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Abstract

The purpose of the present study was to examine the associations among teacher ratings
of attention deficit hyperactivity disorder (ADHD) symptomology and executive functioning
(EF) skills with reading comprehension and its underlying components reflected in the Simple
View of Reading (SVR) including decoding and language comprehension ability. A total of 27
second grade (n = 10), third grade (n = 12), and fourth grade (n = 5) students were recruited for
the study. Standardized assessment measures were used to capture word reading, decoding,
reading comprehension, semantics, grammar, listening, phonological processing, and working
memory. Teacher questionnaires were used to assess ADHD symptomology and EF ability in
participants. Correlation analyses were conducted to explore the associations among teacher
ratings of EF and ADHD, reading comprehension, and its subskills outlined in the SVR. A series
of hierarchical regression analyses were performed to identify whether teacher ratings of ADHD
or EF added unique variance to reading comprehension after controlling for word level reading
and language comprehension skills. Results from the current study give further support for the
SVR as an effective model for conceptualizing reading comprehension. An association between
EF difficulties and poor word reading, in addition to weaker reading comprehension skills, was
identified. These findings highlight the need for further research examining the role that EF plays
in reading comprehension and its underlying components in order to better support struggling

readers.
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Introduction

Reading comprehension, the ability to process text and understand its meaning, is an
integral component of academic achievement and everyday functioning (NRP, 2000). Reading
deficits are particularly problematic for students, as they tend to persist over a student’s
education (Kiuru et al., 2013; Vellutino et al., 2004). While reading comprehension is defined in
a variety of ways across the literature, it is generally understood to be a complex process in
which language comprehension and word-level reading skills interact with one another to enable
readers to comprehend text (Cain & Bignell, 2014; Gough & Tunmer, 1986; Perfetti & Stafura,
2014; Swanson et al., 2018).

Behavioural inattention is described as difficulties with organization, distractibility,
attentional control, and remembering (American Psychiatric Association, 2013) and has been
implicated in academic underachievement in the research (Cain & Bignell, 2014; Ferretti et al.,
2019; Hinshaw, 1992). A negative correlation exists between teacher-reported classroom
inattention, standardised academic test scores and academic performance outcomes for students
across all ages (Gray et al., 2017). Symptoms of inattention include difficulty sustaining attention
during tasks, making mistakes, difficulty listening when spoken to, and reluctance to engage in
tasks that require sustained attention (American Psychiatric Association, 2013). These patterns of
inattentive behaviour make it difficult for students to meet the demands of learning in typical
classrooms and gain academic proficiency.

Several studies have examined the relation between reading ability and attention. Ratings
of attention are related to listening comprehension, reading comprehension, and word reading
skills (Cain & Bignell, 2014). In students with ADHD, comorbid rates of reading disabilities fall

between 11% and 34% (DuPaul et al., 2013), indicating that students with ADHD are at a



heightened risk for developing a reading disability compared to their typically-developing peers.
In a meta-analysis examining the correlation between academic performance deficits in
participants with ADHD, the greatest impairment was found to occur in reading (d = 0.73)
(Frazier et al., 2007). Poor attention has also been linked to deficits in updating working
memory, a component of EF that is implicated in reading comprehension performance (Miller et
al., 2013; Swanson et al., 2018) and the process that people use to consciously update task-
relevant information for 10 to 15 seconds, before it is consolidated into short- and long-term
memory (Miyake, 2000). Studies of attention and reading comprehension have failed to control
for word-level reading and language comprehension ability, making it difficult to draw
conclusions about the basis of reading comprehension deficits in students with heightened levels
of inattention (Cain & Bignell, 2014). Despite the wealth of literature connecting attention to
reading ability, less is known about whether the relation between attention and reading
comprehension is mediated primarily by word reading difficulty, language impairment, or both,
and to what extent EF deficits contribute to these associations.

Although theorists continue to explore the construct of EF, current models reliably
indicate that this construct is comprised of cognitive capacities that include updating, shifting,
and inhibition (Karr et al., 2018; Miyake, 2000) which are involved in goal setting, goal-directed
planning and action, organizing, and performance monitoring (Jurado & Rosselli, 2007; Singer
& Bashir, 1999). Related to the current study, research has observed that EF is predictive of
reading comprehension (Cartwright et al., 2017; Follmer, 2018; Meixner et al., 2019). Some
evidence suggests that EF may uniquely predict variability in reading comprehension beyond
traditional predictors such as decoding and vocabulary skills (Cartwright et al., 2017).

Nevertheless, more research is necessary to better understand these associations, and to what



extent attention mediates the association between EF and reading comprehension. The following
section will define reading comprehension and the components underpinning this complex
process. Next, attention is described and the literature examining the relation between attention
and reading comprehension is reviewed. A discussion of EF processes and its association to
attention and reading comprehension will follow. The purpose of the study and the research
questions are outlined, followed by a description of the data analysis, and a summary of findings.
Reading Comprehension: A Multi-Componential Process

Reading comprehension is the process of simultaneously extracting and constructing
meaning from written language. It is a cognitive activity which draws on multiple skills (Catts,
2018; Chiu, 2018; Vellutino et al., 2007). Reading comprehension requires adequate decoding
ability, in addition to language comprehension for the understanding of text to occur (Hjetland et
al., 2019). It is valuable to use a framework for examining complex processes such as reading
comprehension because it sets out interconnected claims and assumptions that enable researchers
to create theoretical models from which hypotheses can be developed and tested (Perfetti &
Stafura, 2014). One model that has been influential in the conceptualization of reading
comprehension is the Simple View of Reading (SVR), which describes reading comprehension
as a product of decoding and language comprehension (Gough & Tunmer, 1986).

The SVR model describes two distinct constructs that explain the variance in reading
comprehension ability: decoding and listening comprehension (Gough & Tunmer, 1986).
Decoding refers to the ability to convert graphemes into phonemes and draws on phoneme
awareness, letter knowledge, and word recognition (Gough & Tunmer, 1986). This construct is
usually measured by word reading and pseudoword reading measures based on accuracy or

speed (e.g. Miranda et al., 2017; Tomblin et al., 2000). The second component is language



comprehension, which draws on one's ability to process and comprehend orally presented
information, tapping variations in vocabulary, listening comprehension, grammar, verbal
working memory, and inference making skills (e.g. Babayigit & Shapiro, 2019; Florit et al.,
2014). According to the SVR model, language comprehension and decoding skills are necessary
for comprehension of text because written letters must be translated into words represented in
language, and the language must also be understood (Gough & Tunmer, 1986). Both decoding
and linguistic comprehension are, although related, considered to be independent constructs, as
both are predicted by different skill sets (Aouad & Savage, 2009; Kendeou et al., 2009).
Phonological awareness and rapid automatized naming have both robustly predicted decoding
ability (Moll et al., 2014; Plourde et al., 2018), whereas language comprehension is better
predicted by syntactic understanding and vocabulary (Hagtvet, 2003).

According to the SVR, a skilled decoder draws on both word recognition and
phonological awareness skills to read isolated words quickly and accurately (Gough & Tunmer,
1986). Decoding skills have been implicated in reading comprehension performance in the
literature (e.g., Haft et al., 2019; Hagtvet, 2003; Slot et al., 2016; Wendling & Mather, 2009;
Vellutino et al., 2004), although a meta-analysis of 110 studies conducted by Garcia & Cain
(2014) found inconsistencies across the research with regard to how much decoding predicts
reading comprehension. The researchers found that age was a strong mediator in this association:
as the age of participants increased, the link between decoding and reading comprehension
decreased. Thus, evidence suggests that there are developmental differences in the magnitude
with which decoding predicts reading comprehension, with higher associations in early

development and lower associations later in development. In sum, as word reading becomes



more efficient, language comprehension skills become more influential. Nevertheless, decoding
was strongly related to reading comprehension across all ages in the analysis.

Linguistic comprehension is the process by which oral information is interpreted (Gough
& Tunmer, 1986). This process involves expressive and receptive vocabulary, inferential skills,
grammatical and syntactic knowledge, and the ability to use context to understand oral
information (Babayigit & Shapiro, 2019; Florit et al., 2014). Linguistic comprehension has been
implicated in the research as a strong predictor of reading comprehension (Babayigit; 2015;
Babayigit & Shapiro, 2019; Kendeou et al., 2009; Lervag et al., 2018). Receptive language
measures, in addition to syntactic knowledge and inference making, are often used in studies
measuring oral language comprehension, although working memory tasks are also frequently
used (e.g., Babayigit; 2015; Kendeou et al., 2009; Lervag et al., 2018). Grammar, vocabulary,
and inferencing ability are strong longitudinal predictors of both reading and listening
comprehension (Lervag et al., 2018). Although these components of language comprehension are
distinct, research has found a significant correlation across these different skill sets (Cutting &
Scarborough, 2006).

An abundance of research over the last several decades has supported the SVR theory as
an effective model for describing the variance in reading comprehension (e.g., Aouad & Savage,
2009; Chiu, 2018; Colenbrander et al., 2016; Garcia, & Cain, 2014; Hagtvet, 2003; Hjetland et
al., 2019; Kendeou et al., 2009; Lervag et al., 2018; Muter et al., 2004; Vellutino et al., 2007)
although there is evidence that working memory (Cain et al., 2004; Swanson et al., 2018),
fluency (e.g., Cutting & Scarborough, 2006), and naming speed are also predictive of reading

comprehension (e.g., Joshi & Aaron, 2000; Plourde et al., 2018).



The variance in reading comprehension explained by the model has been measured at
48 % - 99 %, depending on the study (Hjetland et al., 2019; Joshi & Aaron, 2000; Lervag et al.,
2018), and has been replicated across reading comprehension measures (Babayigit & Shapiro,
2019; Colenbrander et al., 2016). For example, Hjetland et al. (2019) conducted a 6-year
longitudinal study of 215 monolingual Norwegian-speaking children beginning at age 4. The
authors tracked the interrelation between factors predicting reading comprehension including
language skills, decoding, and cognitive skills. Two pathways explaining the variation in reading
comprehension were discovered. Part of the variance in reading comprehension was predicted by
language comprehension, a construct captured by vocabulary, listening comprehension,
grammar, and verbal working memory. The rest of the variance in reading comprehension
performance was predicted through a code-related pathway which captured phoneme awareness,
letter knowledge, and rapid automatized naming. Language comprehension in the early years
was strongly correlated with code-related ability. Oral language skills in the early years also
continued to predict reading comprehension levels throughout the study. Language
comprehension and decoding ability explained almost all (99.7%) of the variance in reading
comprehension at 7 years of age. As Norwegian is a semitransparent orthography, this may have
impacted the significant amount of variance reported in this study. Orthographic transparency
describes the consistency of correspondence between graphemes (letters or letter clusters) and
phonemes (sounds) (Florit & Cain, 2014). In English, an opaque orthography, some graphemes
can have multiple pronunciations, and some phonemes can be written in different ways. The
effects of linguistic comprehension and decoding on reading comprehension varies depending on
the transparency of orthography in which a child is learning to read, and for opaque

orthographies such as English, word reading skills tend to develop at a slower rate (Florit &



Cain, 2014). Nevertheless, the SVR has been shown to be an effective model for
conceptualizing reading comprehension even in English speaking children (Florit & Cain, 2014).
In addition, a two year longitudinal study by Muter et al. (2004) which was conducted using
English speaking children also found that word recognition skills (decoding and letter
knowledge) and linguistic skills (vocabulary knowledge and grammatical skills) all played
significant roles in explaining the variance in reading comprehension.

Some research has found a significant correlation between decoding ability and language
comprehension tasks. Although researchers view these as separate constructs, some overlap in
skill or ability may be present. For example, higher language ability tends to correlate with
higher decoding skills in children (Hagtvet, 2003), and listening comprehension skills have been
identified as a significant moderator that explains the association between reading
comprehension and decoding (Garcia & Cain, 2014). In contrast, in a longitudinal study by
Kendeou et al. (2009), the authors found that regardless of age, decoding and oral language skills
formed distinct clusters. The correlation between oral language and decoding was strongest in
the pre-elementary cohort, and the relation became weaker in kindergarten and again in grade
two. Both decoding and oral language independently predicted reading comprehension in grade
two, supporting the theory that two distinct skill sets relating to reading comprehension are
formed in the early elementary years.

Differences in measures of decoding, linguistic comprehension, and reading
comprehension also influence the relation between these constructs (Garcia & Cain, 2014;
Hagtvet, 2003). Hagvet (2003) found that both oral and written language measures were
moderately to highly correlated with reading comprehension measures, although this variance

was influenced by the characteristics of the comprehension tasks. For example, when a reading



comprehension measure required the participant to retell aspects of the story, vocabulary and
phonemic awareness, but not syntax, were correlated. However, in reading comprehension
measures that use cloze tasks requiring students to fill in missing words from a passage, syntax
and phonemic awareness were correlated, but not vocabulary. In addition, the correlation
between decoding and reading comprehension appears to be higher when the measure for
reading comprehension is narrative rather than expository, and lower when the participants are
required to read the text aloud (Garcia & Cain, 2014). This may be due to the fact that young
readers often have well developed schemata of narrative texts, so decoding becomes a stronger
predictor in reading comprehension compared to word knowledge (Best et al., 2008). Thus, the
measure in which reading comprehension is captured has implications for research.

In summary, research supports SVR as a valid and influential model for understanding
reading comprehension. Linguistic skills, in addition to word-level reading ability, interact to
predict reading comprehension performance in students. Despite the fact that reading
comprehension and attention have been linked in the research, it is not clear whether this is
primarily the result of poor word reading skills or linguistic comprehension weaknesses (Cain &
Bignell, 2014). The next section will review attention and its association with reading
comprehension.

Definition of Attention

Attention is a multidimensional construct drawing on many processes, which makes it
difficult to operationalize and measure (Fletcher, 1998). A popular model of attention discussed
in the literature was posited by Posner and Peterson (1990) which includes three different
networks: the alerting network (maintaining vigilance when completing a task), an orienting

network (prioritizing relevant sensory input), and an executive network (often called focal



attention, which is conceptualized as the point in which a stimulus enters into one’s conscious
state) (Peterson & Posner, 2012).

The American Psychiatric Association (2013) defines behavioural inattention as
difficulties with organization, distractibility, following directions, attending to relevant stimuli,
and remembering. Symptoms of inattention fall along a spectrum, and is a phenomenon that is
experienced by the general population at varying degrees (Groen-Blokhuis et al., 2014). When
symptoms are severe, persistent over time, and impair a child’s ability to function in daily life,
these patterns of behaviour meet diagnostic criteria for ADHD. Diagnostic criteria for ADHD
include symptoms of hyperactivity (excessive movement), impulsivity (acts before thinking or
conscious judgement), and inattention (difficulty focusing) (American Psychiatric Association,
2013). Patterns of symptomatic behaviour are often captured using behavior rating scales which
can be completed by teachers, parents, clinicians, and the individuals themselves.

Although often viewed as such in the literature, inattention is not a homogenous
phenomenon. In one study of teacher-rated inattentive symptomatology, Swiecicka and
colleagues (2008) found five factors that influenced the expression of inattentive patterns of
behaviour: withdrawal of attention, distractibility and tiredness, impulsivity and hyperactivity,
high emotional control, and low emotional control. Analysis of the inattentive profiles of
children from this study showed that attention disorders comprise at least two distinct categories
of inattentive symptoms: distractibility and tiredness, and withdrawal of attention. These
inattentive profiles interact with other learning difficulties which give rise to different patterns of

inattention across individuals.
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Developmental Trajectory in ADHD Symptomatology

Most research pertaining to attention examines students with ADHD or who are at-risk
for the disability. Longitudinal research studies have provided evidence that inattention and
hyperactivity-impulsivity symptoms relating to ADHD follow different developmental
trajectories (Martel et al., 2016; Willcutt et al., 2012). In one study of 1,420 participants aged
three to 36, Martel and colleagues (2016) found that across development, symptom structures
became increasingly differentiated. Preschool aged children with ADHD tended to exhibit
difficulties with attention, hyperactivity, and impulsivity. Impulsivity became more predominant
in adolescence and, in adulthood, four clusters of symptomatology were found: mental effort,
motor overactivity, disorganization, and verbal impulsivity. Despite these developmental
changes, distractibility and difficulty sustaining attention appear to be core features of ADHD,
regardless of development. Brocki & Bohlin (2006) found that poor inhibition (e.g. the ability to
inhibit a powerful response or interrupt a current behavioural response) was most strongly
related to ADHD in younger children, and poor functioning relating to complex executive
functions (working memory and fluency) were more strongly associated with ADHD in older
children.

