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RESEARCH HIGHLIGHTS

Behavioral ratings of executive function and effortful control measured the same self-
regulation construct in children aged 11 and 12 years

Cognitive tasks assessing working memory capacity, response inhibition, and general
intelligencedmeasured a common execution attention factor

The executiverattention factor explained 30% of the variance in self-regulation as measured
by behavioral ratings of executive function and effortful control

Task-based.cognitive assessment failed to explain statistically significant additional variance
in attention deficit hyperactivity disorder problems to that accounted for by behavioral ratings

of self-regulation

ABSTRACT
Executive Function (EF) and Effortful Control (EC) have traditionally been viewed as
distinct constructs related to cognition and temperament during development. More recently,
EF and EC have both been implicated in top-down self-regulation - the goal-directed control

of cognition, emotion, and behavior. We propose that executive attention, a limited-capacity
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attentional resource subserving goal-directed cognition and behavior, is the common
cognitive mechanism underlying the self-regulatory capacities captured by EF and EC. We
addressed three related questions: 1) Do behavioral ratings of EF and EC represent the same
self-regulation construct? 2) Is this self-regulation construct explained by a common
executiverattention factor as measured by performance on cognitive tasks? and 3) Does the
executive attention factor explain additional variance in attention deficit hyperactivity
disorder (ADHD) problems to behavioral ratings of self-regulation? Measures of performance
on complexsmemory span, general intelligence, and response inhibition tasks were obtained
from 136 preadoelescent children (M = 11 years, 10 months, SD = 8 months), along with self-
and parent-reported EC, and parent-reported EF, and ADHD problems. Results from
structural equation modeling demonstrated that behavioral ratings of EF and EC measured the
same self-regulation construct. Cognitive tasks measured a common executive attention
factor that significantly explained 30% of the variance in behavioral ratings of self-
regulation. Executive attention failed to significantly explain additional variance in ADHD
problems beyond that explained by behavioral ratings of self-regulation. These findings raise
questions abeut:the utility of task-based cognitive measures in research and clinical

assessment'of self-regulation and psychopathology in developmental samples.

Keywords: executive function; effortful control; executive attention; self-regulation; ADHD;

developmental psychopathology.

Executive Function (EF) and Effortful Control (EC) are constructs related to top-
down self-regulation in children and adolescents - the ability to control cognition, emotion,
and behavior.in a‘goal-directed manner (Nigg, 2017; Zhou, Chen, & Main, 2012). EF is an
umbrella tefm encompassing a range of cognitive processes involved in goal-directed,
context-appropriate behavior, particularly in conditions characterized by novelty and
interference from distracting information (Banich, 2009; Diamond, 2013). EC is a dimension
of temperament related to individual differences in children’s and adolescents’ ability to
control their attention and behavior (Derryberry & Rothbart, 1988; Rothbart & Gartstein,
2008). Soeme researchers have contended that EF and EC are overlapping constructs
(Bridgett, Oddi, Laake, Murdock, & Bachmann, 2013; Holzman & Bridgett, 2017; Nigg,
2017; Zhou et al., 2012). Others have argued they are conceptually and empirically distinct
and are differentially related to developmental psychopathology, such as attention deficit

hyperactivity disorder (ADHD) (Eisenberg, 2017; Samyn, Roeyers, Bijttebier, Rosseel, &
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Wiersema, 2015). Here, we propose that executive attention - a limited-capacity attentional
resource subserving the goal-directed control of cognition and behavior - is the common
cognitive mechanism underlying EF and EC and can explain their conceptual and empirical

overlap.

1.1 ExecutiverAttention and the Attention Networks Model

Resgarchon developmental self-regulation has been strongly influenced by the
attention'nétworks model (Posner & Petersen, 1990; Rueda, Posner, & Rothbart, 2011).
Within thissmoedel; attention is conceptualized as several interrelated and mutually supportive
processes subserved by neuroanatomically distinct functional networks (Petersen & Posner,
2012; Rueda, Pozuelos, & Combita, 2015). Among these, the ‘executive control of attention’
(also ‘executive control’ or ‘executive attention’) network is specialized for detecting and
resolving conflict between competing processes (Fan, Raz, & Posner, 2003; Petersen &
Posner, 2012)=The executive attention network is particularly relevant to the goal-directed
control of attention and behavior in contexts of novelty and interference (Petersen & Posner,
2012; Posner & Rothbart, 2009). For this reason, the executive attention network has been
implicated as the neurobiological basis of top-down self-regulation and argued to play an
important role in self-regulation during development (Rothbart, Sheese, & Posner, 2007;
Rueda, Posner;"& Rothbart, 2005).

According to Posner and colleagues, individual differences in the efficiency of the
executive attention network can be measured using stimulus-response compatibility tasks,
such as the Stroop, Eriksen flanker (‘flanker’), and Simon tasks, and the attention networks
test (Fan, McCandliss, Sommer, Raz, & Posner, 2002; Petersen & Posner, 2012; Simonds,
Kieras, Rueda, & Rothbart, 2007). Stimulus-response compatibility tasks consist of two main
conditions: 1) congruent (or compatible), in which there is a correspondence between task-
relevant and task-irrelevant stimuli and response elements; and 2) incongruent (or
incompatible)yimwhich there is conflict between task-relevant stimuli and task-irrelevant
distractors thatsprime an automatic, but incorrect, response (Eriksen, 1995; Kornblum,
Hasbroucgs& Osman, 1990; Lu & Proctor, 1995; MacLeod, 1991). The mean reaction time
difference between incongruent and congruent trials has been called the ‘interference effect’,
‘conflict effect’, or ‘conflict score’. It is used as an index of the efficiency of the executive
attention network in resolving conflict between competing stimuli and response alternatives
during task performance on incongruent trials (Rueda et al., 2011; Rueda et al., 2015). From

the perspective of the attention networks model, executive attention therefore refers to the
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ability to detect and resolve conflict (Petersen & Posner, 2012; Posner & Rothbart, 2009). An
implicit assumption of unidimensionality is revealed by the use of a single interference effect

obtained from stimulus-response compatibility tasks as a measure of executive attention

(Posner et al., 2002; Rueda et al., 2015).

1.2 Effortful:€Control Reflects Efficiency of the Executive Attention Network

Effortful Control (EC) represents the self-regulatory aspect of temperament identified
in the psychobiological model first proposed by Rothbart and Derryberry (1981) (Rothbart &
Bates, 20065 Rothbart & Gartstein, 2008). It reflects a range of self-regulatory capacities that
are seen to first emerge in early infancy and demonstrate rapid development throughout
childhood and adolescence, reflecting maturation of the neural networks underlying the
voluntary control'of attention and behaviour (Rothbart, Ellis, Rueda, & Posner, 2003;
Rothbart &"Gartstein, 2008; Rueda et al., 2005). In the psychobiological model of
temperamentyEC 1s defined as “...the efficiency of executive attention — including the ability
to inhibit a/dominant response and/or activate a subdominant response, to plan, and to detect
errors.” (Rothbart & Bates, 2006, p.129). Temperament researchers therefore equate EC with
individual differences in the efficiency with which executive attention supports self-
regulation (Rueda et al., 2011). Thus, the interference effect on stimulus-response
compatibility tasks has been used as a measure of EC in developmental samples (Rueda,

Posner, & Rothbart, 2004; Simonds et al., 2007).

1.3 Executive Attention as Working Memory Capacity

Executive attention is also conceptualized and measured with respect to working
memory capacity (WMC) (Engle, 2002; Kane, Bleckley, Conway, & Engle, 2001).WMC is
situated withinsbreader theoretical models of working memory, a limited capacity cognitive
system that functions to maintain and manipulate information over brief periods of time
(Baddeleyy 2042). In the multi-component model, originally described by Baddeley and Hitch
(1974), the “Central Executive’ is a domain-general attentional resource that regulates the
function and contents of two modality-specific temporary storage systems subserving
auditory-verbal and visuospatial short-term memory (Baddeley, 2003, 2012). WMC largely
corresponds withithe Central Executive as conceptualized in the multi-component model of
working memory (Hofmann, Friese, Schmeichel, & Baddeley, 2011; Repovs & Baddeley,
2006). Studies suggest that this ‘executive’ or ‘attention control’ component of working

memory accounts for a large proportion of the variance in WMC, with residual variance

This article is protected by copyright. All rights reserved



Running head: Executive attention and self-regulation 7

attributable to individual differences in short-term storage capacity and the efficiency of
secondary retrieval mechanisms (Shipstead, Lindsey, Marshall, & Engle, 2014; Unsworth &
Spillers, 2010).

WMC is often assessed using complex span tasks, which measure retention of a series
of presented.tems interleaved with a distracting secondary processing task (Conway et al.,
2005). According to the executive attention perspective of WMC developed by Kane, Engle
and colléagues; goal-relevant information is actively maintained through mechanisms of
executive attention, which keep the contents of working memory in a readily accessible state
and protects it from interference and temporal decay (Kane, Conway, Hambrick, & Engle,
2007). The ability to actively maintain goal-relevant information, such as stimulus-response
associations.and task rules, is believed to enable individuals to override automatic processing
and engage‘in‘goal-directed cognition and behavior (Engle, 2002; Kane & Engle, 2002). For
this reason,WMC has been implicated as an important mechanism in top-down self-
regulation (Hofmann et al., 2011; Ilkowska & Engle, 2010). Studies in children and adults
have demonstrated that individuals with higher WMC are better able to delay gratification, as
well as more effectively regulate the experience and expression of emotion (Hofmann,
Gschwendner, Friese, Wiers, & Schmitt, 2008; Schmeichel, Volokhov, & Demaree, 2008;
Yu, Kam, & Lee;2016).

