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Abstract
Parent-reported attention/impulse regulation and cognitive abilities have been used to
operationalize and measure the development of self-regulation. Parent-reported attention/impulse
regulation is often measured by caregiver ratings. Cognitive abilities, such as intelligence and
executive function, are typically assessed using performance-based measures. Both these
domains of self-regulation are often implicated in at-risk and clinical samples as important
predictors of socio-emotional, academic and vocational outcomes. To better understand the
development of competency in these domains, data were examined from a community sample of
children and youth, assessed longitudinally across an age range of 8-20 years. Repeated
measures ANOVAs, correlations and cross-lagged panel models examined relationships among
and between domains over time. Cognitive abilities improved with time, whereas parent-reported
attention/impulse regulation remained unchanged across follow-ups. Relationships among
cognitive variables and parent-reported attention/impulse regulation were small. We discuss
methodological issues that should be addressed in future research assessing the development of

these constructs.
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Development of parent-reported attention/impulse regulation and cognitive abilities

(intellectual abilities and executive functions) in a community sample

Self-regulation (SR) generally refers to the emergence of one’s “ongoing, dynamic and
adaptive modulation of internal state (emotion, cognition) or behavior” (Nigg, 2017). However,
as Nigg (2017) points out, many definitions have been used to define this construct. Indeed, self-
regulation likely involves several diverse skills and abilities (e.g., Nigg, 2017; Diamond, 2013).
The current study focused on two major ways in which SR has been measured and
operationalized: cognitive abilities and parent-reported attention/impulse regulation. The purpose
of this study was to examine these two operationalizations through a developmental lens, using a
longitudinal design in a community sample. The goal was to determine whether there is
developmental change across these domains related to SR and to explore relations among them.
Importantly, we do not mean to suggest that cognitive abilities and behaviour ratings are direct
indicators of SR. Rather, these measures reflect processes and behaviours thought to underlie SR.
We do not make any claims regarding the precision of what these measures are assessing, simply
that these are broad indicators often used to assess different domains of SR. While we have
chosen to focus more on cognitive types of regulation, other domains (e.g., emotion regulation,
perceptual skills, and general processing abilities) may also have important associations among
them which are not addressed within the scope of this study. The present study specifically
examined two indicators of cognitive ability (i.e., intelligence and executive function tasks) and
ratings of attention and hyperactivity/ impulsivity in a community sample of children and youth.
Repeated measures analysis of variance was used to estimate developmental change in each of

these variables longitudinally across three time points. The temporal emergence of cognitive



abilities and parent-reported attention/impulse regulation was also explored using cross-lagged

panel analysis models.

Self-Regulation: Cognitive Abilities and Parent Ratings

SR is central to developmental psychopathology, but the general construct is referred to
using varying terminology and carries varying meanings across fields and literatures (e.g.,
personality, social, and cognitive psychology, developmental science, clinical psychology,
psychiatry, economics, sociology, neuroscience, and medicine). Depending on the focus
(application or explanation), terms such as self-representations, self-concept, and self-monitoring
are also used to describe this multifarious construct (Demetriou, 2000). Naturally, investigators
have approached SR from diverse perspectives and the extensive range of identified construct
domains reflects this. Examples include executive functioning (EF), effortful control, behavioral
inhibition, impulse control and impulsivity, risk-taking, cognitive control, among many others
(Nigg, 2017). Unsurprisingly, there is no generally accepted theory of SR that delineates the
nature and development of these processes adequately. Nevertheless, it is evident that these skills
are crucial to children’s success across multiple domains, including school, work, home, and
interpersonal relationships (de Ridder, Lensvelt-Mulders, Finkenauer, Stok, & Baumeister, 2012;
Mischel et al., 2010; Moffitt et al., 2011).

Historically, SR has been assessed through (a) adult ratings of children’s behaviour
observed in real-world settings such as home or school, and (b) lab-based tasks (e.g.,
(Kochanska, Coy, & Murray, 2001; Mischel, Shoda, & Rodriguez, 1989). As such, SR can be
operationalized in two main ways, parallel to the performance-based vs. rating scale distinction
of executive function discussed by Toplak et al. (2013). Though there are likely many separable

aspects to measuring SR, this study will focus on two: the first relates to the capacity and
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efficiency of processing (i.e., cognitive abilities) and the second relates to behavioural tendencies
(i.e., parent ratings of attention/impulse regulation). Cognitive abilities and parent-reported
attention/impulse regulation indices of SR have been importantly implicated in many different
developmental outcomes, predicting family and peer difficulties (Diamantopoulou, Rydell,
Thorell, & Bohlin, 2007; Jacobson, Williford, & Pianta, 2011; Mrug et al., 2012), impairments in
occupational functioning (Barkley & Fischer, 2011; Mannuzza, Klein, Bessler, Malloy, &
Hynes, 1997), and later health and success (Moffitt et al., 2011; Pievsky & McGrath, 2018;
Sibley et al., 2014).

Intelligence (1Q) and EF task performance are two types of cognitive abilities frequently
associated with the brain’s frontal lobes. Despite the strong connections between the
conceptualizations of intelligence and EF task constructs, there is some debate regarding the
exact nature of their relation (Dennis et al., 2009). The conceptual separation of the two
cognitive abilities originates from the paradoxical neuropsychological finding that frontal
damage resulting in EF task performance deficits does not produce deficits in performance on
intelligence tests (Hebb, 1939; Hebb & Penfield, 1940). Moreover, some investigators argue that
traditional intelligence tests differentially relate to EF task performance and do not equally assess
the cognitive abilities that likely contribute to general intelligence (Ardila, Pineda, & Rosselli,
2000; Friedman et al., 2006). While many people continue to conceptually separate 1Q and EF
task performance, there is considerable evidence to suggest that these cognitive abilities capture
common variance related to processing efficiency and processing capacity (e.g., Arffa, 2007;
Brydges, Reid, Fox, & Anderson, 2012; Stanovich, 2009) and there is also evidence to suggest
considerable construct overlap in genetic studies (Engelhardt et al., 2016). Thus, these constructs

will be examined separately with the acknowledgement of this overlapping variance.
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Executive Function. Executive function tasks assess interrelated abilities that emerge
hierarchically in development, although the exact time at which they emerge varies somewhat
based on method of study (Miyake et al., 2000). Current definitions of EF describe a set of
partially independent top-down functions that support goal-directed behaviour (Banich, 2009;
Blair, Raver, & Finegood, 2016; Friedman & Miyake, 2017; Miyake et al., 2000) and complex
cognition, including manipulating two things in mind at once, reasoning, temporal projection,
and complex mental and action sequences (Barkley, 1997; Diamond, 2013). Some major
challenges in research on EF have been methodological, for example, the lack of concordance
between performance-based measures and behavioural ratings (Toplak, West, & Stanovich,
2013). The absence of measures that are suitable from early childhood through adulthood, as
well as the inconsistency in ability to measure deficits through performance-based
neuropsychological assessments has made EF difficult to study. Additionally, there is the
conceptual challenge in separating domain-specific functions (e.g., memory, social-emotional,
language) from actual EF abilities (Gioia & Isquith, 2004). Despite these challenges, EF is
typically assessed using several different performance-based measures. EF was traditionally
treated as a unitary construct and measured with single complex “frontal lobe” tasks such as the
Wisconsin Card Sorting Test (WCST), however, the past two decades of research best support a
model with three correlated but distinct EFs (e.g., Lehto, Juujarvi, Kooistra, & Pulkkinen, 2003;
Miyake et al., 2000). Specifically, the tripartite model of EF identifies cognitive flexibility,
inhibitory control and working memory as core aspects of EF.

Inhibition or inhibitory control refers to the ability to control attention, thought, and
behaviour in the presence of interfering internal or external stimuli, to deliberately inhibit

automatic impulses and respond appropriately (Diamond, 2013; Miyake et al., 2000). With
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increasing inhibitory control, one can better restrict and regulate impulsive behaviours when
necessary. A prototypical inhibition task is the Stroop task (Stroop, 1935), in which one needs to
inhibit or override the tendency to produce a more dominant or automatic response (i.e., name
the color word).

Set shifting (also known as ‘cognitive flexibility” and ‘attention switching’) describes
one’s ability to mentally shift from one task to another, utilizing alternative strategies, and
processing more than one source of information (Zelazo, Craik, & Booth, 2004). Set shifting is
necessary for multitasking and for processing and managing several sources of information. It is
usually measured by tests requiring switching between two timed tasks (Jewsbury, Bowden, &
Strauss, 2016). Previous studies have shown conclusively that shifting mental sets incurs a
measurable temporal cost (e.g., Jersild, 1927; Rogers & Monsell, 1995), particularly when the
shifting must be driven internally, rather than by external cues (Spector & Biederman, 1976). As
such, set shifting is usually measured using a ‘differential’ paradigm,; that is, using tasks that
have a component that requires no shifting between mental sets and one that does. The Trail
Making Test (Reitan, 1955, 1958) Part B minus Part A is frequently used as a measure of set
shifting (Arbuthnott & Frank, 2000).