For diagnostic purposes, the DSM-5 divides ADHD into three presentations: (a)
predominantly hyperactive/impulsive presentation (b) predominantly inattentive presentation,
and (c) combined presentation (American Psychiatric Association, 2013). Research suggests that
these subtypes are often not stable over time, as inattention and hyperactivity follow different
developmental trajectories (Willcutt et al., 2012). In a meta-analysis of 546 studies, Willcutt et
al. (2012) found that preschool children who met criteria for ADHD predominantly hyperactive

subtype displayed a decline in hyperactive behaviour through to age 9; however, ratings of
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inattentive behaviour did not have a similar decline. While an ADHD diagnosis has adequate
stability over time, presentation types tend to vary as hyperactivity-impulsivity symptoms
decline more than inattention symptoms across development (Willcut et al., 2012).
Attention and its Relation to Academic Achievement

Inattention has been identified as a risk factor for poor academic achievement (American
Psychiatric Association, 2018; Arnold et al., 2005; Hinshaw, 1992; Giannopulu et al., 2008;
Maughan et al., 1996; Tomblin et al., 2000). A negative correlation exists between heightened
levels of inattention as reported by teachers, and classroom performance and achievement on
academic, standardized tests from preschool to high school (Gray et al., 2017). Interestingly,
inattention, but not hyperactivity, has been implicated in predicting poor academic achievement
in the research (Frick et al., 1991; Giannopulu et al., 2008; Massetti et al., 2008; Pingault et al.,
2011; Sims & Lonigan, 2013). In a 15 year longitudinal study of 2,000 participants from a
sample of Canadian children between the ages of six and 12 years, Pingault et al. (2011) found
that high inattention during elementary school strongly predicted the likelihood of not having a
high school diploma in early adulthood. Overall, the relation between hyperactivity—impulsivity
and academic achievement is equivocal, but the link between inattention and learning problems
has been thoroughly documented in the literature (Giannopulu et al., 2008).
Attention and its Relation to Reading Comprehension and its Underlying Components

Inattentive behaviour is correlated with poor reading comprehension (Cain & Bignell,
2014; Giannopulu, 2008; Jiang, 2018; Rabiner et al., 2000; Stern & Shalev, 2013) and has been
shown to predict reading achievement even after controlling for 1Q and other behavioural
difficulties (Giannopulu et al., 2008; Rabiner et al., 2000). In one longitudinal study, one third of

kindergarten students reading in the normal range with highly inattentive behaviours scored at
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least one standard deviation below the mean in grade 5 on measures of reading comprehension
(Rabiner et al., 2000), suggesting that inattention has long term negative consequences on
academic performance.

Inattention has been found in the literature to have significant effects on early literacy
skills in young children (Cain & Bignell, 2014; Costa et al., 2013; Martinussen et al., 2014;
Giannopulu et al., 2008). These effects have even been measured in preschool aged children,
where emergent literacy skills have been associated with attention levels across multiple methods
of behavior assessment (Sims & Lonigan, 2013). In contrast, for adolescents from grade 7 to
grade 12, decoding skills have not been shown to be as strong of a predictor for reading
comprehension, regardless of attention profiles (Swanson et al., 2018). This is unsurprising
because, as the SVR predicts, the relation between decoding and reading comprehension
decreases as students age. As decoding becomes more efficient, language comprehension skills
become stronger predictors of reading comprehension (Garcia & Cain, 2014). In a longitudinal
study, Dittman (2016) found that children’s attentional focus on school entry predicted word
reading at the end of grade 1. Inattentive levels in grade 1 contributed a small proportion of
variance in word reading ability at the end of grade 2, although prior reading ability was the
strongest predictor of future reading ability. Slow naming speed is significantly correlated with
heightened levels of inattention, which is also strongly related to word-level reading ability
(Martinussen et al., 2014). There is evidence to suggest that children with attention problems
tend to have poor phonological processing at the phonemic level, which is also related to word
reading ability (Costa et al., 2013; Martinussen et al., 2014; Plourde et al., 2018; Sims &
Lonigan, 2013). In contrast, other researchers have found no link between attention and

phonological processing (Dittman, 2016).
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Language is an important component of academic and social success (Beitchman et al.,
1990; Hinshaw, 1992; Tomblin et al., 2000) and weak attention has been linked to poor linguistic
comprehension (Cain & Bignell, 2014; Gooch et al., 2019; Mclnnes, et al., 2003; Plourde et al.,
2018). Most studies examining this correlation are conducted using participants with ADHD, and
a link between ADHD and language comprehension deficits has been identified in the research
(Korrel et al., 2017; Yochman et al., 2006). For example, children with specific language
impairments (SLI) are more likely to display teacher-reported symptoms of ADHD than their
peers, and students with SLI are more likely to have clinical levels of ADHD (Helland et al.,
2016; Gooch et al., 2019; Tomblin et al., 2000). ADHD is also the most frequent psychiatric
diagnosis for children that have language impairments (Cohen et al., 2000). These children are
also significantly more likely to have a reading disability (Helland et al., 2016; Tomblin et al.,
2000). Children with early language delays are more likely to demonstrate externalizing
behaviour, particularly attention issues, and a large percentage of children with early language
problems demonstrate subsequent underachievement (Hinshaw, 1992). In a meta-analysis of
twenty-one studies examining the relation between SLI and ADHD using standardized measures,
Korrell and colleagues (2017) found that students with ADHD scored more poorly on all 14
measures of expressive language, with correlation coefficients ranging from .32 to .87. The
authors also found that children with ADHD performed significantly more poorly on measures of
receptive language than controls. Interestingly, the presence of ADHD in students with comorbid
SLI does not seem to further compromise listening comprehension ability beyond the influence
of SLI alone (Mclnnes et al., 2003).

Vocabulary has been found to mediate the association between inattention and reading

comprehension (Plourde et al., 2018; Swanson et al., 2018), although one study found that
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teacher ratings of inattention in preschool children were not correlated with measures of
vocabulary (Sims & Lonigan, 2013). Impaired inference-making abilities have also been found
in students with ADHD (Mclnnes et al., 2003; Swanson et al., 2018). Children with ADHD seem
to struggle more with making inferences from text and monitoring their comprehension rather
than being able to recall facts (Mclnnes et al., 2003). In contract, some research found that the
association between inference-making skills, vocabulary, and reading comprehension for
adolescent readers was not dependent on inattentive or hyperactive profiles (Swanson et al.,
2018).

Students with ADHD are at heightened risk for also having pragmatic language delays
(Cohen et al., 2000; Helland et al., 2014; Helland et al., 2016; Korrel et al., 2017). In one meta-
analysis, Green et al. (2014) found that children with features of ADHD have consistent profiles
of pragmatic language impairments including poor conversational turn-taking, excessive talking,
and lack of organization and coherence when speaking. Pragmatic language impairments have
been shown to correlate with comorbid RD, SLI, and ADHD (Cohen et al., 2000; Helland, et al.,
2014; Helland, et al., 2016).

In conclusion, research suggests that students with heightened levels of inattention are at
risk for also having reading comprehension difficulties (Cain & Bignell, 2014; Giannopulu,
2008; Rabiner et al., 2000). Poor reading comprehension outcomes in these students have been
connected to poor word-level reading skills (Costa et al., 2013; Martinussen et al., 2014; Plourde
et al., 2018; Sims & Lonigan, 2013) and poor language comprehension (Cain & Bignell, 2014;
Gooch et al., 2019; Mclnnes et al., 2003; Plourde et al., 2018). Inattention seems to negatively
impact both decoding and language comprehension skills, particularly in younger students, two

components necessary for reading comprehension based on the SVR. Inattentive symptoms
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appear to interfere with cognitive processes required for learning, such as attending to instruction
and information, which may affect the development of phonological awareness and vocabulary
knowledge, leading to difficulties in decoding and reading comprehension (Plourde et al., 2018).
The next section reviews research examining the association between EF, attention, and reading
comprehension.

Definition and Models of Executive Function

Currently, there is no consensus on the definition of executive functioning (EF), but the
term generally describes a broad range of higher order cognitive processes encompassing one's
ability to enable flexible, goal-directed behavior (Castellanos et al., 2006), such as updating,
shifting, and inhibition (Karr et al., 2018; Miyake, 2000). EF deficits impair an individual's
ability to plan, organize, regulate emotion, initiate and inhibit action, respond flexibly, and utilize
working memory, all processes that are important for academic and social success (Miranda et
al., 2017; Zaleza et al., 2004). Higher levels of EF relating to inhibitory control correlates with
improved adaptive functioning (task perseverance, learning, and pro-social behaviour), academic
performance, fewer psychiatric symptoms, and higher attention in younger children (Vuontela et
al., 2013).

Several theoretical models have been used to define EF in order to operationalize the
construct in research studies. One influential model proposed by Denckla (1996) views EF as a
non-unitary construct drawing on four domains: sustaining behavior, initiating behavior,
inhibiting behavior, and set shifting. Miyake and colleagues (2000) model of EF reflects the most
common conceptualization of EF: shifting of mental sets, response inhibition, and monitoring
and updating working memory representations. The concept of working memory describes a

system that stores and maintains information and is a component of human thought. The most
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commonly conceptualized model for working memory includes four components: the central
executive, the phonological loop, the visuospatial sketchpad, and the episodic buffer (Baddeley
& Hitch, 1997; Baddeley, 2003). The central executive is an individual’s general processing
capacity, and is particularly concerned with attention (Baddeley, 2003). EF is relevant to this
study because there is a lack of consensus across the literature on whether attention is an
underlying component of EF or if it is a separate construct (Fletcher, 1998). By including a
measure of EF in this study, the findings will help to illuminate whether EF ability or ADHD
symptoms independently predict reading comprehension, and if the pathway between ADHD
symptomatology and reading comprehension is better explained by a broader EF deficit.
Executive Function and its Relation to Reading Comprehension and its Underlying
Components

Research has found that EF is predictive of reading comprehension (Cartwright et al.,
2017; Follmer, 2018; Meixner et al., 2019). In a meta-analysis conducted by Follmer (2018), the
author found a moderate positive association between EF and reading comprehension (r = .36).
This correlation did not vary systematically according to age, EF measure, or reading
comprehension measure. EF has been found to account for variance in reading comprehension
beyond traditional predictors such as decoding and vocabulary (Cartwright et al., 2017; Nouwens
et al., 2021). In addition, research has found that working memory explains unigue variance in
reading comprehension after word reading skills and verbal ability have been controlled for
(Cain et al., 2004). Inhibitory processes have also been identified in the research to predict
performance on reading comprehension measures (Borella et al., 2010). EF allows readers to
integrate new ideas with prior knowledge, plan for comprehending text, inhibit irrelevant text or

ideas during reading, process different components of text (meaning or context), and remember
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relevant information (Follmer, 2018). EF is also associated with the underlying components
required to comprehend text, including word reading ability and language comprehension
(Gathercole et al., 2006; Jiang et al., 2018; Nouwens et al., 2021).

Working memory, a component of EF, has been implicated in language comprehension
(Gathercole et al., 2006; Jiang et al., 2018). In a study of 370 students in grade one to three, Jiang
and colleagues (2018) found that the association between working memory and reading
comprehension was mediated partially through its influence on listening comprehension, and that
working memory becomes more important as students age. In contrast, some research has failed
to find a direct effect of EF on language comprehension (Nouwens et al., 2021).

EF has also been associated with word reading ability (Haft et al., 2019; Jiang et al.,
2018; Nouwens et al., 2021). The influence of EF on reading comprehension has been found in
some research to be partially mediated by its impact on word reading ability (Jiang et al., 2018).
In contrast, some studies have found that EF is predictive of reading comprehension, but not of
word reading skills (Sesma et al., 2009). Despite contradictory evidence on the impact EF has on
the components of reading comprehension, research suggests that an individual’s cognitive
capacities are fundamental in developing literacy and language skills, and that EF skills are
required for readers to both attend to text and utilize cognitive processes required for
comprehension (Follmer, 2018).

Executive Function and Attention

Research has found that individuals with ADHD often have EF deficits (Castagna et al.,
2019). In a meta-analysis of 83 studies, Willcutt and colleagues (2005) found that individuals
with ADHD demonstrated significant impairments across all EF tasks. For all measures, effect

sizes fell within the medium range (d=.46 t0.69). The strongest effect sizes were found in
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measures of response inhibition (stopping a motor response after an auditory cue and ignoring
irrelevant information), vigilance (maintaining focus in order to respond to targeted sequences
over a period of time), working memory (the storage and manipulation of information in
memory), and planning (completing a task or goal while adhering to a set of rules). Weaknesses
in EF in clinical and community samples were significant even after controlling for intelligence,
academic achievement, and comorbid disorders. More contemporary research continues to find a
connection between EF deficits and ADHD (Krieger & Amador-Campos, 2018).

An overlap between the concept of attention as a cognitive process and EF has prompted
researchers to attempt to differentiate these two constructs and the measures used to capture them
(Fletcher, 1998). Research has found a strong correlation between attentional focus and working
memory, and has hypothesized that attention is directly linked to the storage and processing of
information (Cowan et al., 2005). Regardless of how attention and EF are associated, it is
apparent that attention is an important component in the execution of goal-orientated behaviour.
Research has examined EF in children with ADHD and comorbid reading disabilities (RD).
These students have a specific cognitive profile when compared to students with ADHD or RD
alone, demonstrated by significant impairment in processing speed, retrospective memory, and
response inhibition (Crippa et al., 2015).

In summary, students with EF deficits are at a greater risk for having RD (e.g.,
Cartwright et al., 2017; Follmer, 2018; Gathercole et al., 2004; Meixner et al., 2019; Swanson &
Howell, 2001; Swanson & Jerman, 2009). Significant EF deficits have also been linked to
ADHD across EF measures (Castagna et al., 2019; Willcutt et al., 2005). A link between
attention and EF has been identified, although these constructs have not been adequately

differentiated in the literature (Fletcher, 1998). Given the overlapping nature of EF and attention,



19

the findings of this study will help to illuminate the association between these two constructs,
and how they relate to reading comprehension. The following section will address some theories
that researchers have proposed to explain the patterns of comorbidity between RD and ADHD.
Explanations for Comorbidity

Several hypotheses have been put forward to explain the comorbidity between inattention
and RD, although the research predominantly relates to ADHD. Theories supported by previous
research of comorbid RD and ADHD include the phenocopy hypotheses (Pennington et al.,
1993), the cognitive subtype hypothesis (Rucklidge & Tannock, 2002), and the common etiology
hypothesis (Willcutt et al., 2000a; Willcutt et al., 2007). The phenocopy hypothesis suggests that
one disorder may result in the symptoms of another disorder (Pennington et al., 1993). For
example, patterns of inattention in students with reading disabilities are hypothesized to be a
response to frustration associated with reading difficulty rather than as a result of the
neurocognitive deficits typically associated with ADHD. Despite early findings, this theory has
been largely unsupported within more current literature (e.g. Seidman et al., 2001; Willcutt et al.,
2001).

The cognitive subtype hypothesis suggests that children with both ADHD and RD have a
different or more severe form of ADHD or RD than children with either disorder alone. This
theory has been supported in some research (Rucklidge & Tannock, 2002). In contrast, other
researchers have found that individuals with ADHD and RD do not have a separate cognitive
profile beyond the additive symptoms associated with ADHD and RD (Willcutt et al., 2005 ). It
would be worthwhile for more research examining this hypothesis to be conducted.

The common etiology hypothesis proposes that etiological factors which increase the risk

of one disorder also increase the risk for the other disorder. Twin studies examining the common
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heritability of ADHD and RD found evidence to support this theory (Willcutt et al., 2000a;
Willcutt et al., 2007). Genetic correlation is most prevalent for inattention and orthographic
coding (e.g. the ability to hold in memory and recognize the correct spelling of a word), and
lower for hyperactivity, impulsivity and phoneme awareness (Willcutt & Pennington, 2000).
Comorbidity between RD and ADHD as a result of common genetic influences were also found
in studies using bivariate twin analysis (Costa et al., 2013; Light et al., 1995; Willcutt et al.,
2000b; Zumberge et al., 2007). Current research has found the strongest support for the common
etiology hypothesis; the comorbidity of both disabilities is at least partially dependent on
common genetic etiology. Nevertheless, the mechanisms relating to this shared genetic influence
are still unknown (Willcutt et al., 2005).

The use of unidirectional, ‘main effects’ models to explain the comorbidity of inattention
and RD are unlikely to do a sufficient job of explaining this link. Different sub-groups of
individuals are likely to be more or less influenced by different factors throughout a child’s
development (Maughan et al., 1996). The comorbidity of ADHD and academic
underachievement are influenced by interrelations of linguistic, social, and early familial
variables (Hinshaw, 1992). Low socioeconomic status, family adversity, sub average 1Q,
language deficits, and neurodevelopmental delay may all influence the development of the
comorbidity of underachievement and behaviour disorders, but each factor may predispose some
children to both disorders (Hinshaw, 1992).