1.4 Executive Attention is the Goal Maintenance Mechanism Underlying Common EF
in the Unity/Diversity Model

In the developmental literature, executive functions (EF) have been described as a
family of distinct, but functionally-related, goal-directed control mechanisms that act to
initiate, maintaingand coordinate lower-lever cognitive processes (Diamond, 2013; Nigg,
2017). Workingmemory and response inhibition are two key cognitive processes commonly
subsumedmunderthe EF rubric and represented across different theories and models
(Diamond, 2013; Nigg, 2017). Shifting between alternative stimulus-response associations
and/or attentional sets (also ‘task-set switching’ or ‘cognitive flexibility’) is another core EF
that is later=developing and partially dependent upon inhibition and working memory (Best &
Miller, 2010; Diamond, 2013). Together, these ‘first-order’ EFs are believed to support more
complex ‘second-order’ EFs, such as planning, organization, problem solving, reasoning, and

decision-making (Best & Miller, 2010; Diamond, 2013).
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One of the more prominent accounts of EF in the literature is the Unity/Diversity
model of Miyake and colleagues (Miyake et al., 2000). The model includes three first-order
EFs measured at the level of latent variables using structural equation modeling: 1) shifting
between tasks or mental sets (‘Shifting’); 2) updating and monitoring of working memory
representations(“‘Updating’); 3) inhibition of dominant or prepotent responses (‘Inhibiting’)
(Miyake et/al., 2000). When analyzed as a direct hierarchical factor model these EFs exhibit
both ‘unity” and “diversity’ (Miyake & Friedman, 2012). More specifically, the Shifting and
Updating factors are associated with distinct, ability-specific variance, but these three EFs
also exhibit strong empirical overlap captured by a general factor that completely subsumes
variance in'the Inhibiting factor (Friedman, Miyake, Robinson, & Hewitt, 2011; Friedman et
al., 2008). This general factor has been termed ‘Common EF’ and may reflect a shared
reliance of EFs on goal maintenance processes for top-down control (Miyake & Friedman,
2012).The proposed cognitive mechanisms underlying Common EF are strikingly similar to
the executive attention account of WMC (Kane et al., 2007). In fact, Friedman and Miyake
(2017) draw,strong parallels between the two, concluding that the same goal-maintenance
mechanismssundeflie Common EF and the executive attention component of WMC. Several
studies haveialready demonstrated a close empirical association between two key EFs,
Inhibiting (i.€. response inhibition) and Updating, and WMC (Schmiedek, Hildebrandt,
Lovdén, Wilhelm, & Lindenberger, 2009; Shipstead et al., 2014; Wilhelm, Hildebrandt, &
Oberauer, 2013).

1.5 Executive Attention: A Common Construct in the Attention Networks Model and
Executive Attention Account of WMC

Individual differences in the executive attention component of WMC are most
relevant in lcontexts of strong interference and automatic response tendencies, such as those
comprising stimulus-response compatibility and response inhibition tasks (Kane et al., 2001;
Kane & Engle, 2002). Consistent with this perspective, higher WMC predicts lower
interference effects on tasks used to measure executive attention and EC within the attention
networks modelgincluding the attention networks test, Stroop, and flanker tasks (Heitz &
Engle, 2007; Kane & Engle, 2003; Redick & Engle, 2006). WMC is associated with better
selective visual attention, facilitating the ability to focus on task-relevant targets and filter out
task-irrelevant distracters (Awh, Jonides, & Reuter-Lorenz, 1998; Burnham, Sabia, &
Langan, 2014; Downing, 2000). Higher WMC also predicts better inhibitory control on

measures of response inhibition, including the stop signal, go/no-go, and anti-saccade tasks
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(Kane et al., 2001; Tiego, Testa, Bellgrove, Pantelis, & Whittle, 2018; Unsworth, Schrock, &
Engle, 2004). Selective visual attention and response inhibition are abilities ascribed to
executive attention in the attention networks model, as well as being subsumed under EC,
suggesting strong convergence on a common cognitive construct (Eisenberg, Hofer, &

Vaughan2007;"Rueda et al., 2005).

It has beent suggested that the executive attention component of WMC reflects a
domain general‘attentional resource for actively maintaining goal-relevant neural
representationsi(e:g., motivational context, task rules, stimulus—response associations, object
features / attribute) as an ‘attentional set’ or ‘attentional template’ that biases lower-level
perceptual, cognitive, and behavioral processes through top-down control (Corbetta &
Shulman, 2002; Desimone & Duncan, 1995; Kane & Engle, 2002). This theory provides a
parsimonious‘aécount of executive attention, as the mechanisms supporting goal-directed
cognition and*behavior in novel contexts and interference-rich environments, such as those
encountered during performance of stimulus-response compatibility and response inhibition
tasks, tests of EF, and general intelligence tasks (Brydges, Reid, Fox, & Anderson, 2012;
Engel de Abreu, Conway, & Gathercole, 2010; Kane & Engle, 2002; McCabe, Roediger,
McDaniel, Balota, & Hambrick, 2010). Posner, Rothbart and colleagues have further
acknowledged'that the executive component of WMC and executive attention within the

attentionsfietworks model are synonymous (Rueda et al., 2011).

Recent accounts posit dissociable mechanisms of maintenance and disengagement
comprising the executive attention construct (Engle, 2018; Shipstead, Harrison, & Engle,
2016). Researchers suggest these cognitive mechanisms account for the observed strong
associationssbetween measures of WMC and general intelligence (Burgoyne, Hambrick, &
Altmanng,2019; Engle, 2018). Psychometric g, a factor that captures shared variance in
performanceracross tests of general intelligence, is correlated at or near unity with WMC,
reflecting a common reliance on executive attention (Barbey et al., 2012; Brydges et al.,
2012; Conway, Kane, & Engle, 2003; Engel de Abreu et al., 2010; Jensen, 2002; Nisbett et
al., 2012)«Engle (2018) posits that complex span tasks primarily measure the capacity to
maintain information, whereas tests of general intelligence tap the ability to disengage from
previously encountered, but no longer relevant, information. However, tasks measuring
WMC and general intelligence are highly correlated because both require the controlled

engagement and disengagement of focal attention (Burgoyne et al., 2019; Engle, 2018;
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Shipstead et al., 2016). From this perspective, the executive attention construct reflects
cognitive mechanisms of maintenance and disengagement that function in combination to

focus attention on relevant information (Shipstead et al., 2016).

1.6 Performance;on Cognitive Tasks versus Behavioural Ratings as Measures of Self-
Regulation in'Relation to Developmental Psychopathology

Despite the apparent convergence of EF and EC (Holzman & Bridgett, 2017; Nigg,
2017; Zhou'etal:;2012), some theorists contend they are conceptually and empirically
distinct (Eisenberg, 2017; Samyn et al., 2015). Unfortunately, there is a paucity of empirical
studies that have directly tested the overlap between EC and EF (Bridgett et al., 2013; Lin,
Liew, & Perez, 2019; Samyn et al., 2015). Existing conceptual and empirical dissociations
between EE and EC, particularly as predictors of developmental psychopathology, may
reflect différences in measurement approach rather than fundamental differences between
these construets(Bridgett et al., 2013; Samyn et al., 2015; Toplak, West, & Stanovich, 2013).
EF has traditionally been measured using performance on cognitive tasks, whereas EC has
been largely measured using behavioral ratings based on parent- and self-report (Zhou et al.,
2012). However, EF in developmental samples is increasingly being assessed using
behavioral rating measures based on parent- and/or self-report, such as the Behavior Rating
Inventory of Executive Function (BRIEF) (Gioia, Isquith, Guy, & Kenworthy, 2000). The
BRIEF assesses EF using eight clinical scales: working memory, inhibit, shift, emotional
control, monitor, planning/organization, initiate, and organization of materials, that can be
summed to form.two index scores — the metacognition index and behavioral regulation index
(Gioia et al42000). Several of these self-regulatory capacities converge with those
incorporated'by-definitions of EC, including the ability to focus and ‘shift’ attention, ‘inhibit’
dominant responses, ‘plan’, detect errors (i.e. monitor), and modulate emotional responses
(i.e. emotional control) (Eisenberg et al., 2007; Rothbart & Bates, 2006). These self-
regulatory abilities are also assessed using questionnaires designed to measure EC (Putnam,

Ellis, & Rothbart, 2001).

Conversely, EC has been increasingly measured using performance on cognitive
tasks. The Stroopyflanker, Simon, stop signal, and go/no-go tasks, have been used
interchangeably as measures of EC, EF, and executive attention (Allan & Lonigan, 2011;
Banich, 2009; Diamond, 2013; Fan, Flombaum, McCandliss, Thomas, & Posner, 2003; Fan
et al., 2002; Kochanska, Murray, & Harlan, 2000; Miyake & Friedman, 2012; Murray &
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Kochanska, 2002). EF and EC are thus likely closely associated constructs when both
measured using behavioral ratings or performance-based tasks (Bridgett, Oddi, Laake,
Murdock, & Bachmann, 2013; Lin et al., 2019). For example, Lin et al. (2019) found that EF
and EC could not be empirically differentiated using laboratory-based tasks in a sample of
244 childrenaged 4 — 6 years. This also suggests that commonality in behavioral ratings of
EF and ECfs explained by task-based cognitive measures of executive attention and that
these measurement approaches should converge on a common self-regulation construct
(Nigg, 2017; Zhou et al., 2012). However, performance on cognitive tasks has typically
exhibited weak to modest correlations with behavioral ratings of EF and EC (Rueda, Posner,
et al., 20045 Samyn et al., 2015; Simonds et al., 2007; Ten Eycke & Dewey, 2016; Toplak,
BucciarellifJain, & Tannock, 2008). A lack of convergence between task-based and self-
report measures s a problem encountered in the self-regulation research literature more
broadly and has been attributed to the poor psychometric properties of task-based measures,
as well as their inability to reliably measure individual differences (Enkavi et al., 2019;

Hedge, Powell, & Sumner, 2017).