A third core EF process identified in the Miyake (2000) model is working memory, or
rather the updating and monitoring of working memory representations, which involves
replacing old information with new information relevant to the task at hand (Jewsbury et al.,
2016). Importantly, the updating process requires the dynamic manipulation, rather than passive
storage, of information in the multicomponent system of working memory (Miyake et al., 2000)
and is used to achieve goals and meet task demands (Baddeley, 2000; Baddeley & Hitch, 1994;

Engle, Tuholski, Laughlin, & Conway, 1999). Updating is often measured by a complex task like
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the N-back task, where individuals must constantly monitor and update number or visual-spatial
information in working memory (Miyake et al., 2000).

Intelligence. Intelligence, or intellectual ability, involves various mental abilities such as
reasoning, planning, problem-solving, and abstract thinking (Gottfredson, 1997). General
intelligence, or Spearman’s g, refers to the existence of a broad mental capacity that influences
performance on cognitive ability measures (Spearman, 1904), and is usually assessed using tests
like the Wechsler Abbreviated Scale of Intelligence (Wechsler, 1999). Over the 100 years since
Spearman’s (1904) original work, factor analyses have continued to be applied to correlation and
covariance matrices from cognitive test batteries. Contemporary, hierarchical representation of
cognitive ability structure which consist of specific factors nested within general factors draw
largely from Cattell’s (1963; 1971) seminal work on the distinction between fluid and crystalized
cognitive abilities which govern performance on nonverbal and verbal cognitive tasks,
respectively. More specifically, fluid general ability (Gf) represents complex mental abilities
needed for reasoning and abstract thinking and reflects the capacity to apply one’s skills and
knowledge in novel situations and unfamiliar tasks (Cattell, 1963, 1971). Crystalized general
ability (Gc), on the other hand, represents the set of skills and knowledge obtained through
experience, and is primarily a store of verbal or language-based declarative (“what”) and
procedural (“how”) knowledge (McGrew, 2009). While intelligence is not conventionally
described as a measure of self-regulation, because intelligence is often significantly associated
with EF task performance capacity (Arffa, 2007; Brydges et al., 2012; Stanovich, 2009) and a
significant covariate in EF task performance (Dennis et al., 2009), it was included as an

additional index of cognitive abilities examined in this study.
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Parent-reported attention/impulse regulation. The emergence of general self-
regulation skills has frequently been indexed by parent ratings of behaviour. For example, parent
ratings of child temperament revealed a higher order factor comprising focusing and shifting of
attention, inhibitory control, perceptual sensitivity, and low threshold for effortful control
(Rothbart, Ahadi, Hershey, & Fisher, 2001). Parent ratings of attention/impulse regulation
include items relating to the observed cognitive, motor, and impulse control of the child, and are
completed by the primary caregiver. These scales are continuous in nature and involve rating the
degree to which a child has difficulties with a given behavior. For example, the assessment of
inattention, hyperactivity and impulsivity are conventionally used to assess children who have
difficulties related to Attention Deficit/Hyperactivity Disorder (ADHD).

ADHD is a neurodevelopmental condition, with developmental onset and course, which
is characterized by behavioural symptoms of inattention, impulsivity and hyperactivity, or both
that are inconsistent with developmental level and causes functional impairment across multiple
settings (American Psychiatric Association, 2013). Classic models of ADHD indicate that these
behavioural symptoms can be explained by underlying deficits related to self-regulation
(Barkley, 1997). One of the more recently developed parent-report measures of symptoms
associated with ADHD is the Strengths and Weaknesses of ADHD Symptoms and Normal
Behavior rating scale (SWAN; Swanson et al., 2012). The SWAN differs from most other scales
in how the questions are phrased. Rather than focusing on deficits, it asks parents to rate their
child relative to normal behavior expectations of same aged peers (e.g., Compared to other
children, how well does this child . . . Sustain attention on tasks or play activities?). Parents

respond using a 7-point Likert-type scale. Uniquely, the SWAN scale assesses behaviour on a
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continuum which is particularly useful for non-clinical populations and research aimed at
understanding strengths as well as weaknesses in attention and impulse control.

The psychometric properties of the SWAN support its use in both identifying those
children at risk for ADHD, as well as measure additional variance at the adaptive end of the
ADHD symptom dimensions (Arnett et al., 2013). Previous research has examined the
psychometric properties of the SWAN, as well as the reliability and validity of translated
versions (Arnett et al., 2013; Hay, Bennett, Levy, Sergeant, & Swanson, 2007; Lakes, Swanson,
& Riggs, 2012; Polderman et al., 2007; Young, Levy, Martin, & Hay, 2009). Although the
authors acknowledge developmental changes in ADHD symptoms, these age-related changes on
the SWAN-ratings have been minimally explored. Hay and collaborators (2007) reported on the
developmental effects of the SWAN in their study investigating differences between it and
another ADHD scale. Two different-aged samples of Australian twins were included: the
younger sample ranged from 6 to 9 years (N= 707, mean age = 7.6 years, SD = .91) and the older
sample ranged in age from 12 to 20 years (N= 887, mean age = 15.2 years, SD = 2.54). The
SWAN scale was coded such that a high score indicates a higher level of ADHD symptoms or
problem behaviors (-3= far above average; -2 = above average; -1=somewhat above average; 0 =
average; 1 = somewhat below average; 2 = below average; 3 = far below average). Investigators
noted that in this non-clinical sample, younger children scored higher (i.e., had more parent-
reported problems) than the older children on the SWAN for both inattention and hyperactivity-
impulsivity subscales (Hay et al., 2007).

In addition to developmental differences, the correlates of attention/impulse regulation
skills are not well understood in developmental samples. One of the prevalent theories in the

ADHD literature is that performance on neuropsychological measures of intelligence and
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executive function task performance are importantly related to the successful development of
attentional and impulse regulation skills (Diamond, 2013; Frazier, Demaree, & Youngstrom,
2004; Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005). For example, Halperin et al (2008)
found that when comparing adolescents without ADHD to adolescents who had received a
diagnosis of ADHD during childhood, only individuals whose ADHD symptoms persisted (i.e.,
continue to meet diagnostic criteria for ADHD) differed from controls on executive function
tasks. Adolescents whose ADHD had remitted did not perform significantly different from
healthy controls, suggesting that neuropsychological development may be importantly related to
the successful development of attentional and impulse regulation skills (Halperin, Trampush,

Miller, Marks, & Newcorn, 2008).

Development of cognitive abilities and parent-reported attention/impulse regulation.

Most models and taxonomies of SR highlight the developmental course of cognitive
abilities and parent-reported attention/impulse regulation (e.g., Nigg, 2017; Diamond, 2013). EF
develops rapidly in the preschool years, and adult-level performance is achieved during late
adolescence (Anderson, 2002; Steinberg, 2005; Zelazo et al., 2003). As compared to other
cognitive abilities, the developmental trajectory for maturation of EF tasks is relatively
protracted. This is commonly attributed to the necessity of prefrontal cortex (PFC) engagement,
particularly of the dorsolateral region, to perform these high-level cognitive processes which is
not considered to be fully developed until early adulthood (Bunge & Zelazo, 2006; Diamond,
2002; Durston et al., 2006; Moriguchi & Hiraki, 2009). Although children have been shown to
activate the PFC when completing EF tasks, they show a more diffuse network of activation as
compared to adults, which supports the notion that this network gains efficiency over the course

of development (Casey, Giedd, & Thomas, 2000). Inhibitory control of attention (interference
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control at the level of perception) is challenging for young children. Although preschool-aged
children can successfully complete lab-based inhibition tasks, both speed and accuracy of
inhibitory control continues to mature into adolescence (Diamond, 2013). Cognitive flexibility is
the last of the three core EF to emerge (around 7 to 9 years of age), and is thought to build on the
other two (Diamond, 2013).

In non-clinical populations, fluid and crystallized intelligence are highly associated in
young children and differentiate with age (Li et al., 2004; Tucker-Drob, 2009). Even when these
two abilities differentiate, they are still related to a certain extent. That is, these two aspects of
intellectual ability have slightly different trajectories across development even though they are
highly related and representative of general intelligence (Deary, Penke, & Johnson, 2010). Gf
improves through childhood and peaks in adolescence while Gc continues to develop until early
adulthood (Cattell, 1963). For this reason, Gf and Gc were examined separately. However, as Gf
and Gc are highly related with each other and representative of general intelligence, performance
on their respective indices utilized in this study were expected to be positively correlated.

Much of what we know about attention/impulse regulation across development comes
from studies of children with ADHD (conceptually the psychopathology most closely related to
attention/impulse regulation problems). In individuals with ADHD, the symptom profile changes
over the lifespan, with a notable reduction in the number of symptoms (particularly
hyperactivity) for many individuals in adolescence (Murray, Robinson, & Tripp, 2017; Sasser,
Kalvin, & Bierman, 2016). In general, it is reported that symptoms tend to decrease from
childhood to young adulthood regardless of ADHD severity, although the developmental course
appears to be more stable for symptoms of inattention and total symptoms in highly impaired

individuals (Dopfner et al., 2015; Todd et al., 2008). Despite changes in presentation, studies
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have shown that as many as 70% of children with a childhood diagnosis of ADHD continue to
meet full ADHD diagnostic criteria in adolescence (Langley et al., 2010). It is evident that a
substantial proportion of children have impairing attentional problems that persist into young
adulthood. The trajectory of ADHD symptoms in a general-population sample similarly
demonstrates decreasing hyperactivity with age, and relative stability of inattention symptoms
from early childhood through late adolescence (Holbrook et al., 2016). The development of these
indicators of self-regulation remain a critical question, with respect to relative changes and/or

constancy across both community and clinical samples.

