn in the 
context of literacy development. This objective is informed 
by the neurodiversity movement, which posits that a natural 
range of diversity occurs in human neurodevelopment (Pel-
licano & Houting, 2022) while recognizing that neurocogni-
tive differences encompass strengths as well as weaknesses, 
which may present challenges for the individual’s function-
ing within their environment (Leadbitter et al., 2021). Thus, 
findings could help to improve academic outcomes for 
autistic children by providing insight into possible mecha-
nisms underlying phonological awareness development for 
school age children who present with a wide range of sup-
port needs (Davidson & Ellis Weismer, 2014; Wodka et al., 
2013), while considering autistic developmental trajectories 
and natural developmental processes to inform targeted 
strength-based interventions to palliate areas of challenge 
(Leadbitter et al., 2021).

Study Objectives and Hypotheses

Study 1

The objective of the first study is to compare the PA skills of 
school age autistic children to non-autistic children, using 
a PA task commonly used in clinical practice and recom-
mended for use with autistic children. Based on findings 
from previous investigations on PA, mainly in preschool 
age autistic children showing comparable PA skills to non-
autistic children when accounting for language (Dynia et 
al., 2014; Westerveld et al., 2020) and non-verbal cogni-
tive skills (Westerveld et al., 2020), we hypothesized that 
there would be no difference in performance on the PA 
task between school age autistic children compared to non-
autisitc children. Study 1 includes a preliminary exploration 
of the relationship between cognitive skills, autism charac-
teristics, and PA skills of autistic and non-autistic children, 
which is explored in greater depth in study 2.

Study 2

Given the uneven cognitive profile of autistic children, the 
link between non-verbal skills and PA skills (Jokel et al., 
2020), and the mixed findings reported across behavioural 
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and 3 participants in the non-autistic group were removed 
from the study as they obtained scores indicative of autism 
characteristics on both autism screening questionnaires. The 
final sample included in the analyses consisted of 32 chil-
dren (n = 9 females) including 18 autistic children and 14 
non-autistic children.

Co-Occurring Conditions. Twelve participants in the 
autistic group presented with one or more co-occurring con-
ditions other than autism spectrum disorder which included 
attention-deficit-hyperactivity disorder (n = 7), specific 
learning disorder (n = 1), and anxiety (n = 7). Two partici-
pants in the non-autistic group presented with an anxiety 
disorder. All participants did not have a history of a hear-
ing impairment, as per parental report. All participants were 
able to complete the measures in this study.

Autism Characteristics. There was a statistically signif-
icant difference with a large effect size in autism character-
istics between groups on the SRS-2, t(30) = -7.49, p = <0.01, 
d = 2.7, and the AQ, t(30) = -8.84, p = <0.01, d = 3.3, with the 
autistic group having statistically significant higher scores, 
indicating more autism traits, than the non-autistic group 
(see Table 2).

Age and Sex. There was no statistically significant dif-
ference in chronological age between the autistic and non-
autistic groups, t(30) = -1.41, p = .17, d = 0.51. Chi-square 
analyses revealed statistically significant sex difference 
between the autistic and non-autistic groups. The autistic 
group was primarily composed of males (N = 16, 88%) and 
the non-autistic group was equally composed of males and 
females (N = 7, 50%). The discrepancy in sex distribution 
within our sample reflects the fact that autism is more com-
monly identified in males than in females at a ratio of 4:1 
(CDC, 2018). The male-preponderance in autism prevalence 
has been attributed to several factors including diagnostic 
measures using primarily male samples without offering 
sex specific norms (Medda et al., 2019) and differences in 
female autistic profiles (i.e., increased ability to mask autis-
tic traits, also known as camouflaging) (Lai et al., 2017).

Diagnostic Observation Schedule (ADOS; Lord et al. 1999). 
A clinical autism assessment report or a Ministry of Child 
and Family Development autism funding eligibility form, 
which requires a clinical autism assessment, was provided 
by the parents to confirm diagnosis. In addition, autism 
characteristics were measured through parent report on two 
parent questionnaires; the Social Responsiveness Scale − 2 
(SRS-2; Constantino & Gruber, 2012) and the Autism-Spec-
trum Quotient screener questionnaire (AQ; Baron-Cohen 
et al., 2001). A total score of ≥32 on the AQ and a t-score 
≥60 on the SRS-2 were used as cut-off scores indicative of 
autism characteristics. The SRS-2 and AQ questionnaires 
were administered to both the parents of autistic and non-
autistic children.