Toplak et al. (2013) conducted a review of the EF research literature and concluded
that cognitive tasks and behavioral ratings measure different constructs (see also Ten Eycke
& Dewey, 2016);,Additionally, behavioral ratings of EF and EC are more strongly predictive
of developmental psychopathology, such as ADHD, than performance on cognitive tasks
(Muris, van der Pennen, Sigmond, & Mayer, 2008; Samyn et al., 2015; Toplak et al., 2008;
Toplak et al.;,2013). Toplak et al. (2013) suggested that cognitive tasks measure ‘optimal’
levels of performance in controlled conditions, whereas behavioral ratings are more
representativesof ‘typical’ performance in ecologically valid contexts, arguably more relevant
to everyday self-regulation and developmental psychopathology. From this perspective, it
was concluded that cognitive tasks and behavioral ratings of self-regulation explain unique
variance in symptoms of developmental psychopathology, particularly ADHD (Toplak et al.,
2013).

1.7 Limitations of Previous Studies

Conceptual and methodological limitations of previous studies may explain the poor
association between performance on cognitive tasks and behavioral rating measures of self-
regulation and developmental psychopathology. First, several of the scales on the BRIEF, the

most widely used behavioral rating measure of EF in developmental samples, have no
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parallel cognitive tasks, making empirical relationships between these two measurement
approaches less likely (Toplak et al., 2013). Confirmatory factor analysis (CFA) has indicated
that behavioral rating data obtained from the BRIEF coalesces around three higher-order
factors, metacognition, emotional regulation, and behavioral regulation, rather than reflecting
the eight elinical'scales or the metacognition index and behavioral regulation index (Egeland
& Fallmyr,2010; Fournet et al., 2015; Gioia, Isquith, Retzlaff, & Espy, 2002; Little et al.,
2017). Similarly, EC was originally believed to consist of three distinct, but interrelated,
abilities as measured by separate subscales: 1) Attentional Control - the ability to voluntarily
focus and shift attention, as well as disengage from alternative sources of attention using
cognitive distraction; 2) Inhibitory Control - the ability to inhibit contextually inappropriate
behavioral fesponses; and 3) Activation Control - the capacity to undertake an action when
there is a strong tendency to avoid it (Eisenberg, Smith, Sadovsky, & Spinrad, 2004; Putnam
et al., 2001). However, more recent work suggests these three abilities largely reflect a
‘Common EC’ construct, conceptually similar to the Common EF factor in the
Unity/Diversity model (Snyder, Gulley, et al., 2015). Parcelling item-level data by using
questionnairessubscale or total scores without regard to the underlying factor structure can
result in parameter bias and model misspecification (Bandalos, 2002; Marsh, Liidtke,
Nagengast, Morin, & Von Davier, 2013). This may explain weaker than expected
convergence between these constructs in previous studies, which have not taken into account
the latent structure of behavioral ratings of EF and EC using analysis of behavioural ratings at

an item-level (e.g. Bridgett et al., 2013).

Second, the cognitive tasks used to measure EF and executive attention are often
characterizedsby‘poor reliability, which constrains the strength of the empirical associations
that can be/measured with other variables (Ghiselli, Campbell, & Zedeck, 1981; Hedge et al.,
2017). Third, EF tasks are affected by task impurity: individual differences in task
performance combines variance from multiple sources beyond the function of interest,
including non-target cognitive processes, task-specific variance, and measurement error
(Enkavi et al., 2049; Snyder, Miyake, & Hankin, 2015). Fourth, executive attention has been
narrowly defined in the developmental literature (Diamond, 2013) and measured using single
tasks in previous studies (e.g. Rueda et al., 2004; Simonds et al., 2007), resulting in poor
construct representation (Strauss & Smith, 2009). Further, ADHD symptoms and other
measures of developmental psychopathology are often obtained through parent-report. The

stronger relationship between measures of developmental psychopathology and behavioral
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ratings compared to performance on cognitive tasks may be attributable to common method
variance and informant bias (Bridgett et al., 2013; Podsakoff, MacKenzie, & Podsakoff,
2012; Toplak et al., 2013). Given these obstacles, identifying statistically significant and
meaningful associations between performance on cognitive tasks and behavioral ratings of
EF, EC, and"developmental psychopathology is challenging (Anderson, Anderson, Northam,
Jacobs, & Mikiewicz, 2002; Mahone et al., 2002; Toplak et al., 2008).

1.8 Current'Study

Wemimed'to investigate the relationships between behavioural ratings of EF and EC,
performance on cognitive task measures of executive attention, and problems associated with
developmental psychopathology. We addressed several limitations of previous studies. First,
we used CFEA to model the optimal latent structure of the BRIEF and EATQ-R to obtain a
more accurate'estimate of their empirical association. Second, we included both parent- and
self-reported*EC€to account for informant bias in estimating the relationship between
behavioral ratings of EC, EF, and developmental psychopathology. Third, we used multiple
cognitive tasks, including tests of WMC, response inhibition, and general intelligence, in
combination with structural equation modeling (SEM) to measure a common executive
attention factor. Use of these multiple measures enabled us to capture a range of cognitive
processes ascribed to the executive attention construct, including maintenance, attentional
disengagement,.and voluntary control of behavior (Kane et al., 2001; Kane & Engle, 2002;
Shipstead et al., 2016). Fourth, we used SEM to examine the inter-relationships between
executive attention, behavioral ratings of EF and EC, and parent-reported ADHD problems.
Using SEMsallowed us to obtain less biased estimates of the hypothesised empirical
relationshipsibetween executive attention, EF, EC, and ADHD problems by reducing the
effect of measurement error and by modeling the optimal latent structure of the constructs of

interest.

ADHD is'a neurodevelopmental disorder characterized by at least two, major
symptom dimensions: 1) inattention / disorganization, and 2) hyperactive / impulsive (APA,
2013; Friek'& Nigg, 2012; Hinshaw, 2018). We chose to examine ADHD problems because
this disorder 15 amarchetypal model of self-regulatory failure linked to EF deficits,
particularly working memory and response inhibition (Barkley, 2014; Lipszyc & Schachar,
2010; Oosterlaan & Sergeant, 1996). We adopted a dimensional approach by measuring

ADHD on a continuum in a non-selected, community sample using the Child Behavior
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Checklist (CBCL) (Achenbach & Rescorla, 2001; Achenbach, 2009). Dimensional
approaches have long been advocated in developmental psychopathology and are now widely
adopted in psychopathology research (Cuthbert, 2014; Hudziak, Achenbach, Althoff, & Pine,
2007; Krueger et al., 2018). According to dimensional conceptualizations, ADHD is a
spectrumidisorder with symptoms occurring along a continuum of severity that can be
quantified in the broader developmental population (Coghill & Sonuga-Barke, 2012; Frick &
Nigg, 20125 Hinshaw, 2018). Diagnostic criteria and clinical significance represent arbitrary
thresholds along this continuum (Frick & Nigg, 2012). A dimensional approach to measuring
ADHD problems. is preferable to traditional categorical models in the current research
context, because.it leverages symptom variation across the full spectrum of severity,
increasing variance and statistical power for examining the association with executive

attention, EF, and EC (Helzer, Kraemer, & Krueger, 2006; Kraemer, Noda, & O'Hara, 2004).

Weraddressed the following three questions: 1) Do behavioral ratings of EF and EC
measure the same self-regulation construct? 2) Is the commonality between behavioral
ratings of EF and EC explained by a unitary executive attention factor? and 3) Do task-based
measures of executive attention and behavioral ratings of EF and EC predict unique or
overlapping variance in ADHD problems? We hypothesized that behavioral rating measures
of EC and EF Would be strongly empirically-related and converge on a common self-
regulation construct. Second, we predicted that an executive attention factor, as measured by
performance on cognitive tasks, would significantly explain substantial variance in the self-
regulation construct measured by behavioral ratings of EF and EC. Finally, we expected that
executive attention, as measured by performance on cognitive tasks, would predict unique
variance in thesséverity of parent-reported ADHD problems in addition to that explained by

behavioral ratings of EF and EC.

2. METHODS
2.1 Participants
The'sample comprised 136 (125 right-handed) typically-developing, pre-adolescent
children (86 males, 50 females), aged 11 years, 0 months to 12 years, 11 months (M =11
years, 10 monthsuSD = 8 months), with no history of diagnosed neurological or psychiatric
disorders. Participants were recruited from 52 Government (63.8%), Catholic (30.8%), and
Independent (5.4%) primary and secondary schools located in metropolitan Melbourne,

Australia using advertisement flyers handed out to students and through school newsletters.
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The majority (86%) of the student sample were of European descent. Sample size selection
was based roughly on a recommended minimum case to parameter ratio (N:g) of 10:1 for the
structural regression models (Jackson, 2003; Kline, 2015). Ethics approval for the research
project and associated methodology was obtained from the Monash University Human
Research"Ethies®*Committee (Approval Number: CF13/1307 - 2013000673). The primary
caregivers of participants provided written informed consent in accordance with the
Declaration of Helsinki and informed written assent to participate was obtained from the

research participants.

2.2 Materials

2.2.1 Cognitive task measures of executive attention.

2.2)1.1 Working memory capacity.

WMCwas measured using the three verbal working memory subtests of the
automated working memory assessment (AWMA): 1) listening recall; 2) counting recall; and
3) backward digit recall (Alloway, 2007). The AWMA was administered on a Dell Inspiron
1520 computer with 33 cm screen at 1280 x 800 resolution using the Windows Vista
operating system and operated by one of the investigators. Details of task administration have
been provided elsewhere (Tiego et al., 2018) and are also provided in supporting information.
The dependentwariables were the subtest raw scores reflecting the number of correctly

answeredtrials.

