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ABSTRACT
Two major psychological domains thought to play a role in Attention Deficit
Hyperactivity Disorder (ADHD) etiology are higher order executive control processes
(Barkley, 1997; Pennington & Ozonoff, 1996) and emotional reactivity (Karalunas et al.,
2014; Nigg & Casey, 2005). However, the developmental relationship between cognitive
control and emotional reactivity/regulation pertinent to ADHD is largely unknown.
Furthermore, the degree to which specific gene-environment (GE) factors contribute to
the underlying developmental processes that influence the presence of problems with
inattention and impulsivity is unclear. To address some of these lingering questions, this
dissertation evaluated the degree to which early developmental trajectories of cognitive
control (CC) and negative emotional reactivity (nER) are (1) influenced by latent genetic
risk factors for ADHD and (2) interact with parenting variables (i.e., environmental
structuring) that are often implemented in the psychosocial treatment of children with
ADHD. Cross-lagged and mixed growth models were applied to investigate these multitiered relationships in the Early Growth and Development Study (EGDS; R01
HD042608), a multisite longitudinal adoption study. Results indicated that CC is
concurrently and predictively associated with nER in middle childhood, but not in
infancy/toddlerhood. Low CC consistently predicted future ADHD-related behavior
problems, but did not significantly interact with nER to produce increased problems.
Latent birth parent genetic effects on child CC, nER, and ADHD were non-significant,
and adoptive parent CC, nER, ADHD, and environmental structuring parenting practices
did not mediate or interact with latent parent factors to influence child outcomes. Results
are discussed in the context of understanding the developmental psychopathology of
ADHD.
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Chapter 1: Introduction
Clinically elevated problems with emotional and behavioral regulation affect 1320% of children living in the USA (Perou et al., 2013). Amongst the most prevalent of
these mental health disorders is Attention Deficit Hyperactivity Disorder (ADHD), with
approximately 11% of American children between the ages of 4-17 having, at some point
in their lives, been diagnosed with the neurodevelopmental syndrome (Visser et al.,
2014). Children demonstrating significant difficulties managing attention, impulsivity,
and/or hyperactivity are at increased risk for problems with cognitive development and
emotion regulation as measured by high rates of co-morbidity with learning disabilities,
oppositional/conduct problems, anxiety disorders, and mood disorders (Biederman,
Newcorn, & Sprich, 1991; Costello, Mustillo, Erkanli, Keeler, & Angold, 2003).
Individuals diagnosed with ADHD also utilize a significant amount of educational
supports and mental/physical health care services as compared to their non-ADHD peers
(Statistics, 2008), with estimates of $36 to $52.4 billion in annual health care, education
and crime expenses (Pelham, Foster, & Robb, 2007). These high costs highlight the
importance of continued research in ADHD etiology for the purposes of developing
targeted, effective, educational and social-relational interventions for children with
ADHD.
ADHD is a behavioral syndrome marked by severe age-inappropriate levels of
inattention, impulsivity/hyperactivity, or both. Longstanding theoretical mechanisms
underlying ADHD psychopathology include (1) deficits extending from higher order

control/executive control processes (Barkley, 1997), and (2) altered emotional
reactivity/motivation related processes involving the reward system (Sonuga-Barke,
2002), or arousal level/state factors (Sergeant, 2000). However, research has consistently
demonstrated that no single deficit in the above domains completely captures observed
functional differences in performance (e.g., cognitive, behavioral, neurophysiological)
between children with and without ADHD (Nigg, 2005; Willcutt, Doyle, Nigg, Faraone,
& Pennington, 2005). As such, theories of ADHD etiology moved towards multiple
pathway models of behavior. Sergeant’s (2000) cognitive-energetic model enumerates
how a break-down in communication between state factors and executive networks can
produce ADHD-related behaviors. Sonuga-Barke’s (2002) dual pathway model, on the
other hand, distinguishes between a thought/action pathway and a motivation/drive
pathway, either of which could produce the behavioral symptoms associated with ADHD.
Although some aspects of each of these models have stood up to scrutiny, research
regarding developmental changes within and among these systems have been difficult to
measure or have produced contradictory findings (e.g., Karalunas & Huang-Pollock,
2011). Notably, the literature on developmental changes in these systems have primarily
utilized cross-sectional study designs. Longitudinal studies on the developmental
associations between cognitive factors/executive processes and state factors/motivation as
related to childhood psychopathology remains sparse.
In an attempt to achieve a more complete understanding of psychopathology, the
study of mental health disorders has shifted focus away from evaluating the parallel roles
of various etiological pathways and factors. Instead, the focus has turned towards multilevel, integrative approaches where multiple contributing factors are examined
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concurrently and in relation to each other (Insel et al., 2010). Nigg and Casey (2005)
suggested that particular attention be paid to integrating the cognitive and affective
neuroscience of ADHD in order to better understand its etiology. A long line of evidence
can be found in support of the fact that emotional states can influence cognitive
performance, and renewed interest in the study of emotional reactivity/regulation in
ADHD has begun to appear in the literature. Systematic, developmental between group
differences in brain imaging studies of ADHD show alterations in maturation and
connectivity of regions associated with both higher order cognitive processes (i.e., frontal
cortex) and affect response (i.e., subcortical regions) (Cortese, Imperati, et al., 2013; J.
Posner et al., 2011; Shaw et al., 2007; van Ewijk, Heslenfeld, Zwiers, Buitelaar, &
Oosterlaan, 2012). There has also been some initial evidence for emotion
reactivity/regulation as an important factor in ADHD nosology (Karalunas et al., 2014;
Martel, 2009). However, the degree to which developmental changes in cognitive control
and affective processing influence each other over time remains largely unknown in
individuals with and without ADHD. Longitudinal studies evaluating these relationships
would contribute importantly to formulating a clearer picture of the developmental
psychopathology of ADHD.