In summary, while there have been many theories to explain the association between
ADHD and RD, there is no common consensus in the literature. By examining the associations
between teacher ratings of ADHD, EF, and reading comprehension, this study will add to the

current body of literature reporting on how these constructs interact with one another. While the
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goal of this study is not to identify pathways of co-morbidity, it is hoped that the findings will
provide additional information to future researchers examining this topic. The next section will
review the challenges associated with researching reading comprehension, ADHD symptoms,
and EF.

Methodological Problems in the Assessment of Reading Comprehension, ADHD, and
Executive Function

There is no single theory of reading because reading consists of too many components for
a single theory to encapsulate. There are theories that explain word reading, theories of reading
comprehension, theories of learning to read, and theories of dyslexia for the purposes of targeting
and measuring a manageable component of reading (Perfetti & Stafura, 2014). Given the
complex processes that are tapped by various aspects of reading reflected in reading theories, it is
not surprising that many commonly used tests of reading comprehension may not measure the
same cognitive processes (Cutting & Scarborough, 2006).

Reading comprehension tests tend to vary markedly in both task demands and conceptual
framework, and emphasis on bottom-up (decoding) and top-down (linguistic) factors may not be
consistent across measures. Different assessments may also vary in the demands they make on
sentence-processing abilities and vocabulary knowledge (Cutting & Scarborough, 2006).
Differences in expository versus narrative text have also been found to influence the amount of
variance that decoding predicts in reading comprehension (Garcia & Cain, 2014). In addition,
decoding has also been found to account for more variance in comprehension when cloze tasks
are used rather than question and answer tasks (Cutting & Scarborough, 2006). Other factors that
influence the variability of reading comprehension scores across measures consist of word

frequency, syntactic complexity, passage length, and whether readers can review the text when
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answering questions, which draws on different memory demands (Cutting & Scarborough,
2006). These are important considerations given that the present study is designed to parcel out
how symptoms of ADHD and EF impact decoding and linguistic comprehension when
predicting reading comprehension. For example, if a reading comprehension measure were to
draw heavily on top-down skills, language deficits may have a greater impact on reading
comprehension scores, thus falsely inflating the magnitude that language comprehension has on
reading comprehension. Nevertheless, standardized reading comprehension measures reflect
common reading comprehension assessment practices typical of a classroom.

There are conceptual problems associated with researching ADHD symptoms as well. In
a review of attention and its relation to academic achievement, Gray et al. (2017) found
significant variation across studies. The discrepancy between studies was attributed by the
authors to the separation or joining of inattentive and hyperactivity/impulsivity dimensions, age
of participants, factors of comorbidity, control factors, as well as measures of behaviour and
academic achievement.

One conceptual problem in assessing ADHD symptoms and EF is that there is no clear
consensus on whether difficulties with attention that are often prevalent in those with ADHD
should be conceptualized and measured as a separate process or as an underlying component of
EF, given the interrelatedness of these constructs (Klenberg et al., 2001). For example, some
evidence has found that working memory capacity and other EF components rely on an
underlying executive attention ability, and that attentional focus is required for successful
performance on EF tasks (McCabe et al., 2010). From a review of the literature pertaining to
attention, Petersen and Posner (2012) offer an updated model of their executive control network

which was first proposed as a component of attention in 1990. The authors made the argument
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for two separate executive control networks that work relatively independently of one another: a
cingulo-opercular control system required for the maintenance of task performance, and the
frontoparietal system, involved in task switching and initiation (Peterson & Posner, 2012). This
theory of attention mirrors the concept of shifting reflected in current models of EF (Karr et al.,
2018; Miyake, 2000). Thus, the level of distinction between ADHD symptoms and EF is
dependent on the framework researchers use to conceptualize these concepts. This has
implications for how these constructs are measured and the conclusions drawn from research
investigating these constructs.

There are challenges associated with assessing EF that have implications for research and
data interpretation. One common problem identified in the literature is the “task impurity
problem” which describes the fact that executive tasks implicate other non-executive cognitive
abilities (e.g. verbal ability or motor speed), and often draw on more than one EF process. Given
that EF tasks are multi-cognitive, performance on a task should not be viewed as a discrete
measure of an executive ability (van der Sluis et al., 2007). In addition, general intelligence
shares a significant amount of variance with EF, making the theoretical framework behind EF
that much more challenging. More information is needed to distinguish the link between these
constructs (Davis et al., 2011). In addition, how EF is measured also has implications for
research. In reviewing literature investigating EF and reading comprehension, EF is captured
primarily by performance-based measures rather than rating scales. Although both performance-
based measures and rating scales of EF are designed to capture the same construct, some
research suggests that they are only minimally correlated (Toplak et al., 2013). This finding has
implications for conclusions drawn by studies utilizing only one method of measuring EF and

when comparing findings across the literature.
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Executive Summary and the Present Study

Reading comprehension is a complex process drawing on word-level reading and
language comprehension skills (Gough & Tunmer, 1986). Research suggests that heightened
levels of inattention are correlated with poor reading comprehension performance (Cain &
Bignell, 2014; Ferretti et al., 2019; Hinshaw, 1992; Swanson, et al., 2018; Willcut & Pennington,
2000). EF difficulties have also been implicated in reading comprehension challenges
(Cartwright et al., 2017; Follmer, 2018; Meixner et al., 2019), and are often evident in children
who have ADHD (Castagna et al., 2019; Krieger & Amador-Campos, 2018; Willcutt et al.,
2005). The purpose of the present study was to examine the associations among teacher ratings
of EF and ADHD symptoms, along with reading comprehension and its subskills outlined in the
SVR. In addition, this study examined the contribution that teacher ratings of ADHD and EF had
in predicting reading comprehension within the SVR model.

Examining the link between teacher ratings of ADHD, EF, and reading comprehension in
grade two to four students is appropriate and timely, as word-level decoding skills tend to be
better predictors of students in younger students (Garcia & Cain, 2014), but participants should
have gained enough reading related skills for reading comprehension to take place. Patterns of
attention tend to be stable over time (Martel et al., 2016), so measuring attention in elementary
school-aged children is also developmentally appropriate. The examination of these constructs is
relevant to educational psychology as this research will expand the current understanding of how
EF and ADHD symptoms impact reading comprehension in young students in order to improve
early identification and effective reading and behaviour interventions. In addition, findings help
shed light on the components of reading comprehension in elementary school-aged children to

inform current models of reading comprehension.
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The present study addressed the following research questions: a) What are the
associations among teacher ratings of ADHD, EF, and reading comprehension in second to
fourth grade students? b) Do teacher ratings of ADHD or EF add unique variance in predicting
reading comprehension performance after controlling for word-level reading and language
comprehension ability? ¢) How do the language and reading profiles of children with EF deficits
differ from children with typically developing EF?

Given the current literature on the subject, it was hypothesized that higher teacher rated
levels of ADHD symptoms and EF difficulties would correlate with poorer word-level reading
skills, language comprehension ability, and reading comprehension performance. It was also
hypothesized that ratings of EF would strongly relate to ratings of ADHD. The next section
describes the methods of the current study.

Methods

This study examined the associations between teacher ratings of EF skills and symptoms
of ADHD to component skills of reading comprehension in students nearing the end of second to
fourth grade. The present study explored the associations between word-level reading skills,
expressive and receptive language, reading comprehension performance, and teacher ratings of
EF and ADHD in the participant sample. A cross-sectional, nonexperimental, single-group
research design was used to collect and analyze data on 27 participants within a 2-month time
span. Data was collected from the beginning of March through to the end of April of the
academic year on students in the Greater Victoria School District.

Participants
A total of 27 students in second grade (n = 10; male: 5, female: 5), third grade (n = 12;

male: 3 female: 9), and fourth grade (n = 5; male: 3; female: 2) from Greater Victoria served in
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general education classrooms participated in this cross-sectional study. Participants were
recruited from four different classrooms from one school in the district. No measure of
participants’ SES was used in this study, however, the participants came from a predominantly
Caucasian, middle class community. Teachers were asked to only nominate children with no
history of intellectual, motor, or developmental disabilities, uncorrected visual or hearing
deficits, or who were English Language Learners. Four participants were receiving learning
support for reading and writing difficulties.
Sampling Procedure

The principal of one school in the Greater Victoria School District was approached in
order to receive permission to conduct this study in their school. Once permission was given, the
grade two, three and four teachers were asked to participate in the study on behalf of themselves
and their students. A description of the study, along with a parent consent form, was sent home
to parents of students who did not meet any of the exclusion criteria. Approximately 34% of the
sample that was approached participated in the study.
Sample Size and Power

The initial aim of this study was to have a sample size of 45 participants to ensure
sufficient statistical power to detect small effect sizes. Primarily due to conducting this study
during the COVD-19 pandemic, finding participants proved to be challenging. Consequently, a
sample of 27 participants was used. For the correlation analysis, there was a statically power of
0.71 to detect an effect size of 0.3 and a power of 0.77 to detect an effect size at 0.15 for the

three variable hierarchical linear regressions.
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Measures

All measures used in this study were normed on English-speaking populations and were
remotely administered according to the standardized procedures described in the test manuals
through an online video communications platform. For all participants, the assessments took
place in their homes, and for the majority of the participants, in a room alone by themselves.

Reading comprehension. The Reading Comprehension subtest of the Wechsler
Individual Achievement Test-Third Edition (WIAT-I111l; The Psychological Corporation, 2002)
was administered to collect data on reading comprehension ability. The WIAT-I1I is a
standardized, norm-referenced achievement measure. Reading comprehension was assessed by
orally posing questions about passages that are read by the participant either silently or aloud.
Questions related to the content of text (e.g. main idea, story details), inferences that could be
drawn from the story’s content, and the definition of words within the text. During
administration, participants were permitted to refer to the text while answering the questions.
Basal and ceiling rules were utilized in this measure. The internal consistency reliability alpha
coefficient ranged from .85 to .91 for students in grade 2 through grade 4. This subtest has been
used in the research literature as a measure of reading comprehension (Altemeier et al., 2008;
Garcia & Cain, 2014; Sesma et al., 2009).

Word Reading. Word reading accuracy was measured using the Word Reading subtest
of the WIAT-III (The Psychological Corporation, 2002). This untimed subtest required
participants to accurately name letters and basic words from a graded word list. Basal and ceiling
rules were utilized according to the test manual. The internal consistency reliability alpha

coefficient ranged from .97 to .98 for the age of the participants in this study. This subtest has
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been used to assess word recognition in other studies investigating reading ability (Altemeier et
al., 2008; Sesma et al., 2009).

Decoding. Decoding ability was assessed using the Pseudoword Decoding subtest of the
WIAT-I1II (The Psychological Corporation, 2002). Previous studies have also used this measure
as a test of phonological ability (Altemeier et al., 2008). For this untimed subtest, the participant
was given a list of non-words which they attempted to pronounce accurately according to
English phonetic rules. Basal and ceiling rules were utilized according to the test manual in this
measure. The internal consistency reliability alpha coefficient ranged from .96 to .97 for
participants.

Attention. Attention was measured using the ADHD Rating Scale - 5 for Children and
Adolescents. The ADHD Rating Scale - 5 is a questionnaire that rates home behaviours on the
parent questionnaire and classroom behaviours on the teacher questionnaire. The School Version
was utilized in this study. Questions are keyed to DSM-5 diagnostic criteria for ADHD. Two
symptom subscales are captured in both versions: Inattention (nine items) and Hyperactivity—
Impulsivity (nine items). Internal consistency was high; alpha coefficients ranged from .89 to .96
for this age group. Test-retest reliability over approximately six weeks ranged from .90 to .93 for
the School version.

Executive Functioning. EF was assessed using the Behavior Rating Inventory of
Executive Function, Second Edition (BRIEF 2). The BRIEF 2 is a norm-referenced questionnaire
that assesses EF in children ages five to 18 years. The measure reports on three indexes
composed of behavior regulation, emotion regulation, and cognitive regulation. Parent, teacher,
and self-report forms are available, but only the Teacher Form was used in this study. The

BRIEF 2 contains 63 questions using a 3-point Likert-type scale ranging from N (never a
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problem) to O (often a problem). Examples of questions relating to emotion regulation are “has
explosive, angry outbursts” or “becomes upset too easily”. Examples of questions measuring
behaviour regulation are “acts too wild or out of control” or “has trouble putting the brakes on
his or her actions”. Examples of questions relating to cognitive regulation are “does not check
work for mistakes” or “has problems coming up with different ways of solving a problem”.
Administration time for the BRIEF 2 was roughly 5 minutes. The internal consistency reliability
alpha coefficient for this age demographic ranged from .97 to .98. This measure has been used to
assess EF in other studies (Mahone et al., 2002), and was reported as the most common rating
scale used to measure EF in a literature review (Toplak et al., 2013).

Language Comprehension. To assess expressive and receptive language, the Test of
Language Development-Primary: Fifth Edition (TOLD-P:5) and the Test of Language
Development-Intermediate: Fourth Edition (TOLD-I:4) were used. Two subtests were
administered. The Picture Vocabulary subtest measured semantics and listening by requiring the
participant to point to the picture that represented the word spoken allowed by the examiner. The
coefficient alpha for internal consistency for this subtest was between .85 to .96 for this age
group.

The Syntactic Understanding subtest required the participant to point to the picture that
best represented the sentence spoken aloud by the examiner and was a measure of grammar and
listening. The internal consistency coefficient alpha for this subtest fell between .82 and .83 for
participants. Administration time was approximately 10 minutes. Older versions of the Test of
Language Development have been used in other research (Korrel et al., 2017; Laurie et al., 2009)

Working memory. The Digit Span Backward (DSB) test of the Wechsler Intelligence

Scale for Children, Fourth Edition (WISC-IV; Wechsler, 2003), was administered to assess
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verbal working memory, and is a widely used measure in the literature of educational
psychology (Cutting et al., 2009). The DSB required participants to listen to a string of numbers
that increase in length, and to repeat those numbers in reverse order, to the administrator.
Starting and stopping rules for this subtest were based on the basal and ceiling rules described in
the test manual. The internal consistency reliability alpha coefficient ranged from .78 to .86 for
this age demographic.

Phonological Processing. The Elision subtest from the Comprehensive Test of
Phonological Processing - Second Edition (CTOPP-2) was administered to capture phonological
processing. Subtests from the CTOPP-2 are often used in research examining oral language
(Conner et al., 2019; Cutting & Scarborough, 2006). The Elision measured the participants
ability to remove phonological segments from spoken words to form other words. Stopping rules
for this subtest were based on the basal and ceiling rules described in the test manual. The
internal consistency coefficient alpha for this subtest was .89 for this age group.

Rapid Letter Naming. The Rapid Letter Naming subtest from the CTOPP-2 captured
the participant’s ability to rapidly name letters in a row. The participant was shown four rows of
letters and was asked to name the letters as quickly and accurately as possible. This measured the
participant’s ability to efficiently retrieve phonological information from memory and execute a
sequence of operations with speed and accuracy. Starting and stopping rules for this subtest were
based on the basal and ceiling rules described in the test manual. The test-retest reliability for

this age group was above .80.

Procedures
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Participants completed all measures individually, at their homes, outside of school hours,
through Zoom, an online video communications platform in one 45 to 60 minute session. The
reading subtests of the WIAT-I11 were administered first, followed by measures on the CTOPP-
2, TOLD-P:5 and TOLD-I:4; then the Digit Span Backwards test. Teachers filled out both the
BRIEF 2 and the ADHD Rating Scale - 5 at their convenience. Data was collected by the author
of this study after permission to conduct this research was given by the Human Research Ethics
Board at the University of Victoria and by the Greater Victoria School District.

Results

For each measure, raw scores were converted to standard scores (M = 100; SD = 15).

In all analyses, no data was missing and all participants were included. Outlier scores identified
in the preliminary analyses were examined, but retained as the data points captured variation in
participant ability, rather than measurement error. As a consequence of the small sample size,
some variables did not meet assumptions for normality. Small sample sizes are sensitive to
extreme scores, increasing the likelihood that variables will not meet assumptions of normality or
freedom from outliers (Brace et al., 2013). Parametric tests were used despite some variables not
meeting parametric assumptions because parametric tests are still effective for non-normal data
when the sample size is above twenty (Minitab, 2015). Linear regression assumptions were met,
including normally distributed range of residuals and normality of the dependent variable.
Assumptions of absence of collinearity were met as none of the tolerance values fell below .20.
For all regression analyses, Durbin-Watson’s d test fell between 1.5 and 2.5, indicating an
absence of autocorrelation. Variance of residuals were examined using g-g plots and histograms,

confirming that residuals were constant, meeting assumptions of homoscedasticity.
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Descriptive results are presented in Table 1. No statistically significant variations
between gender means were found across variables. A t-test was run for those variables meeting
t-test assumptions. A Mann-Whitney U test was run for teacher ratings of ADHD and EF, Rapid
Letter Naming, Reading Comprehension, Pseudoword Reading, and Syntactic Understanding to
identify any gender differences in these variables. Mean performance on all measures fell within
age level expectations. Results of the correlation analysis is discussed next.