Two participants with a prior diagnosis of autism from a 
clinician met criteria on either the SRS-2 or the AQ, but not 
both, obtaining scores slightly below clinical cut-off scores 
on either one of these questionnaires. All analyses were 
repeated excluding the 2 participants in the autism group 
to assess whether the pattern of results differed for analyses 
conduced with and without these 2 participants. Given that 
the pattern of results did not differ with and without these 2 
participants and that we obtained evidence of diagnosis of 
autism by a clinician, these participants were retained in the 
autism group. All other 16 autistic participants scored in the 
elevated range for autism on the SRS-2 or the AQ. All non-
autistic participants (n = 14) scored below the clinical cut-
off score of 32 on the AQ, indicating few signs of autism. 
All but 2 non-autistic participants obtained scores below the 
clinical cut-off t-score of 60 on the SRS-2. Analyses were 
repeated excluding these 2 non-autistic participants and pat-
terns of results did not differ. Thus, these 2 participants were 
retained in the non-autistic group.

Study Exclusion. The original sample comprised 48 
participants; however, 13 participants were excluded due to 
incomplete data, extreme scores (outliers identified through 
assessment of boxplots) and being in the process of an 
autism assessment (unable to assign them to either group), 

Table 2 Study 1 Participant Characteristics of Autistic and Non-Autistic Groups
Variables Autistic Group

(N = 18, 2 females)
Non-Autistic Group
(N = 14, 7 females)

M SD Range M SD Range p d
Age 9.78 1.71 6–12 8.97 1.49 6–11 0.17 0.51
SRS-2 72 8 58–87 49 9 39–69 <0.01* 2.7
AQ 33 5 24–41 15 6 5–30 <0.01* 3.3
WASI-II VC 100 12 79–143 102 8 88–128 0.63 0.20
WASI-II MR 106 8 85–131 114 12 85–140 0.21 0.80
NEPSY-II PA 11 3 4–17 11 2 7–15 0.96 0
Note. Means (M), standard deviations (SD), age (in years), Social Responsiveness Scale, 2nd edition (SRS-2) total t-scores, Autism-Spectrum 
Quotient (AQ) total score, Wechsler Abbreviated Scale of Intelligence, 2nd Edition (WASI-II), Vocabulary (VC), Matrix reasoning (MR), 
WASI-II VC and MR presented in standard scores. NEPSY-II Phonological Processing subtest (PA). Second last column denotes a t-test (p) 
comparing group differences in means for each variable, and last column denotes Cohen’s d effect size. *Bonferroni corrected alpha level of 
0.008 (0.05/6)
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Results

Participants in the autistic group performed similarly 
(M = 10.56, SD = 3.28) to the participants in the non-autistic 
group (M = 10.5, SD = 1.99) on the PA measure; there was 
not a statistically significant difference in PA skills between 
groups, t(30) = − 0.056, p = .96, d = 0, − 0.06, BCa 95% CI 
[-2.09, 1.98] (Table 2). These results revealed that the autis-
tic and non-autistic groups did not differ in their PA skills.

The Relationship Between Cognitive Skills, Autism 
Characteristics and PA Skills

Autistic Group. Spearman correlation analyses were used 
to investigate the relationship between PA skills and verbal 
and non-verbal cognitive skills and autism characteristics 
(i.e., SRS-2 total t-score) (Table 3). Results revealed a sta-
tistically significant positive and moderate correlation, with 
Bonferonni correction for multiple comparisons applied, 
between PA and perceptual reasoning skills, rs = 0.615, 
p < .01, within the autism group. Autistic children with 
higher perceptual reasoning skills had better performance 
on the PA task compared to those with lower perceptual rea-
soning skills. There was no relationship between PA skills 
and either verbal cognitive skills or autism characteristics, 
within the autism group.

Non-Autistic Group. Spearman correlation analyses did 
not reveal a relationship between PA skills and either verbal, 
non-verbal skills, or autism characteristics, within the non-
autistic group.

Discussion

The aim of study 1 was to compare the PA skills of school 
age autistic children to non-autistic children, using a PA task 
commonly used in clinical practice and recommended to 
use with autistic children. Specifically, this study aimed to 
extend prior research on the PA skills of preschool children 
to school age autistic children matched with non-autistic 

Cognitive Skills. The Wechsler Abbreviated Scale of 
Intelligence, 2nd Edition (WASI-II; Wechsler, 2011) was 
used as a fast and reliable measure of cognitive skills 
including verbal (Vocabulary subtest) and non-verbal skills, 
specifically, perceptual reasoning skills1 (Matrix Reasoning 
subtest). Total raw scores are transformed into t-scores, and 
we converted those into standard scores where the mean is 
100 and the standard deviation is 15. There was no statis-
tically significant difference in verbal skills, t(30) = 0.483, 
p = .63, d = 0.2., and non-verbal cognitive skills, t(30) = 1.29, 
p = .95, d = 0.8., between the autistic and non-autistic groups. 
Levene’s test revealed that perceptual reasoning skills vio-
lated the assumption of homogeneity of variance and was 
therefore interpreted using the equal variances not assumed 
test statistic.