Associations among cognitive abilities and parent-reported attention/impulse regulation.

Similarly, much of the evidence for a link between attention/impulse regulation problems
and cognitive abilities comes from clinical studies of individuals diagnosed with ADHD. Aspects
of EF, such as inhibition, working memory, and set shifting have been shown to correlate with
ADHD behaviours (i.e., inattention, hyperactivity and impulsivity) in that poorer EF
performance is associated with greater ADHD behaviours (Adler et al., 2017; Faraone et al.,
2015; Fried et al., 2016; McLuckie et al., 2018; Willcutt et al., 2005). Some researchers contend
that EF deficits are not actually part of the core etiology of ADHD, but rather develop because of
comorbidities or are only present in a small subset of individuals (Marchetta, Hurks,
Krabbendam, & Jolles, 2008; Nigg, Willcutt, Doyle, & Sonuga-Barke, 2005; Willcutt et al.,
2005). Nevertheless, EF deficits are consistently found to be prevalent among individuals with
ADHD (Adler et al., 2017; Barkley, 1997; Frick, Bohlin, Hedqvist, & Brocki, 2018; Silverstein
et al., 2018), and deficits in EF have been found as early as 3 to 5 years of age (Seidman, 2006).
By and large, structural and brain imaging research also supports a relationship between ADHD

and EF deficits. Findings suggest that specific areas of the brain (e.g., frontostriatal and
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frontoparietal networks) that are highly related to executive function processes are underactive in
those with ADHD (Faraone et al., 2015), as well as delays in cortical maturation (Makris et al.,
2007; Shaw et al., 2007; Shaw et al., 2011) and decreased volume of these regions (Nigg, 2009).
Like the behavioural research, however, findings from neuroimaging and neurocognitive studies
that focus on the precise neuropsychological deficits and brain regions involved in ADHD are
also inconsistent. The magnitude, direction, localization, laterality, and clinical significance of
the functional and structural abnormalities differ from study to study (Hoogman et al., 2017;
Rosch et al., 2018; Silk et al., 2016).

The discordant findings regarding EF tasks and ADHD in the literature may be
attributable to numerous things. An important limitation is the use of the different definitions and
(sometimes inadequate) methods of assessing EF (Barkley & Murphy, 2010; Biederman et al.,
2006). Furthermore, children with ADHD are a heterogeneous population and individual
differences in behavioural symptoms and neurocognitive function are extremely variable across
and within samples (Biederman et al., 2009; Himelstein, Newcorn, & Halperin, 2000).
Nevertheless, the literature suggests that cognitive abilities (such as EF tasks) are, at least in part,
related to the etiology of self-regulatory behaviours like inattention and hyperactivity-
impulsivity.

The few studies that have examined attention/impulse regulation in unselected,
community samples have found similar results (e.g., Friedman et al., 2007; Kuntsi, Andreou, Ma,
Borger, & van der Meere, 2005; Thorell & Wahlstedt, 2006), suggesting that the relation
between attention/impulse regulation problems and EFs is not exclusive to clinical populations.
For example, Thorell and Wahlstedt (2006) found that EF was associated with symptoms of

ADHD, with medium effects sizes, in a community-based sample of preschool-aged children.
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Friedman et al (2007) demonstrated that attention problems significantly and differentially relate
to all three EFs in a general-population sample, particularly with inhibiting ability measured
using performance-based tasks (e.g., Stroop, Stop-Signal Task). Results suggested stable
relationships between attention problems across time to later EFs and 1Q, and that initial levels of
attention problems, rather than changes across time, predict later executive control (Friedman et
al., 2007).

Limited research has been done to date examining the relationships between the
trajectories of EF and attention/impulse regulation, and those that have done so have focused on
clinical populations. Rajendran et al. (2013) examined changes in neuropsychological
functioning with the trajectory of ADHD-related symptoms and impairment in children
identified as “high-risk” for developing ADHD. Data were collected annually between preschool
and school-age. Neuropsychological functioning (i.e., EF performance) at baseline was not
significantly associated with the magnitude of change in ADHD severity, however, individuals
with greater neuropsychological growth over time had a greater diminution of ADHD severity

and impairment (Rajendran et al., 2013).

Current directions

To date, the majority of research on the association between attention/impulse regulation
and performance on cognitive tasks comes from the clinical populations (e.g., ADHD). The
literature presented so far shows a lack of consensus regarding the emergence, developmental
trajectory and relationships among 1Q, EF tasks and parent-reported attention/impulse regulation
in both community and clinical populations. Thus, in this study, the stability and relationships
between these variables was examined over time to better understand how these

operationalizations of self-regulation influence each other over time in a community sample
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using cross-lagged panel models. Causal predominance can be examined by comparing
standardized coefficients of the cross-lagged paths (Kearney, 2017). An example of a three-
wave, or three time-point, cross-lagged panel model is presented in Figure 1. In the depicted
model, paths are constrained to equality across time. Thus, f1 represents the cross-lagged effects

from X1 on Y2 and from X2 on Y3.

Figure 1. Example of a Three-Wave Cross-Lagged Panel Model

p3 X3

B4 Y3

Summary of the Current Study

This study had three goals. First, mean differences of cognitive variables and parent-
reported attention/impulse regulation were compared at each time point. It was expected that
performance on cognitive variables and parent-reported behaviour would improve across time
points, consistent with the research showing an increase in cognitive abilities, and a decrease in
attention/ impulse regulation problems over development. Second, bivariate correlations between
parent-reported attention/impulse regulation and performance on cognitive ability measures were
examined, where larger correlations were expected between SWAN scores and WASI

vocabulary, WASI matrix reasoning, TMT, and Stroop scores at earlier time points as compared
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to later time points. The final goal was to examine the directional nature of the relationship

between cognitive abilities and parent-reported attention/ impulse regulation over time.

Method

Participants

The current study used data from a sample which consisted of children recruited from
suburban and rural schools as part of a longitudinal research project. Data from this study are
previously reported (Toplak, West, & Stanovich, 2014). At time one (T1), 204 children were
included for analysis (110 males) ranging from 8 to 14 years (M = 10.15, SD = 1.7). Follow-up
data were collected twice at three-year intervals. Time two (T2) includes data from 165 children
(86 males), ranging from 10 to 18 years (M = 13.23, SD = 1.8) and time three (T3), 134 children
(77 males) from 13 to 20 years (M = 15.97, SD = 1.8). This sample would be characterized as
high functioning (T1 FSIQ M = 108.19, SD = 13.0) with relatively high socioeconomic status. At
T2, parents were asked to report on their educational attainment. Of the 156 mothers for whom
data were available, 48 (23.5%) had professional degrees, 83 (40.7%) completed college or
university, 3 (1.5%) had some college or university, 15 (7.4%) completed high school, 1 (0.5%)
completed less than high school and 4 participants did not report on their educational status. Of
the fathers, 42 (20.6%) had professional degrees, 67 (32.8%) completed college or university, 14
(6.9%) had some college or university, 22 (10.8%) completed high school, 3 (1.5%) completed

less than high school and 8 participants did not report on their educational status.

Measures

Parent-reported attention/impulse regulation. The SWAN rating scale (Swanson et al.,

2012) was used to measure parent ratings of attention impulse regulation. This scale is based on
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observations of normal and abnormal distributions of ADHD-typical behaviours. As such, the
SWAN scale uses a strength-based formulation to assess behaviour on a continuum whereby
higher scores indicate better self-control (i.e., better controlled attention and behaviour). Parents
were asked to rate their child’s behaviour relative to same age peers for each of the 18 items
using a seven-point scale ranging from far below average to far above average (1= far below
average; 2 = below average; 3 = somewhat below average; 4 = average; 5 = somewhat above
average; 6 = above average; 7 = far above average). Thus, total scores could range from 18- 126.
Data were available from 191 parent reports at T1, 156 parent reports at T2 and 134 parent
reports at T3. Domain scores (inattention, hyperactivity and impulsivity) as well as a total
SWAN composite score were used to describe attention/impulse regulation. The SWAN
demonstrates comparable validity and reliability to common parent report measures of ADHD,
has skewness and kurtosis statistics within the range expected for a normal distribution, and is
able to measure positive attention and impulse regulation behavior thus capturing more variance
at the adaptive end of ADHD symptoms (Arnett et al., 2013; Hay et al., 2007; Lakes et al., 2012;
Polderman et al., 2007; James M. Swanson et al., 2012).

Cognitive Ability Measures

Verbal and Nonverbal Intelligence. The Vocabulary and Matrix Reasoning subtests from
the Wechsler Abbreviated Scales of Intelligence (WASI; Wechsler, 1999) were used as indices
of verbal and nonverbal ability. In the vocabulary subtest, participants are given words and
asked their meaning whereas in the matrix reasoning subtest, participants are shown visual
matrices with something missing and asked to select the response option that completes the
matrix or series. These measures are reported to have high reliability and validity (Sattler, 2008).