Finally, research increasingly indicates that a confluence of internal and external
variables operate collectively to influence the development of cognitive and emotional
networks to effect behavioral outcomes (Scerif & Baker, 2015; Shaw, Stringaris, Nigg, &
Leibenluft, 2014). These include within child factors (e.g., genes, epigenetics), external
factors (e.g., parenting, environmental influences), and their interactional byproducts
(e.g., gene-environment interplay, learning and skill acquisition). ADHD carries a
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substantial genetic influence (Faraone & Mick, 2010), but is also responsive to various
psychosocial therapies, including behavior management therapy (Evans, Owens, &
Bunford, 2014; Hinshaw, Arnold, & Group, 2015). Interestingly, there is some research
to suggest that variability in response to psychosocial intervention and ADHD severity
are sensitive to gene-environment interplay (Hinshaw et al., 2015; van den Hoofdakker et
al., 2012; van der Meer et al., 2015). However, differentiating between genetic and
environmental effects can be difficult in studies of biologically related parents and
children because of passive gene-environment correlation. That is, the reasons why
associations exist between environmental variables (e.g., environmental structuring) and
children’s psychosocial outcomes (e.g., inattention) can be difficult to determine because
biologically related parents and children share the same genes and the same environment.
Their shared genetic traits could be influencing both the situational environment (e.g.,
amount of chaos in the household) as well as child behavioral outcomes (e.g., problems
with distractibility). Adoption studies provide a unique way to assess for environmental
influences outside of such genetic confounds.
Integrative studies that attempt to combine genetic, cognitive, arousal/reactivity,
and environmental variables are needed to help inform and expand comprehensive
developmental models of ADHD. For instance, higher order executive systems and
reactivity/arousal systems interact to appropriately modulate behavior, and a recent study
concluded that separate processes (e.g., cognitive control, arousal, and response
variability) may provide unique and additive predictive value for problems with
inattention and impulsivity (Nikolas & Nigg, 2013). Research also suggests that some of
the underlying mechanisms (i.e., genetic versus environmental) related to ADHD may not
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be the same for inattention as they are for impulsivity, and that additive versus
multiplicative effects may even contribute to different etiological factors in ADHD
pathology (Nikolas & Burt, 2010). Given increasing evidence for how interactions
between cognitive functioning, emotional reactivity, genes, and environmental factors
can influence mood and behavior in ADHD, clarification regarding how these
relationships develop over time are important for identifying risk and specifying targets
for appropriate early intervention services. Studies integrating a number of these factors
are now possible given technological advancements in data collection capacity, the
availability of large datasets that capture broad-spectrum information about children and
their families, and improvements in the processing power of statistical software packages
able to handle increasingly complex data algorithms (Dirks, De Los Reyes, BriggsGowan, Cella, & Wakschlag, 2012; Hinshaw, 2015; Nigg, 2016). Results from such
studies would contribute valuable information towards creating targeted, effective, and
developmentally-sensitive treatment techniques.
For this dissertation, I evaluated multiple etiological factors previously found to
be related to problems with sustained attention and impulsivity in a longitudinal dataset
of adoptive children and their families. This study uniquely attempts to simultaneously
assess the development of two psychological domains of functioning and the genetic and
parenting influences that may affect the development of these domains. Specifically, I
explored the relationships that exist between negative emotional reactivity, the
development of cognitive control, latent genetic risk for ADHD, and parental structuring
from infancy through middle childhood. Although cognitive control skills and negative
emotion regulation have frequently been cited as areas of potential deficit in ADHD,
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most extant literature has only evaluated the relationship between these variables in
cross-sectional samples of children. Therefore, in order to elucidate potential
developmental mechanisms contributing to clinically difficulties with inattention and
impulsivity, I assessed whether neurocognitive development predicts gains in emotion
regulation, or vice versa, and the degree to which both variables influence the
presentation of behavior problems related to ADHD.
The analyses for this study were conducted in a sample of children enrolled in the
Early Growth and Development Study (EGDS) (Leve, Neiderhiser, et al., 2013), which is
composed of data from adopted children and their biological and adoptive parents. Data
on the adopted children enrolled in the study spans infancy through middle childhood
(age 9 months through age 8 years). This unique dataset allows for the analysis of geneenvironment (GE) interplay in the absence of potentially confounding passive GE
correlations (intercorrelations between biological parent genes, child genes, and child
rearing environment provided by biological parent). Cognitive control, emotion
regulation, and ADHD all show moderate to high degrees of heritability (Faraone, Perlis,
et al., 2005; Pineda et al., 2011; Singh & Waldman, 2010). Additionally, parental
structuring of the child’s home environment is a key component of parent management
training protocols, the principal psychosocial treatment prescribed for children with
ADHD (Pelham & Fabiano, 2008). Unstructured home environments have also been
previously associated with an increased risk for developing disruptive behavior disorders
(Leve et al., 2009). In this study, latent genetic influences and parent environmental
structuring will be measured in relation to child traits in the absence of confounding
passive gene-environment correlations.
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In the following sections, I will briefly review the literature on models of ADHD
etiology, and outline the relationship between neurocognitive development and emotional
reactivity to problems with inattention. Within these sections, I will address geneenvironment interplay as related to ADHD, with a particular focus on the role of parental
structuring. Chapter 2 enumerates the methods used to evaluate the specific hypotheses
regarding expected outcomes and associations. Chapter 3 reports on the results of these
analyses, and Chapter 4 provides a discussion of the results in the context of extant
theories and findings.

ADHD
As defined by the Diagnostic and Statistical Manual of Mental Disorders, 5th ed.