Phonological Awareness

Given the heterogeneity of cognitive, receptive, and expres-
sive language profiles of autistic children, we used the 
NEPSY-II’s Phonological Processing subtest (Korman et 
al., 2007) to measure PA because it minimizes the partici-
pant’s use of expressive language. In addition, the NEPSY-
II has been specifically studied for autistic children and 
children with an intellectual disability and is able to identify 
challenges in phonological awareness for these populations 
(Brooks et al., 2009).

The Phonological Processing subtest of the NEPSY-II 
(Korman et al., 2007) can be administered to participants 
from 3 to 16 years of age. The Phonological Processing sub-
test is comprised of non-verbal items (receptive), measur-
ing word segment recognition, which require participants to 
identify words from word segments by pointing to pictures 
(e.g., the participant is asked to choose between 3 pictures 
to match “do-g”). This subtest also included verbal items 
(expressive), measuring phonological segmentation, that 
assess the ability to manipulate sounds and syllables in spo-
ken words. These items ask participants to repeat a word 
and then to create a new word by omitting or substituting a 
syllable or phoneme (e.g., “coat”, now say it again but don’t 
say /k/, “oat”). Higher scores on the NEPSY-II Phonological 
Processing subtest indicate stronger PA skills. Raw scores 
are transformed into standardized scores, where the mean is 
10 and the standard deviation is 3.

1  The term “non-verbal” cognitive skills is used to refer to the specific 
non-verbal skill of perceptual reasoning, as measured by the Matrix 
Reasoning subtest of the WASI-II (Wechsler, 2011). As such, the terms 
“non-verbal cognitive skills” and “perceptual reasoning skills” may be 
used interchangeably.

Table 3 Correlations Between Phonological Awareness (PA) Skills, 
Cognitive Skills and Autism Characteristics within the Autistic and 
Non-Autistic Groups

NEPSY-II PA (PA) correlation with:
WASI-
II VC 
(Verbal)

WASI-II MR 
(Non-verbal)

SRS-2

Autistic Group 0.391 0.615* − 0.116
Non-Autistic Group 0.333 0.403 − 0.427
Note. NEPSY-II Phonological Processing subtest (PA), Wechsler 
Abbreviated Scale of Intelligence, 2nd Edition (WASI-II), Vocabu-
lary (VC), Matrix reasoning (MR), Social Responsiveness Scale, 2nd 
edition (SRS-2) total t-scores. *Bonferroni corrected alpha level of 
0.017 (0.05/3)
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Study 2

Methodology

The participant sample in study 2 includes the autistic par-
ticipants from study 1 (n = 18) combined with an additional 
21 autistic participants recruited separately, for a total of 
35 participants. The 21 additional autistic participants were 
recruited at an elementary school in Montreal, Quebec, Can-
ada for autistic children and children with other neurodevel-
opmental conditions. While study 1 excluded participants 
with a co-occurring intellectual disability (IQ < 70), study 2 
includes participants with a wide range of cognitive skills in 
order to be representative of the heterogeneity of cognitive 
profiles across the spectrum. Ethical approval was granted 
by the University’s Research Ethics Board. Informed con-
sent was obtained from parents and teachers, and assent was 
obtained from child participants.

Participants

A total of 35 autistic participants (n = 4 females) between 
the ages of 6 and 12 years old (M = 9.6, SD = 1.54) were 
included in study 2. Participant characteristics are reported 
in Table 4. All variables fell within conventional limits 
of normality (i.e., skewness and kurtosis absolute value 
smaller than 1.96) (Field, 2013).

Measures

The measures used in study 2 overlap with those used in 
study 1. The Phonological Processing subtest of the NEPSY-
II (Korman et al., 2007) was used to measure phonological 
awareness skills, The Wechsler Abbreviated Scale of Intel-
ligence, 2nd Edition (WASI-II; Wechsler, 2011) was used 
to measure cognitive skills including verbal (Vocabulary 
subtest) and non-verbal/perceptual reasoning skills (Matrix 
Reasoning subtest), and the Social Responsiveness Scale 
− 2 (SRS-2; Constantino & Gruber, 2012) and Autism-Spec-
trum Quotient screener questionnaire (AQ; Baron-Cohen et 
al., 2001) were used to measure autism characteristics. Two 
additional measures were used to measure autism character-
itics in a subset of participants in study 2; the Autism Diag-
nostic Observation Schedule, 2nd Edition (ADOS-2; Lord 
et al., 2012) and the Social Communication Questionnaire 
(SCQ; Rutter et al., 2003).