2.24.2 Response inhibition.

Response inhibition was measured using three tasks: 1) stop signal; 2) go/no-go; and
3) Simon tasks. The stop signal task was administered using the ‘stop-it’ and ‘analyze-it’
program (Verbruggen, Logan, & Stevens, 2008) installed on a Dell Latitude D420 Laptop
computerrunning, Windows XP. The dependent variable was stop signal reaction time
(SSRT) calculated using the subtraction method (Logan, Schachar, & Tannock, 1997;
Verbruggen et al;; 2008). The go/no-go (Menon, Adleman, White, Glover, & Reiss, 2001)
and Simon (Sparkes, 2006) tasks were programmed using PsychoPy V1.80.03 (Peirce, 2007,
2008) and-administered on the same computer as the AWMA. Dependent variables were the
number of commission errors on no-go trials and Simon stimulus-response (SR-) conflict (i.e.
mean reaction time difference between incongruent & control trials), respectively. See

supporting information and Tiego et al. (2018).

2.2.1.3 General intelligence.
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Tests of general intelligence were used as additional measures of the maintenance and
disengagement mechanisms of the executive attention construct (Engle, 2018; Shipstead et
al., 2016). General intelligence was measured using a short form of the Australian
Standardized Edition of the Wechsler Intelligence Scale for Children — Fourth Edition
(WISC-IV) (Weehsler, 2003a) consisting of three core subtests — 1) vocabulary; 2) matrix
reasoning; and 3) symbol search. These subtests were chosen because vocabulary and matrix
reasoning have amongst the strongest loadings on psychometric g (Flanagan & Kaufman,
2004; Wechsler, 2003b) and in combination, these three subtests have a high validity
coefficient (= :92) with full-scale intelligence (Sattler, 2008; Tellegen & Briggs, 1967). The
dependent variables were the subtest raw scores reflecting the number of correctly answered

items.

2.2.2"'Behavioral ratings of EC, EF, and ADHD.

2.2.2:1°The early adolescent temperament questionnaire — revised self- and parent-
report forms.

The early adolescent temperament questionnaire-revised (EATQ-R) self-report (65-
item) and parent-teport (62-item) forms are questionnaires that assess temperament in
children and adolescents aged 9 to 16 years (Ellis & Rothbart, 2001). Each questionnaire item
is a statement tade about a typical cognitive, emotional, or behavioral response to a
situationsRespondents endorse the extent to which they agree with each item on a 5-point
Likert scale (I = Almost always untrue to Almost always true = 5). These questionnaires
measure ECyas.well as the two reactive domains of temperament, negative affectivity and
positive affectivity (Putnam et al., 2001). The dependent variables used in the current study
were the totalwaw scores obtained on the self-report and parent-report EC scales, as revealed
by CFA (see 3.1 CFA Models). The eight and nine reverse-scored EC items of the self- and

parent-report EATQ-R were recoded prior to analyses.

2.2.2.2 Behavior rating inventory of executive function (BRIEF) — parent-report
Sform.

The'BRIEF parent-report form is a questionnaire designed for completion by primary
caregivers for assessing EF in children and adolescents aged 5 to 18 years (Gioia et al.,
2000). Each item consists of a statement relating to specific behaviors and respondents
endorse the frequency with which the behavior has occurred over the past six months [i.e. N

= Never (1), S = Sometimes (2), O = Often (3)]. Responses are summed and averaged to
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yield scores for eight clinical scales that represent the level of functioning in each domain:
inhibit, shift, emotional control, initiate, working memory, plan/organize, organization of
materials, and monitor. Higher scores represent more problems with EF. The BRIEF is a
validated assessment tool that is used widely in clinical and research contexts (Fitzpatrick &
Schraw, 20033"Gioia et al., 2002). The dependent variables used were the total raw scores
obtained on the clinical scales and then composite raw scores for the derived ‘metacognition’
and ‘emotional and behavioral regulation’ constructs as revealed by CFA (see 3.1 CFA

Models).

2.2,2.3 Child behavior checklist/6 — 18.

The child behavior checklist/6 — 18 (CBCL) is a parent-report form that asks primary
caregivers about the presence and extent of emotional and behavioral problems exhibited by
their child aged"6:to 18 years over the past six months (Achenbach & Rescorla, 2001). The
form consistsof113 items in the form of statements related to the presence of problem
behaviors. Respondents endorse each item with respect to the presence and extent of each
symptom on a 3-point Likert scale (0 = Not True, 1 = Somewhat or Sometimes True, 2 =
Very True or Qften True). The dependent variable was the summed raw score obtained for
each participant on the 7-item DSM-orientated ADHD problems scale, which includes
problems corréspending to diagnostic criteria for ADHD in the Diagnostic and Statistical
Manual of Mental Disorders — Fourth Edition (DSM-IV) (Achenbach & Rescorla, 2001;
APA, 2000). Cut-off T scores provide a criterion for evaluating the severity and clinical

significance of emotional and behavioral problems.

2.3 General Procedure
Detailssof:the general testing procedures used for data collection have been previously

described.(Tiego.ct al., 2018) and are also provided in supporting information.

2.4 Statistical Procedures

Analysis of missing values, normality, and outliers are described in supporting
information. Adl'models were estimated in Mplus 7.2 using the covariance matrix (Muthén &
Muthén, 1998 - 2012). CFA models of the ordered categorical data obtained from the EATQ-
R self- and parent-report forms were estimated using the weighted least squares means and
variance (WLSMV) adjusted estimator (Muthén, du Toit, & Spisic, 1997). All other CFA and
structural regression models were estimated using full information maximum likelihood with

the expectation maximization algorithm to account for missing data (Enders, 2010). All
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models were estimated with non-target indicator cross-loadings and error covariances initially
constrained to zero (Byrne, 2012; Hair, Black, Babbin, & Anderson, 2010). Post hoc model
fitting was performed by freeing theoretically plausible error covariances for estimation one
at a time with reference to modification indices and with adjustment of significance
thresholds*formultiple comparisons using the Benjamini-Hochberg false discovery rate (B-H

FDR; g = .05) (Benjamini & Hochberg, 1995; Cribbie, 2007).

Global'model fit was assessed using a combination of fit indices (Byrne, 2012; Hair et
al., 2010). Thewg>test statistic is the gold standard metric for evaluating overall model fit and
was referred to first (Hayduk, Cummings, Boadu, Pazderka-Robinson, & Boulianne, 2007;
Marsh, Hau, & Wen, 2004). A probability value > .05 indicates that the null hypothesis of
exact fit of the model reproduced covariance matrix to the observed covariance matrix cannot
be rejected (Kling, 2015). Approximate fit indices perform poorly in small samples sizes with
few degreessoffreedom (e.g. Kenny, Kaniskan, & McCoach, 2015; Taasoobshirazi & Wang,
2016). Furthermore, there are no accepted thresholds for evaluating overall model fit based
on approximate fit indices (Barrett, 2007; Hayduk et al., 2007; Kline, 2015). Nevertheless,
we report the root mean square error of approximation (RMSEA) and associated 90%
confidence interval (C/), which provides a means of evaluating the error of approximation
that incorporatessincreased sampling error associated with small samples (MacCallum,
Browne & Sugawara, 1996). In addition, the comparative fit index (CFI), and standardized
root mean square residual (SRMR), or weighted root mean residual (WRMR) for ordered
categorical data,.are also reported with a higher CFI and lower SRMR or WRMR indicating
better modelfit (Byrne, 2012; Hair et al., 2010). We evaluated local model fit and report
standardized'covariance residuals exceeding the critical threshold (Z >+ 1.96, p <.05) as a

more sensitive indication of model misspecification (Kline, 2015).

Torfacilitate adjudication between competing models with close comparative fit based
on maximum likelihood estimation, we report the Bayesian Information Criterion (BIC),
Bayesian conditional posterior probability [Prg;c(H;|D)], and Bayes Factors (BF)
(Wagenmalkers, 2007). The conditional posterior probability quantifies the relative
probability (p ~%00 - 1.0) that a given model provides the best fit to the observed data
compared to competing models. The Bayes Factor directly compares the likelihood of two
competing models in terms of a ratio (Jarosz & Wiley, 2014). We also provide model

diagnostics, unidimensionality statistics, and model-based reliability estimates based on the
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bifactor models of the EATQ-R to adjudicate between a unidimensional model and
alternative multi-factorial models of EC (Reise, 2012; Reise, Scheines, Widaman, &
Haviland, 2013; Rodriguez, Reise, & Haviland, 2016). The best-fitting models were selected
according to global fit statistics, local fit testing, and model parsimony (i.e. the model with

the fewestfactors).

Welused a jigsaw piece modeling strategy in combination with factor score
regression, single-indicator latent variables, and bootstrapped standard errors to circumvent
issues related to small sample size, multivariate non-normality, and model complexity
(Bollen, 2000; Devlieger & Rosseel, 2017; Enders, 2010; Hayduk & Littvay, 2012). Briefly,
we first estimated the best-fitting measurement model for each construct (i.e. executive
attention, EF, & EC) prior to combining them in the final structural regression model,
enabling us.to.conserve the number of free parameters (i.e. degrees of freedom [df]) and a
higher participant to parameter ratio (V:q) (Bollen, 2000; Kline, 2015). Factor score estimates
were generatedusing the regression method for the executive attention construct based on
CFA of theminesperformance-based tasks (DiStefano, Zhu, & Mindrila, 2009; Grice,
2001;Muthén & Muthén, 1998 - 2012). This eliminated the need to include the full
measurement model of executive attention and therefore conserved free parameters and
statistical power. The factor score regression method results in unbiased parameter estimates
in structuralfégression models when the factor score estimates are generated using the
regression method and are used as an exogenous (i.e. independent) latent variable (Devlieger,

Mayer, & Rosseel, 2016; Devlieger & Rosseel, 2017; Skrondal & Laake, 2001).