(2013), ADHD is a neurodevelopmental syndrome that can be specified into 3 subtypes:
ADHD predominantly inattention presentation (individual meets criteria for 6 out of 9
inattentive symptoms), ADHD predominantly hyperactive/impulsive presentation
(individual meets criteria for 6 out of 9 hyperactive/impulsive symptoms), or ADHD
combined presentation (individual meets criteria for both inattentive and
hyperactive/impulsive presentations). Some of these symptoms must be present before
age 12 years and observable across multiple environments (e.g., home and school).
Additionally, the cumulative effect of these symptoms must negatively impact the
individual’s functioning for a minimum of 6 months.
ADHD is considered a lifelong disorder. Studies have found that early problems
with inattention and/or impulsivity increase the likelihood for later mental and physical
health problems. A substantial number of children diagnosed with ADHD (35-80%)
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continue to show impairment related to sustained attention and/or impulsivity in early
adulthood (Barkley, Fischer, Smallish, & Fletcher, 2002; Faraone, Biederman, & Mick,
2005; Wilens, Biederman, & Spencer, 2002). Compared to typically developing children,
children with ADHD are at a higher risk of academic failure (Breslau et al., 2010), job
termination (Barkley, 2002), and obesity (Cortese, Faraone, Bernardi, Wang, & Blanco,
2013). Prospective research studies have also found that childhood ADHD increases the
risk for developing problems with alcohol/drug abuse (Elkins, McGue, & Iacono, 2007),
nicotine dependence (Burke, Loeber, & Lahey, 2001; Groenman et al., 2013), and posttraumatic stress disorder (Biederman et al., 2013).
Several prominent integrative theories regarding ADHD etiology have greatly
shaped our understanding of ADHD over the past 10 years. Sergeant’s (2000) cognitiveenergetic model (CEM) suggests that problems with inattention and impulsivity are the
result of communication deficits between state factors and executive attention networks.
Each of these state factors, labeled as arousal, effort, and activation, are thought to be
associated with specific cognitive mechanisms associated with attention, namely
encoding, central processing, and response organization, respectively. CEM posits that
alterations in the availability of these energy pools or in executive control networks
would interfere with an individual’s information processing ability, which in turn
negatively affects one’s ability to regulate motor output and behavior (Sergeant, 2000).
Behavioral, physiological and structural brain imaging studies have provided some
support for this model in ADHD, with the strongest support in the area of motor response
organization (Banaschewski et al., 2003; Shiels & Hawk Jr, 2010; van Ewijk et al., 2012).
However, direct and quantifiable measures of the energetic pools associated with effort,
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arousal, and activation across various tasks can be difficult to obtain. As such, studies
associated with this model have been sparse.
Alternatively, the dual pathway model (DPM) of ADHD proposes the presence of
two pathways that could explain the heterogeneous behavioral presentations observed in
indivudals with ADHD (Sonuga-Barke, 2002; Sonuga-Barke, Bitsakou, & Thompson,
2010). One pathway is related to dysregulation of thought and action which is derived
from poor inhibitory control mechanisms. A second pathway is linked to an abberant
reward system that can lead to learned negative response tendencies in situations
requiring an individual with ADHD to wait (i.e., delay aversion). Although this acquired
motivational style can look like executive deficits (via task disengagement), it is
considered an alternative, dissociable pathway leading to ADHD-related behavioral
difficulties. Given these premises, the DPM also asserts that individuals with ADHD will
respond differently to different intervention services depending on which pathway is
impaired. For individuals whose ADHD etiology is a result of poor inhibitory control,
cognitive training on executive skills is proposed to be an effective form of treatment
(Sonuga-Barke et al., 2010). For those whose ADHD is marked by learned delay
aversion, psychosocial treatments aimed at re-learning appropriate behavioral patterns in
response to delay, planned or impromptu, would be most appropriate (Sonuga-Barke,
2002). A variety of studies evaluating the DPM have produced equivocal results, with
some providing support for (Lambek et al., 2010; Pauli-Pott, Dalir, Mingebach, Roller, &
Becker, 2013; Van den Bergh et al., 2006) while others providing counter-indications to
(Bidwell, Willcutt, Defries, & Pennington, 2007; Karalunas & Huang-Pollock, 2011;
Sjowall, Roth, Lindqvist, & Thorell, 2013) the tenets proposed within the model.
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Principal points of contention revolve around whether differences in delay aversion
distinguishes individuals with and without ADHD and the degree to which delay aversion
is related to various executive functioning skills.
Other researchers have focused on explanations of ADHD based on findings from
the cognitive and affective neurosciences. For instance, Nigg and Casey (2005) suggested
that irregularities in the ability to filter and detect important information from the
environment could mitigate the degree to which an individual with ADHD can
appropriately recruit cognitive control skills and modulate pre-potent approach/avoidance
behaviors in situ. They identified three related neural circuits thought to be related to
ADHD: a frontostriatal circuit, a frontocerebellar circuit, and a frontoamygdala circuit.
The frontostrital circuitry is involved in detecting the presence of unpredicted/novel
outcomes and relaying this information to the prefrontal cortex for processing (Schultz,
Dayan, & Montague, 1997). Similarly, frontocerebellar circuitry is tied to alerting,
detecting, and monitoring violations in the timing of events (Ivry, Spencer, Zelaznik, &
Diedrichsen, 2002). Problems with inhibitory control, attentional focusing/selective
attention, and learning can potentially be the consequence of poor detection of
unpredicted or untimely events, poor relaying of prediction-error related information, or
an inability to use this information to direct behavior. These hypotheses are bolstered by
evidence that skill development for self-monitoring behaviors and cognitive control are
mutually influential (Diamond, 2000), and are consistent with difficulties in feedback
processing found in some children with ADHD (Shiels & Hawk Jr, 2010).