Raw non-age corrected scores were used for these tasks. Cognitive abilities have been shown to
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be more dependent on age in children than in young adults, as well as more highly associated
with ratings of cognitive and behavioural regulation (Rizeq, Flora, & Toplak, 2017). These
authors concluded that variables highly associated with age (such as EF and verbal and
nonverbal ability) should not be age-corrected when assessing associations among cognitive
constructs, especially during periods when there is rapid change in cognitive abilities, such as
during childhood and adolescence. Participants could attain a maximum total score of 68 on the
vocabulary subtest and a maximum total score of 31 on the matrix reasoning subtest. A higher
score indicated higher intellectual ability.

Executive Function (Inhibition). The Stroop Task was used to measure inhibition. In this
task, participants had to name the incongruent font colour of colour words and resist the
tendency to read colour words. There were three different conditions, each with 24 items
arranged in a 4 x 6 matrix: a colour-naming condition, a word naming condition, and an
interference condition in which participants were asked to name the colour of the font in which
the colour word was printed. The inhibition score of the Stroop task was calculated by
subtracting the total naming time (in seconds) for the color condition from the total naming time
for interference condition. Lower scores indicate better inhibition skills.

Executive Function (Set-Shifting). The Trailmaking Test (TMT; Reitan, 1955, 1958) was
used to measure set-shifting. Both parts of the test were administered. Each includes 25 circles
distributed on a sheet of paper. Part A asks participants to connect 25 numbered circles in
ascending order. Part B asks participants to connect 12 lettered and 13 numbered circles,
whereby the participant is instructed to alternate between numeric and alphabetic order, going
from 1 to A to 2 to B to 3 to C, and so on. Total completion time in seconds is recorded with

higher time for completion indicating lower set-shifting ability. To remove the effects of



25

individual differences in processing speed, the set-shifting score was obtained by removing the
time taken to complete Part A from Part B. Scores were then reflected so that higher scores are

indicative of better set shifting.

Procedure

Assessments were administered by trained graduate students and bachelor’s-level
research assistants under the supervision of a licensed clinical psychologist. Measures used in
this study were part of a larger set of questionnaires and tests administered at each time point.
Parent consent and child assent were obtained before starting the study. The administration of
task order was as follows: demographics form, WASI Vocabulary, WASI Matrices, Stroop, and

TMT. One parent completed the SWAN questionnaire for each child.

Data Analysis

The present analyses used two executive function tasks and two intelligences indices, as
well as parent-reported attention/impulse regulation. There were 13 missing parents’ rating of
inattention and impulse regulation at baseline (T1). There were no missing data at the following
time points. At both follow-ups, sample retention was good (T2: n = 156, 76% of the total
sample; T3: n =135, 66% of the total sample). At T2, participants who continued in the study
displayed higher intelligence than participants who dropped out, t (202) = 2.32, p =.02. At T3,
retention was not significantly related to intelligence, t (154) = 0.37, p = .71.

Before testing the hypotheses, the data were visually screened and descriptive statics
were run, including indices of normality. To address the first goal of developmental changes,

repeated measure univariate analyses of variances (ANOVA) were conducted for cognitive
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variables and parent-reported attention and impulse regulation®. For each repeated measures
ANOVA, Mauchley’s test of sphericity was conducted to assess the null hypothesis that the
variance-covariance matrix is spherical in the population, against the null that it is not. Where the
assumption of sphericity has not been met, the F-test is reported with the Huynh-Feldt
correction. Post-hoc pairwise comparisons were performed using the Sidak correction for
multiple comparisons at an alpha level of .05. To address our second goal, bivariate product-
moment correlations were used to measure the linear associations among the measures of
intelligence, EF, and ratings of inattention and impulse regulation. The third goal was addressed
using cross-lagged panel analysis to test the directional associations between variables over time.
Models were estimated using R software with the lavaan package (version 0.5-17; Rosseel,
2012). Overall model fit was assessed using the standardized root mean square residual (SRMR)
and robust versions of the root mean square error of approximation (RMSEA), comparative fit
index (CFI), and Tucker-Lewis index (TLI) advocated by Brosseau-Liard and Savalei (2014;
Brosseau-Liard, Savalei, & Li, 2012); for RMSEA and SRMR, values < .08 are typically
considered indicative of adequate model fit, whereas values of CFl and TLI > .90 indicate
acceptable model fit.

Specifically, a cross-lagged panel was implemented to assess the temporal relationships
between parent-reported attention/impulse regulation and cognitive abilities (verbal ability, non-
verbal ability, set-shifting and inhibition) at baseline (T1), 3-years (T2) and 6- years (T3) post-

baseline. Cross-lagged panel analysis was chosen because it allows for multiple relationships and

1 We also examined developmental change using growth curve modelling. To accomplish this,
data were restructured by age rather than time point. Results did not suggest a different
developmental pattern, as such, these analyses are described in the appendix.
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their directionality to be analyzed simultaneously. The relative strengths of longitudinal

relationships were determined through comparison of standardized betas.

Results

Descriptive Statistics

The data were visually screened and the univariate distributions of all items were
inspected as well as scatterplots of the bivariate distributions. Descriptive statistics are presented
in Table 1 on each of the raw variable scores. At T1, parents reported their children to have well
developed attention and behaviour regulation (SWAN composite M = 85.74, SD = 17.0), where
the potential range is from 18 to 126. The 13 children with missing parent reports of SWAN
ratings in the child sample were compared to the rest of the sample on the four cognitive
measures, with no notable differences. All variables” means for these 13 children were within the

one standard error of the mean of the full sample of children with no missing data.

Table 1
Descriptive Statistics of Variables at Each Time Point

Variables n Mean Median SD Range Skew Kurtosis
(min, max)
Time 1
Age 204 10.15 10.00 1.73 8, 14 0.58 -0.61
WASI Vocabulary 204  41.22 42.00 7.65 21,61 0.07 -0.40
WASI Matrix Reasoning 204  22.88 24.00 5.16 6, 32 -1.16 1.24
Stroop Interference 204 36.69 34.50 14.03 9.0,83.0 0.78 0.75
TMTb-a 204  69.02 58.90 4433 -2.0,256.1 154 3.26
SWAN Inattention 191 4221 41.00 9.26 15, 60 -0.15 -0.38
SWAN Hyperactivity 191 28.97 28.00 6.14 10, 42 0.13 -0.52
SWAN Impulsivity 191 1455 14.00 3.13 4,21 0.03 -0.20

SWAN Composite 191 85.74 83.00 17.03 29, 121 -0.02 -0.25



Age

WASI Vocabulary
WASI Matrix Reasoning
Stroop Interference
TMThb-a

SWAN Inattention
SWAN Hyperactivity

SWAN Impulsivity
SWAN Composite

Age
WASI Vocabulary
WASI Matrix Reasoning

Stroop Interference
TMTb-a

SWAN Inattention
SWAN Hyperactivity
SWAN Impulsivity
SWAN Composite

156
156
156
156
156
156
156

156
156

134

134
134

134
134
134
134
134
134

13.23
53.10
27.40
23.07
38.80
43.06
29.76

15.01
87.83

15.97

52.37
27.82

17.64
37.05
43.13
29.91
15.05
88.10

Time 2

13.00
54.00
28.00
22.14
36.80
43.50
29.00

15.00
86.50

Time 3
16.00

52.00
28.00

17.31
32.30
44.00
30.00
15.00
88.50

1.84
7.25
3.17
8.48
21.42
9.34
6.29
291

17.14

1.79

6.82
3.55

6.02
19.63
9.83
6.33
3.21
17.69

10, 18
32,72
15, 33

5.2, 47.0

-38.0,99.0
18, 63
12, 42
9,21
44, 124

13, 20

36, 67
10, 35
2.5,34.0
-0.4,102.0
13,61
15, 42
6, 21
35,124

0.63
-.023
-1.08
0.47
0.21
-0.03
0.11
0.14

0.09

0.53

-0.13
-1.39

0.24
1.40
-0.26
-0.03
0.04
-0.08

28

-0.34
0.22
2.36
0.14
1.34

-0.50

-0.55

-0.76

-0.52

-0.52

-0.36
4.61

-0.03
2.31
-0.37
-0.93
-0.74
-0.54

Note. WASI Wechsler Abbreviated Scale of Intelligence; TMTb-a Trailmaking Test Part B minus

Part A; SWAN Strengths and Weaknesses of ADHD-symptoms and Normal-behaviors

Repeated Measures Analysis of Variance
We used repeated measure univariate analyses of variances (ANOVA) to examine

developmental change in cognitive variables and parent-reported attention and impulse

regulation, which are presented in Table 2. A significant F value indicates that scores differ

significantly between at least two time points, and can be further explored to determine where

significant differences lie. Partial eta squared (#2) represents the approximate amount of

variation in score for which the level of the independent variable (time) can explain.
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Table 2
Repeated Measure ANOVA results