The ADOS-2 is a semi structured, standardized assess-
ment of communication, social interaction, play, and 
restricted and repetitive behaviours. Autism criterion is met 
by obtaining a comparison score in the moderate to high 
range and a classification of autism spectrum/autism.

peers. We hypothesized that autistic and non-autistic chil-
dren would not differ in their scores on the PA task. Results 
supported our hypothesis and found that the autistic and 
non-autistic groups had similar performance on the PA task. 
Study 1 provided a preliminary investigation of the relation-
ship between cognitive skills, autism characteristics and PA 
skills of autistic children and non-autistic children. Findings 
revealed a positive relationship between perceptual reason-
ing skills and PA skills for autistic children. No relationship 
was found between verbal or non-verbal cognitive skills and 
PA skills for non-autistic children.

Given the cognitive profile of autistic children in study 
1, results seem most applicable to autistic children requir-
ing a low level of support, who often complete school in 
mainstream education. As such, findings from study 1 may 
be limited to children with low support needs and may not 
generalize to those with high support needs, who often com-
plete school in specialized education. Thus, we investigate 
the relationship between PA, cognitive skills, and autism 
characteristics in study 2, which includes participants with 
low and high support needs across the spectrum.

Table 4 Study 2 Autistic Participant Characteristics
Variables n M SD Range
Age 35 9.6 1.54 6–12
SRS-2 Total 35 72 9 55–87
SRS-2 RRB 35 71 9 58–90
SRS-2 SCI 35 71 9 54–89
AQ Total 18 33 5 24–41
SCQ Total 20 19 6 2–27
ADOS-21 11 9 1 7–10
WASI-II VC 35 90 15 55–

143
WASI-II MR 35 95 12 63–

132
NEPSY-II PA 35 8 4 1–17
Note. Means (M), standard deviations (SD), age (in years), Social 
Responsiveness Scale, 2nd edition (SRS-2) total t-scores, Restricted 
Interests and Repetitive Behaviour or Autistic Mannerisms (RRB), 
Social Communication and Interaction (SCI), Autism-Spectrum 
Quotient (AQ) total score, Social Communication Questionnaire 
(SCQ) raw scores, Autism Diagnostic Observation Schedule, 2nd 
Edition (ADOS-2) comparison score, Wechsler Abbreviated Scale 
of Intelligence, 2nd Edition (WASI-II), Vocabulary (VC), Matrix 
reasoning (MR), WASI VC and MR presented in standard scores. 
NEPSY-II Phonological Processing subtest (PA). 1. The ADOS-2 was 
administered last in a separate session, which 11 participants were 
able to complete before COVID-19 lock down. The autism character-
istics of participants that did not complete an ADOS-2 were validated 
through screening questionnaires (e.g., SCQ, SRS-2, AQ).
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hearing impairment, as per parental report. All participants 
in the sample were able to complete the measures.

Results

Pearson correlation analyses were used to investigate the 
relationship between PA skills and verbal and non-verbal/
perceptual reasoning cognitive skills and autism character-
istics (i.e., restricted interests/repetitive behaviours [RRB], 
and social communication and interactions [SCI]) (Table 5). 
Results revealed a statistically significant positive and large 
correlation between PA and verbal, r = .725, p < .001, and 
perceptual reasoning, r = .837, p < .001, cognitive skills with 
Bonferonni correction for multiple comparisons applied. In 
addition, there was a negative moderate correlation between 
the RRB subscale of autism characteristics and PA skills, 
r = − .392, p = .02. However, the relationship between the 
RRB subscale and PA skills was not significant when Bon-
feronni correction was applied. There was no relationship 
between the SCI subscale of autism characteristics and PA 
skills.

Predictors of Phonological Awareness Skills

We performed a regression analysis in order to assess the 
predictive impact of cognitive skills (verbal and non-ver-
bal) and autism characteristics (RRB and SCI) on PA skills 
of autistic children, where PA skills was considered as the 
dependent variable (Table 6). Results revealed a signifi-
cant overall regression model, F(4, 30) = 23.63, p = <0.01, 
R2

adj = 0.73. The adjusted R2 value suggests that 73% of the 
variance in PA skills is attributed to verbal and non-verbal 
cognitive skills, RRB, and SCI. Of the four predictors, per-
ceptual reasoning skills was the only significant predictor of 
PA skills, β = 0.62, t = 4.23, p = <0.001, for autistic partici-
pants; suggesting that an increase of 1 (standard score) on 
the PA task is associated with an increase of 0.23 (standard 
score) on the WASI-II Matrix Reasoning task.