Frontoamygdala circuitry is thought to be involved in cueing the prefrontal cortex to
prepare for engaging in approach/avoidance behaviors based on context (i.e., goal-
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oriented or adverse goal-oriented). In ADHD, faulty frontoamygdala activity is thought to
contribute to poor assessment of the emotional valence and subsequent use of this
information to alter behavior if/when necessary (Nigg & Casey, 2005). Taken together,
relationships between these neural pathways suggest that the confluence of an
individual’s ability to detect, relay, and use information about the environment in the
context of goal-oriented behavior may be of principal importance in ADHD
psychopathology. As such, assessments of cognitive control, emotional reactivity, and
behavioral regulation should be studied as both independent and mutually interacting
variables when considering ADHD etiology. Furthermore, this line of thinking implies
that external variables, such as environmental organization and structure, could scaffold
the development of improved regulatory skills in children at risk for ADHD.
Taken together, theories of ADHD etiology have evaluated a number of withinchild factors related to poor detection and regulatory capacity of thought, action, and/or
emotion. The mechanisms by which these difficulties arise is thought to be associated
with genetic risk factors that unfold in a predictable way over time to produce structural
and functional differences in brain development (Castellanos et al., 2002).
Genetics of ADHD. ADHD has repeatedly been shown to carry a significant
genetic load, with heritability estimates centered around 0.76 (Faraone, Perlis, et al.,
2005). Results also consistently suggest that shared environmental factors (i.e.,
environmental influences that make siblings more similar to each other and different from
children in other families) have nominal effects on the development of ADHD (Bergen,
Gardner, & Kendler, 2007; Burt, Larsson, Lichtenstein, & Klump, 2012). Both candidate
gene (Faraone & Mick, 2010) and genome-wide association studies (Neale, Lasky-Su, &
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Anney, 2008) have been used to search for specific genetic contributors to ADHD
psychopathology. A meta-analytic review of ADHD candidate genes found six candidate
genes with effect sizes significant at the p<0.05 level, including genes related to (1)
dopamine function, such as the Dopamine Transporter (DAT1 or Slc6a3) and its
receptors Dopamine Receptor D4 (DRD4) and Dopamine Receptor D5 (DRD5), (2)
serotonin function, such as the Serotonin Transporter (5HTT or SLC6A4) and Serotonin
Receptor 1B (HTR1B), and (3) intracellular vesicular docking proteins such as
Synaptosome Associated Protein 25kDa (SNAP25) (Gizer, Ficks, & Waldman, 2009).
However, this same study indicated significant inconsistencies in the effects of these
genes across different sample populations, and suggested that other genetic and/or
environmental moderators may play an important role in elucidating the effects these
specific genes have on ADHD-related outcomes. Genome-wide association studies
(GWAS) have also produced equivocal results, with analyses run using ADHD candidate
single nucleotide polymorphisms resulting in fairly weak associations (Neale et al.,
2008). Finally, the relationship between ADHD and genes with rare copy number
variants (CNVs) have become an area of recent interest as significant associations
between CNVs and other neurodevelopmental disorders (i.e., autism and schizophrenia)
have come to light (Sebat et al., 2007; Walsh et al., 2008). Although some support for the
role of rare CNVs in ADHD has been found in two recent studies, significant overlap in
common CNVs for multiple psychopathologies make it unclear as to whether these
polymorphisms are contributing to general deviations from typical neural development or
to ADHD psychopathology in particular (Elia et al., 2010; Hinney et al., 2011). Together,
studies from molecular genetics suggest that ADHD carries a complex inheritance
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pattern, and that, despite heavy genetic loading, individual genetic variants confer a
relatively small risk towards the development of clinically significant problems with
behavioral inattention/impulsivity (Faraone, Perlis, et al., 2005). Studies evaluating
genetic influences from a broader, more comprehensive, whole-genome perspective, as
can be found in studies using twin and family-based populations, provide additional
critical input regarding the mechanism by which genes influence ADHD presentation.
Behavioral genetics studies have contributed importantly to our current
understanding of ADHD etiology. Heritability estimates are generally derived from
differences in concordance rates between monozygotic (share all individual difference
genes) and dizygotic (share half of all individual difference genes, on average) twins. As
noted above, population-wide variability in ADHD symptoms and diagnosis is largely
accounted for by the genetic makeup of the child. This does not necessarily mean that the
same genes are affecting the same individuals to produce difficulties with inattention and
hyperactivity/impulsivity throughout the population.
Endophenotypes are intermediate markers (cognitive, genetic, neurophysiological,
etc.) of broader behavioral constructs that are useful for identifying specific typologies
within a construct, exploring potential underlying etiological factors that can contribute to
behavioral heterogeneity, and evaluating the utility of specific targets of intervention
(Gottesman & Gould, 2003). Moderate heritability estimates have been found for
electrophysiological endophenotypes within ADHD such as the presence of very-low
frequency activity (Tye et al., 2011) and theta power (Tye, Rijsdijk, & McLoughlin,
2014). These results suggest that one of the ways in which genetics may influence the
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presence of ADHD is through formation of specific neurophysiological profiles that then
contributes to the individual’s cognitive, emotional, and behavioral presentation.
Longitudinal twin studies have shown that there exists both stable genetic
contributions to ADHD presentation as well as new onset genetic effects that manifest
during various developmental periods (Chang, Lichtenstein, Asherson, & Larsson, 2013;
J. O. Larsson, Larsson, & Lichtenstein, 2004). In fact, research evidence increasingly
suggests that genetic factors play a significant role in how ADHD changes over time. A
recent study of 8,395 twin pairs in the UK with ADHD found that genetic influences
appear to predominantly be associated with rates of change in ADHD-related behaviors
(i.e., increasing trajectory of attention problems and/or decreasing trajectory of
impulsivity/hyperactivity) as opposed to individual differences in baseline levels of
ADHD symptomology (Pingault et al., 2015). Further support for this can be found in an
earlier study reporting that trajectories (from age 8 through 17) of inattention and
hyperactive/impulsive symptom presentation demonstrated substantial genetic loading
(.72-.80) (H. Larsson, Dilshad, Lichtenstein, & Barker, 2011).