The executive attention factor score estimates were entered in the structural regression
models as a single-indicator latent variable with error variance fixed to reflect the inverse of
the factor determinacy [(1 — p)*o?], which represents a validity coefficient (Grice, 2001).
ADHD problems was specified as a single-indicator latent variable with error variance of the
summed rawsseale score fixed to reflect the inverse of Cronbach’s alpha internal consistency
reliability estimate [(¢ = (1 - a)*c?] (Bollen, 1989). Use of single-indicator latent variables
reduces unneeessary model complexity and identification problems and facilitates a greater
focus on the"hypothesized statistical dependence relationships (i.e. regression coefficients)
between the constructs of interest (Hayduk & Littvay, 2012). Finally, the Bollen-Stine
Bootstrap procedure with 10,000 posterior draws was used to account for the small sample
size and multivariate non-normality (Enders, 2010; Muthén & Muthén, 1998 - 2012). This

approach uses resampling with replacement to generate a pseudo-population that does not
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have attenuated standard errors often associated with small samples (Enders, 2010).
Bootstrapped standard errors with 95% confidence intervals (CI) thus provide an indication
of the precision of the model parameter estimates that are unbiased by small sample size
(Enders, 2010). Bias corrected bootstrapped confidence intervals (BC-CI ) were used for
evaluating'thesstatistical significance of indirect (i.e. mediated) effects (Lau & Cheung,
2010). Bootstrapped standard errors are reported in the model figures to facilitate evaluation

of the precision of parameter estimates.

3. RESULTS

3.1 CFA Models

Descriptive statistics and intercorrelations for the behavioral ratings and cognitive
tasks are provided in supporting information, tables S1 to S4. Results obtained from the
CBCL/6-187revealed that 17 female and 13 male (n = 30; 22.4%) participants scored in the
borderline elinical (T Score 60 — 63, n =11, 8.2%) or clinical range (T Score > 64, n =19,
14.2%) on the DSM-orientated ADHD problems scale, reflecting a sample with ADHD
problems across a broad spectrum of severity (Achenbach, 2009). Results for the competing
CFA models for the BRIEF, EATQ-R self- and parent-report forms, and the cognitive tasks
are displayed in Tables 1 —4. For the BRIEF, two- and three-factor models provided close
fit. However, fitsfor the two-factor model was superior to the three-factor model as revealed
by the Bayes Factor [BF;( = 1.414] and conditional posterior probability [(Prgic(H;|D)
=.586]. Further analyses revealed that the emotional regulation and behavioral regulation
factors in the,three-factor model did not have discriminant validity, as they shared more
variance thant they explained in their respective indicators, as calculated by the squared
multiple correlation (SMC = .826) and average variance extracted (AVE = .688 & .780)
(Fornell & Larcker, 1981; Hair et al., 2010). From the perspective of parsimony, these results
suggested that combining these two factors into a single ‘emotion and behavioral regulation’
construct as represented in the two-factor model, was warranted. The two-factor model is
displayed in Figure 1. These results indicated that summed scores from items composing the
metacognition factor and emotional and behavioural regulation factor could be used to

capture individual differences in EF as measured by the BRIEF.

The bi-factor model of the EATQ-R originally reported by Snyder et al. (2015) was
replicated for both the parent- and self-report forms in the current sample (see Table 2). For

the EATQ-R parent-report form, the bifactor model consisted of a Common EC factor and an
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activation control-specific group factor with loadings from five of the seven activation
control subscale items (see Figure 2). Model diagnostics were calculated to assess
unidimensionality, including the explained common variance (ECV; i.e. the proportion of
item variance explained by the general factor), percentage of uncontaminated correlations
(PUC; thesnumber of covariances between items contributing to variance in the general but
not the group factor), and omega hierarchical (5 ; i.e. a measure of internal consistency
reliability of the latent variable) (Rodriguez et al., 2016). These indicated that the majority of
variance infEC scale items were captured by the Common EC factor (ECV = .878) with high
reliability (,4-.90), and low contamination by the group factor (PUC = 93.5%), and could
therefore beicollapsed into a unidimensional measure without introducing bias in the model
(Reise, 2012; Reise et al., 2013; Rodriguez et al., 2016). Calculation of omega hierarchical
subscale (5= .248) for the group factor revealed that there was insufficient reliable residual
variance in the activation control-specific group factor to warrant its use as an independent
measure (Reise, 2012). Model diagnostics for the EATQ-R self-report form revealed that
items forming the activation control-specific group factor did not have sufficient reliable
variance (,gg==367) once variance attributable to the Common EC factor was removed.
Additionallyy a one-factor model provided an adequate fit and was therefore preferred as the
more parsimonious model (see Table 2 & Figure 3). These results indicated that EC was
predominantly.aunidimensional construct in the current sample and that raw EC scale scores
calculated from the EATQ-R parent- and self-report forms could be used as unbiased

estimates of individual differences in EC (Reise, 2012).

Results for the competing measurement models of executive attention are displayed in
Table 4. A one=factor model provided the most parsimonious fit to the performance-based
task data (Figure 4). The Bayes Factor demonstrated that the one-factor model was almost
three times more likely than the closest fitting competing two-factor model (BF o = 2.757).
Reliability of this unidimensional executive attention factor was evaluated by calculation of
the H index, which varies from 0 — 1 with higher values indicating greater construct
replicability (Hancock & Mueller, 2001). The H index was .82, indicating that the executive
attention factor had good construct reliability and was likely to be replicable across studies
using the same indicators (Hancock & Mueller, 2001; Rodriguez et al., 2016). Factor score
determinacy was also high (p =.901), suggesting that the factor score estimates calculated for

the subsequent structural regression models (see sections 3.3 & 3.4) provided accurate
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measures of individual differences with respect to the executive attention latent variable

(DiStefano et al., 2009; Grice, 2001).

3.2 Do Behavioral Ratings of Executive Function and Effortful Control Measure the
Same Self-Regulation Construct?

A CEAsmodel was estimated to test the first hypothesis that informant ratings of EF
and EC would measure the same self-regulation construct. The EF and EC latent variables
were each specified from the raw scores calculated for items composing the metacognition
factor and emotional and behavioral regulation factor, and the EATQ-R parent- and self-
report EC scale raw scores, respectively. The unstandardized factor loadings were
constrained to be equal (i.e. tau equivalence) for purposes of statistical identification (Bollen,
1989; Hair'et al., 2010). The overall model exhibited adequate fit (y*(1) = .690, p = .448;
RMSEA =1000790%CI = .000, .213]; CFI = 1.000; SRMR = .010) and is displayed in
Figure 5. The'EF and EC factors were correlated near unity and the standardized 95%CI
contained one (¢ =-.970 [95%CI = -.912, -1.028], p <.001), indicating that behavioral ratings
of EF and EC converged on a unitary construct. The intercorrelation between EF and EC
could not be constrained to one, as it resulted in model misspecification. A unitary ‘self-
regulation’ factor was therefore estimated with loadings from all four variables, with self-
reported EC uSed.as the reference variable for factor scaling so that higher values on this
latent variable reflected better self-regulation (¥2(2) = 1.774, p = .422, RMSEA = .000
[90%CI = .000, .165], CFI = 1.000; SRMR = .015). The self-regulation factor is displayed in
Figure 6 and,explained almost all the variance in metacognition and parent-reported EC scale
scores and just over half of the variance in emotional and behavioral regulation and self-
reported EC'seale scores. Together, these results indicated that behavioral ratings of EF and

EC could be modeled as a unidimensional self-regulation factor for subsequent analyses.

3.3 Does Executive Attention Explain Common Variance in Behavioral Ratings of EF
and EC?

Intercorrelations between the executive attention factor score estimates, BRIEF,
EATQ-REC scale scores, and CBCL ADHD problem scale scores are displayed in Table 4.
Executive attention was specified as a single indicator latent variable with error variance
fixed to reflect the validity coefficient of the factor scores estimates and entered into the
measurement model with the self-regulation factor. Overall model fit was adequate (¥*(5) =

3.980, p=.617, RMSEA = .000 [90%CI = .000, .106]; CFI = 1.000, SRMR = .016) and the
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regression of self-regulation onto executive attention was moderately strong and statistically
significant (y = .548 [95%CI = 416, .681], p <.001, see Figure 7). These findings indicated
that performance measures of executive attention explained just over 30% of the common

variance in behavioral ratings of EF and EC.

3.4 Do Performance-Based Tasks and Behavioral Rating Measures of Self-Regulation
Explain UniqueVariance in ADHD Problems?

The'severity of parent-reported ADHD problems was included in the model with the
executive attention and self-regulation factor to address the third hypothesis. The DSM-
orientated ADHD problems scale of the CBCL was specified as a single indicator latent
variable with error variance fixed to reflect the internal consistency reliability of the scale.
The covariance between the error variances for the emotional and behavioral regulation factor
and ADHD"probleéms was freely estimated (0 = .236, p <.001) to obtain an adequate fitting
model (y*(7y=10.517, p = .170, RMSEA = .061 [90%CI = .000, .131], CFI = .993, SRMR =
.016). Inspection of the standardized covariance residuals revealed only one exceeding the
critical threshold for statistical significance, indicating that the covariance between executive
attention factor score estimates and parent reported EC scale scores had been slightly

overestimated (Z =-2.465, p = .014).