Variables n F p n2 M (SD) T1 M(SD)T2 M (SD) T3
WASI Vocabulary 134 27566 <.001 .675 41.96(7.4) 53.48 (7.2) 52.37 (6.8)
WASI Matrix 134 11291 <.001 .457 23.26(4.8) 27.28 (3.0) 27.82(3.5)
Stroop Interference 134 197.33" <.001 597 37.10(14.7) 23.64(8.3) 17.64(6.0)
TMTb-a 134 6222 <.001 .313 65.17(419) 37.67(20.6) 37.05(19.6)

SWAN Inattention 131 091 403  .007 42.24(8.7) 43.14(9.5) 42.92(9.8)
SWAN Hyperactivity 131 3.60  .029  .027 28.71(5.9) 29.86(6.2) 29.83(6.3)
SWAN Impulsivity 131 225 108  .017 14.49(3.0) 14.95(2.8) 14.98(3.2)
SWAN Composite 131 254 .08l 019 8544(16.1) 87.95(17.2) 87.73(17.6)

Note. * denotes F-tests which are reported with the Huynh-Feldt correction

Cognitive Abilities. Significant differences between scores were detected for all
cognitive ability indices. Mean WASI vocabulary raw scores are significantly different from
each other at T1 and T2, and T1 and T3, such that the mean at T1 is significantly lower than T2
and T 3. Mean scores at T 2 and T3 do not differ significantly from each other. This result
suggests vocabulary raw scores improve at 3 year follow up and increased score remains stable
at 6 year follow up. Results indicate WASI matrix reasoning follows an identical pattern to
WASI vocabulary.

Mean Stroop interference scores at all time points are significantly different from each
other, such that the mean of Stroop scores at T1 is significantly higher than T2, which is
significantly higher than T3. As would be expected, Stroop Interference performance improves at
each follow up, suggesting better interference control with development. On the other hand,
TMT b minus a score at T1 is significantly higher than T2 and T3 but mean scores at T2 and T3
do not differ significantly from each other. This result suggests TMT b minus a scores improve

at 3 year follow up and improvement remains stable at 6 year follow up.
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Parent-reported attention/impulse regulation. There is not a significant difference
between mean SWAN composite, inattention or impulsivity scores between any of the time
points. Regarding the hyperactivity subscale, there is a significant difference between at least
two time points, and the level of the IV accounts for approximately 2.7% of the variation in
scores. Hyperactivity scores at T1 are significantly different from hyperactivity scores at T2,
such that the mean of hyperactivity scores at T1 are significantly lower than T2. There is not,
however, any significant difference between mean hyperactivity scores at T1 and T3, nor

between mean hyperactivity scores at T2 and T3.

Associations Among Cognitive Abilities and Parent-Reported Attention/Impulse

Regulation

The linear relationship among all variables were examined. Product-moment correlations
among the variables are presented in Tables 3-5 at each time point.

T1. Participants ranged from 8-14 years of age. Bivariate correlations between WASI
vocabulary score were moderate and significant with each of the other cognitive ability indices.
Its strongest relationship was with the WASI matrix score, followed by Stroop interference score
and then TMT Part B minus part A time. WASI matrix score, on the other hand, was more
strongly associated with TMT Part B minus part A time than Stroop interference score at T1.
Higher scores on the vocabulary and matrix reasoning subtests were both associated with lower
Stroop and TMT scores (i.e., better inhibition and set-shifting, respectively).

Associations between SWAN scores and cognitive ability indices at T1 were all in the
expected direction and the strongest correlations (although small to modest) were with the
inattention subscale and composite score. Notably, WASI matrix reasoning was not significantly

associated with SWAN composite score, nor any of its subscales. At T1, the strongest significant
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relationship was between the SWAN and TMT part B minus part A time, followed by Stroop
interference score, and then WASI vocabulary.

As predicted, correlations among SWAN subscales (inattention, hyperactivity and
impulsivity) were significant and large at all time points (see Tables 3-5). Regarding individual

symptoms, hyperactivity and impulsivity were most strongly related.

Table 3
Correlations Among Variables at T1

1 2 3 4 5 6 7 8
1. WASI Vocabulary - 517 -45™ =37 197 15" 16" 18"
2. WASI Matrix - -.32™ -.39™ A3 A2 .09 A3
3. Stroop Interference - 37 =217 -8 -17 =217
4. TMTb-a - -30™  -.25™ -27 =307
5. SWAN Inattention - 76" 687 [.947]
6. SWAN Hyperactive - 827 [.927]

7. SWAN Impulsivity - [.857]
8. SWAN Composite -

Note. ** p < .01, * p < .05; square brackets indicate part-whole relationships.

Time 2. At second follow up, participants were 10-18 years of age. Generally, the pattern
of significant relationships among cognitive variables did not differ from T1 to T2. In terms of
strength of relationships, contrary to what was seen at T1, vocabulary raw score was more
strongly related to TMT performance than the Stroop, and the Stroop was more strongly related
to matrix reasoning than TMT performance. Regarding relationships among SWAN and
cognitive variables, the strongest relationships are still seen with the inattention subscale and
composite score. WASI matrix reasoning was significantly associated with the SWAN at T2,
whereas it was not at T1. Stroop interference score was no longer significantly associated with

the SWAN.
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Table 4
Correlations Among Variables at T2

1 2 3 4 5 6 7 8
1. WASI Vocabulary - 407 =347 -367 | .23" 20" 15 237
2. WASI Matrix - -37 -.33" 22" 16" 13 20"
3. Stroop Interference - 24" -.13 -.09 -.04 -11
4. TMTb-a - -28"  -.23" -.20" =27
5. SWAN Inattention - T7 727 [957]
6. SWAN Hyperactive - 817 [927]
7. SWAN Impulsivity - [.86™]
8. SWAN Composite -

Note. ** p < .01, * p <.05; square brackets indicate part-whole relationships.

Time 3. At T3, participants were 13-20 years old. All cognitive ability indices remained
significantly correlated with each other and presented in the expected directions. There no
difference in the strength of the relationship between vocabulary scores and the two EF
measures, however, matrix reasoning was more strongly related to the TMT than the Stroop.
Correlations between cognitive ability indices and the SWAN composite score were significant
and small to moderate. The inattention subscale appears to drive the relationship between the EF
tasks (Stroop and TMT) and the SWAN, as neither the hyperactivity nor impulsivity scales are

significantly related to EF tasks at T3.
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Table 5
Correlations Among Variables at T3

1 2 3 4 5 6 7 8
1. WASI Vocabulary - 36T -.18" -.18" 29™ 25 327 317
2. WASI Matrix - -.21° -.30™ 26" .26 28" 29"
3. Stroop Interference - 20" =237 -12 -.16 -.20"
4. TMTb-a - =34 -13 -.13 -.26™
5. SWAN Inattention - 747 677 [.947]
6. SWAN Hyperactive - 787 [917]

7. SWAN Impulsivity - [.847]
8. SWAN Composite -

Note. ** p <.01, * p <.05; square brackets indicate part-whole relationships.

Overall, correlations among cognitive abilities were modest and in the expected direction.
SWAN scores were highly correlated. Though bivariate correlations among cognitive ability
indices and SWAN scores were generally significant, these relationships were small. Regarding
SWAN composite score, the most consistent correlations were found with the TMT and WASI

vocabulary scores, followed by the Stroop and WASI Matrices.

Temporal Relationships Between Cognitive Abilities and Parent-Reported Attention/

Impulse Regulation

Next, cross-lagged panel models were estimated to examine the temporal association
between cognitive abilities and ratings of attention/impulse regulation, represented using the
SWAN composite score. Model A explores the relationship between SWAN composite scores
and WASI vocabulary raw scores at each time point. Models B, C and D were estimated using
WASI matrix reasoning raw scores, Stroop interference scores and TMT Part B minus Part A
scores at each time point, respectively. Model fit indices are presented in Table 6. Overall, the

models fit the data adequately with acceptable values of CFl and SRMR, however, the TLI and
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RMSEA are outside the values typically considered indicative of acceptable fit. Regression
coefficients and paths of cross-lagged panel models of cognitive ability indices and parent-

reported attention/ impulse regulation are shown in Figure 2.

Table 6
Fit of cross-lagged panel models
Model A Model B Model C Model D
(Vocabulary)  (Matrix) (Stroop) (TMT)
SRMR .05 .05 .07 .05
RMSEA 14 13 .16 12
CFI .95 .95 91 .94
TLI .85 .85 73 .83

Note. CFI Comparative Fit Index; TLI Tucker-Lewis Index; RMSEA Root Mean Square Error
of Approximation; SRMR Standardized Root Mean Square Residual

Model A. Parent-reported attention/ impulse regulation at T1 was a significant predictor
of parent-reported attention/ impulse regulation at T2 and ratings at T2 significantly predicted
ratings at T3. Parent-reported attention/ impulse regulation at T1 and T2 did not significantly
predict verbal ability at either follow-up time point. Similarly, verbal ability at T1 was a
significant predictor of verbal ability at T2, which in turn was a significant predictor of verbal
ability at T3 but did not significantly predict parent-reported attention/ impulse regulation at T2
and T3.