The SCQ-Lifetime (focus on the child’s entire develop-
mental history) version of the screening questionnaire was 
used for parent and the SCQ-Current version for teachers. 
Parental report scores were used in analyses and teacher 
report was used in cases where parental report was not 
obtained.

Autism Characteristics and Study Exclusion. All par-
ticipants had a prior diagnosis of autism from a clinician 
(e.g., pediatrician, psychiatrist, psychologist) or had a Qué-
bec Education Ministry code indicating that the participant 
had been identified as autistic by a clinician (Lazoff et al., 
2010). Autism characteristics were measured through addi-
tional screening questionnaires (i.e., SRS-2, Constantino & 
Gruber, 2012; AQ, Baron-Cohen et al., 2001; SCQ, Rut-
ter et al., 2003) and a standardized assessment instruments 
(i.e., ADOS-2, Lord et al., 2012). Participants who obtained 
scores below the cut-off score of 60 on the SRS-2 scored 
above the clinical cut-off on either AQ (32), SCQ (15), or 
met criteria for a clinical diagnosis on the ADOS-2.

The original sample for study 2 comprised of 39 partici-
pants; however, 2 participants were excluded due to incom-
plete data and 2 participants were excluded because they did 
not meet criteria on either the SRS-2 or the AQ, obtaining 
scores slightly below cut-off scores on these questionnaires, 
and SCQ and ADOS-2 scores were not available for those 
participants. The final sample included in the analyses con-
sisted of 35 autistic children (n = 4 females).

Co-Occurring Conditions. Seventeen participants pre-
sented with one or more co-occurring conditions other than 
autism which included attention-deficit-hyperactivity dis-
order (n = 10), global developmental delay (n = 2), specific 
learning disorder (n = 2), intellectual disability (n = 1), and 
anxiety (n = 7). All participants did not have a history of a 

Table 5 Correlations Between Phonological Awareness (PA) Skills, 
Cognitive Skills and Autism Characteristics
Variable PA Verbal Non-verbal RRB SCI
NEPSY-II PA 
(PA)

- 0.725† 0.837† − 0.392* 0.041

WASI-II VC 
(Verbal)

- 0.734† − 0.153 0.130

WASI-II MR 
(Non-verbal)

- − 0.292 0.223

SRS-2 RRB 
(RRB)

- 0.444**

SRS-2 SCI (SCI) -
Note. NEPSY-II Phonological Processing subtest (PA), Wechsler 
Abbreviated Scale of Intelligence, 2nd Edition (WASI-II), Vocabulary 
(VC), Matrix reasoning (MR), Social Responsiveness Scale, 2nd edi-
tion (SRS-2) total t-scores, Restricted Interests and Repetitive Behav-
iour or Autistic Mannerisms (RRB), Social Communication and 
Interaction (SCI). *Significant without Bonferroni correction, p < .05. 
**Significant without Bonferroni correction, p < .01. †Significant with 
Bonferroni corrected alpha level of 0.005 (0.05/10)

Table 6 Regression Analysis Predicting Phonological Awareness from 
Autism Characteristics, Verbal and Non-Verbal Cognitive Skills
Predictor Phonological Awareness

B SE 
B

β t p

WASI-II VC (Verbal) 0.08 0.04 0.26 1.91 0.066
WASI-II MR (Non-verbal) 0.23 0.06 0.62 4.23 <0.001
SRS-2 RRB (RRB) − 0.07 0.05 − 0.14 -1.23 0.227
SRS-2 SCI (SCI) − 0.03 0.05 − 0.07 − 0.62 0.538
Note. Unstandardized beta (B), standard error for unstandardized 
beta (SE B), standardized beta (β), Wechsler Abbreviated Scale of 
Intelligence, 2nd Edition (WASI-II) Vocabulary (VC), Matrix Rea-
soning (MR), Social Responsiveness Scale, 2nd edition (SRS-2) total 
t-scores, Restricted Interests and Repetitive Behaviour or Autistic 
Mannerisms (RRB), Social Communication and Interaction (SCI).
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Overall, results from study 1 and 2 can be summarized 
into three main findings: (i) we found that autistic children 
show similar PA skills to non-autistic children (study 1), (ii) 
the PA skills of autistic children are associated with their 
perceptual reasoning skills (studies 1 & 2), while the two 
are not correlated for non-autistic children (study 1), and 
(iii) we found no significant correlation between PA skills 
and verbal cognitive skills or autism characteristics for both 
autistic and non-autistic children (studies 1 & 2).