Research evaluating shared ADHD traits between parents and their offspring have
also provided support for significant heritability and high genetic load in ADHD. Familybased studies have demonstrated intergenerational transmission of problems with
inattention and hyperactivity/impulsivity through significant positive correlations
between parent and offspring diagnoses of ADHD (Biederman, Faraone, & Monuteaux,
2002). Parents diagnosed with ADHD often have at least one child who also meets
criteria for the disorder (Biederman et al., 1995; Kessler et al., 2006), and children
diagnosed with ADHD are at increased odds for having a parent diagnosed with ADHD
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(Chronis et al., 2003). However, studies of direct effects between parents and children are
complicated by the fact that parents and children share the same genes and the same
environment. The presence of these passive gene-environment correlations makes it
difficult to accurately differentiate between risk conferred by genes, the environment, and
possible synergistic effects on child outcomes. To this end, parenting factors assessed in
adoption samples provide unique opportunities to disentangle some of these effects.
Gene-environment interplay in ADHD: Parenting. Various parenting practices
have been evaluated in relation to ADHD. Environmental moderators of ADHD related
candidate genes have provided some evidence for a diathesis-stress GE interaction model
for ADHD (Nigg, Nikolas, & Burt, 2010; Rosenberg, Pennington, Willcutt, & Olson,
2012). That is, ADHD risk genes show multiplicative effects when the child that carries
them lives in an environment that includes additional psychosocial risk factors for the
development of ADHD. Studies have shown that several ADHD candidate genes (i.e.,
DAT1, 5HTT, DRD4) interact with a number of different environmental risk factors –
such as low SES, inconsistent parenting, and high family adversity – to moderate ADHD
severity, particularly in regards to inattentiveness (Laucht et al., 2007; Martel et al., 2011;
Retz et al., 2008). Broadly, review studies have highlighted high family stress, low
parental self-competence, presence of parental psychopathology, and negative parentchild relationships/interactions as factors that appear to exacerbate child ADHD (Deault,
2010; Johnston & Mash, 2001). For instance, Ellis & Nigg (2009) reported that
inconsistent discipline and low parental involvement were positively associated with
ADHD, particularly as related to child inattentive behaviors. Results from the
Multimodal Treatment Study of Children with ADHD (MTA) and others also show that
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negative parenting and ineffective discipline practices are associated with disruptive
behavior at home and at school, poor social skills development, difficulties with
academic success in children with ADHD (Haack, Villodas, McBurnett, Hinshaw, &
Pfiffner, 2016; Hinshaw et al., 2000).
On the other hand, increased structuring of the child’s internal and external
environment by their parent has previously been shown to decrease child behavior
problems (Gardner, Shaw, Dishion, Burton, & Supplee, 2007; Gardner, Sonuga-Barke, &
Sayal, 1999). Research from the EGDS demonstrated that lower levels of parental
structuring, as observed in a laboratory adoptive parent-child clean-up task, is predictive
of higher levels of psychopathology in children at risk for the development of
behavior/emotion regulation problems (as measured by biological parent
psychopathology) (Leve et al., 2009). A parent’s ability to structure and monitor their
child’s environment has also been found to moderate post-intervention child outcomes.
As noted earlier, children with ADHD often have parents with ADHD who may share
similar traits in terms of difficulties with attentional control, impulsivity, and emotional
lability. These inherited traits, in turn, can challenge a parents ability to reduce some of
the aforementioned environmental risk factors and to provide protective factors
(Johnston, Mash, Miller, & Ninowski, 2012). Maternal ADHD and inattentiveness has
been associated with poorer post-intervention outcomes including follow-up ADHD
symptom count, social skills/peer-rejection, and academic performance (Dawson,
Wymbs, Marshall, Mautone, & Power, 2016; Griggs & Mikami, 2011; Owens et al.,
2003; Sonuga-Barke, Daley, & Thompson, 2002).
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Studies assessing parenting in samples of children who are not being reared by
their biological parents can more clearly distinguish between parenting effects and
genetic effects because such study designs eliminate the complication of shared genes
between parent and child that could lead to passive gene-environment correlation. One
such study compared parental ADHD in two groups of children with ADHD: children
reared by their birth parents and children reared by their adoptive parents (Sprich,
Biederman, Crawford, Mundy, & Faraone, 2000). Results from these analyses showed
that biological rearing parents were more likely to have ADHD (based on diagnostic
interview) as compared to adoptive rearing parents. Therefore, aside from behavioral and
temperamental challenges provided by the child, the parenting practices provided by the
parents with ADHD is also more likely to be impacted by their own impairment.
Additionally, a recent paper from the EGDS reported a significant association between
birth mother ADHD symptoms and adopted child trait impulsivity measured at age 4.5
years (Harold et al., 2013). More studies of this kind can further elucidate the
significance of environmental effects in the absence of overlapping genetic influences,
which can alter perspectives on treatment approaches that may improve treatment utility.
If, for example, the amount of environmental structuring provided in most families is
adequate for assisting children with ADHD, and is only problematic in families where
parents share similar difficulties with organization as their children, then an important
aspect of treatment for these families may include parent remediation in organizational
skills before moving forward with instructions regarding how to scaffold these
weaknesses for their children.