Model B. Parent-reported attention and hyperactivity/ impulsivity at T1 was a significant
predictor of parent-reported attention/ impulse regulation at T2 and ratings at T2 significantly
predicted ratings at T3. Parent-reported attention/impulse regulation at T1 also significantly
predicted non-verbal ability at T2, controlling for T1 non-verbal ability. Non-verbal ability at T1

was a significant predictor of non-verbal ability at T2 and non-verbal ability at T2 significantly
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predicted non-verbal ability at T3. Additionally, non-verbal ability at T2 was a significant
predictor of parent-reported attention/ impulse regulation at T3, controlling for T2 parent-
reported attention/ impulse regulation.

Model C. Parent-reported attention/ impulse regulation at T1 was a significant predictor
of parent-reported attention/ impulse regulation at T2 and ratings at T2 significantly predicted
ratings at T3. Parent-reported attention/ impulse regulation at T1 and T2 did not significantly
predict inhibition at either follow-up time point. Similarly, inhibition at T1 was a significant
predictor of inhibition at T2, which in turn was a significant predictor of inhibition at T3 but did
not significantly predict parent-reported attention/ impulse regulation at T2 and T3.

Model D. Parent-reported attention/ impulse regulation at T1 was a significant predictor
of parent-reported attention/ impulse regulation at T2 and ratings at T2 significantly predicted
ratings at T3. Parent-reported attention/ impulse regulation at T1 and T2 did not significantly
predict set-shifting at either follow-up time point. Similarly, set-shifting at T1 was a significant
predictor of set-shifting at T2, which in turn was a significant predictor of set-shifting at T3 but

did not significantly predict parent-reported attention/ impulse regulation at T2 and T3.

Figure 2. Cross-lagged panel models using cognitive abilities and parent-reported attention/
impulse regulation

Model A - Vocab and parent-reported attention/ impulse regulation
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Model B - Matrix Reasoning and parent-reported attention/ impulse regulation
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Model C — Trailmaking Part B minus Part A and parent-reported attention/ impulse regulation
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Model D - Stroop Interference time and parent-reported attention/ impulse regulation
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Note. Statistically significant paths are indicated using a solid black line, whereas paths that were
tested but were not significant are depicted using a dashed grey line. An alpha level of .05 was
used. ADHD refers to the SWAN Composite Score.

Table 7 reports the percentage of variance explained in each of the outcome variables
(i.e., T2 and T3 variables) in the four models. Models explain a moderate amount of variance in

EF indices at following time points, ranging from 20.2% to 34.6%. Moderate to large amounts of

variance in task performance at following time points are explained in the four models, ranging



from 34.2% to 45.8%. Finally, models explain moderate to large amount of variance in parent-

reported attention/ impulse regulation at T2 and T3, ranging from 46.2% to 50.1%.

Table 7
Percentage of variance explained at each time point by
the four models

Outcome Variable Variance
Explained (%)
Model A ADHD T2 46.6
Vocab T2 45.2
ADHD T3 47.5
Vocab T3 42.8
Model B ADHD T2 46.3
Matrices T2 34.2
ADHD T3 50.1
Matrices T3 45.8
Model C ADHD T2 47.5
TMT T2 34.6
ADHD T3 47.7
TMT T3 23.9
Model D ADHD T2 46.2
Stroop T2 20.2
ADHD T3 47.2
Stroop T3 30.0
Discussion

In the present study, developmental associations among cognitive abilities and parent-
reported attention/impulse regulation were examined longitudinally in a community sample of
children and youth spanning 8-20 years of age. The analysis included: 1) mean comparisons of
cognitive abilities (intelligence and EF tasks) and parent-reported attention/impulse regulation
across time points, 2) an examination of the correlations among cognitive abilities with parent-

reported attention/impulse regulation, and 3) an examination of the temporal relationship

37
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between cognitive abilities and parent-reported attention/impulse regulation. Based on the
analysis of variances, there was no significant change in attention or impulsivity over time in this
community sample. Hyperactivity displayed an inconsistent pattern, such that a there is a
significant decrease in parent-reported hyperactivity from T1 to T2 but not from T1 to T3.
Cognitive abilities, on the other hand, all improved over time. The correlational results displayed
small to modest relations among cognitive abilities and parent-reported attention/impulse
regulation. Last, in the cross-lagged panel models, each measure predicted itself at the following
time point in addition to SWAN composite scores at T1 predicting matrix reasoning performance
at T2, and matrix reasoning at T2 predicting SWAN composite scores at T3. No patterns
emerged when the EF tasks and WASI vocabulary were included alongside parent-reported

attention/impulse regulation.

Development of Cognitive Abilities and Parent-Reported Attention/Impulse Regulation

Overall, performance on cognitive ability tasks in our sample improved at each time
point, indicating better performance with increasing age. The cognitive ability tasks included
WASI vocabulary (an indicator of verbal ability), WASI matrices (an indicator of nonverbal
ability), Stroop Interference time (an index of inhibition ability) and TMT Part B minus Part A
(an index of set shifting ability). Verbal and nonverbal abilities improved from T1 to T2, and T2
to T3. This finding is in line with our understanding of verbal abilities which are a domain of
global intelligence and correspond to verbal skills, instruction, and knowledge acquired through
education (Skirbekk, 2004), and thus raw scores are expected to increase developmentally (Rizeq
et al., 2017; Tucker-Drob, 2009). Regarding the EF tasks, inhibition improved significantly at
each follow up, and set shifting improved significantly from T1 to T2 which is consistent with

the reported EF improvements in childhood and adolescence (Carlozzi, Tulsky, Kail, &
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Beaumont, 2013; Carlson, Zelazo, & Faja, 2013; Lehto et al., 2003; Tulsky et al., 2013; Zelazo et
al., 2013; Zelazo et al., 2004; Zelazo et al., 2003).

In general, parent-reported attention/impulse regulation did not change significantly
across time points. This apparent lack of developmental change is inconsistent with the body of
research in clinical samples that suggests an overall decrease in ADHD symptom severity,
particularly in the hyperactivity-impulsivity dimension (Biederman, Mick, & Faraone, 2000;
Evans et al., 2013). Though parent-reported hyperactivity scores did increase significantly (i.e.,
fewer symptoms of hyperactivity) from T1 to T2, the significant change did not persist at T3 and
the SWAN composite score did not show developmental change, which makes these results
somewhat surprising. Lack of significant change in the attention dimension is somewhat less
surprising. The results for inattention in the literature are less conclusive: some studies show a
reduction in attention over time (Biederman et al., 2000; Evans et al., 2013) while others have
reported these symptoms are relatively constant (Hart, Lahey, Loeber, Applegate, & Frick,
1995). In contrast, one recent study reported an increase in inattention from middle childhood to
adolescence (Larsson, Dilshad, Lichtenstein, & Barker, 2011). Similarly, community-based
studies also demonstrate a general decline of ADHD-like behaviours across age, with inattentive
behaviours persisting more than hyperactive/ impulsive behaviours (Doépfner et al., 2015;
Holbrook et al., 2016; Tsai, Chen, Lin, & Gau, 2017).

One possible explanation for the lack of change in parent-reported attention/impulse
regulation over time is that there was a ceiling effect on change in symptoms in this community
sample, such that participants’ attention and impulse regulation skills were relatively strong at
baseline and had little room to improve. However, this is unlikely in the current sample given the

wide range in baseline SWAN scores (29-121 of a possible 18-126 range). Alternatively, the use
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of the SWAN to measure developmental change may not be appropriate which is discussed

below.

Associations Among Cognitive Abilities

Cognitive ability indices were all significantly correlated with each other at each time
point. Correlations were all in the expected direction and small to moderate in size. Although
there is support for a three-factor EF task model originally proposed by Miyake et al. (2000),
including inhibition, set shifting and working memory, investigators have also noted substantial
overlap between EF tasks and intelligence, particularly when they are measured alongside each
other (Arffa, 2007; Brydges, Fox, Reid, & Anderson, 2014; Jewsbury et al., 2016; Salthouse,
Atkinson, & Berish, 2003). This finding is also consistent with previous work by Salthouse and
colleagues (Salthouse & Davis, 2006) where significant positive correlations were rated between
measures of nonverbal intelligence with EF measures across all age groups.

The modest relations between intelligence and the two EFs measured in this study may
initially seem surprising; however, much of the evidence for strong relationships between EFs
and intelligence comes from clinical and aging populations (Brydges et al., 2012; Salthouse et
al., 2003; Salthouse, Fristoe, McGuthry, & Hambrick, 1998). Indeed, the larger correlations seen
in lower functioning populations suggest that these abilities are less differentiated than in the
general population. Despite the strong connections between conceptual theories of intelligence
and EF constructs, the heterogeneity of the skills required for both and the diversity of the
performance-based tasks have maintained the debate over the exact aspects of EF that are
actually measured by intelligence tests (Ardila et al., 2000; Friedman et al., 2006). Although the
current data do not speak directly to the associations between EFs and intelligence in clinical or

lower functioning populations, it is possible that areas relevant to aspects of intelligence and EF



41

have been impacted, which is driving the stronger associations between the two in this literature.
That is, that the injury or etiology leading to lower functioning itself, might explain the stronger
associations and less differentiation of these abilities. It follows that greater differentiation (i.e.,

weaker associations) might be seen in a community sample.