Table 1 - Descriptive statistics across measures

Measure M (SD) Min. Max.
Age in months 102.7 (8.48) 89 119
Elision (CTOPP-2) 97.59 (10.69) 80 115
Rapid Letter Naming (CTOPP-2) 92.96 (7.88) 85 115
ADHD Rating Scale (ADHD Rating Scale - 5) 94.3 (15.87) 67 129
EF Rating Scale (BRIEF 2) 99.84 (16.22) 83 140
Digit Span Backwards (WISC-1V) 99.26 (13.5) 75 130
Reading Comprehension (WIAT-II1) 92.96 (11.84) 67 116
Word Reading (WIAT-I11) 101.81 (15.54) 72 132
Pseudoword Decoding (WIAT-I111) 98.22 (14.37) 73 130
Picture VVocabulary (TOLD-P:5/TOLD-I:4) 97.96 (15.27) 60 125
Syntactic Understanding (TOLD-P:5) 110.00 (15.44) 50 130
Word Reading Composite 100.02 (14.39) 76 128.5
Language Comprehension Composite 103.98 (12.52) 72 122.5

Note. With the exception of age, all other values are presented in standard scores.
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Correlations between Reading Comprehension and Ratings of Executive Function and
ADHD

Correlation analyses using Pearson product correlations were conducted to address the
first research question, seeking to examine associations among reading comprehension
performance, word recognition, word decoding, vocabulary, syntactic understanding, and teacher
ratings of EF and ADHD symptomology. The Pearson’s correlation coefficients are reported on
Table 2. As high scores on the teacher ratings of EF and ADHD represent higher rates of ADHD
symptoms and weaker EF, negative correlational values indicate that a higher rating of problems
across scales are associated with lower scores on the reading and language variables. Reading
comprehension was found to have significant and large positive correlation with performance on
all word-level reading tasks, with correlation coefficients ranging from r =.733 to r = .637, and
a moderate positive correlation with syntactic understanding (r = .41, p = .034) and receptive
vocabulary (r = .37, p = .061), although the later was not statistically significant. As expected,
pseudoword decoding and word reading were highly correlated (r = .85, p < .001).

As shown on Table 2, reading comprehension performance was moderately and
negatively correlated with teacher ratings of EF (r = -.439, p =.02), indicating a negative
association between higher rates of EF difficulties identified by teachers and lower reading
comprehension scores. Reading comprehension performance was moderately correlated with
scores on the Elision (r = .32, p =.17) and teacher ratings of ADHD symptoms (r = -.37,p
=.06), but none were statistically significant likely due to the power of the study. Higher rates
EF difficulties were associated with higher levels of ADHD symptoms as rated by teachers (r
= .866, p <.001). Higher rates of EF difficulties were moderately to highly negatively correlated
with word-level reading ability with correlation coefficients ranging from r =-536 to r =-.414.

In other words, higher rates of teacher-rated EF difficulties were associated with lower word-
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level reading scores. Higher teacher ratings of ADHD symptoms were moderately negatively
correlated with weaker word reading skills (r = -.41, p =.035) and pseudoword reading (r =
-.36, p = 0.6), although the later was not statistically significant. Teacher ratings of EF and
ADHD symptomology were not significantly correlated with any language comprehension
variable or the Digit Span Backwards subtest, but a small effect size was found between both
variables and Rapid Letter Naming, with effect sizes from -.26 to -29. Neither correlation was
statistically significant.

Table 2

Pearson's correlation coefficients among ratings of EF, ratings of ADHD, and reading measures
(N=27)

Measure 1 2 3 4 5 6 7 8 9 10
1.) Reading -

Comprehension

2.) Pseudoword 64** -

3.)Word Reading J3%*  8h** -

4.) Syntactic A1 22 22 -

5.) Picture 37 21 30 33 -

6.) RLN .07 .02 -07  -41* -16 -

7.) Elision 32 .63** 50** 02 -24 02 -

8) ADHD Rating  -37 -36 -41* -02 .07 -29 -23 -
9.) EFRating Scale -.44* -41* -54** 06 .10 -26 -20 .89**

10.) DSB .24 21 24 27 .07 -52** 27 .06 .01 -
Measure 1 2 3 4 5 6 7 8 9 10
*p < .05.
**p < 01.

Predictors of Reading Comprehension
To address the second question of whether or not teacher ratings of ADHD
symptomology or EF skills predicted reading comprehension performance after controlling for

word reading and language comprehension ability, a series of hierarchical regression analyses
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were performed. A composite word-level reading score was computed using scores from the
WIAT-I111 Pseudoword Decoding and Word Reading subtests. The composite score is derived
from the mean performance on both subtests. A composite language comprehension score was
also computed using the mean performance on both the Picture Vocabulary and Syntactic
Understanding subtests of the TOLD P:5 and the TOLD I:4. These two composite scores were
used in the subsequent regression analyses.

The first regression analysis examined the unique variance teacher ratings of ADHD had
in predicting reading comprehension. Guided by the SVR model, word-level reading skills were
entered into step one of the model, followed by language comprehension at step two. Teacher
ratings of ADHD symptoms were added at step three. Table three presents a summary of the
regression analysis. Model 1, with word-level reading scores as the only predictor, explained
49% of variance and was a significant predictor in reading comprehension (F(1,25) = 26.02, p
<.001), as expected. The addition of the language comprehension composite variable added
6.8% of the variance in reading comprehension, but was not statistically significant (F(1,24) =
3.85, p = .06). It is worth noting that this finding approached significance but was constrained by
a lack of power. Including teacher ratings of ADHD symptoms in the final step added a further
1.9% of variance in reading comprehension, but was also not statistically significant (F(1,23) =
1.085, p = .31).

A second regression analysis was conducted to examine whether teacher ratings of EF
skills contributed unique variance in reading comprehension performance after controlling for
word-level reading ability and language comprehension. As above, word-level reading skills
were added in step one of the model, followed by language comprehension scores in step two,

and the teacher ratings of EF skills in step three. Table three presents a summary of the
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regression analysis. Similar to the previous regression analysis, Model 1, with word-level
reading as the only predictor, explained most of the variance (49%) and was statistically
significant (F(1,25) = 26.02, p < .001). The addition of the language comprehension composite
variable added 6.8% of variance in reading comprehension performance, and although
approaching significance was not statistically significant (F (1,24) = 3.85, p =.061). Adding
teacher ratings of EF skills in the final step contributed a further 3.5% of variance in reading
comprehension, slightly more than teacher ratings of ADHD, but was also not statistically

significant (F(1,23) = 2.098, p = .161).

Table 3
Summary of three multiple regression analyses predicting reading comprehension
Step & Predictor AR 2 AF B
1.) Word Reading S1** 26.02** 1R

Composite Score

2.) Language .07 3.85 .28
Comprehension
Composite Score

3.) ADHD Rating Scale .02 1.09 -.15
Step & Predictor AR 2 AF B
1.) Word Reading S1** 26.02** 1R

Composite Score

2.) Language .07 3.85 .28
Comprehension
Composite Score

3.) EF Rating Scale .04 2.10 -.23
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Additional Analysis: Reading Profiles of Students at-risk for Executive Functioning
Impairment

According to the BRIEF 2 Professional Manual (2015), children with T scores above 65
may be at-risk for disorders associated with difficulties in EF, including ADHD and Autism
Spectrum Disorder. Four participants in this study fell above this diagnostic cut-off range. Three
of these participants were male, and one participant was female. Two of these participants were
in grade 4, and two participants were in grade 2. Unsurprisingly, these students also scored in the
high average range or above on the ADHD-5 rating scale measuring ADHD symptomology.
These participants’ reading profiles are reviewed in the following section.

Contrary to the hypothesis outlined in this study, only two of the four participants fell
below the average range on the Reading Comprehension measure. One of these participants
(male, grade 2) scored well below the average range in reading comprehension performance (SS:
67). This participant scored in the high average and average range for the Syntactic
Understanding subtest (SS: 115) and the Picture Vocabulary subtest (SS: 110). Performance on
the Word Reading subtest also fell well below the average range (SS: 73), and performance on
the Pseudoword Decoding subtest fell in the low average range (SS: 85). The participant’s scores
for both phonological processing subtests (Elision and Rapid Letter Naming) fell in low average
range (SS: 85), and in the below average range for the Digit Span Backwards subtest (SS: 80).

A second participant (female, grade 2) had high teacher ratings of difficulties with EF
and a Reading Comprehension score that also fell below the average range (SS: 83). This
participant scored in the well below average range for Pseudoword Decoding (SS: 79) and the
low average range for Picture VVocabulary (Z: 85), but scored in the average range for the other

word reading and language comprehension measures. Scores on Rapid Letter Naming and
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Elision subtests fell in the average range, and high average range for the Digit Span Backwards
subtest (SS: 115).

The third participant (male, grade 4) scored in the average range for Reading
Comprehension (SS: 97), Digit Span Backwards (SS: 100), Rapid Letter Naming (SS: 95), below
average on Psuedoword Decoding (SS:84) and the Elision (SS: 80), and well below average for
Word Reading (SS: 79). Both language comprehension measures fell in the above average range.
The fourth participant (male, grade 4) scored in the average range for all subtests except for
Picture Vocabulary, which fell within the low average range (SS: 85).

In summary, these profiles suggest that teacher ratings of EF difficulties do not
consistently relate to reading comprehension deficits, as only two of the four participants
experienced challenges in reading comprehension. Instead, reading comprehension deficits
appear to have more to do with difficulties in the underlying components of reading
comprehension outlined in the SVR, particularly word-level reading skills. It is likely that EF
deficits impair one’s ability to gain mastery in these subskills (Gathercole et al., 2006; Haft et al.,
2019; Jiang et al., 2018), but to what extent difficulties with EF relate to word-level reading and
language comprehension ability varies across individuals.

Discussion

The present study examined the associations between reading comprehension, teacher
ratings of EF and ADHD symptoms, and the components of reading comprehension in English
native speaking students in grades two to four. This study sought to add further knowledge to the
limited body of research examining the influence that EF skills and ADHD symptomology have

on the components of reading comprehension reflected in the Simple View of Reading. The next
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section will discuss findings pertaining to the research questions, and implications and
limitations of the present study.
The Association of Reading Comprehension, Executive Function, and ADHD Measures
The first research question presented in this study sought to examine the associations
among reading comprehension, teacher ratings of ADHD symptoms and EF skills, word reading
skills and language comprehension ability. As predicted, and consistent with the SVR, word
reading skills were found to be significantly associated with reading comprehension
performance. Similar findings are reflected in the literature (e.g., Haft et al., 2019; Hagtvet,
2003; Slot et al., 2016; Wendling & Mather, 2009; Vellutino et al., 2004). A strong association
between language comprehension and reading comprehension is also reported in the literature
(Babayigit; 2015; Babayigit & Shapiro, 2019; Kendeou et al., 2009; Lervég et al., 2018). In the
present study, there was a moderate association between language comprehension measures and
reading comprehension, with syntactic understanding skills reaching statistical significance.
Similar findings are replicated in other research (Deacon & Kieffer, 2018). In addition, research
suggests that components of language comprehension are distinct, but that there are often
significant correlations across components (Cutting & Scarborough, 2006). A moderate
association was found between syntactic understanding and vocabulary, but was not statistically
significant. Implications for the lack of statistically significant findings between the language
comprehension measures and other variables captured in this study are discussed later in this
paper. Consistent with other research reporting that the SVR is an effective model to
conceptualize reading comprehension (Aouad & Savage, 2009; Chiu, 2018; Colenbrander et al.,
2016; Garcia, & Cain, 2014; Hagtvet, 2003), this study found associations between word-level

reading skills and language comprehension to reading comprehension.
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In some research investigating the association between decoding ability and language
comprehension performance, evidence suggests that higher decoding skills are associated with
higher language comprehension ability (Hagtvet, 2003). Small correlations were found between
word-level reading measures and language comprehension measures in the present study,
although the values did not reach statistical significance. Despite associations between these
skills identified in some research (Hagtvet, 2003), both have been found to independently predict
reading comprehension (Kendeou et al., 2009; Muter et al., 2004). Evidence from this study
supports the theory that language comprehension and word-level reading represent two distinct
capacities. Scores on both word-level reading subtests had a moderate to large correlation with
scores on the Elision, as these skills are more closely associated with phonological awareness
(Willcutt et al., 2001) rather than language comprehension.

Possible explanations for the failure of this present study to identify a statically
significant, but relatively modest in magnitude (.37), correlation between the vocabulary measure
and reading comprehension performance, in addition to the lack of statistically significant
correlations across both language measures and word reading tasks, is likely the result of the lack
of power in the current study’s design. Small sample sizes can make it more challenging for
parametric tests to identify associations among variables, as outliers and small fluctuations in
data can have a significant effect on findings. With a larger sample size, correlations may have
reached statistical significance. In addition, the measures involved in capturing language
comprehension and the assessment procedure may have influenced findings. For example, many
studies examining language comprehension also assess grammatical skills and listening
comprehension, in addition to syntactic understanding and receptive language (e.g., Babayigit &

Shapiro, 2019; LARRC, 2017; Lervaget al., 2018; Nation et al., 2004). Drawing on a wider
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variety of language comprehension variables tapping different components of language
comprehension may have helped to better illuminate the associations between these constructs.
Finally, while both language measures report high internal consistency alphas, these were
calculated using data collected from in-person assessment administration. By conducting these
assessments remotely, administration may have impacted the validity and reliability of these
scores.

A relation between working memory and reading comprehension is reported in the
research (Cain et al., 2004; Swanson et al., 2018), along with naming speed (Joshi & Aaron,
2000; Plourde et al., 2018). Interestingly, scores on the Rapid Letter Naming subtest, along with
the Digit Span Backwards subtest, were not shown to be statistically significantly associated with
reading comprehension performance, although a moderate effect size was found between scores
on the Elision and reading comprehension. Rapid Letter Naming scores and working memory
scores (as measured by DSB) were significantly correlated, which is unsurprising, as the Rapid
Letter Naming subtest draws on the participant’s ability to efficiently retrieve phonological
information from memory. Despite working memory being conceptualized as part of EF in
current research models (Miyake et al., 2000), and attention thought to be a component of
working memory (Baddeley, 2003), DSB scores had only a small association with teacher ratings
of ADHD and EF in this study. A lack of statistically significant findings between these
measures may be the result of the measurement tool used to capture working memory or the
subjective nature of the rating scale. The ADHD and EF rating scales utilized in this study were
secondary measures of assessment (behaviour rating scales), while the Digit Span Backwards
subtest was a primary measure testing working memory capacity. In addition, EF rating scales

draw on cognitive capacities beyond just working memory (eg. attention, shifting, planning,
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organization), likely minimizing this association. In addition, there are a variety of measures
used to tap working memory, and although research suggests that these measures are highly
correlated, it is generally recommended that researchers draw on a heterogenous set of
assessments when measuring this construct (Wilhelm et al., 2013). For example, the DSB subtest
draws on one’s ability to verbally manipulate digits in working memory, rather than the
manipulation of semantic information. Studies examining the association between working
memory and reading comprehension often use a combination of measures that draw on both
manipulation of digits, as well as semantic information (Christopher et al., 2012; Swanson &
Jerman, 2007).

A moderate association between teacher ratings of EF and reading comprehension
performance was identified in this study. Support for the association between these constructs is
reflected in the literature (Cartwright et al., 2017; Follmer, 2018; Meixner et al., 2019). Teacher
ratings of EF were also significantly correlated with both word-level reading measures, reflecting
similar findings in other research (Haft et al., 2019; Jiang et al., 2018; Nouwens et al., 2021).
Contrary to what was predicted in this study and findings from other research (Christopher et al.,
2012), Teacher rated EF scores were not related to either language comprehension measure. In a
study of 271 English-speaking children, Spencer and colleagues (2020) found that the
association between EF and language comprehension was stronger than that of EF and decoding,
and that this pathway partially mediated the relation between reading comprehension and EF
(Spencer et al., 2020). As stated before, a lack of findings reported in this study may be the result
of the small sample size or because of the challenges posed by administering assessments

remotely, which is discussed in more depth later in this paper. Nevertheless, this association
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further supports current research providing evidence for the theory that EF draws on capacities
that are important for academic success (Jurado & Rosselli, 2007; Singer & Bashir, 1999).