A mediation model was conducted to test the third hypothesis that executive attention
would explain unique additional variance in ADHD problems to behavioral ratings of EF and
EC (i.e. self-regulation). After the self-regulation factor was regressed onto the executive
attention factor, the correlation between the self-regulation and ADHD problems factors
decreased from .860 to .753, indicating task-based measures of executive attention explained
some of the shared variance between behavioral ratings of EF/EC and parent-reported ADHD
problems..However, once ADHD problems were regressed onto the self-regulation factor, the
initial correlation’(¢p = -.418, p <.001) between the executive attention factor and ADHD
problems decreased and was no longer statistically significant (v =.133, p =.383). This
parameter was weak and not statistically significant when respecified as a regression
coefficient'(y = .068, p = .335). The non-significant correlation between executive attention
and ADHD problems was therefore constrained to zero, which did not result in a significantly
worse fitting model (Ay?(1) =.931, p = .335). This final model is displayed in Figure 8 (x*(8)
=11.448, p =.197, RMSEA = .056 [90%CI = .000, .124], CF1 =.994; SRMR = .018). The

indirect effect of executive attention on ADHD problems via the self-regulation factor was
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moderately strong and statistically significant (f = -.462, p <.001, b =-1.498 [95%BC-CI = -
1.041, -2.028], p <.001), explaining 21.3% of the variance. Performance on cognitive tasks
thus failed to explain statistically significant additional variance in ADHD problems to that

explained by behavioral ratings of EF and EC.

3.5 Evaluating:the Direct Effect of Executive Attention on ADHD Problems

It is impoftant to evaluate theoretically plausible alternative and equivalent fitting
models, becausethese represent a challenge to any inferences based on the statistical
dependence(‘causal’) relationships specified in a structural regression model (MacCallum &
Austin, 2000a; M¢cDonald & Ho, 2002; Tomarken & Waller, 2005). A theoretically plausible
alternative model to the one hypothesized was that self-regulatory ability and ADHD
problems are different measures of the same underlying dimension in typically-developing
children (i.e"reégulation vs dysregulation), and/or are strongly related due to content overlap
and common'method variance (Bridgett et al., 2013; Espy et al., 2011; Toplak et al., 2013), in
addition toa shared association with executive attention. Thus, individual differences in
executive attention would be predicted to directly explain variance in both self-regulatory
ability and ADHD problems. This alternative model specification was estimated and is
displayed in Figure 9. Executive attention directly and significantly explained 17.5% of the
variance in ADHD problems and 29.4% of the variance in self-regulation. There was a strong
and statistically significant residual correlation between self-regulation and ADHD problems
(v =-.830, p <.001), indicating that these constructs shared approximately 69% variance

independently.of that explained by executive attention.

4. DISCUSSION

This study addressed three questions concerning the relationship between behavioral
ratings of EF and EC, performance-based task measures of executive attention and ADHD
problems insastypically developing sample. In support of the first hypothesis, we found that
EF and ECjas.measured by behavioral ratings, were correlated near unity and could be
collapsed inter@ common self-regulation construct. The strong empirical association between
the EF and E€ factors was not attributable to informant bias, as we used both the self- and
parent-report EATQ-R to measure EC. These results assist in clarifying the nature of the
proposed conceptual and empirical overlap between EF and EC in children, revealing they
are likely the same construct when measured using behavioral ratings (Bridgett et al., 2013;

Eisenberg, 2017; Nigg, 2017; Zhou et al., 2012). Until recently, temperament researchers and
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cognitive psychologists have investigated self-regulation under distinct rubrics and with a
focus on different outcome criteria (Zhou et al., 2012). The current findings may assist in
guiding future developmental research towards a more integrated understanding and model of

top-down self-regulation during development (Nigg, 2017).

The second hypothesis was partially supported by findings that the executive attention
latent variable explained 30% of the common variance in self-regulation as measured by
behavioral ratings of EF and EC. The results are consistent with Zhou et al. (2012), who
argued thatrexecutive attention is a common cognitive mechanism underlying EF and EC.
However, the strength of the relationship was far weaker than expected and indicated that the
EF and EC constructs, as measured by behavioral ratings, shared substantial common
variance beyond that attributable to executive attention. One possible account of these
findings cafibe'made with reference to the distinction between ‘cool’ and ‘hot’ EF/self-
regulation (Allan"& Lonigan, 2011; Bridgett, Burt, Edwards, & Deater-Deckard, 2015; Lin et
al., 2019; Zelazo & Cunningham, 2007). Cool EF or behavioral self-regulation refers to goal-
directed cognitive processes that occur in emotionally-neutral contexts, whereas hot EF or
emotional selfsregulation relates to emotionally-laden contexts (Zelazo & Cunningham,
2007). In the current study, executive attention was measured using nine tasks that all
assessed emotionally-neutral aspects of cognition and may thus only be related to cool EF
and behavioral self-regulation. The unexplained common variance in EF and EC may be
those aspects related to emotion self-regulation. However, Lin et al. (2019) recently found
that task-based.measures of hot and cool self-regulation could not be empirically
differentiated within an SEM framework. Thus, an alternative explanation for the current
findings is thatunexplained variance in the self-regulation factor reflects method variance
related to behavioral ratings (Podsakoff et al., 2012). Lack of convergence between the
executive attention and self-regulation factors may also be representative of broader issues in
mapping task-based measures to behavioral ratings of clinically relevant traits (Cyders &

Coskunpinar, 2011; Enkavi et al., 2019).

Qurfmal hypothesis, that performance on cognitive tasks measuring executive
attention would'explain unique variance in parent-reported ADHD problems in addition to
behavioural ratings of self-regulation, was not supported. The results demonstrated that the
effect of individual differences in executive attention on parent-reported ADHD problems

was fully mediated by behavioral ratings of self-regulation, indicating that these measurement
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approaches explain overlapping variance in ADHD problems. This result is in keeping with
previous findings in adult samples that behavioral ratings of EF capture most, if not all, the
variance explained by performance-based measures, as well as substantial additional unique
variance in ADHD symptoms (Barkley & Fischer, 2011; Barkley & Murphy, 2010; Toplak et
al., 2008)y"Ourfindings contradict previous suggestions that performance on cognitive tasks
and behavigral ratings of EF are related to different constructs and explain largely non-
overlapping variance in ADHD symptoms (Ten Eycke & Dewey, 2016; Toplak et al., 2013).
We suggestithat our contrasting findings are due to the use of SEM, which allowed for
removal of extraneous sources of variance that would have otherwise attenuated, or even
completely'ebscured, the empirical associations between task-based measures and the
behavioral ratings.of EF, EC, and ADHD. The comparatively weaker effect of executive
attention on ADHD problems compared to the behavioral ratings of self-regulation should be
interpreted with respect to common method variance of the questionnaires and the strong
content overlap of rating scales assessing EF and ADHD problems, particularly the BRIEF
and CBCL (Espy et al., 2011; Podsakoff et al., 2012; Toplak et al., 2013). Indeed, when we
modeled the.direet effect of executive attention in a theoretically plausible equivalent
structural regression model, individual differences in performance on the nine cognitive tasks
explained a sizeable proportion (17.5%) of variance in parent-reported severity of ADHD

problems.

4.1 Theoretical and Practical Implications

We have provided direct empirical support for the proposed correspondence between
EF, specifically working memory and response inhibition, and EC through common
mechanisms‘efiexecutive attention (Nigg, 2017; Zhou et al., 2012). These findings may assist
in clarifying some of the ongoing confusion regarding the conceptual and empirical overlap
between these two domains (Eisenberg, 2017; Nigg, 2017; Zhou et al., 2012). Our results also
support previous proposals that executive attention is the common cognitive mechanism
underlying a broad range of higher-order cognitive processes and encourages a more
parsimonious approach to developmental self-regulation research (Ilkowska & Engle, 2010;

Kane & Engle, 2002; Kaplan & Berman, 2010; McCabe et al., 2010).

The present study also suggests a close association between executive attention and
EF. In a review, Diamond (2013) proposed that executive attention and EF exhibited only

minimal overlap. However, this proposal was based on conceptualization of executive
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attention with respect to the attention networks model and as measured using flanker tasks,
not the executive attention theory of WMC. In fact, Diamond (2013) states that executive
attention should be thought of as completely synonymous with “inhibitory control of
attention” or “selective or focused attention”, which is subsumed in her model under the
broader rubric'ofinterference control and inhibitory control. However, empirical studies in
children and adults have shown that inhibitory control of attention (also inference control,
selective attention, or attentional inhibition) is only weakly associated with WMC (Kane et
al., 2016; Tiego et al., 2018). This suggests that ‘executive attention’ is a much broader

construct than is;measured by flanker tasks.

Rueda et.al. (2011) previously acknowledged strong correspondence between the
working memory/Central Executive and executive attention as conceptualized within the
attention nétworks model. However, these authors have focused on conflict monitoring and
adaptation processes, thereby neglecting the broader range of control functions attributable to
executive attention (Rueda et al., 2011). A narrow conceptualization of executive attention in
relation to developmental self-regulation may lead to erroneous conclusions regarding
development and interrelationships with other important aspects of functioning. For example,
developmental improvements in performance on the attention network test plateau around 7
years of age (Rueda, Fan, et al., 2004), whereas task performance on tests of WMC and
responserinhibition continue to improve into adolescence and early adulthood (Best & Miller,
2010; Lee, Bull, & Ho, 2013; Luna, Marek, Larsen, Tervo-Clemmens, & Chahal, 2015). This
suggests that,stimulus-response compatibility tasks measure relatively low-level aspects of
executive attention, which mature earlier and may not be as integral to self-regulation as
high-level aspeets of executive attention. Our findings suggest that stimulus-response
compatibility tasks, such as the attention networks test, Stroop, flanker, and Simon tasks, may
not provide adequate measures of executive attention, EC, and self-regulation more broadly.
This conclusion is supported by recent evidence documenting the poor reliability of cognitive
tasks, particularly those using difference scores between conditions, as measures of

individual differences in self-regulation (Enkavi et al., 2019; Hedge et al., 2017).