Associations of Cognitive Abilities with Parent-Reported Attention/Impulse Regulation

Contrary to what was hypothesized, the cognitive measures were not all significantly
related to SWAN parent ratings at each time point and where correlations were significant, they
were generally small. Associations between WASI measures (Vocabulary and Matrix
Reasoning) and SWAN scores had greater consistency across time than those between the EF
tasks and SWAN scores. The strength of the relationship between WASI measures and SWAN
scores were positive, inconsistently significant and small. Regarding the EF tasks, inhibition
(Stroop interference score) was negatively related to the SWAN parent ratings, such that better
attention and impulse regulation was associated with lower interference scores (i.e., better
inhibition). Set-shifting (TMT Part B minus Part A) was negatively and significantly correlated
with the SWAN at all three time points. Though in the expected direction, these small and
inconsistent correlations are somewhat surprising, given that the relationship between EF and
ADHD ratings are well established in the clinical literature. Numerous studies have shown that
ADHD symptoms are moderately to highly correlated with and predictive of EF deficits
(Pievsky & McGrath, 2018; Silverstein et al., 2018; Willcutt et al., 2005). Yet, our finding is
consistent with the variable and modest correlations reported between performance-based and
rating measures of executive function. Although the SWAN measures parent-reported attention/
impulse regulation, it shares many features with parent reports of executive function, such as the

Brief Rating Inventory for Executive Function (BRIEF; Gioia, Isquith, Guy, & Kenworth, 2013).
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A review revealed only 24% of relevant correlations reported across studies included were
statistically significant, and the overall median correlation was .19, which is modest at best
(Toplak et al., 2013). EF performance is considered in many theoretical models to be a core
component of ADHD (Barkley, 1997; Nigg, 2000, 2001; Pennington & Ozonoff, 1996) and this
relationship has been shown to be modest in ADHD samples where there is somewhat restricted
range in ADHD symptoms. Here, we test the relationship with a much broader range of ADHD-
related symptoms in a community sample. The range in ADHD symptoms was substantial
(SWAN composite score ranged from 29- 121) and still, the relationship is small to modest. It
was expected that the correlation between cognitive abilities and SWAN ratings would have
been higher in our current community sample, and several explanations should be considered for
these small, modest associations.

One explanation for the small to moderate correlations between cognitive abilities and
SWAN ratings is that cognitive abilities displayed developmental change, but SWAN parent
ratings did not display change with developmental level. There are several methodological
challenges to measuring age-related change in SWAN ratings across development. This dilemma
is addressed in various ways by common behavioural rating scales. The Behavior Assessment
System for Children (BASC; Reynolds & Kamphaus, 1992), for example, uses multiple forms
(i.e., child and adolescent forms) rather than a single form to provide developmentally-sensitive
indicators of psychopathology. Yet, the use of age-appropriate test forms may preclude a robust
estimation of developmental effects due to differences in items on the forms. In their comparison
of the child and adolescent parent forms of the BASC, Barbot and colleagues note that it fails to

achieve a minimal level of measurement invariance (i.e., that the same construct is being



43

measured across groups) needed for the investigation of developmental change (Barbot, Hein,
Luthar, & Grigorenko, 2014).

Instead, some scales such as the Conners Comprehensive Behaviour Rating Scales
(CBRS; Conners, 2008) and the ADHD Rating Scale-5 for Children and Adolescents (DuPaul,
Power, Anastopoulos, & Reid, 2016), use one form for school-aged youth but provide norms
based on age to address developmental changes. With respect to the CBRS, age of the youth was
found to affect the majority of the scales, though the size of the significant effects were small
(Conners, 2008). Notably, parents rated younger youth as having significantly more problems
than older youth on the Hyperactivity/ Impulsivity scale (Conners, 2008). Similarly, the ADHD
Rating Scale-5 for Children and Adolescents manual reports significant main effects of age, such
that the youngest children (ages 5-7) received higher parent-reported scores than children in the
oldest age group (ages 14-17) on total ADHD score, and children in the oldest age group were
rated significantly lower than children in the two youngest groups (ages 5-10) on Hyperactivity/
Impulsivity (DuPaul et al., 2016).

There is also some evidence of age effects on non-normed behaviour rating scales, such
as the Strengths and Difficulties Questionnaire (SDQ) and the Swanson, Nolan, and Pelham, IV
(SNAP-IV; Swanson et al., 2001). Regarding the SDQ, diverse normative data and psychometric
studies have reported a similar descending tendency of parent ratings with age, particularly with
respect to hyperactivity and inattention (Du, Kou, & Coghill, 2008; Matsuishi et al., 2008;
Mellor, 2005; Moriwaki & Kamio, 2014; van Widenfelt, Goedhart, Treffers, & Goodman, 2003;
Woerner, Becker, & Rothenberger, 2004), although no age effect was found in community
samples in Holland (Muris, Meesters, & van den Berg, 2003) or Hong Kong (Lai et al., 2010) or

in an epidemiological sample in the United Kingdom (Copeland et al., 2013). Less normative
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data are available for the SNAP-IV, however, estimates from a longitudinal study examining
psychometric properties of the MTA version of the SNAP-1V showed a small effect size for
parent inattention ratings comparing 8- to 10-year-olds and 5- to 7-year-olds with 11-year-olds,
with higher ratings for the oldest group (Bussing et al., 2008).

The SWAN does not have normative data available and to the best of our knowledge, no
research has been done specifically investigating age effects for this scale. One study comparing
the SWAN to another ADHD rating scale notes age-related differences, whereby younger
children were rated as more impaired on the SWAN than older ones (Hay et al., 2007). This
holds important methodological significance as parents are asked to report their child’s
behaviour relative to other children of the same age, but there is no developmental reference
point. When parents rate how well their child can sustain attention, they may say “above
average” when the child is eight, but also indicate the same rating at age ten. Based on normative
data from other behavioural rating scales, developmental change is expected. Indeed, it is unclear
if we can reliably measure any developmental change with such a scale, especially when the
scale is given at a different period of development and different context. There is an important
measurement issue here that may prevent researchers from measuring the association between
cognitive ability and temperamental (i.e., behavior rating) aspects of self-regulation. It is thus
important to consider whether the relationships (or lack thereof) between parent-reported
attention/impulse regulation and cognitive variables in this study was influenced by the way in

which the former construct was measured.

Directional Influences of Cognitive Abilities and Parent-Reported Attention/Impulse

Regulation Over Time



45

The final analysis in this study tested the temporal association between cognitive
abilities and ratings of attention/impulse regulation. It is reported here that each cognitive ability
index significantly predicted itself at the following time point, and parent-reported
attention/impulse regulation predicted the same ratings at the following time point as well. While
no patterns emerged in the WASI vocabulary, Stroop Interference or TMT part B minus part A
models, the WASI matrix reasoning model showed a unique pattern. Parent-reported
attention/impulse regulation at T1 also significantly predicted non-verbal ability at T2,
controlling for T1 non-verbal ability. Additionally, non-verbal ability at T2 was a significant
predictor of parent-reported attention/impulse regulation at T3, controlling for T2 parent-
reported attention/impulse regulation.

Considering this finding, non-verbal ability in late childhood can be accounted for, in
part, by attention/impulse regulation earlier in development. Non-verbal ability in late childhood,
in turn, contributes to the development of controlling attention, behaviour, and impulses in
adolescence. The amount of variance explained in this model was relatively large, 34.2-50.1%,
which suggests that the given predictors account for considerable amount of the variance in the
given outcome. These results represent conservative estimates of the respective linear
relationship as they control for the outcome measure at the previous time point. Of course, other
cognitive indices or other processes which are not included in the model, may also have
important effects on these relationships across development and fit-indices caution against
drawing definitive conclusions.

One speculation for these results is that there is a transactional relationship between
behavioural regulation and tasks involving relational reasoning, a component of fluid reasoning

(Ferrer, O'Hare, & Bunge, 2009). Fluid reasoning, broadly, is the ability to manipulate stimuli to
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reason, plan, and problem solve using attentional, inhibition, working memory, and cognitive
perceptual skills (Cho et al., 2010; Morrison et al., 2004; Waltz et al., 1999). The fact that
attention and inhibitory control play an important role in successful fluid reasoning and that these
are areas of deficit in ADHD (Nigg, Blaskey, Huang-Pollock, & Rappley, 2002; Nigg, Blaskey,
Stawicki, & Sachek, 2004; Willcutt et al., 2005), suggests that we might anticipate behavioral
differences in individuals with higher parent-reported attention/ impulse regulation on tasks
assessing fluid reasoning. However, replication is necessary to fully understand the directional

influences between these constructs and infer causality.