Strong evidence linking attention to academic achievement and reading comprehension
has been reported in the research (Cain & Bignell, 2014; Giannopulu, 2008; Rabiner et al.,
2000), and findings from this study give some evidence to corroborate this association. Teacher
ratings of ADHD were moderately correlated with reading comprehension, suggesting that
higher rates of ADHD symptoms are associated with weaker reading comprehension
performance. Findings did not reach statistical significance, likely do to the power of the study.
In addition, research investigating the association between attention and reading comprehension
is often conducted on a clinical participant sample (e.g., Cohen et al., 2000; Frazier et al., 2007),
and the use of both parent and teacher ADHD ratings scales are often utilized (e.g., Helland et
al., 2016). Difference in sample composition and measurement may have also influenced
findings. For example, in a meta-analysis conducted by Frazier and colleagues (2007), the
authors found that the effect sizes associated with ADHD and academic achievement was greater
in large sample sizes. As this study used a small sample size, this may have weakened the
correlation between teacher ratings of ADHD, reading comprehension performance, and it’s
underlying components.

Higher teacher ratings of ADHD symptoms were moderately associated with weaker
word reading scores, and a small effect size was found between higher teacher ratings of ADHD
symptomology and weaker pseudoword reading ability. A similar association between attention
and word level reading skills is reported in the literature (Costa et al., 2013; Martinussen et al.,
2014; Plourde et al., 2018). Inattentive symptoms may interfere with aspects of learning, such as

focusing on instruction and information, which may negatively affect the development of



44

phonological awareness, leading to difficulties in decoding and reading comprehension (Plourde
et al., 2018). Of the six participants whose ADHD symptoms were above average, only two had
below average scores on reading comprehension performance. These two participants showed
greater difficulty in word-level reading skills, supporting the theory that decoding is an important
component of reading and understanding text (Haft et al., 2019; Hagtvet, 2003; Slot et al., 2016),
reflecting the SVR. Some research has also found a link between poor phonological processing
and attention problems (Costa et al., 2013; Martinussen et al., 2014; Plourde et al., 2018; Sims &
Lonigan, 2013), and findings from this present study add support for this association. Higher
teacher ratings of ADHD symptoms had a small association with weaker phonological awareness
as measured by Pseudoword Decoding and the Elision subtests. Similar results have been
reported in other research with participants of a similar age (Miller et al., 2014). Teacher ratings
of ADHD symptoms did not significantly correlate with either language comprehension measure,
contrary to other research reporting a link between attention and language comprehension (Cain
& Bignell, 2014; Plourde et al., 2018). A lack of findings may be due to language comprehension
tasks not adequately measuring this construct, or because only one ADHD rating scale was used,
resulting in a less accurate representation of both ADHD symptoms and language comprehension
ability. The findings of this study suggest that teacher ratings of ADHD symptoms may have a
greater impact on word-level reading skills, rather than language comprehension skills.

A highly significant, positive correlation was also identified in this study between teacher
ratings of EF and ADHD symptoms. This indicates that high rates of ADHD symptoms are
associated with weaker EF skills. EF weaknesses have also been found to correlate with poorer

attention in other studies (Vuontela et al., 2013), and individuals with ADHD often have EF
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deficits (Castagna et al., 2019; Pennignton, 2005). The findings of this study add further support
to the theory that attention and EF are drawing on similar capacities.

In summary, findings of the present study provide additional support for SVR as an
effective framework for conceptualizing reading comprehension. Similar to other research, a
strong association between word-level reading skills and reading comprehension was found
(Haft et al., 2019; Hagtvet, 2003; Slot et al., 2016; Vellutino et al., 2004). An association
between language comprehension and reading comprehension was also discovered, reflecting
other research (Babayigit; 2015; Babayigit & Shapiro, 2019; Kendeou et al., 2009; Lervag et al.,
2018). Higher rates of ADHD symptoms measured by teachers were also strongly positively
correlated with weaker EF skills in this study, replicating findings of other studies reporting a
strong association between these constructs (Castagna et al., 2019).

Predictors of Reading Comprehension

A hierarchical regression analysis was run to identify whether teacher ratings of ADHD
symptoms predicted reading comprehension performance after controlling for word-level reading
and language comprehension skills. Word reading composite scores and language
comprehension composite scores explained 59% and 6.8% of the variance in reading
comprehension performance, respectively. Word-level reading skills significantly predicted
reading comprehension ability, reflecting similar research (Chiu, 2018; Cutting & Scarborough,
2006; Foorman et al., 2020). Language comprehension composite scores did not add statistically
significant variance to the model, contradictory to current research reporting language
comprehension to be a strong predictor of reading comprehension (Babayigit; 2015; Babayigit &
Shapiro, 2019; Kendeou et al., 2009; Lervag et al., 2018). Although the language comprehension

composite score did not add statistically significant variance likely do to the power of the study,
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a similar amount of unique variance was reported in research examining reading comprehension
performance after controlling for word-level reading skills. Cutting & Scarborough (2006) found
that language comprehension added an additional 9% - 15% of the variance in reading
comprehension performance after controlling for word level reading skills, depending on the
reading comprehension measure used. In addition, the amount of variance explained by language
comprehension may be influenced by the age of the participants, as some research suggests that
decoding is a stronger predictor of reading comprehension performance in younger students
(Garcia & Cain, 2014; Foorman et al., 2020). Nevertheless, a larger sample size, along with
selecting a broader range of language comprehension subtests, may have produced statistically
significant results. Although other studies have captured language comprehension ability by
assessing vocabulary and syntactic knowledge when examining the association of language and
reading comprehension (e.g. Foorman et al., 2020; Nouwens et al., 2021), it is also common for
studies measuring oral language to use tasks assessing grammatical skills and listening
comprehension, in addition to syntactic understanding and receptive language (e.g. Babayigit &
Shapiro, 2019; LARRC, 2017; Lervaget al., 2018; Nation et al., 2004).

After controlling for word reading and language comprehension scores, teacher ratings of
ADHD added a further 1.9% of the variance to reading comprehension performance, but was not
statistically significant. Cutting & Scarborough (2006) also reported that measures of attention
only minimally improved prediction of reading comprehension scores. Some research
investigating these constructs has found that the association between attention and reading
comprehension is through an indirect pathway by its influence on word reading and language
comprehension (Cain & Bignell, 2014; Jiang et al., 2018). As few studies have controlled for

word-level reading and language comprehension skills in order to discover if ADHD
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symptomology adds unique variance in predicting reading comprehension performance, it makes
it difficult to compare findings from this study to other research. This gap in the literature may be
due to the challenges associated with measuring and conceptualizing the construct of attention
(Fletcher, 1998). Further research is needed to better understand the role that attention plays in
predicting reading comprehension.

A second hierarchical regression analysis was run to discover whether teacher rated EF
skills predicted reading comprehension ability beyond word reading and language
comprehension skills. Similar to the previous analysis, word reading composite scores explained
explained 49% of the variance in reading comprehension scores and language comprehension
composite scores explained 6.8% of the variance. As above, word reading skills were a
significant predictor in reading comprehension performance, reflecting similar findings in
children at this stage of development (Garcia & Cain, 2014). Teacher rated EF scores contributed
3.9% of the variance in reading comprehension ability after controlling for word level reading
and language comprehension ability, but was not found to be statistically significant in this
study. A similar finding was reported by Sesma and colleagues (2009). The authors controlled
for attention, word reading skills, reading fluency, and vocabulary and found that working
memory added an additional 4% to the variance in reading comprehension and planning added a
further 4%. Nouwens et al. (2021) also found that working memory and planning added unique
variance to reading comprehension after controlling for decoding and language comprehension
skills. Thus, there is evidence to suggest that EF skills are important for successful
comprehension of text, as readers are required to use “higher-order” cognitive skills to plan,
manipulate information in their memory, and monitor understanding and reasoning (Nouwens et

al., 2021). The ability to inhibit behaviour, selectively attend, hold information in one’s memory,
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and think flexibly about that information are all components conceptualized as part of EF
(Diamon, 2013), and appear to be necessary for successfully understanding text beyond just
word-level reading skills and language comprehension. In contrast, some research has found that
EF scores do not contribute significantly to reading comprehension after controlling for the basic
components of reading comprehension outlined in the SVR (Haft et al., 2019), and that the
relation between EF and reading comprehension is better explained through its association to
oral language and decoding (Spencer, et al., 2020).

Likely explanations for the differences between the prior studies and the findings
reported in this study include sample composition and size, and variation in reading
comprehension measures across studies. For example, the amount of variance contributed to by
language ability, word reading skills, and cognitive skills to reading comprehension scores has
been found to vary substantially across reading comprehension measures (Cutting &
Scarborough, 2006). In addition, the amount of unique variance that EF contributes to reading
comprehension has been shown to differ across reading comprehension measures (Cutting et al.,
2009), suggesting that reading comprehension tasks place differing demands on bottom-up skills
like word decoding and higher level skills such as oral language and EF (Cutting et al., 2009).
Future research examining the unique variance to reading comprehension predicted by EF may
benefit from using more than one reading comprehension measure.

In addition, studies controlling for components of reading comprehension reflected in the
SVR in order to identify the variance that EF has in predicting reading comprehension
performance tend to use older participants compared to the present study’s sample (e.g. Cutting,
et al., 2009; Nouwens et al., 2021; Semsa et al., 2009). Potentially, because EF ability increases

with age (Zelazo, 2004), the amount of variance in reading comprehension explained by EF may
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be greater in older participants. Contrary to this perspective, a meta-analysis conducted by
Follmer (2018), did not find that the correlation between EF and reading comprehension varied
systematically by age. Longitudinal studies exploring the predictive value of EF to reading
comprehension after controlling for language and word-level reading ability may illuminate the
influence that EF has on reading comprehension across development.

Finally, given that there is inconsistent agreement across the literature regarding whether
or not EF predicts reading comprehension after controlling for commonly accepted contributors
to reading comprehension, it may be possible that EF contributes only a small percentage to
reading comprehension beyond these skills. Given the present study’s small sample size, there is
limited statistical power to discover significance for the small contribution that EF may make to
reading comprehension. It would be beneficial for future studies investigating the unique
contribution of EF to reading comprehension performance to utilize larger sample sizes to allow
for better detection of significant but small effect sizes.

Reading Profiles of Students at-risk for Executive Functioning Impairment

A notable trend in the reading and language profiles of the four participants who had high
teacher-ratings of EF difficulties was that these participants all scored in the average or higher
range for all language comprehension subtests, except for one participant’s score on the Picture
Vocabulary subtest. There are inconsistencies across the research with regard to the contributions
that EF skills have in the development of language comprehension. Nouwens et al. (2021) found
that in a sample of 113 fourth grade children, EF did not contribute to language comprehension
skills. In contrast, a longitudinal study of 18,000 kindergarten to grade 1 students participated in
a study by Chang (2020). The author found that the association between EF and reading

comprehension was heavily mediated by language comprehension. Other research has found that
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EF has an indirect effect on reading comprehension through its influence on language
comprehension (Hung, 2020). It is suggested that EF is required for readers to evaluate and make
sense of grammatical structures in language which is necessary for comprehending text (Hung,
2020). Further research examining the indirect and direct effects of EF to reading
comprehension, and discovering the mediators that transmit EF effects to reading
comprehension, would be a valuable extension of the current literature.

Of the four participants with high scores on the EF rating scale, three students scored at
the low average range or lower on the Pseudoword Decoding subtest, and two of these students
scored in the well below average range on the Word Reading subtest. Poor EF has also been
linked to weaker word-level reading ability in other research (Haft et al., 2019; Jiang et al., 2018;
Nouwens et al., 2021). Surprisingly, of the two students with difficulties in both word reading
and decoding, only one had difficulties in reading comprehension. These findings give some
support to the SVR, as the students with reading comprehension difficulties demonstrated
challenges with psuedoword decoding, word reading, and vocabulary, although these profiles
were inconsistent across the two children. A larger sample of participants demonstrating EF
difficulties would be necessary to draw conclusions about the associations between components
of reading comprehension presented in the SVR for children and EF deficits.

Contrary to this study’s hypothesis, only two of the four participants with high teacher
ratings of EF difficulties demonstrated reading comprehension challenges. Some research
suggests that the capacity for mental manipulation and efficient planning (two components of
EF) are an important component of comprehending written text beyond the basic underlying
skills associated with reading comprehension (Semsa et al., 2009). This is understandable, as

readers must hold information relating to text that has already been read in their short-term
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memory, while continuing to extract meaning from sentences (Swanson, 1999). Nevertheless,
this study suggests that even students with EF difficulties as identified by teachers can still
develop word-level reading skills, language comprehension skills, and reading comprehension
ability.

It is worth noting that one of the four participants scored below average on the DSB
subtest (SS: 80) and well below average on the Reading Comprehension subtest. Some research
has found that working memory has a direct effect on reading comprehension (Nouwens et al.,
2021), and that individuals with reading disabilities experience problems across components of
working memory (such as the articulatory loop and central executive) (Swanson, 1999). Students
with working memory difficulties seem to be at a distinct disadvantage when it comes to
comprehending text (Swanson & Jerman, 2009). It is clear from the literature that poor working
memory skills act as a significant risk factor for poor academic achievement (Alloway et al.,
2009), but the extent to which working memory or other EF components can predict
performance of subskills relating to reading comprehension is still unclear.

The differences across the reading and language profiles of these four participants may be
the result of the type of EF deficits experienced by each child. Since EF is made up of various
components that seem to be distinct, although highly correlated (van der Sluis et al., 2007),
difficulties in a specific domain may result in a deficit in a specific skill associated with reading
comprehension (eg. phonological awareness). This may partially explain the variation across
these reading profiles. Studies with large sample sizes would be required to draw any
conclusions about how different difficulties in specific areas of EF relate to challenges in

component skills related to reading comprehension.
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It is interesting to note that of the seven students scoring below average on the Reading
Comprehension subtest, only two participants were considered at-risk for EF difficulties set out
by the BRIEF 2 manual (these students’ reading profiles were described in the above section).
This has theoretical implications, as it draws attention to the current lack of understanding
regarding the associations between EF difficulties and reading comprehension deficits. It is
worth noting that although separate cognitive processes seem to be involved in the development
of EF deficits and reading difficulties, reading problems have been found to contribute to the
early onset of behaviour difficulties (Bennet et al., 2003). Some research suggests that
difficulties with reading put students at future risk for poor task engagement, self-control, and
internalizing and externalizing behaviours, while poor task engagement act as a risk factor for
future reading difficulties. To what extent teacher ratings of EF in students are actually
measuring behaviours in response to reading difficulties is beyond the scope of this study, but it
is an important factor to consider in future studies. While research consistently supports the SVR
model (Aouad & Savage, 2009; Chiu, 2018; Colenbrander et al., 2016; Garcia, & Cain, 2014;
Hagtvet, 2003), how impairments in subskills identified in this framework develop, and to what
extent attention and EF plays a role, is not well understood.

Additional Considerations on Language Comprehension and Executive Function

Receptive vocabulary and syntactic understanding measures have been used to capture
oral language comprehension in studies of reading comprehension (Foorman et al., 2020;
Nouwens et al., 2021); however, oral language comprehension is a multifaceted construct. To
gain a broader understanding of the relations between oral language and reading comprehension,
future studies should operationalize oral language comprehension by including tasks that

measure multiple skills involved in language comprehension, such as syntactic and grammatical
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knowledge, as well as inference making (Cutting & Scarborough, 2006). For example, a
longitudinal study involving children in grade 2 and 3 conducted by Metsala et al. (2021) found
that vocabulary, syntactic awareness, and morphological awareness each contributed unique
variance to reading comprehension after controlling for word level reading skills, and that
morphological awareness was the most robust predictor. In addition, a study by the Language
and Reading Research Consortium (2017) which sought to further understand the dimensionality
of oral language, assessed 1,869 children from preschool to third grade to discover whether oral
language as measured by expressive and receptive vocabulary, grammar, and listening
comprehension were separate constructs. While the two-factor model (oral language and
listening comprehension) had a better fit than a one-factor model, the two constructs were highly
correlated, suggesting that oral language and listening comprehension can be characterized, to
some degree, as a single language construct. Nevertheless, although highly correlated,
components of language comprehension seem to form distinct constructs, and may each uniquely
contribute to reading comprehension performance. Future research investigating the variables
measured in this study would benefit from the use of a larger variety of language comprehension
assessments that tap different oral language skills.