Autistic Children Show Similar PA Skills to Non-
Autistic Children

The first main finding (study 1) supported our hypothesis 
showing that autistic and non-autistic children showed simi-
lar PA skills. School age autistic and non-autistic children 
did not differ in their performance on the PA task when 
groups were matched on chronological age, verbal and non-
verbal cognitive skills. Scores obtained by both groups were 
within the normative average on the NEPSY-II. Results are 
consistent with previous studies on PA skills with preschool 
children that indicate no difference in PA skills between 
autistic children and non-autistic children when verbal and 
non-verbal skills are accounted for (e.g., Westerveld et al., 
2020) but are not consistent with research showing that 
autistic children have challenges in PA skills compared to 
non-autistic children (Dynia et al., 2019, 2017, 2014). Our 
finding supports the notion that inconsistencies in the litera-
ture on PA skills of preschool autistic children appear to be 
the result of the lack of controlling for cognitive skills and 
group matching, such that there are few if any differences 
between groups matched for verbal and non-verbal cogni-
tive skills.

Further, our finding showing that children in the autis-
tic and non-autistic groups did not differ in their PA skills 
expands the extensive research on PA skills of preschool 
autistic children to school age children who have begun to 
receive formal literacy instruction in school. To our knowl-
edge, only a few studies have investigated the PA skills of 
school age autistic children and found deficits in PA skills 
within this age group (e.g., Nally et al., 2018; Smith Gabig, 
2010). Yet, group matching on language and cognitive skills 
was absent, although the autistic and non-autistic groups 
were matched on chronological age (Smith Gabig, 2010). 
Our finding suggests that differences in PA skills reported 
in previous studies may be related to verbal and non-verbal 
skills, which were not controlled for in previous studies. 
Overall, our results indicate that autistic and non-autistic 
children show similar PA skills during the school age period 
of development, after receiving years of formal reading 
instruction.

Discussion

The aim of study 2 was to examine the contribution of verbal 
and non-verbal cognitive skills and autism characteristics to 
the PA skills of children with low and high support needs 
across the autism spectrum. Children with a wide range of 
support needs, including broad levels of cognitive skills and 
autism characteristics, were included in study 2 in order to 
assess whether the findings of study 1 that apply mainly to 
children in mainstream education settings generalize to chil-
dren in specialized education as well.

In the development of non-autistic children, reading 
is considered a language-based skill (Catts et al., 1999; 
McArthur et al., 2000; Roth et al., 2002). However, many 
autistic children experience the world differently and show 
a strength for non-verbal/perceptual skills (e.g., visual and 
auditory processing) over verbal skills (Ankenman et al., 
2014; Charman et al., 2011), which is also highlighted by 
the EPF (Mottron et al., 2001, 2006, 2009) and TTT (Mot-
tron et al., 2014) theoretical models. Therefore, we investi-
gated if PA skills were related to verbal skills, as in the case 
of non-autistic children (e.g., Roth et al., 2002), or other 
skills (i.e., perceptual reasoning skills) due to the distinct 
cognitive styles of autistic persons. Findings from the cur-
rent study showed that perceptual reasoning skills, but not 
verbal skills or autism characteristics, are associated with 
PA skills of autistic children. Results highlight the central 
role of non-verbal cognitive skills in literacy development 
for autistic children and suggest that their enhanced percep-
tual processing abilities likely contribute a great deal when 
learning to read.

General Discussion

The current study investigated an important emergent lit-
eracy skill, phonological awareness (PA), among autistic 
children with a wide range of cognitive skills, autism char-
acteristics, and co-occurring conditions, in two parts. Study 
1 compared the PA skills of school age autistic children to 
non-autistic children, with groups matched on chronologi-
cal age, verbal and non-verbal cognitive skills. Study 1 also 
conducted a preliminary investigation into the relationship 
between cognitive skills, autism characteristics and PA 
skills for autistic and non-autistic children. Study 2 exam-
ined the contribution of verbal and non-verbal cognitive 
skills and autism characteristics on performance on the PA 
task of children with low and high support needs across the 
spectrum. Including children with heterogeneous abilities in 
study 2 allows for findings to be as representative as possi-
ble of the developmental profiles found across the spectrum 
and in different educational settings.
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skills compared to autistic children without hyperlexia and 
non-autistic children, but do not significantly differ in terms 
of PA skills (Macdonald et al., 2020), suggesting that pre-
school autistic children who present with a hyperlexic pro-
file may employ a non-phonological alternative approach 
when learning to read (Macdonald et al., 2020), which our 
findings would suggest to be a perceptual approach to read-
ing acquisition.