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Cognitive control
Cognitive control is defined here as “the ability [of the human cognitive system]
to configure itself for the performance of specific tasks through appropriate adjustments
in perceptual selection, response biasing, and the on-line maintenance of contextual
information” (Botvinick, Braver, Barch, Carter, & Cohen, 2001). The mental processes
that contribute to cognitive control are collectively known as executive functions (EF).
Executive functions can be defined as “general-purpose control mechanisms that
modulate the operation of various cognitive subprocesses and thereby regulate the
dynamics of human cognition” (Miyake et al., 2000). These mental processes are
particularly important for effective problem solving and goal-directed activities,
especially in non-routine situations (Banich, 2009). Factor analysis studies of
neuropsychological tests of EF often break the construct down into 3 or 4 factors (e.g.,
updating, set-shifting/cognitive flexibility, inhibitory control, and working memory),
although this does not necessarily mean that these domains of functioning represent
completely separable underlying cognitive processes (e.g., updating may be dependent on
working memory skills, inhibitory control may contribute to cognitive flexibility, etc.).
Some researchers believe that, similarly to how the field has conceptualized IQ, there
may exist a unifying factor that underlies the relationship between various EFs (Miyake
& Friedman, 2012).
Development of cognitive control. The prefrontal cortex (PFC) is considered the
seat of cognitive control in the brain. Development of cognitive control is associated with
protracted changes in neural structure and connectivity, with rapid periods of growth in
early childhood and in adolescence (Casey, Giedd, & Thomas, 2000; Giedd et al., 1999;
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Gogtay et al., 2004). Such changes in the brain have been associated with the continued
growth of attention, memory, and executive functioning throughout childhood and into
early adulthood (Casey, Tottenham, Liston, & Durston, 2005). These processes
contribute to mental tasks such as the controlled search for environmental clues,
continuous monitoring and updating of relevant information on-line, and the referencing
of newly acquired information for the purposes of obtaining established goals. For
instance, difficulties with inhibitory control, or the ability to override a prepotent
response, in gross motor planning is normative for infants who show difficulties
supplanting previous representations of object location in space despite physical evidence
of its relocation (A-not-B errors) (Marcovitch & Zelazo, 1999). At age 2, toddlers may
consistently look for a hidden object in the place where they had previously found it, and
struggle to conduct successful searches of the environment (Sharon & DeLoache, 2003).
The ability to assign multiple representations to a single object simultaneously or
understanding false beliefs is difficult in toddlerhood, but is typically consolidated by the
time children reach school age (Carlson & Moses, 2001; Wellman, Cross, & Watson,
2001). The continued development of executive functioning skills extends well into early
adulthood, marked by increases in working memory capacity, sustained attention,
response inhibition, as well as the ability to implement these skills in activities of daily
life (M. Miller, Loya, & Hinshaw, 2013). These effects are thought to be largely the
result of functional and structural changes in the brain (i.e., synaptic pruning) that
increases functionality and efficiency within and between brain regions (Giedd et al.,
1999; Gogtay et al., 2004).
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Genetic and environmental influences on cognitive control development. The
development of cognitive control is influenced by genetic components and is subject to
significant environmental malleability (Diamond, 2011). Recent GWAS analyses of a
mixed sample of clinical and non-clinical populations identified 4 alleles in 3 genes
associated with neurocognitive functioning, one of which demonstrated particularly high
correlations with inhibitory control skills as assessed in an adaptation of the Stroop
paradigm (i.e., color-word interference test) (LeBlanc et al., 2012). Across various
behavioral genetic studies, EF skills generally show moderate to high estimates of
heritability depending on study design. For instance, one study evaluating a community
sample of twins estimated heritability of 0.77 for EF based on parent report data
(Coolidge, Thede, & Young, 2000). In a study of 420 monozygotic and dizygotic twin
pairs in the US, Friedman et al. (2008) indicated that the underlying factor uniting all EF
abilities (Common EF) was almost entirely genetically based, while both genetic and
non-shared environmental influences contributed to individual differences in performance
on specific EF skills. Additionally, the association found between infant/toddler measures
of developing cognitive control skills (self-restraint task) and adolescent EF showed (1)
significant genetic influence, particularly in Common EF, and (2) non-shared
environmental influences for specific EF skills (Friedman, Miyake, Robinson, & Hewitt,
2011). Intergenerational transmission of EF skills have also provided some evidence of
latent genetic influences on EF. Jester et al. (2009) found modest to moderate parentchild (adolescents) correlations for individual neuropsychological tests of EF, with
overall heritability estimates of .08-.30.
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Environmental factors have also been found to influence the development of EF
skills. For example, one study reported that attachment security assessed at around age 2
was significantly predictive of performance on a task taxing working memory and
cognitive flexibility (Bernier, Carlson, Deschênes, & Matte-Gagné, 2011). Additionally,
a recent behavioral genetics study evaluated the degree to which genes that contribute to
parental environmental structuring in the home also contribute to a child’s temperamental
characteristics (mean age ~8 years) (Lemery-Chalfant, Kao, Swann, & Goldsmith, 2013).
This study found that poor effortful control skills, a temperament construct frequently
equated with early EF, was more heritable in homes that were highly chaotic, whereas
greater negative affect was more heritable in homes that were identified as being more
crowded. In fact, many of the same risk factors that have been associated with ADHD
(e.g., parental scaffolding, psychosocial interventions, family SES) have also been found
to affect the growth and development of EF abilities. For instance, one study found that
increased levels of parental scaffolding during a problem solving task at age 2-3 years
was positively associate with improved EF skills at age 4 years (Hammond, Müller,
Carpendale, Bibok, & Liebermann-Finestone, 2012). Training programs targeting the
development of attentional control and EF skills in early childhood have also shown
some degree of success (Diamond, Barnett, Thomas, & Munro, 2007). One study of
parents and their children enrolled in a program aimed at teaching parent behavior
modification skills as well as lessons in fostering attention and obedience found
significant improvements in post-intervention assessments of executive skills and
behavioral inattentiveness as compared to children whose parents did not complete the
training program (Miranda, Presentación, Siegenthaler, & Jara, 2011). Initial studies
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indicate that children who participate in these EF skill-building programs (e.g., Tools of
the Mind; Bodrova & Leong, 2007) show improved performance on EF and standardized
academic measures as compared to same-aged peers who did not receive such instruction
(Barnett et al., 2008; Diamond et al., 2007).