In studies examining the associations between EF and reading comprehension, EF is
usually measured through a selection of performance-based measures capturing working
memory, planning, inhibition, and attention (e.g. Chripstopher et al., 2012; Cutting et al., 2009;
Haft et al., 2019; Hung, 2021; Nouwens et al., 2009) rather than rating scales, although rating
scales are also used in addition to performance-based EF tasks (e.g. Cutting et al., 2009; Sesma
et al. 2009). The current study relied solely on the BRIEF 2 rating scale measure. Although

performance-based measures of EF attempt to tap specific dimensions of EF, they may be
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limited in their generalizability to the context of the everyday environment. A study conducted
by Toplak et al. (2013) looked at the association between rating scales and performance-based
measures of EF in 20 studies. The authors found that the two different types of measures were
only minimally correlated, and seemed to capture different mental constructs. The authors
concluded that performance-based measurements and rating scales of EF draw on different
aspects of cognition and behavioural functioning, which has implications for research. The
authors state that performance-based measures do not adequately capture the influence of the
environmental context, in which behaviour is driven by rational goal achievement (Toplak et al.,
2013). Other studies have also found that rating scales and neuropsychological testing in EF
assessment appear to capture different constructs (Barkley & Murphy, 2011; Biederman et al.,
2008). While performance-based measures and rating scales of EF provide important information
about cognition, the former seems to capture processing efficiency of an individual’s cognitive
abilities, while the latter seems to assess the extent to which an individual can regulate their
behaviour to achieve goals (Toplak et al., 2013). In sum, the way in which EF is measured, either
through performance-based tasks or through rating scales, has implications for research. Since
these two types of measures may be capturing different cognitive capacities, they may uniquely
influence the amount of variance that EF has in predicting reading comprehension performance.
It would be beneficial for future research to use both performance-based measures and rating
scales of EF when examining its relation to reading comprehension.
Implications of the Present Study

Reading comprehension is a necessary component of academic achievement (NRP,
2000), and evidence suggests that reading deficits tend to persist over a student’s education

(Francis et al., 1996; Kiuru et al., 2013; Vellutino et al., 2004). Early identification and
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intervention is therefore crucial for students with reading comprehension difficulties. The present
study supports the SVR model as an effective framework for conceptualizing reading
comprehension. Findings from the study add to the body of literature which inform reading
comprehension interventions, as it replicates findings on the influence of both word-level reading
and language comprehension skills required for reading comprehension performance in school-
aged children. Findings of this study heavily implicate the importance of word-level reading
skills to reading comprehension performance in the elementary school years, reflecting other
research (Garcia & Cain, 2014).

This study also contributes to the limited body of research examining the specific amount
of variance that teacher ratings of ADHD and EF add to reading comprehension performance
after controlling for commonly accepted skills underlying reading comprehension. While neither
variable was found to significantly explain variance in reading comprehension performance
beyond word-level reading skills and language comprehension, EF did approach statistical
significance.

The Pseudoword Decoding measure was the only reading or language measure to
significantly correlate with teacher ratings of ADHD, in contrast to the teacher ratings of EF,
which was significantly correlated with word-level reading measures and reading comprehension
performance. This finding suggests that teacher rated EF difficulties have a stronger association
with word-level reading skills and reading comprehension compared to teacher rated ADHD
symptoms. Perhaps this stronger association is because teacher rating scales of EF measure not
only just the attentional focus and behavioural control that is captured in teacher ratings of
ADHD, but also a broader collection of observable behaviours that subsume the EF umbrella, of

which ADHD symptoms are partially a component. This finding reflects current frameworks for
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conceptualizing EF, as the ability to selectively attend and ignore irrelevant stimuli, along with
behavioural inhibition (as measured by the ADHD rating scale), is a component of EF often
reflected in the literature (Diamond, 2013; Miyake et al., 2000). However, because of the small
sample size and limited number of EF and attentional measures used in this study, similar
findings would have to be replicated for any conclusions to be drawn.

This study adds new information to the literature examining the association between EF
and reading comprehension, as studies examining these two constructs tend to draw on
performance-based measures of EF (e.g. Chripstopher et al., 2012; Cutting et al., 2009; Haft et
al., 2019; Hung, 2021; Nouwens et al., 2009). This study is the first to use the BRIEF-2 rating
scale to examine the unique variance EF has in predicting reading comprehension after
controlling for word-level reading and language skills. It would be worthwhile for future studies
with larger sample sizes to use EF rating scales to predict reading comprehension after
controlling for skills presented in the SVR model. The findings of the present study may also
inform future research seeking to investigate the association of EF and attention to reading
comprehension. It would be beneficial for subsequent studies to compare and contrast the
contributions that performance-based or rating scale measures of EF have to reading
comprehension performance. This is necessary to gain clarity on the different components of EF
and attention that these measurement tools are capturing, and how these underlying constructs
may influence reading comprehension in unique ways. In addition, it is still unclear whether the
relation between EF or attention to reading comprehension is better explained by an indirect
pathway through its influence on word reading and language comprehension ability, or directly.

It would be worthwhile for research to examine the associations between these constructs with
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larger sample sizes using structural equation modeling to inform future reading intervention
programming.
Strengths and Limitations of the Present Study

The present study investigated the associations between reading comprehension, its
underlying components (word reading and language comprehension ability), and teacher ratings
of ADHD and EF in elementary school-aged children. This study sought to fill a gap in the
literature as few studies have examined the unique variance that teacher ratings of EF or ADHD
add to reading comprehension performance after controlling for word-level reading and language
comprehension skills. Much research has found a link between reading comprehension and EF
(Cartwright et al., 2017; Follmer, 2018; Meixner et al., 2019), but less is known about the causes
of this pattern of comorbidity. By controlling for word reading and language comprehension
skills, this study adds to the current information on the associations across these constructs. In
addition, this study relied on norm-referenced measurements for each variable that have high
reliability and validity and are commonly used in the educational psychology literature.

This study also had limitations. A cross-sectional research methodology was used,
limiting understanding of how these constructs interact across a child’s development. In addition,
the statistical power to detect significance for small effect sizes was limited given the small
sample size of the study. Furthermore, this study drew on a heterogenous participant sample,
rather than just children with weak attention, EF, or reading comprehension. Consequently,
conclusions drawn in this study may not be generalizable to students with deficits in these areas.
In addition, children showing obvious weaknesses in EF processes, attention, and reading
comprehension may produce clearer associations between these constructs, which would better

help to inform future reading intervention programming. This study was also conducted on a
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predominantly white, middle-class population, and thus may not be generalizable to individuals
from other demographics. In addition, limited information was gathered about the participants.
Parental level of education and SES are likely to also influence reading comprehension, but were
not controlled for in this study.

Administration of assessments were conducted via Zoom, an online communications
platform. The validity and reliability of psychoeducational assessment tools may not be
consistent across administration modalities, and factors such as participants' acceptance of this
modality, along with technical complications, may impact the reliability and validity of
standardized assessment measures administered remotely (Luxton et al., 2014). In addition, there
are few studies investigating the validity of remote assessment, which is problematic as norms
for standardized assessments have been developed based on data gathered from in-person testing
administration (National Association of School Psychologists, 2017). Despite these concerns,
government agencies, professional organizations, and testing publishers have recommended the
use of tele-assessment, with caution (Krach et al., 2020). These suggestions may be based on
some research which has found that remote and in-person administration of cognitive and
achievement tests are equivalent (Wright, 2018), but more research is needed to draw
conclusions across standardized assessment measures.

In order to maintain validity and reliability when conducting psychoeducational testing
through remote assessment, it is important for the participant’s environmental conditions to be
optimized for the assessment procedure (Luxton et al., 2014). While attempts were made to
administer assessments to participants in a quiet, isolated room, this wasn’t always feasible for
some families. Consequently, environmental distractors may have influenced performance on

these measures for some of the participants. Despite evidence supporting the use of remote
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assessment administration (Wright, 2018), it is possible that conducting the assessments over
Zoom may have impacted the reliability and validity of the data.

Since participation was voluntary, students who enjoyed school and school-related
activities may have been more likely to want to participate. This may have influenced the
findings of this study, as participants may have held a more positive affect towards academic
tasks such as the ones conducted in this study, along with a more positive view of themselves as
learners, compared with the general population. In addition, the author solicited participation
from students in her own classroom. Thus, those willing to participate in this study from the
author’s class may have been influenced by the relationship between the author and the
participant, potentially impacting the sample.

In addition, the Syntactic Understanding subtest was not normed for students above eight
years and 11 months old. Seven participants were above this age range, also potentially limiting
the validity of this measure. The present study was initially designed to include only grade 2
students, but significant challenges relating to recruitment arose because this study was
conducted during the COVID-19 pandemic. Consequently, halfway through the study, the age
range had to be increased, and no Syntactic Understanding Subtest is available for the TOLD I:4
that could be used with older students. Finally, because this study was conducted during the
COVID-19 pandemic, these additional stressors may have increased parent reluctance to assist
their child to participate in this study, potentially influencing the participant sample. Conducting
the assessments remotely also may have prevented parents and children who did not have access
to a home computer from wanting to participate. Despite these limitations and challenges, the
current study has given further support for the SVR as an effective model for conceptualizing

reading comprehension. In addition, this study adds further evidence to support the



interconnection between EF and ADHD symptoms. Finally, this study further corroborates
current literature reporting the association between EF ability and ADHD symptoms to word-

level reading skills and reading comprehension.

60



61

References

Altemeier, L. E., Abbott, R. D., & Berninger, V. W. (2008). Executive functions for reading and
writing in typical literacy development and dyslexia. Journal of Clinical and
Experimental Neuropsychology, 30(5), 588-606. doi:10.1080/13803390701562818

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders
(5th ed.). https://doi.org/10.1176/appi.books.9780890425596

American Psychiatric Association. (2018). What Is Specific Learning Disorder?
https://www.psychiatry.org/patients-families/specific-learning-disorder/what-is-specific-
learning-disorder

Aouad, J., & Savage, R. (2009). The component structure of preliteracy skills: Further evidence
for the simple view of reading. Canadian Journal of School Psychology, 24(2), 183-200.
doi:10.1177/0829573509336280

Arnold, E. M., Goldston, D. B., Walsh, A. K., Reboussin, B. A, Daniel, S. S., Hickman, E., &
Wood, F. B. (2005). Severity of emotional and behavioral problems among poor and
typical readers. Journal of Abnormal Child Psychology, 33(2), 205-217.
https://doi.org/10.1007/s10802-005-1828-9

Babayigit, S. (2015). The relations between word reading, oral language, and reading
comprehension in children who speak english as a first (L1) and second language (L2): A
multigroup structural analysis. Reading and Writing: An Interdisciplinary Journal, 28(4),
527-544. doi:10.1007/s11145-014-9536-x

Babayigit, S., & Shapiro, L. (2019). Component skills that underpin listening comprehension and
reading comprehension in learners with english as first and additional language. Journal

of Research in Reading, 1-20. do0i:10.1111/1467-9817.12291


https://www.psychiatry.org/patients-families/specific-learning-disorder/what-is-specific-learning-disorder
https://www.psychiatry.org/patients-families/specific-learning-disorder/what-is-specific-learning-disorder

62

Baddeley, A. (2003). Working memory: Looking back and looking forward. Nature Reviews
Neuroscience, 4(10), 829-839. https://doi.org/10.1038/nrn1201

Baddeley, A. D., & Hitch, C. J. (1997). Developments in the concept of working memory.
Neuropsychology, 8, 485-93. https://doi.org/10.1037/0894-4105.8.4.485

Barkley, R. A., & Murphy, K. R. (2011). The nature of executive function (EF) deficits in daily
life activities in adults with ADHD and their relationship to performance on EF tests.
Journal of Psychopathology and Behavioral Assessment, 33(2), 137-158.
https://doi.org/10.1007/s10862-011-9217-x

Beitchman, J., Hood, J., & Inglis, A. (1990). Psychiatric Risk in Children with Speech and
Language Disorders. Journal of Abnormal Child Psychology, 18(3), 283-296.
https://doi.org/10.1007/BF00916566

Bennett, K. J., Brown, K. S., Boyle, M., Racine, Y., & Offord, D. (2003). Does low reading
achievement at school entry cause conduct problems? Social Science & Medicine (1982),
56(12), 2443-2448. https://doi.org/10.1016/S0277-9536(02)00247-2

Biederman, J., Petty, C. R., Fried, R., Black, S., Faneuil, A., Doyle, A. E., Seidman, L. J., &
Faraone, S. V. (2008). Discordance between psychometric testing and questionnaire-
based definitions of executive function deficits in individuals with ADHD. Journal of
Attention Disorders, 12(1), 92-102. https://doi.org/10.1177/1087054707305111

Borella, E., Carretti, B., & Pelegrina, S. (2010). The specific role of inhibition in reading
comprehension in good and poor comprehenders. Journal of Learning Disabilities, 43(6),
541-552. d0i:10.1177/0022219410371676

Brace, N., Kemp, R., & Snelgar, R. (2013). SPSS for psychologists. (5th ed.). Routledge.


https://doi.org/10.1007/s10862-011-9217-x
https://doi.org/10.1007/s10862-011-9217-x
https://doi.org/10.1177/1087054707305111

63

Brocki, K. C., & Bohlin, G. (2006). Developmental change in the relation between executive
functions and symptoms of ADHD and co-occurring behaviour problems. Infant and
Child Development, 15(1), 19-40. doi:10.1002/icd.413

Cain, K., & Bignell, S. (2014). Reading and listening comprehension and their relation to
inattention and hyperactivity. British Journal of Educational Psychology, 84(1), 108-124.
doi:10.1111/bjep.12009

Cain, K., Oakhill, J., & Bryant, P. (2004). Children's reading comprehension ability: Concurrent
prediction by working memory, verbal ability, and component skills. Journal of
Educational Psychology, 96(1), 31-42. doi:10.1037/0022-0663.96.1.31

Cartwright, K. B., Coppage, E. A., Lane, A. B., Singleton, T., Marshall, T. R., & Bentivegna, C.
(2017). Cognitive flexibility deficits in children with specific reading comprehension
difficulties. Contemporary Educational Psychology, 50, 33-44.
doi:10.1016/j.cedpsych.2016.01.003

Castagna, P. J., Calamia, M., Roye, S., Greening, S. G., & Davis, T. E. (2019). The effects of
childhood inattention and anxiety on executive functioning: Inhibition, updating, and
shifting. ADHD Attention Deficit and Hyperactivity Disorders, 11(4), 423-432.
d0i:10.1007/s12402-019-00306-7

Castellanos, F. X., Sonuga-Barke, E. J. S., Milham, M. P., & Tannock, R. (2006). Characterizing
cognition in ADHD: Beyond executive dysfunction. Trends in Cognitive Sciences, 10(3),
117-123. doi:10.1016/j.tics.2006.01.011

Catts, H. W. (2018). The Simple View of Reading: Advancements and False Impressions.
Remedial and Special Education, 39(5), 317-323.

https://doi.org/10.1177/0741932518767563


https://doi-org.ezproxy.library.uvic.ca/10.1177/0741932518767563

64

Chang, I. (2020). Influences of executive function, language comprehension, and fluency on
young children’s reading comprehension. Journal of Early Childhood Research : ECR,
18(1), 44-57. https://doi.org/10.1177/1476718X19875768

Chiu, Y. D. (2018). The Simple View of Reading Across Development: Prediction of Grade 3
Reading Comprehension From Prekindergarten Skills. Remedial and Special Education,
39(5), 289-303. https://doi.org/10.1177/0741932518762055

Christopher, M. E., Miyake, A., Keenan, J. M., Pennington, B., DeFries, J. C., Wadsworth, S.
J.,... & Olson, R. K. (2012). Predicting word reading and comprehension with executive
function and speed measures across development: A latent variable analysis. Journal of
Experimental Psychology 141(3), 470-488. https://doi.org/10.1037/a0027375

Crippa, A., Marzocchi, G. M., Piroddi, C., Besana, D., Giribone, S., Vio, C., ... Sora, M. L.
(2015). An Integrated Model of Executive Functioning is Helpful for Understanding
ADHD and Associated Disorders. Journal of Attention Disorders, 19(6), 455-467.
https://doi.org/10.1177/1087054714542000

Cohen, N. J., Vallance, D. D., Barwick, M., Im, N., Menna, R., Horodezky, N. B., & Isaacson, L.
(2000). The interface between ADHD and language impairment: An examination of
language, achievement, and cognitive processing. Journal of Child Psychology and
Psychiatry, 41(3), 353-362. doi:10.1111/1469-7610.00619

Colenbrander, D., Kohnen, S., Smith-Lock, K., & Nickels, L. (2016). Individual differences in
the vocabulary skills of children with poor reading comprehension. Learning and
Individual Differences, 50, 210-220. doi:10.1016/j.lindif.2016.07.021

Costa, H. C., Perdry, H., Soria, C., Pulgar, S., Cusin, F., & Dellatolas, G. (2013). Emergent

literacy skills, behavior problems and familial antecedents of reading difficulties: A


https://doi.org/10.1177/0741932518762055
https://doi.org/10.1037/a0027375
https://doi.org/10.1177/1087054714542000

65

follow-up study of reading achievement from kindergarten to fifth grade. Research in
Developmental Disabilities, 34(3), 1018-1035.