No Significant Relationship Between PA Skills and Verbal 
Skills or Autism Characteristics for Autistic and Non-Autistic 
Children

The third main finding revealed no statistically significant 
relationship between PA skills and verbal cognitive skills or 
autism characteristics for autistic and non-autistic children 
(studies 1 & 2). Although PA and verbal cognitive skills 
were significantly correlated for autistic children in study 
2 (and not in study 1), further investigation revealed that 
verbal skills were not a significant predictor for PA skills 
of autistic children when non-verbal cognitive skills were 
also included in a regression model (study 2). This finding 
further illustrates the importance of perceptual reasoning 
skills over verbal skills for autistic children when it comes 
to learning to read.

Our finding of no significant association between PA and 
verbal skills for non-autistic children is not consistent with 
findings that show a link between reading skills and oral 
language in the development of non-autistic children. Yet, 
previous studies showing that PA and verbal/language skills 
are closely related for non-autistic children mostly focus on 
the preschool age period (e.g., Catts et al., 1999; Macdonald 
et al., 2020; Roth et al., 2002), with few studies investigating 
the link between these two for older children. Thus, it is pos-
sible that the chronological age of the participants included 
in this study (children between 6 and 12 years old) could 
explain the lack of a significant association between PA and 
verbal skills within the non-autistic group, such that a sig-
nificant association between the two is no longer present in 
the school age years. The association between PA and verbal 
skills may decrease later in development given that PA is a 
highly teachable skill (Lundberg et al., 2012) and older chil-
dren have had more experience with formal instruction and 
training. Thus, older children may rely less on verbal skills 
when completing PA tasks compared to preschool children. 
In addition, the result showing no significant association 
between PA and verbal skills for non-autistic children could 
also potentially be explained by the nature of the task used 
to measure PA (NEPSY-II Phonological Processing subtest). 
The PA task contains receptive (early items) and expressive 
(later items) questions which increase in difficulty. The 
expressive items require the child to manipulate sounds and 

PA Skills are Associated with Perceptual Reasoning Skills of 
Autistic Children

The second main finding showed that PA skills are positively 
associated with the perceptual reasoning skills of autistic 
children with low (study 1) or low to high support needs 
(study 2), although not for non-autistic children (study 1). 
Autistic children with higher perceptual reasoning skills had 
better performance on the PA task compared to those with 
lower perceptual reasoning skills. Although autistic children 
in study 1 performed in the normative range of the NEPSY-
II PA subtest (NEPSY-II: M = 11, SD = 3, range = 4–17) and 
autistic children in study 2 performed approximately one 
standard deviation below the PA subtests normative range 
(NEPSY-II: M = 8, SD = 4, range = 1–17), the association 
between PA and perceptual reasoning skills remained for 
autistic children despite their higher level of support needs 
(with study 2 including children with a wider range of sup-
port needs). Results did not reveal an association between 
PA and perceptual reasoning skills for non-autistic children.

Given that the autistic and non-autistic groups did not 
differ in their PA skills, the second main finding suggests 
that perceptual reasoning skills play a greater role in literacy 
development for autistic children as compared to non-autis-
tic children. The Enhanced Perceptual Functioning (EPF; 
Mottron et al., 2001, 2006, 2009) and the Trigger-Thresh-
old-Target (TTT; Mottron et al., 2014) models of autistic 
cognitive profiles account for the relative strength in non-
verbal/perceptual skills (visual and auditory) as compared 
to verbal skills for persons on the autism spectrum, which 
has been well documented in the literature (Ankenman et al., 
2014; Charman et al., 2011; Courchesne et al., 2015; Joseph 
et al., 2002; Nader et al., 2015; Soulières et al., 2011). Taken 
together, enhanced perceptual processing could be contrib-
uting to literacy skill acquisition of autistic children. Results 
from the current study could suggest that although autistic 
school age children show similar PA skills to non-autistic 
children, their PA skills are more influenced by perceptual 
skills than by verbal skills or that PA and verbal skills are 
not as closely related for autistic children as is the case for 
non-autistic children. Thus, autistic children may be using 
more of a perceptual approach to reading acquisition than 
non-autistic children.

Our finding leads us to question the trajectory of reading 
development for autistic children, particularly when consid-
ering the diversity of reading profiles across the spectrum 
ranging from marked difficulties to enhanced skills, as in the 
context of hyperlexia (i.e., a special strength in word decod-
ing/recognition accompanied by difficulties with reading 
comprehension and with verbal skills) (Silberberg & Sil-
berberg, 1967). For instance, preschool age autistic chil-
dren with hyperlexia demonstrate advanced word reading 
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tasks to establish if the additional demands of a timed task 
impact results.