Cognitive control and ADHD. Deficits in cognitive control have been implicated
across a wide array of neurodevelopmental disorders and psychopathologies, including
ADHD. Although cognitive control deficits alone cannot account for the difficulties
experienced by children with ADHD (Willcutt et al., 2005), they are considered one of
the most prevalent contributing pathways related to ADHD (Lambek et al., 2010; Nigg,
2005; Nikolas & Nigg, 2013), and EF deficits have been proposed to be an ADHD
endophenotype. Meta-analytic studies evaluating EF deficits have found that they exist in
approximately 30% of children with ADHD (Willcutt et al., 2005). Initially, theories
focused on the role of inhibitory control in ADHD (Barkley, 1997). Researchers have
since broadened the scope of EF concerns to include deficits such as set-shifting and
working memory (Pennington & Ozonoff, 1996; Willcutt et al., 2005), as other
difficulties frequently associated with ADHD.
Support for EF deficits as an ADHD endophenotype has come from cognitive
neuroscience and molecular/behavioral genetic studies. Neuroimaging studies depict
group differences in the neuroanatomical development of regions associated with EF
performance in children with and without ADHD (Castellanos & Tannock, 2002).
Individual differences in the developmental trajectory of the neuroanatomical structures
thought to underlie EF abilities have been associated with later behavior problems related
to inattention and impulsivity (Castellanos et al., 2002). Specifically, group differences in
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total cerebral, white matter, and caudate volumes between children with and without
ADHD in childhood were observed, with significant correlations depicting a relationship
between frontal gray matter volumes and ADHD severity (Castellanos et al., 2002).
Differences in cortical maturation and asymmetry have also been observed longitudinally
in children followed from age 10 into adolescence (Shaw et al., 2007; Shaw et al., 2009).
In candidate gene studies, haplotypes of human Dopamine Receptor type 4
(DRD4), which is expressed in the prefrontal cortex (PFC) (Meador-Woodruff et al.,
1996), have been associated with both behavioral attention problems (Faraone, Perlis, et
al., 2005) as well as with working memory and interference control (Loo et al., 2008).
Collectively, twin and family studies suggest a significant genetic covariation between
behavioral inattention/impulsivity and EF performance. In a community sample of
monozygotic and dizygotic twins, phenotypic correlations between ADHD symptoms and
EF deficits were found to be as high as 0.79, with 83% of the shared variance attributed
to genetic factors (Coolidge et al., 2000). Siblings and ADHD probands often show high
performance correlations across a number of EF tasks including attentional control,
mental flexibility, and inhibitory control (Loo et al., 2008; Nigg, Blaskey, Stawicki, &
Sachek, 2004; Slaats-Willemse, Swaab-Barneveld, de Sonneville, & Buitelaar, 2007).
However, recent research suggests that similar variations in EF deficits exist in typically
developing populations of children (Fair, Bathula, Nikolas, & Nigg, 2012). Studies aimed
at refining our understanding of the relationship between executive functions and specific
problem behaviors is needed. The potential differential role of executive function skills as
they pertain to different mental health disorder may be highly relevant to treatment
recommendations and therapeutic efficacy.
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Emotional reactivity
Emotional reactivity can be thought of, broadly, as the manner in which one
responds to a stimulus change/alteration in the environment (Propper & Moore, 2006). It
is associated with somatic changes coordinated throughout the body through endocrine
and autonomic systems, and can be observed behaviorally, at the most basic level,
through excitability, response latency, and withdrawal/approach. Temperament factors
are theoretical constructs thought to represent relatively stable individual differences in
reactivity and regulatory control that are derived from biologically based (e.g., genetic,
neurophysiological, etc.) interactions between emotional, cognitive, and attentional
subsystems in the brain (Goldsmith et al., 1987). However, the degree to which emotional
reactivity demonstrates consistency across time has been challenged by some studies of
infant emotionality and utilization of self-soothing behaviors (Propper & Moore, 2006).
Such findings bring into question the potential role the environment may play in
relationship to changes in emotional reactivity over time.
Genetic and environmental influences on emotional reactivity. Geneenvironment interplay, particularly in the form of parenting, has been evaluated in regard
to emotional reactivity via analyses using molecular genetics, physiological reactivity,
behavioral observations, and/or temperament profiles. Generally, findings associate
greater maternal sensitivity to positive changes in child emotional reactivity when the
child’s genotype reflects the presence of risk alleles. For instance, the effect of dopamine
receptor/transporter alleles on physiological/behavioral markers of emotional reactivity
are differentially mediated by the degree to which mothers show sensitivity towards the
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needs of their child (Bakermans-Kranenburg & van IJzendoorn, 2006; Propper et al.,
2008; Sonuga-Barke et al., 2009). Studies of parenting effects on physiological aspects of
emotional reactivity often involve the assessment of cortisol reactivity to a stressor. A
study of 19-month-old monozygotic and dizygotic twins in Canada assessed the
relationship between cortisol reactivity after exposure to an unfamiliar situation (OuelletMorin et al., 2008). Results showed that cortisol reactivity in twins raised in families with
low familial adversity was primarily attributed to genetic and non-shared environmental
effects. In contrast, cortisol reactivity in twins raised in families with high familial
adversity was primarily attributed to shared and non-shared environmental effects. In
another study, preschoolers whose mothers both experienced depression during the
child’s first few years of life and demonstrated hostility towards their child evidenced
high and increasing cortisol levels in response to a psychosocial stressor (approach and
initiation of coversation by an adult stranger), whereas children of mothers with past
depression and low hostility showed cortisol responsivity that was not significantly
different from children of mothers who had never experienced depression . These results
suggest that environmental factors may play a significant role in shaping physiological
responsiveness to the external environment.