Cowan, N., Elliott, E. M., Scott Saults, J., Morey, C. C., Mattox, S., Hismjatullina, A., &
Conway, A. R. A. (2005). On the capacity of attention: Its estimation and its role in
working memory and cognitive aptitudes. Cognitive Psychology, 51(1), 42-100.
doi:10.1016/j.cogpsych.2004.12.001

Cutting, L. E., Materek, A., Cole, C. A. S., Levine, T. M., & Mahone, E. M. (2009). Effects of
fluency, oral language, and executive function on reading comprehension performance.
Annals of Dyslexia, 59(1), 34-54. https://doi.org/10.1007/s11881-009-0022-0

Cutting, L. E., & Scarborough, H. S. (2006). Prediction of reading comprehension: Relative
contributions of word recognition, language proficiency, and other cognitive skills can
depend on how comprehension is measured. Scientific Studies of Reading, 10, 277-299.
d0i:10.1207/s1532799xssr1003_5.

Davis, A. S., Pierson, E. E., & Finch, W. H. (2011). A canonical correlation analysis of
intelligence and executive functioning. Applied Neuropsychology, 18(1), 61-68.
doi:10.1080/09084282.2010.523392

Deacon, S. H., & Kieffer, M. (2018). Understanding how syntactic awareness contributes to
reading comprehension: Evidence from mediation and longitudinal models. Journal of
Educational Psychology, 110(1), 72-86. https://doi.org/10.1037/edu0000198

Denckla, M. B. (1994). Measurement of executive function. In G. R. Lyon (Ed.), Frames of
reference for the assessment of learning disabilities: New views on measurement issues

(pp. 117—-142). Baltimore, MD: P.H. Brookes Publishing.


https://doi.org/10.1007/s11881-009-0022-0
https://doi.org/10.1037/edu0000198

66

Diamond, A. (2013). Executive functions. Annual Review of Psychology, 64(1), 135-168.
https://doi.org/10.1146/annurev-psych-113011-143750

Dittman, C. K. (2016). The Impact of Early Classroom Inattention on Phonological Processing
and Word-Reading Development. Journal of Attention Disorders, 20(8), 653-664.
https://doi.org/10.1177/1087054713478979

DuPaul, G. J., Gormley, M. J., & Laracy, S. D. (2013). Comorbidity of LD and ADHD:
Implications of DSM-5 for assessment and treatment. Journal of Learning Disabilities,
46(1), 43-51. d0i:10.1177/0022219412464351

Ferretti, N., Ganley, C.M., & Kofler, M.J. (2019), Predicting children's school grades: Unique
and interactive effects of parental beliefs and child inattention/hyperactivity symptoms.
British Journal of Developmental Psychology, 37, 300-307. doi:10.1111/bjdp.12276

Fletcher, J. M. (1998). Attention in children: Conceptual and methodological issues. Child
Neuropsychology, 4, 81-86. http://doi.org/10.1076/chin.4.1.81.3189

Florit, E., & Cain, K. (2011). The simple view of reading: Is it valid for different types of
alphabetic orthographies? Educational Psychology Review, 23(4), 553-576.
https://doi.org/10.1007/s10648-011-9175-6

Florit, E., Roch, M., & Levorato, M. C. (2014). Listening text comprehension in preschoolers: A
longitudinal study on the role of semantic components. Reading and Writing, 27(5), 793-
817. d0i:10.1007/s11145-013-9464-1

Follmer, D. J. (2018). Executive function and reading comprehension: A meta-analytic review.

Educational Psychologist, 53(1), 42-60. doi:10.1080/00461520.2017.1309295


https://doi-org.ezproxy.library.uvic.ca/10.1111/bjdp.12276
http://doi.org/10.1076/chin.4.1.81.3189

67

Foorman, B. R., Wu, Y., Quinn, J. M., & Petscher, Y. (2020). How do latent decoding and
language predict latent reading comprehension: Across two years in grades 5, 7, and 9?
Reading & Writing, 33(9), 2281-2309. https://doi.org/10.1007/s11145-020-10043-3

Francis, D. J., Shaywitz, S. E., Stuebing, K. K., Shaywitz, B. A., & Fletcher, J. M. (1996).
Developmental lag versus deficit models of reading disability: A longitudinal, individual
growth curves analysis. Journal of Educational Psychology, 88(1), 3-17.
https://doi.org/10.1037/0022-0663.88.1.3

Frazier, T. W., Youngstrom, E. A., Glutting, J. J., & Watkins, M. W. (2007). ADHD and
achievement: Meta-analysis of the child, adolescent, and adult literatures and a
concomitant study with college students. Journal of Learning Disabilities, 40(1), 49-65.
doi:10.1177/00222194070400010401

Frick, P. J., Kamphaus, R. W., Lahey, B. B., Loeber, R., Christ, M. A. G., Hart, E. L., &
Tannenbaum, L. E. (1991). Academic Underachievement and the Disruptive Behavior
Disorders. Journal of Consulting and Clinical Psychology, 59(2), 289-294.
https://doi.org/10.1037/0022-006X.59.2.289

Gall, M.D., Gall, J.P., & Borg, W.R.(2015). Applying Educational Research. How to read, do,
and use research to solve problems of practice (7th ed.). Boston, MA: Pearson Education
Inc.

Gathercole, S. E., Pickering, S. J., Knight, C., & Stegmann, Z. (2004). Working memory skills
and educational attainment: Evidence from national curriculum assessments at 7 and 14
years of age. Applied Cognitive Psychology, 18(1), 1-16. https://doi.org/10.1002/acp.934

Giannopulu, 1., Escolano, S., Cusin, F., Citeau, H., & Dellatolas, G. (2008). Teachers’ reporting

of behavioural problems and cognitive-academic performances in children aged 5-7


https://doi.org/10.1007/s11145-020-10043-3
https://doi.org/10.1037/0022-0663.88.1.3
https://doi.org/10.1037/0022-0663.88.1.3
https://doi.org/10.1002/acp.934

68

years. British Journal of Educational Psychology, 78(1), 127-147.
https://doi.org/10.1348/000709907X204372

Gioia, G. A., Isquith, P. K., Guy, S. C., & Kenworthy, L. (2015). Behaviour Rating Inventory of
Executive Function (2" Ed.). Par.

Gooch, D., Sears, C., Maydew, H., Vamvakas, G., & Norbury, C. F. (2019). Does inattention and
hyperactivity moderate the relation between speed of processing and language skills?
Child Development, 90(5), e565-e583. d0i:10.1111/cdev.13220

Gough, P. B., & Tunmer, W. E. (1986). Decoding, reading, and reading disability. Remedial and
Special Education, 7(1), 6-10. doi:10.1177/074193258600700104

Gray, S. A., Dueck, K., Rogers, M., & Tannock, R. (2017). Qualitative review synthesis: the
relationship between inattention and academic achievement. Educational Research,
59(1), 17-35. https://doi.org/10.1080/00131881.2016.1274235

Groen-Blokhuis, M. M., Middeldorp, C. M., Kan, K., Abdellaoui, A., van Beijsterveldt,
Catharina E. M., Ehli, E. A.,. . . Psychiatric Genomics Consortium ADHD Working
Group. (2014). Attention-Deficit/Hyperactivity disorder polygenic risk scores predict
attention problems in a population-based sample of children. Journal of the American
Academy of Child & Adolescent Psychiatry, 53(10), 1123-1129.
doi:10.1016/j.jaac.2014.06.014

Haft, S. L., Caballero, J. N., Tanaka, H., Zekelman, L., Cutting, L. E., Uchikoshi, Y., & Hoeft, F.
(2019). Direct and indirect contributions of executive function to word decoding and
reading comprehension in kindergarten. Learning and Individual Differences, 76,

101783. doi:10.1016/j.lindif.2019.101783



69

Hagtvet, B. E. (2003). Listening comprehension and reading comprehension in poor decoders:
Evidence for the importance of syntactic and semantic skills as well as phonological
skills. Reading and Writing, 16(6), 505-539. doi:10.1023/A:1025521722900

Helland, W. A., Helland, T., & Heimann, M. (2014). Language profiles and mental health
problems in children with specific language impairment and children with ADHD.
Journal of Attention Disorders, 18(3), 226-235. doi:10.1177/1087054712441705

Helland, W. A., Posserud, M., Helland, T., Heimann, M., & Lundervold, A. J. (2016). Language
Impairments in Children With ADHD and in Children With Reading Disorder.
https://doi.org/10.1177/1087054712461530

Hinshaw, S. P. (1992). Externalizing behavior problems and academic underachievement in
childhood and adolescence: Causal relationships and underlying mechanisms.
Psychological Bulletin, 111(1), 127-155. https://doi.org/10.1037/0033-2909.111.1.127

Hjetland, H. N., Lervag, A., Lyster, S. H., Hagtvet, B. E., Hulme, C., & Melby-Lervag, M.
(2019). Pathways to reading comprehension: A longitudinal study from 4 to 9 years of
age. Journal of Educational Psychology, 111(5), 751-763. doi:10.1037/edu0000321

Hung, C. O. (2021). The role of executive function in reading comprehension among beginning
readers. British Journal of Educational Psychology, 91(2), 600-616.
https://doi.org/10.1111/bjep.12382

Isquith, Gioia, Guy, Kenworthy, & PAR Staff, 2015. (2015). Teacher Form Interpretive Report.
https://www.parinc.com/WebUploads/samplerpts/BRIEF2%20Manual%20Teacher%20F
orm%?20Interpretive%20Report%20redacted.pdf

Jiang, H., Farquharson, K., & Language and Reading Research Consortium. (2018). Are working

memory and behavioral attention equally important for both reading and listening


https://doi.org/10.1037/0033-2909.111.1.127
https://doi.org/10.1111/bjep.12382
https://doi.org/10.1111/bjep.12382

70

comprehension? A developmental comparison. Reading & Writing, 31(7), 1449-1477.
https://doi.org/10.1007/s11145-018-9840-y

Joshi, R. M., Aaron, P. G. (2000). The component model of reading: Simple view of reading
made a little more complex. Reading Psychology, 21, 85—
97. https://doi.org/10.1080/02702710050084428

Jurado, M. B., & Rosselli, M. (2007) The Elusive Nature of Executive Functions: A Review of
our Current Understanding. Neuropsychology Review, 17(3), 213-233.
https://doi.org/10.1080/02702710050084428

Karr, J. E., Areshenkoff, C. N., Rast, P., Hofer, S. M., Iverson, G. L., & Garcia-Barrera, M. A.
(2018). The unity and diversity of executive functions: A systematic review and re-
analysis of latent variable studies. Psychological Bulletin, 144(11), 1147-1185.
https://doi.org/10.1037/bul0000160

Kendeou, P., van den Broek, P., White, M. J., & Lynch, J. S. (2009). Predicting reading
comprehension in early elementary school: The independent contributions of oral
language and decoding skills. Journal of Educational Psychology, 101(4), 765-778.
d0i:10.1037/a0015956

Kiuru, N., Lerkkanen, M. K., Niemi, P., Poskiparta, E., Ahonen, T., Poikkeus, A. M., & Nurmi,
J. E. (2013). The role of reading disability risk and environmental protective factors in
students’ reading fluency in grade 4. Reading Research Quarterly, 48(4), 349-368.
https://doi.org/10.1002/rrq.53

Klenberg, L., Korkman, M., & Lahti-Nuuttila, P. (2001). Differential development of attention
and executive functions in 3- to 12-year-old finnish children. Developmental

Neuropsychology, 20(1), 407-428. doi:10.1207/S15326942DN2001_6


https://doi.org/10.1007/s11145-018-9840-y
https://doi.org/10.1007/s11145-018-9840-y
https://doi.org/10.1002/rrq.53

71

Korrel, H., Mueller, K. L., Silk, T., Anderson, V., & Sciberras, E. (2017). Research Review:
Language problems in children with Attention-Deficit Hyperactivity Disorder — a
systematic meta-analytic review. Journal of Child Psychology and Psychiatry and Allied
Disciplines, 58(6), 640-654. https://doi.org/10.1111/jcpp.12688

Krach, S. K., Paskiewicz, T. L., & Monk, M. M. (2020). Testing our children when the world
shuts down: Analyzing recommendations for adapted tele-assessment during COVID-19.
Journal of Psychoeducational Assessment, 38(8), 923-941.
https://doi.org/10.1177/0734282920962839

Krieger, V., & Amador-Campos, J. A. (2018). Assessment of executive function in ADHD
adolescents: Contribution of performance tests and rating scales. Child Neuropsychology,
24(8), 1063-1087. doi:10.1080/09297049.2017.1386781

Lervag, A., Hulme, C., & Melby-Lervag, M. (2018). Unpicking the developmental relationship
between oral language skills and reading comprehension: It's simple, but complex. Child
Development, 89(5), 1821-1838. doi:10.1111/cdev.12861

Light, J. G., Pennington, B. F., Gilger, J. W., & DeFries, J. C. (1995). Reading disability and
hyperactivity disorder: Evidence for a common genetic etiology. Developmental
Neuropsychology, 11(3), 323-335. doi:10.1080/87565649509540623

Luxton, D. D., Pruitt, L. D., & Osenbach, J. E. (2014). Best practices for remote psychological
assessment via telehealth technologies. Professional Psychology, Research and Practice,
45(1), 27-35. https://doi.org/10.1037/a0034547

Mahone, E. M., Cirino, P. T., Cutting, L. E., Cerrone, P. M., Hagelthorn, K. M., Hiemenz, J.