EFs, suchvas WMC and response inhibition, represent the cognitive underpinnings for
instantiating self-regulatory strategies, such as delay of gratification and emotion regulation
(Banfield, Wyland, Macrae, Munte, & Heatherton, 2004; Ellis, Rothbart, & Posner, 2004;
McRae, Jacobs, Ray, John, & Gross, 2012; Ochsner & Gross, 2005; Pe, Raes, & Kuppens,
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2013). Individual differences in cognitive capacity, as measured in optimal performance
contexts using performance-based tasks, represent a potential constraint (i.e. upper bound) on
the efficiency and success with which self-regulatory processes can be implemented in
ecologically valid contexts. Indeed, empirical research in adult and developmental samples
indicates thatindividual differences in WMC and response inhibition as assessed with
performance-based tasks have direct bearing on the success with which self-regulation is
achieved at a behavioral level (Barrett, Tugade, & Engle, 2004; Hofmann et al., 2008;
Schmeicheket al., 2008; Yu et al., 2016). Our results are consistent with these previous
findings in that individual differences in executive attention, measured across nine cognitive
tasks, explained almost a third of the variance in self- and parent-reported self-regulatory

ability.

Conversely, executive attention deficits may lead to self-regulatory failures associated
with limitations#in cognitive capacity, with subsequent implications for symptoms of
developmental psychopathology (Barkley, 2014; Kotabe & Hofmann, 2015; Nigg, 2017b).
Our finding that the direct effect of executive attention explained 17.5% of the variance in
parent-reported ADHD problems is consistent with models of self-regulatory failure and
previous research linking EF deficits to ADHD (Willcutt, Doyle, Nigg, Faraone, &
Pennington, 2005). Nevertheless, our finding that executive attention failed to explain unique
variancerifi parent-reported ADHD problems beyond that explained by behavioral ratings
raises questions about the utility of cognitive assessment in self-regulation and developmental
psychopatholegy.research. Performance on cognitive tasks related to self-regulation are
generally agsoctated with low internal consistency reliability, poor stability, and may be ill-
suited for measufing individual differences, particularly those purported to reflect stable traits
(Enkavi et al., 2019; Hedge et al., 2017). Despite being more costly and time-intensive,
cognitive assessment may offer limited incremental predictive validity in explaining
developmental psychopathology beyond behavioral ratings of self-regulation (Barkley &
Fischer, 2011; Barkley & Murphy, 2010; Toplak et al., 2008).

4.2 Limitations

“Executive Attention”, “Executive Function”, and “Effortful Control” are each
superordinate constructs that encompass multiple component processes and for which a
number of theoretical accounts and models exist (Nigg, 2017). This ambiguity, along with a

proliferation of terminology in the literature, makes it difficult to delineate the theoretical and
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empirical boundaries between these constructs. Our account is just one potential framework
for theoretical and empirical integration. Additionally, we did not directly test the empirical
overlap between stimulus-response compatibility tasks with measures of WMC, response
inhibition, and general intelligence. Nor did we examine the neural mechanisms underlying
performanee"ofthese tasks and, purportedly, self-regulation and EC according to the attention
networks model (Posner & Rothbart, 2009). Our study was also limited to examining the
interrelationships between cognitive tasks measuring WMC, response inhibition, and
psychometric g. It is possible that use of a wider variety of tasks would result in greater
differentiation of the executive attention construct and identify divergent relationships of
these component.€ognitive processes with behavioral ratings of EF, EC, and ADHD
problems. Thus, we are unable to draw definitive conclusions with regard to the overlap or
differentiation of these constructs at a cognitive or neural level. Future studies could attempt
to distinguish between executive attention mechanisms of maintenance and disengagement,
include EF measures of updating and switching, differentiate between hot and cool self-
regulation, as well as examine the common and distinct neural mechanisms underlying
executive attention, EF, and EC (Engle, 2018; Hofmann, Schmeichel, & Baddeley, 2012; Lin
etal., 2019).

Our sample size of 136 is small for analysis using SEM according to general
guidelines (Kline,,2015). It is more difficult to detect evidence of model misspecification, as
well as compare fit between competing models with small samples.We used a combination of
statistical techniques to circumvent this problem, including a jigsaw piece modeling strategy,
factor scores'regtession, single-indicator latent variables, bootstrapping, and reference to
coefficients ands$tandardized covariance residuals as measures of local model fit. This
approach enabled us to conserve the number of free parameters estimated, maintain a higher
participant number to parameter ratio, whilst also guarding against attenuated standard errors
and confidence intervals for the parameter estimates. SEM can be a powerful statistical
technique for testing hypotheses even in small samples, which are considered sufficient when
analyses converge on solutions without illogical parameter estimates or attenuated standard
errors (Gignac, 2006). Nevertheless, replication in a larger sample will be required to validate
the precision of the parameter estimates and the conclusions of the study (Hermida,

Luchman, Nicolaides, & Wilcox, 2015).
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It is not possible to determine the correct specification for a mediational model
using cross-sectional data based on model fit statistics or the strength and significance of
parameter estimates (Wiedermann & von Eye, 2015). We have presented an alternative
model positing direct effects of executive attention on self-regulation and ADHD
problemsihowever, other less theoretically plausible models are also possible (McDonald
& Ho, 2002; Tomarken & Waller, 2005). Conclusions based on cross-sectional data are
also limited by concerns of low test-retest reliability for cognitive tasks (Enkavi et al.,
2019). A carefully designed longitudinal study would be required to demonstrate that the
hypothesized mediational model provides the most accurate representation compared to

competing models (MacCallum & Austin, 2000).

We'chose to focus on a narrow age range in the current study to reduce the impact of
developmental’changes in executive attention on the results (Wiebe et al., 2008). However,
this limits generalizability due to the protracted development of the neural networks
underling working memory and response inhibition, as well as their divergent developmental
trajectories (Best & Miller, 2010; Luna et al., 2015). Thus, further study of these relationships
across a broader developmental period is needed. Additionally, empirical relationships
between the constructs of interest may have been attenuated in the current study because of
fewer cognitivesproblems and a lower endorsement of ADHD problems in typically-
developing children compared to a clinical sample (Espy et al., 2011). This may partly
explain discrepancies in our results compared to previous studies, which have used either
clinical, or mixed.clinical and non-clinical, developmental samples (Toplak et al., 2008;
Toplak et als; 2013). For example, a uniform lack of difficulties in EF as revealed by
consistently lewsbehavioral ratings across the BRIEF scales could result in more difficulty
distinguishing between the emotional regulation and behavioral regulation subfactors
(Egeland & Fallmyr, 2010). Replication across a diverse range of clinical samples,
particularly children diagnosed with ADHD, would be required to validate the current
findings.

ADHD is a heterogeneous disorder comprising multiple subtypes associated with
distinct etiological mechanisms and it is probable that only a subset of cases are related to
specific EF deficits (APA, 2013; Diamond, 2005; Fair, Bathula, Nikolas, & Nigg, 2012; Frick
& Nigg, 2012; Nigg, Willcutt, Doyle, & Sonuga-Barke, 2005; Sonuga-Barke, 2003).

Measurement of ADHD problems as a unitary construct constitutes an important limitation of
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this study and may have obscured empirical relationships between specific constellations of
symptoms with executive attention and EF/EC. Distinguishing between clinical presentations
(i.e. Inattention, Impulsivity/Hyperactivity, & Combined) using categorical specifiers and/or
continuous symptom counts, or alternatively empirically-derived latent classes, could be
importantravenues for investigating the relationships between ADHD problems and self-
regulation ¢onstructs in future studies (Fair et al., 2012; Lahey & Willcutt, 2010). Measuring
ADHD problems using only one informant also limits the implications of the study, because
symptom severity and presentation can vary across contexts (Hinshaw, 2018). Multiple
informants would be needed to capture consistencies and differences in problem behaviours
across contexts, stich as the classroom and home environment (Achenbach & Rescorla,

2001).

4.3 Conclusions

Werthavesshown that behavioral ratings of EF and EC measured the same self-
regulation ¢onstruct, thereby clarifying some of the ongoing confusion regarding the
conceptual and empirical overlap between these two domains. We also found that a unitary
model of executive attention derived from performance on cognitive tasks measuring WMC,
response inhibition, and general intelligence, failed to explain statistically significant unique
variance in parent-reported ADHD problems beyond behavioral ratings of EF and EC.
Individual differences in cognitive capacity may represent a constraint on the instantiation of
effective self-regulation in typical, everyday contexts. Nevertheless, these findings raise
questions abeut.the utility of cognitive assessment for understanding individual differences in

self-regulation and developmental psychopathology.

Data Availability Statement
The dataset analyzed for this study can be found on PsyArXiv Open Science Framework

[https://osfiio/hqdxy/].
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Table 1

53

Summary of Fit.Statistics for Competing Confirmatory Factor Analysis Models of the BRIEF

Médel df e P RMSEA (90%CI)  SRMR  CFI AIC BIC Praic(H|D)
1 Three-Factor! 23 34901  .150 064 (.000 - .104) 036 987 5399.042  5487.455 414
2 TwoFactor! _ 25 43913 058 077 (037 - .114) 038 979 5404.053  5486.762 586
3 OneFactor? 424 79915 <001  .135(.103-.168) 063 939 5442056  5527.616 <.001
4 Bi-Factdr 3 18 33718 .037 .083 (.037 - .125) 022 983 5407.859  5510.532 <001

Note. df = Degress of freedom; y>= Chi square value for test of model fit using full

information maximum likelihood estimation; p = significance value of the chi square test

statistic, RMSEA = Root mean square error of approximation; C/ = Confidence interval;

SRMR ='Standardized root mean residual.

'Model included an estimated error covariance between the working memory and inhibit

scales.