Summary of Conclusions and Implications

The converging results of the analyses suggest that many cognitive abilities (including
intelligence and EFs) show developmental effects, but parent ratings of attention/impulse
regulation on the SWAN do not. Most explanatory models for ADHD have focused on EF
deficits (Willcutt et al., 2005), which have led to understanding EF as critical to the
developmental improvement in attention/impulse regulation. Nevertheless, the numerous
inconsistencies in the literature and the lack of developmental change in our study raise
important questions about our conceptualization of and how we attempt to measure the interface
between cognitive performance and ADHD-related behaviours. Halperin and Schulz (2006)
proposed an alternative theory regarding the relationship between EF and ADHD symptoms:
perhaps EFs are minimally involved in the early emergence of inattention, impulsivity, and
hyperactivity, but are actually able to moderate these behaviours. This hypothesis posits that
ADHD is primarily a noncortical disorder arising from basal ganglia and cerebellum dysfunction
that persists across the lifespan, even in individuals who experience symptom resolution. Rather,

prefrontal neurocognitive mechanisms (i.e., EF) can moderate the expression of poor self-
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regulation behaviours. Halperin and Schulz’s model predicts that subcortical processes, such as
processing speed, will remain impaired even in individuals who no longer meet the symptom
criteria of ADHD and are thus a core feature of ADHD. This model also predicts that the
children who show the greatest neurocognitive improvement, particularly on tasks reliant on the
prefrontal cortex (e.g., high-level mental effort/executive function tasks), will also show the
greatest reduction in ADHD symptomatology over time.

Cross-sectional studies comparing the executive performance of children who continue to
meet criteria for ADHD (i.e., persisters) and those who no longer meet criteria for ADHD (i.e.,
partial or complete remitters) suggest that persisters have greater deficits across several executive
domains, including attentional control (Barkley, Fischer, Smallish, & Fletcher, 2002; Bédard et
al., 2010), set shifting (Halperin et al., 2008; Murray et al., 2017; Robinson & Tripp, 2013), goal
setting and information processing (Murray et al., 2017; Robinson & Tripp, 2013). In their
recent systematic review of the literature however, van Lieshout and colleagues (2013)
concluded that neither higher nor lower neurocognitive functions reliably differentiate persistent
from remitting ADHD, with both groups showing poorer performance than controls (Van
Lieshout et al., 2013). The finding that ADHD symptom remission was not predicted by
neurocognitive functioning was thus interpreted as evidence against Halperin and Schulz’s
model.

These results provide insight into the relationships and underlying cognitive processes
among some of the most utilized measures of cognitive ability as well as parent-reported
attention/impulse regulation (Miyake & Friedman, 2012). Consistent with previous research and
theory, cognitive indices of intelligence and EF tasks showed developmental improvements

(Cattell, 1963; Deary, Whalley, Lemmon, Crawford, & Starr, 2000; Jurado & Rosselli, 2007,
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Salthouse & Davis, 2006). Across all analyses conducted, results did not suggest a strong or
predictive relationship between cognitive abilities (particularly EF) and parent-reported attention
and hyperactivity/impulsivity. This is in line with the discordant results in the literature between
parent-report and experimental measures of executive function (Toplak et al., 2013). These
findings, however, are not consistent with long-standing research that suggests attention
problems during childhood may predict executive dysfunction later in development (Friedman et
al., 2007; Miller, Nevado-Montenegro, & Hinshaw, 2012). Unique among these relationships
was that of nonverbal ability and reported attention and hyperactivity/ impulsivity. Over the
course of development, it appears that these constructs may be importantly related and predictive
of each other at different stages.

The use of a community sample uniquely allowed for the exploration of the relation
between cognitive abilities and parent-reported attention/impulse regulation using the full range
of symptoms, and avoided referral-bias which is known to confound studies with clinical
samples. Moreover, this is in line with the conceptualization of attention and
hyperactivity/impulsivity problems in ADHD as a continuum (see: Levy, Hay, McStephen,
Wood, & Waldman, 1997; Lubke, Hudziak, Derks, van Bijsterveldt, & Boomsma, 2009) rather
than a discrete category. Indeed, the characterization of ADHD symptoms in the community is
an important public health activity as studies of typically developing children can give us
valuable information about cognitive functioning in clinical groups. A strength of this study is its
methodological contribution to both the developmental and clinical literatures. As convergent
measures of SR, the small and variable relationships between cognitive abilities and parent-
reported attention/impulse regulation raise important questions about the reliability and validity

of these measures, particularly the developmental sensitivity of the SWAN ratings.
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Understanding these different indicators of SR may also inform the development of early
prevention and targeted treatment strategies, inform educators on what to expect within the
classroom, as well as efforts to educate parents on what to expect from their child’s development

of regulation over time, especially in at-risk and ADHD populations.

Future Directions and Limitations

The unique findings and important methodological implications of this study are
discussed in light of certain limitations. This study focused on two robust indicators of
intelligence (nonverbal and verbal ability) and two of three defining EF processes as identified
by Miyake and colleagues (2000), however, it is important to replicate the results with a larger
set of measures. Although four common and representative measures of cognitive abilities were
used, there are many more cognitive ability measures utilized in clinical and research settings
that might reflect different dimensions and processes than the ones used in the current analyses.
This study also used one measure of parent-reported attention and hyperactivity/ impulsivity,
which may lack developmental sensitivity. Future studies should implement a multi-informant
assessment of cognitive and behavioural regulation for a more reliable and valid representation
of these constructs.

In conclusions, results obtained from the analyses conducted in this study supported the
developmental nature of cognitive abilities in younger populations, and highlighted the
challenges associated with measuring the relations among cognitive abilities and behavioural
regulation. The current study’s lack of developmental differences in ratings of attention and
hyperactivity and impulsivity and the inconsistent findings regarding EF and ADHD symptoms
in the literature more broadly draw in to question our ability to adequately capture the

developmental relationship between behavioural and cognitive aspects of SR with these
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measures. Moreover, it has further emphasized the importance of considering development when
interpreting neuropsychological processes and their association with parent-reported

attention/impulse regulation.
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Appendix

Data Analysis: Growth Curve Trajectory Models of SWAN data

All models were estimated using full-information maximum-likelihood; this procedure
allows data from participants with incomplete data (including longitudinal dropouts) to be
incorporated in the model estimation (see (Bollen & Curran, 2006), which is essential given that
we organized the data according to the age categories described above. All models were
estimated using Mplus (version 7.3). For the SEMs, overall model fit was assessed using the
indices described earlier.

Because there was considerable age heterogeneity within each time point, we modeled
developmental trajectories of cognitive abilities and parent-reported attention and impulsivity as
a function of age rather than time point of data collection (i.e., the data are consistent with a
cohort-sequential design; (Nesselroade & Baltes, 1979). Specifically, because participant ages
ranged from 8 years to 20 years across T1 to T3, a long-term developmental trajectory could be
approximated by combining the temporally overlapping repeated measures of youth observed at
different ages. Thus, with only three time points of data collection, the age-based data were
linked to form a common developmental trajectory spanning ages 8 to 20, albeit with substantial
amounts of missing data within a given year of age. In fact, the sparseness of data at some ages
necessitated collapsing age into the following six categories to facilitate convergence of model
estimation: age 8-9 (age category 1; n = 90 observations; 49 males, 41 females), 10-11 (age
category 2; n = 89 observations; 55 males; 34 females), 12-13 (age category 3; n =112
observations; 57 males, 55 females), 14-15 (age category 4; n = 107 observations; 59 males; 48
females), 16-17 (age category 5; n = 60 observations; 36 males, 24 females), and 18-20 (age

category 6; n = 28 observations; 13 males, 15 females).
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Results: Developmental Trajectories

Parent-reported attention/ impulse regulation. The mean score of the SWAN composite
variable from the SWAN displayed a linear trend across the six age categories, such that the
means increased from age 8-9 up to age 18-20. Impulsivity, Hyperactivity and Inattention
subscales exhibited a similar trend. As such, linear growth curve models were fitted to the data.

The linear growth curve model for SWAN composite score is shown in Figure 3. The
mean slope was significantly greater than 0 (0.81, p =.04), while the variance of the slope factor
was not significant (4.29, p = .45). These results suggest that, consistent with the existing
literature, parent-reported attention/impulse regulation general improve as children get older.
However, there are not substantial individual differences in the amount that SWAN composite
score scores change across age. Given the lack of variance in slope, it is not possible to examine

whether factors such as cognitive abilities play a role in affecting the rate of change.

Figure 3.
Developmental trajectory of SWAN composite score
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Linear growth curve models of SWAN subscales are presented in Figure 4. The mean
slopes were significantly greater than 0 for both impulsivity (0.16, SE = 0.08, p = .05) and
hyperactivity (0.35, SE = .15, p =.02) subscales, but not inattention (0.31, SE = 0.23, p = .17).

Like the SWAN composite, the variance of the slope factor is not significant for impulsivity
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(0.28, SE = .19, p = .14), hyperactivity (0.03, SE = 0.75, p = 0.96) or inattention (1.66, SE = 1.89,
p = 0.38) subscales. Consistent with our current understanding of the trajectory of ADHD
symptoms in children with ADHD, in this sample impulsivity and hyperactivity improved with
age, whereas inattention did not change in meaningful way. Like the SWAN composite, the
model suggests that there is essentially no intra-individual heterogeneity in the amount that each

of the subscale scores change across age.

Figure 4.
Developmental trajectories of SWAN subscale scores
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