R., ... Denckla, M. B. (2002). Validity of the behavior rating inventory of executive


https://doi.org/10.1177/0734282920962839
https://doi.org/10.1177/0734282920962839
https://doi.org/10.1037/a0034547

72

function in children with ADHD and/or tourette syndrome. Archives of Clinical
Neuropsychology, 17(7), 643-662. doi:10.1016/S0887-6177(01)00168-8

Martel, M. M., Levinson, C. A., Langer, J. K., & Nigg, J. T. (2016). A Network Analysis of
Developmental Change in ADHD Symptom Structure From Preschool to Adulthood.
Clinical Psychological Science, 4(6), 988-1001.
https://doi.org/10.1177/2167702615618664

Martinussen, R., Grimbos, T., & Ferrari, J. L. S. (2014). Word-level reading achievement and
behavioral inattention: Exploring their overlap and relations with naming speed and
phonemic awareness in a community sample of children. Archives of Clinical
Neuropsychology, 29(7), 680-690. https://doi.org/10.1093/arclin/acu040

Massetti, G. M., Lahey, B. B., Pelham, W. E., . . . Kipp, H. (2008). Academic achievement over
8 Years among children who met modified criteria for attention-deficit/Hyperactivity
disorder at 4-6 Years of age. Journal of Abnormal Child Psychology, 36(3), 399-410.
doi:10.1007/s10802-007-9186-4

Maughan, B., Pickles, A., Hagell, A., Rutter, M., & Yule, W. (1996). Reading problems and
antisocial behaviour: Developmental trends in comorbidity. Journal of Child Psychology
and Psychiatry and Allied Disciplines, 37(4), 405-418. https://doi.org/10.1111/j.1469-
7610.1996.tb01421.x

McCabe, D. P., Roediger, H. L., McDaniel, M. A., Balota, D. A., & Hambrick, D. Z. (2010). The
relationship between working memory capacity and executive functioning: Evidence for
a common executive attention construct. Neuropsychology, 24(2), 222-243.

doi:10.1037/a0017619


https://doi.org/10.1177/2167702615618664
https://doi.org/10.1177/2167702615618664
https://doi.org/10.1093/arclin/acu040
https://doi.org/10.1111/j.1469-7610.1996.tb01421.x
https://doi.org/10.1111/j.1469-7610.1996.tb01421.x

73

Mclnnes, A., Humphries, T., Hogg-Johnson, S., & Tannock, R. (2003). Listening comprehension
and working memory are impaired in attention-deficit hyperactivity disorder irrespective
of language impairment. Journal of Abnormal Child Psychology, 31(4), 427-443.
https://doi.org/10.1023/A:1023895602957

Meixner, J. M., Warner, G. J., Lensing, N., Schiefele, U., & Elsner, B. (2019). The relation
between executive functions and reading comprehension in primary-school students: A
cross-lagged-panel analysis. Early Childhood Research Quarterly, 46, 62-74.
doi:10.1016/j.ecresq.2018.04.010

Metsala, J. L., Sparks, E., David, M., Conrad, N., & Deacon, S. H. (2021). What is the best way
to characterise the contributions of oral language to reading comprehension: Listening
comprehension or individual oral language skills? Journal of Research in Reading,
https://doi.org/10.1111/1467-9817.12362

Miller, A. C., Fuchs, D., Fuchs, L. S., Compton, D., Kearns, D., Zhang, W.,...Kirchner, D. P.
(2014). Behavioral attention: A longitudinal study of whether and how it influences the
development of word reading and reading comprehension among at-risk readers. Journal
of Research on Educational Effectiveness, 7(3), 232-249.
https://doi.org/10.1080/19345747.2014.906691

Miller, A. C., Keenan, J. M., Betjemann, R. S.,. . . Filosofiska fakulteten. (2013). Reading
comprehension in children with ADHD: Cognitive underpinnings of the centrality deficit.
Journal of Abnormal Child Psychology, 41(3), 473-483. doi:10.1007/s10802-012-9686-8

Minitab. (2015, February 19). Choosing Between a Nonparametic and a Parametric Test.
https://blog.minitab.com/en/adventures-in-statistics-2/choosing-between-a-

nonparametric-test-and-a-parametric-test


https://doi.org/10.1111/1467-9817.12362
https://doi.org/10.1111/1467-9817.12362
https://doi.org/10.1080/19345747.2014.906691
https://doi.org/10.1080/19345747.2014.906691

74

Miranda, A., Mercader, J., Fernandez, M. 1., & Colomer, C. (2017). Reading performance of
young adults with ADHD diagnosed in childhood: Relations with executive functioning.
Journal of Attention Disorders, 21(4), 294-304.
https://doi.org/10.1177/1087054713507977

Miyake, A. Friedman, N.P., Emerson, M.J., Witzki, A.H., Howerter, A., & Wagner, T.D. (2000).
The unity and diversity of executive functions and their contributions to complex “frontal
lobe” tasks: A latent variable analysis. Cognitive Psychology, 41, 49-100.
https://doi.org/10.1006/cogp.1999.0734

Moll, K., Ramus, F., Bartling, J., Bruder, J., Kunze, S., Neuhoff, N., . . . Landerl, K. (2014).
Cognitive mechanisms underlying reading and spelling development in five european
orthographies. Learning and Instruction, 29, 65-77.
doi:10.1016/j.learninstruc.2013.09.003

Muter, V., Hulme, C., Snowling, M. J., & Stevenson, J. (2004). Phonemes, rimes, vocabulary,
and grammatical skills as foundations of early reading development: Evidence from a
longitudinal study. Developmental Psychology, 40(5), 665-681. doi:10.1037/0012-
1649.40.5.665

Nation, K., Clarke, P., Marshall, C. M., & Durand, M. (2004). Hidden language impairments in
children: Parallels between poor reading comprehension and specific language
impairment? Journal of Speech, Language, and Hearing Research, 47(1), 199-211.
https://doi.org/10.1044/1092-4388(2004/017)

National Association of School Psychologists. (2020). Telehealth: Virtual Service Delivery

Updated Recommendations. https://www.nasponline.org/resources-and-


https://doi.org/10.1177/1087054713507977
https://doi.org/10.1044/1092-4388(2004/017)
https://doi.org/10.1044/1092-4388(2004/017)

75

publications/resources-and-podcasts/covid-19-resource-center/special-education-
resources/telehealth-virtual-service-delivery-updated-recommendations

National Reading Panel. (2000) Report of the National Reading Panel-Teaching Children to
Read: An Evidence-Based Assessment of the Scientific Research Literature on Reading
and Its Implications for Reading Instruction. Washington, D.C.: National Institute of
Child Health and Human Development.

Nelson, J. R., Benner, G. J., Lane, K., & Smith, B. W. (2004). Academic achievement of K-12
students with emotional and behavioral disorders. Exceptional Children, 71(1), 59-73.
https://doi.org/10.1177/001440290407100104

Nouwens, S., Groen, M. A., Kleemans, M. A. J., & Verhoeven, L. T. W. (2021). How executive
functions contribute to reading comprehension. British Journal of Educational
Psychology, 91(1), 169-192. https://doi.org/10.1111/bjep.12355

Pennington, B. F., Groisser, D. & Welsh, M. C. (1993). Contrasting cognitive deficits in
attention deficit hyperactivity disorder versus reading disability.Developmental
Psychology, 29(3), 511-523. https://doi.org/10.1037/0012-1649.29.3.511

Perfetti, C., & Stafura, J. (2014). Word Knowledge in a Theory of Reading Comprehension.
Scientific Studies of Reading, 18(1), 22-37.
https://doi.org/10.1080/10888438.2013.827687

Peterson, S. E., & Posner, M. I. (2012). The attention system of the human brain: 20 years after.
Anuual Review of Neuroscience, 35(1), 73-78. https://doi.org/10.1146/annurev-neuro-
062111-150525

Pingault, J., Tremblay, R. E., Vitaro, F., Carbonneau, R., Genolini, C., Falissard, B., & C6té, S.

M. (2011). Childhood trajectories of inattention and hyperactivity and prediction of


https://doi.org/10.1111/bjep.12355
https://doi.org/10.1080/10888438.2013.827687

76

educational attainment in early adulthood: A 16-year longitudinal population-based
study. American Journal of Psychiatry, 168(11), 1164-1170.
doi:10.1176/appi.ajp.2011.10121732

Plourde, V., Boivin, M., Brendgen, M., Vitaro, F., Robaey, P., Tremblay, R. E., & Dionne, G.
(2018). Cognitive mechanisms underlying the associations between inattention and
reading abilities. Developmental Neuropsychology, 43(1), 92-105.
https://doi.org/10.1080/87565641.2017.1422508

Rabiner, D., Coie, J. D., Bierman, K. L., Dodge, K. A., Greenberg, M. T., Lochman, J. E., ...
Pinderhughes, E. (2000). Early attention problems and children’s reading achievement: A
longitudinal investigation. Journal of the American Academy of Child and Adolescent
Psychiatry, 39(7), 859-867. https://doi.org/10.1097/00004583-200007000-00014

Rucklidge, J. J., & Tannock, R. (2002). Neuropsychological profiles of adolescents with ADHD:
Effects of reading difficulties and gender. Journal of Child Psychology and Psychiatry,
43, 988-1003. https://doi.org/10.1111/1469-7610.00227

Seidman, L. J., Biederman, J., Monuteaux, M. C., Doyle, A. E., & Faraone, S. V. (2001).
Learning disabilities and executive dysfunction in boys with attention-
Deficit/Hyperactivity disorder. Neuropsychology, 15(4), 544-556. doi:10.1037/0894-
4105.15.4.544

Sesma, H. W., Mahone, E. M., Levine, T., Eason, S. H., & Cutting, L. E. (2009). The
contribution of executive skills to reading comprehension. Child Neuropsychology, 15(3),
232-246. doi:10.1080/09297040802220029

Sims, D. M., & Lonigan, C. J. (2013). Inattention, hyperactivity, and emergent literacy: Different

facets of inattention relate uniquely to preschoolers' reading-related skills. Journal of


https://doi.org/10.1097/00004583-200007000-00014

77

Clinical Child & Adolescent Psychology, 42(2), 208-219.
doi:10.1080/15374416.2012.738453

Singer, B. D., & Bashir, A. S. (1999). What are executive functions and self-regulation and what
do they have to do with language-learning disorders? Language, Speech, and Hearing
Services in Schools, 30(3), 265-273. doi:10.1044/0161-1461.3003.265

Slot, E. M., Viersen, S. van, de Bree, E. H., & Kroesbergen, E. H. (2016). Shared and unique risk
factors underlying mathematical disability and reading and spelling disability. Frontiers
in Psychology, 7, 1-12. https://doi.org/10.3389/fpsyg.2016.00803

Spencer, M., Richmond, M. C., & Cutting, L. E. (2020). Considering the role of executive
function in reading comprehension: A structural equation modeling approach. Scientific
Studies of Reading, 24(3), 179-199. https://doi.org/10.1080/10888438.2019.1643868

Stern, P., & Shalev, L. (2013). The role of sustained attention and display medium in reading
comprehension among adolescents with ADHD and without it. Research in
Developmental Disabilities, 34(1), 431-439. https://doi.org/10.1016/j.ridd.2012.08.021

Swanson, H. L. (1999). Reading comprehension and working memory in learning-disabled
readers: Is the phonological loop more important than the executive system? Journal of
Experimental Child Psychology, 72(1), 1-31. https://doi.org/10.1006/jecp.1998.2477

Swanson, E., Barnes, M., Fall, A. M., & Roberts, G. (2018). Predictors of Reading
Comprehension Among Struggling Readers Who Exhibit Differing Levels of Inattention
and Hyperactivity. Reading and Writing Quarterly, 34(2), 132-146.

https://doi.org/10.1080/10573569.2017.1359712


https://doi.org/10.1016/j.ridd.2012.08.021
https://doi.org/10.1006/jecp.1998.2477

78

Swanson, H. L., & Howell, M. (2001). Working memory, short-term memory, and speech rate as
predictors of children’s reading performance at different ages. Journal of Educational
Psychology, 93(4), 720-734. https://doi.org/10.1037/0022-0663.93.4.720

Swanson, H. L., & Jerman, O. (2009). Working Memory, Short-Term Memory, and Reading
Disabilities. Journal of Learning Disabilities, 42(3), 260-287.
https://doi.org/10.1177/0022219409331958

Swi(;cicka, M., Matuszewski, A., & Wozniak, M. (2008). Patterns of inattention in children:
Findings from the inattention checklist for teachers. Polish Psychological Bulletin, 39(1)
doi:10.2478/v10059-008-0003-x

Tannock, R., & Schachar, R. (1996). Executive dysfunction as an underlying mechanism of
behavior and language problems in attention deficit hyperactivity disorder. In J. H.
Beitchman, N. J. Cohen, M. M. Konstantareas, & R. Tannock (Eds.), Language, learning,
and behavior disorders: Developmental, biological, and clinical perspectives (p. 128—
155). Cambridge University Press.

Tobia, V., & Bonifacci, P. (2015). The simple view of reading in a transparent orthography: The
stronger role of oral comprehension. Reading and Writing, 28(7), 939-957.
d0i:10.1007/s11145-015-9556-1

Tomblin, J. B., Zhang, X., Buckwalter, P., & Catts, H. (2000). The Association of Reading
Disability, Behavioral Disorders, and Language Impairment among Second-grade
Children. Journal of Child Psychology and Psychiatry and Allied Disciplines, 41(4), 473—

482. https://doi.org/10.1017/S002196300000559X



79

Toplak, M. E., West, R. F., & Stanovich, K. E. (2013). Do performance-based measures and
ratings of executive function assess the same construct? Journal of Child Psychology and
Psychiatry, 54, 131. https://doi.org/10.1111/jcpp.12001

van der Sluis, S., de Jong, P. F., & van der Leij, A. (2007). Executive functioning in children,
and its relations with reasoning, reading, and arithmetic. Intelligence, 35(5), 427-449.
doi:10.1016/j.intell.2006.09.001

Vellutino, F. R., Fletcher, J. M., Snowling, Maragaret, J., & Scanlon, D. M. (2004). Specific
reading disability (dyslexia): what have we learned in the past four decades? Journal of
Child Psychology and Psychiatry, 1(45), 2-40. Retrieved from
http://www.epa.nsw.gov.au/epamedia/EPAMedial6110801.htm

Vellutino, F. R., Tunmer, W. E., Jaccard, J. J., & Chen, R. (2007). Components of reading
ability: Multivariate evidence for a convergent skills model of reading development.
Scientific Studies of Reading, 11(1), 3-32. doi:10.1207/s1532799xssr1101 2

Vuontela, V., Carlson, S., Troberg, A. M., Fontell, T., Simola, P., Saarinen, S., & Aronen, E. T.
(2013). Working memory, attention, inhibition, and their relation to adaptive functioning
and behavioral/emotional symptoms in school-aged children. Child Psychiatry and
Human Development, 44(1), 105-122. https://doi.org/10.1007/s10578-012-0313-2

Wendling, B. J. & Mather, N. (2009) Essentials of Evidence Based Practice. Hoboken, New
Jersey: John Wiley & Sons, Inc

Wilhelm, O., Hildebrandt, A., & Oberauer, K. (2013). What is working memory capacity, and
how can we measure it? Frontiers in Psychology, 4, 433-433.

https://doi.org/10.3389/fpsyg.2013.00433


https://doi.org/10.1111/jcpp.12001
http://www.epa.nsw.gov.au/epamedia/EPAMedia16110801.htm
https://doi.org/10.3389/fpsyg.2013.00433
https://doi.org/10.3389/fpsyg.2013.00433

80

Willcutt, E. G., Doyle, A. E., Nigg, J. T., Faraone, S. V., & Pennington, B. F. (2005). Validity of
the executive function theory of attention-Deficit/Hyperactivity disorder: A meta-analytic
review. Biological Psychiatry, 57(11), 1336-1346. doi:10.1016/j.biopsych.2005.02.006

Willcutt, E. G., Nigg, J. T., Pennington, B. F., Solanto, M. V., Rohde, L. A., Tannock, R., . . .
Lahey, B. B. (2012). Validity of DSM-1V attention deficit/hyperactivity disorder
symptom dimensions and subtypes. Journal of Abnormal Psychology, 121(4), 991-1010.
doi:10.1037/a0027347

Willcutt, E., & Pennington, B. F. (2000). Psychiatric Comorbidity in Children and Adolescents
with Reading Disability. Journal Of Child Psychology And Psychiatry, And Allied
Disciplines, 41(8), 1039-1048. https://doi.org/10.1097/01.yc0.0000172063.78649.66

Willcutt, E. G., Pennington, B. F., Boada, R., Ogline, J. S., Tunick, R. A., Chhabildas, N. A., &
Olson, R. K. (2001). A comparison of the cognitive deficits in reading disability and
attention-Deficit/Hyperactivity disorder. Journal of Abnormal Psychology, 110(1), 157-
172. doi:10.1037//0021-843X.110.1.157

Willcutt, E. G., Pennington, B. F., & DeFries, J. C. (2000a). Etiology of inattention and
hyperactivity/impulsivity in a community sample of twins with learning difficulties.
Journal of Abnormal Child Psychology, 28, 149-159.
https://doi.org/10.1023/A:1005170730653

Willcutt, E. G., Pennington, B. F., Olson, R. K., Chhabildas, N., & Hulslander, J. (2005).
Neuropsychological analyses of comorbidity between reading disability and attention
deficit hyperactivity disorder: In search of the common deficit. Developmental

Neuropsychology, 27(1), 35-78. doi:10.1207/s15326942dn2701_3



81

Willcutt, E. G., Pennington, B. F., & DeFries, J. C. (2000b). A twin study of the etiology of
comorbidity between reading disability and attention-deficit/hyperactivity disorder.
American Journal of Medical Genetics (Neuropsychiatric Genetics), 96, 293-301.

Willcutt, E. G., Pennington, B. F., Olson, R. K., & DeFries, J. C. (2007). Understanding
comorbidity: A twin study of reading disability and attention-deficit/hyperactivity
disorder. American Journal of Medical Genetics, Part B: Neuropsychiatric Genetics,
144(6), 709-714. https://doi.org/10.1002/ajmg.b.30310

Wright, A. J. (2018). Equivalence of remote, online administration and traditional, face-to-face
administration of the reynolds intellectual assessment scales-second edition. San
Francisco, CA: Presence Learning.

Yochman, A., Ornoy, A., & Parush, S. (2006). Co-occurrence of developmental delays among
preschool children with attention-deficit-hyperactivity disorder. Developmental Medicine
and Child Neurology, 48, 483-488. https://doi.org/10.1017/S0012162206001034

Zaleza, D., Fergus, C., & Booth, L. (2004). Executive function across the life span. Acta
Psychologica, 115, 167-183. https://doi.org/10.1016/j.actpsy.2003.12.005

Zumberge, A., Baker, L. A., & Manis, F. R. (2007). Focus on words: A twin study of reading
and inattention. Behavior Genetics, 37(2), 284-293. https://doi.org/10.1007/s10519-006-

9134-z