2 Included three, freely estimated error covariances.
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3All scales loaded significantly on the general EF factor however, none of the secondary

loadings on the metacognition or emotional and behavioral regulation group factors were

statistically significant.

Table 2

54

Summary of EitStatistics for Competing Confirmatory Factor Analysis Models of the EATQ-

R Parent- and Self-Report Forms

Model df 1 P RMSEA (90%CT) WRMR CFI
Parent=Report
1 Three-Factor 132 235.098 <.001 .078 (.062 - .094) .843 .970
2 Two-Factor'! 120 152.894 .023 .046 (.018 - .067) .609 991
3 One-Factor ! 118 147.657 .034 .044 (.013 - .065) .600 991
4 Bi-Factor ! 118 144.100 .052 .042 (.000 - .063) 582 992
Self-Report

1 Two=Factor ' 90 111.432 .058 .043 (.000 - .067) .651 978
2 One-Factor! 89 111.855 .051 .045 (.000 - .069) .652 977
3 Bi-Factor! 88 108.579 068 .043 (.000 - .067) .631 979

Note. df = Degress of freedom; y?>= Chi square value for test of model fit using WLSMV

estimator; p=significance value of the chi square test statistic, RMSEA = Root mean square

error of approximation; C/ = Confidence interval; WRMR = Weighted root mean residual.

'Model included freely estimated error covariances, all significant at p < .05 when corrected

for multiple post hoc comparisons (B-H FDR ¢ = .05).
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Table 3

Summary of Eit Statistics for Competing Confirmatory Factor Analysis Models of Executive

Attention
Model dar e p RMSEA (90%CI)  SRMR  CFI AIC BIC Praic(H|D)
1 Three-Factor! 23 35394 150 063 (.007 - .102) 048 952 4471743 4562.035 011
2 Two-Factor'/ 25 38776  .133 064 (037 - .114) 050 947 4471125 4555592 263
3 One-FactoR2mmm2s 36748  .189 1059 (.000 - .097) 048 955  4469.097  4553.564 726

Note. df = Degress of freedom; y?>= Chi square value for test of model fit using full
information-maximum likelihood estimation; p = significance value of the chi square test
statistic; RMISEA = Root mean square error of approximation; CI = Confidence interval;

SRMR = Standardized root mean residual.
'Included a frecly estimated error covariance between SSRT and symbol search.

2 Included a freely estimated error covariance between SSRT and no-go commission errors.
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Table 4

Intercorrelations Amongst the Executive Attention, BRIEF, EATQ-R, and CBCL Variables

1 2 3 4 5
1. Executivg"Attention Factor Score Estimates
2. BRIEF Metacognition -.510
3. BRIEE Emotional & Behavioral Regulation -.362 .699
4. EATQ-R Effortful Control Parent-Report 450 -.884 -.669
5. EATQ-R=Effortful Control Self-Report 340 -.664 -.452 .666
6. CBCL DSM ADHD Problems Scale -.368 720 726 -.770 -.550

Note. All parameters were significant at p <.001.
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Figure 1. Two-factor model of executive function using the BRIEF clinical scale raw scores

with the monitoring scale separated into task monitoring and self-monitoring subscales.

Note. Model fit statistics were: (¥2(25) =43.913, p =.058; RMSEA =.077 (90%CI =.037,
.114); CFI =7979;SRMR = .038). Initiate = Initiate scale; TaskMon = Task monitoring
subscale; Plan = Plan/organize scale; Organize = Organization of materials age-residualized
scale; WM = Working memory scale; SelfMon = Self-monitoring subscale; Control =
Emotional control scale. Fully standardized estimates are in bold typeface. Unstandardized
estimates appearbelow with bootstrapped (10,000 posterior draws) standard errors in

brackets. All'parameters were significant at p <.001 unless otherwise indicated. **p < .01.

Figure 2. Bifactor model of EC modeled from data obtained on the EATQ-R parent-report

form.

Note. Modelfif statistics were: (y%(118) = 144.100, p = .052, RMSEA = .042 [90%CI =.000,
.063], CFI =.992, WRMR = .582).

Parameters‘estimates are fully standardized. All parameters significant at p <.001 unless
otherwise indicated. ** p <.01; *p <.05. All error covariances were statistically significant
(Benjamini-Hochberg p = .049) when adjusted for multiple post hoc comparisons (B-H FDR
q=.05). n=134.

Figure 3. One-factor model of EC modeled from data obtained on the EATQ-R self-report

form.
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Note. Model fit statistics were: (¥2(89) = 111.855, p =.051, RMSEA = .045 [90%CI =.000,
.069], CFI =.977, WRMR = .652).

Parameters estimates are fully standardized. All parameters significant at p <.001 unless
otherwise indicated. ** p <.01; *p <.05. All error covariances were statistically significant
(Benjamini-Hochberg p = .049) when adjusted for multiple post hoc comparisons (B-H FDR
q=.05). n=128.

Figure 4. Unitary executive attention model consisting of a single latent variable predicting
performance on measures of working memory capacity, psychometric g, and response
inhibition.

Note. Model fit-statistics were: (x*(25) = 36.748, p = .189, RMSEA = .059 [90%CI =.000,
.097], CF1 #.955, SRMR = .048). LR = Listening recall; CR = Counting recall; BDR =
Backwards"digit recall; VC = Vocabulary; MR = Matrix reasoning; SS = Symbol search;
SSRT = Stop signal reaction time age-residualized; No-Go = Commission errors on no-go
trials; Simon = Simon task stimulus-response conflict. Fully standardized estimates are in
bold typefacemldnstandardized estimates appear below with bootstrapped (10,000 posterior
draws) standard errors in brackets. All parameters were significant at p <.001 unless

otherwise indicated. **p <.01; *p <.05.

Figure 5. Empirieal relationships between executive function and effortful control as

measured by'behavioral ratings on the BRIEF and EATQ-R.

Note: Model fit statistics were: (¥2(1) = .690, p = .448, RMSEA = .000 [90%CI = .000, .213],
CFI=1.000, SRMR = .010). MCI = Metacognition, EBR = Emotional and behavioral
regulation; EC-PR = Effortful control parent-report; EC-SR = Effortful control self-report.
EAFSE = Executive attention factor score estimates. Fully standardized estimates are in bold
typeface. Unstandardized estimates appear below with bootstrapped (10,000 posterior draws)
standard errors in brackets. All parameters were significant at p <.001 unless otherwise
indicated. **p <.01; *p > .05. The estimate of residual variance for the MCI variable was

not significant (p > .05).

This article is protected by copyright. All rights reserved



Running head: Executive attention and self-regulation 59

Figure 6. A unitary self-regulation factor with loadings from the BRIEF, and EATQ-R self-

and parent-report.

Note: Modelfit'statistics were: (y%(2) = 1.774, p = .422, RMSEA = .000 [90%CI = .000,
.165], CFI #11:000;,SRMR = .015).

MC = Metacognition; EBR = Emotional and behavioral regulation; EC-PR = Effortful
control parent-report; EC-SR = Effortful control self-report. Fully standardized estimates are
in bold typefacer Unstandardized estimates appear below with bootstrapped (10,000 posterior
draws) standard errors in brackets. All parameters were significant at p <.001 unless

otherwise indicated. *p <.05.
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Figure 7. Self-regulation factor regressed onto the executive attention factor.

Note: Model fit statistics were: (%%(5) = 3.980, p = .617, RMSEA = .000 [90%CI = .000,
.106], CFI = 1.000, SRMR = .016).

EAFSE =Executive attention factor score estimates; MC = Metacognition; EBR = Emotional
and behavieral regulation; EC-PR = Effortful control parent-report; EC-SR = Effortful
control self=report-Fully standardized estimates are in bold typeface. Unstandardized
estimates appear below with bootstrapped (10,000 posterior draws) standard errors in

brackets. All parameters were significant at p <.001 unless otherwise indicated. * p <.05.

Figure 8. Model of ADHD problems regressed onto the self-regulation factor, with variance

indirectly explained by executive attention.

Note. Modelfitstatistics were: (y*(8) = 11.448, p = .197, RMSEA = .056 [90%CI = .000,
.124], CFI =19945 SRMR = .018).

EAFSE = Executive attention factor score estimates. MC = Metacognition; EBR = Emotional
and behavioral regulation; EC-PR = Effortful control parent-report; EC-SR = Effortful
control self-report. CBCL ADHD = CBCL/6-18 DSM-orientated ADHD problems scale
summed;Score:

Error covariance between EBR and ADHD problems (0 = .236, p <.001) has been omitted
for clarity. Fully.standardized estimates are in bold typeface. Unstandardized estimates
appear below with bootstrapped (10,000 posterior draws) standard errors in brackets. All
parameters were'significant at p <.001. The indirect effect of executive attention on ADHD
problems was statistically significant (f = -.462, p <.001; b =-1.498 [95%CI = -1.041, -
2.028], p <.001), explaining 21.3% of the variance.

Figure 9. Model of self-regulation and ADHD problems regressed onto executive attention.

Note. Modelfitstatistics were: (yX(7) = 10.517, p = .170, RMSEA = .061 [90%CI = .000,
.131], CF1 =993, SRMR = .016).

EAFSE = Executive attention factor score estimates. MC = Metacognition; EBR = Emotional
and behavioral regulation; EC-PR = Effortful control parent-report; EC-SR = Effortful
control self-report. CBCL ADHD = CBCL/6-18 DSM-orientated ADHD problems scale

summed score.
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Error covariance between EBR and ADHD problems (6e =.259, p <.001) has been omitted
for clarity. Fully standardized estimates are in bold typeface. Unstandardized estimates
appear below with bootstrapped (10,000 posterior draws) standard errors in brackets. All

parameters were significant at p <.001.
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