Based on the multiple deficit model (Pennington, 2006), 
it is possible that high perceptual reasoning skills act as a 
protective factor to literacy development for autistic chil-
dren. Thus, prospective studies should also include mea-
sures of reading and writing achievement to explore the role 
of perceptual reasoning on PA skills, reading, and writing 
for autistic children. Similarly, the current study did not 
measure the presence of hyperlexia within our sample of 
participants which limits our understanding of distinct read-
ing profiles, although our findings suggest that this alter-
native approach to reading may capitalize on strengths for 
perceptual processing that are more closely related to non-
verbal than verbal cognitive skills. Future studies exam-
ining the reading profiles of school age autistic children 
should include measures of reading skills, such as reading 
comprehension and word reading, to clarify the presence 
of hyperlexia in order to elucidate the trajectory of read-
ing development for older autistic children following formal 
reading instruction. In addition, according to the multiple 
deficit model (Pennington, 2006), the development of read-
ing skills for autistic children could be impacted by many 
factors including the presence of co-occurring conditions. It 
is important to acknowledge that many participants within 
the present sample of autistic participants also had a pre-
vious diagnosis of ADHD, which may have an impact on 
the current findings. However, findings may also provide 
an accurate representation of emergent literacy skills of 
autistic children given the high prevalence of co-occurring 
conditions with autism (e.g., Brookman-Frazee et al., 2018; 
Ibrahim, 2020).

Next steps in this line of research could also include 
assessing the relationship between PA skills and basic read-
ing and reading comprehension skills of autistic children, 
while accounting for cognitive skills (e.g., perceptual rea-
soning skills). This investigation could provide insight into 
the applicability of the prominent reading development 
theory, the Simple View of Reading (i.e., reading compre-
hension is attained when decoding and listening comprehen-
sion are developed; SVR, Gough & Tunmer, 1986), for the 
development of reading skills of autistic children. Indeed, 
our finding that PA and perceptual reasoning are correlated 
for autistic children, but not for non-autistic children, may 
indicate that autistic children may rely on an alternate, pos-
sibly perceptual, approach to reading acquisition as would 
be suggested by the EPF theory. It may thus also be the 
case that the SVR theory may only partially explain reading 
acquisition of autistic children.

syllables in spoken words, a reasoning skill that requires 
mental reasoning, a process that is arguably more akin with 
abilities required for the Matrix Reasoning task (i.e., visual-
spatial/perceptual reasoning) compared to the Vocabulary 
task (i.e., word knowledge) on the WASI-II (although PA 
and non-verbal skills were also not correlated for the non-
autistic group). Lastly, the lack of association between PA 
and verbal skills may also be explained by the limitations 
in the current study such as a small sample size and the fact 
that non-autistic children included in study 1 had strong ver-
bal cognitive scores (standard score range = 88–128), with 
few participants falling below the low average range.

Similar to previous studies investigating the association 
between PA skills and autism characteristics (e.g., Dynia et 
al., 2019; Macdonald et al., 2020; Wodka et al., 2013), the 
current study did not find an association between PA skills 
and autism characteristics across the repetitive behaviour 
(RRB) and social communication (SCI) domains within the 
autistic and non-autistic groups. Whereas a negative corre-
lation between PA skills and the RRB subscale of autism 
characteristics was found in study 2, the correlation was 
no longer significant when Bonferroni correction for mul-
tiple comparisons was applied. Additionally, RRB was not 
a significant predictor for PA skills of autistic children when 
further analysis was conducted using a regression. Further, 
our results are not consistent with findings from Nally et al. 
(2018) showing that more autism characteristics predicted 
increased reading deficits. Instead, we found that perceptual 
reasoning skills seem to play a more important role than 
autism characteristics in literacy skills development.

Limitations and Future Directions

Despite our findings showing similar PA skills for autis-
tic and non-autistic children, and an association between 
perceptual reasoning skills and PA for autistic children, 
the current study has several limitations. For instance, the 
generalization of the current findings could be strengthened 
with a larger sample size of participants included across the 
studies. Sample size is often a challenge when conducting 
research with specific populations, including autistic chil-
dren, as such, exploring the relationship between perceptual 
reasoning skills and early literacy skills with a larger sam-
ple could be a valuable avenue for prospective research to 
explore. It must also be noted that the task used to measure 
PA skills in the current study was untimed, which may have 
had an impact of performance compared to if a timed PA 
task was used. Thus, it would be informative for future stud-
ies investigating the PA skills of autistic children compared 
to non-autistic children to utilize both timed and untimed PA 
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the strength in perceptual processing while relying less on 
verbal skills when teaching autistic children to read.
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