Emotional reactivity and ADHD. Emotional reactivity represents another
etiological pathway by which difficulties with academic and social-emotional impairment
associated with ADHD may come about (Musser, Galloway-Long, Frick, & Nigg, 2013;
Nigg & Casey, 2005; Sergeant, 2000; Sonuga-Barke, 2002). Concurrent diagnosis of
ADHD and internalizing mood disorders is not uncommon (15-75% in epidemiologic and
clinical samples) (Biederman et al., 1991), and there is some evidence suggesting the
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presence of common genes underlying both childhood ADHD and depression (Cole, Ball,
Martin, Scourfield, & McGuffin, 2009). Additionally, a recent study evaluating 1,920 518 year old twin pairs found that a single, heritable, latent genetic factor for emotional
lability, ADHD symptoms of inattention, and ADHD symptoms of hyperactivity better
accounted for covariance between these variables than did multiple, independent
pathways of development (Merwood et al., 2014).
Further evidence for linkage between ADHD and emotional reactivity has been
found in biopsychological studies of parasympathetic and sympathetic reactivity in
children with ADHD. Emotional reactivity is frequently evaluated in terms of behavioral
latency, intensity, and recovery response to an emotion-evoking stimulus. Musser et al.
(2011) found that children with ADHD showed less change in parasympathetic activity
(as measured via respiratory sinus arrhythmia) in tasks tapping positive emotional
reactivity and negative emotion regulation. Crowell et al. (2006) observed significantly
different patterns in average pre-ejection periods (i.e., lower sympathetic activity) in
children with and without ADHD during a timed matching game. Additionally, orbicular
electromyography (EMG) of changes in startle responsivity is thought to be a valid
measure of emotional-motivational processing associated with brain structures including
the amygdala and the nucleus accumbens (Koch, 1999). In an EMG study of startle
response attenuation/potentiation, Conzelmann et al. (2009) found that adults with
ADHD Combined subtype did not show expected levels of startle attenuation in response
to pleasant pictures, and a similar trending pattern for adults with ADHD Inattentive
subtype.
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Temperament and psychopathology share many similar characteristics, and
temperament constructs are being increasingly used to conceptualize childhood mental
health disorders (Nigg, 2006). As a group, children with ADHD are generally described
as showing higher mean levels of negative affect and motor activity, and lower mean
levels of emotional stability (De Pauw & Mervielde, 2010; Martel, Nigg, & von Eye,
2009). Multivariate models of negative emotionality and clinically significant problems
with behavioral inattention/impulsivity indicate that the two share small to moderate
degrees of genetic variance (Singh & Waldman, 2010). Additionally, elevated levels of
emotional reactivity in preschool was found to be predictive of increased
hyperactivity/impulsivity at 12 month follow-up (C. J. Miller, Miller, Healey, Marshall,
& Halperin, 2013).
High comorbidity rates with mood disorders, aberrant physiological reactivity
during emotion-stimulating tasks, and developmental relationships between temperament
profiles and ADHD symptoms provides some initial evidence for emotional reactivity as
a player ADHD etiology (Barkley & Fischer, 2010; Chronis-Tuscano et al., 2010; Martel,
2009; Martel & Nigg, 2006; Musser et al., 2011; Musser et al., 2013). However, much
like the extant literature on cognitive control deficits, emotional responsivity has been
linked to a number of mental health disorders, and patterns of group differences are not
unique to ADHD. Therefore, many questions remain regarding the specific role of
emotional reactivity in the psychopathology of ADHD.

Current Study
Overall, the literature reviewed here indicates that it is very likely that the
development of cognitive control (CC) and changes in negative emotional reactivity
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(nER) influence problems with inattention/impulsivity. Although deficits in CC have
been correlated with many psychopathologies, they do not singly explain the impairments
observed in any mental health disorder. Likewise, hyper- or hypo-physiological reactivity
to environmental stimuli, although associated with psychopathology, does not
deterministically predict significant functional impairment (Beauchaine, Gatzke-Kopp, &
Mead, 2007). Latent class analyses have shown that it may be quite important to assess
the manner in which CC and ER collectively, either through additive or interactional
processes, contribute to clinically significant problems with behavioral
inattention/impulsivity. Although there is some evidence to suggest that high
physiological and temperamental reactivity influences the development of component
information-processing skills that are necessary to engage in cognitive control of
behavior (M. I. Posner & Rothbart, 2000), longitudinal studies measuring both of these
dimensions concurrently have been sparse, and little is known regarding the
developmental relationship between cognitive control and emotional reactivity. One
recent study revealed that high emotional reactivity and low emotion regulatory behavior
at age 15 months predicted poorer EF skills at age 4 years as compared to children who
demonstrated high levels of both (Ursache, Blair, Stifter, & Voegtline, 2013). Similarly,
increasing levels of negative emotionality between the ages of 9 to 27 months was
correlated with lower levels of impulse control at 27 months of age (Leve, DeGarmo, et
al., 2013). These findings suggest that high levels of emotional reactivity may be a risk
factor for poor EF skill development. Given the degree to which poor EF development
and elevated emotional reactivity are associated with ADHD, this association speaks, in

28

turn, to a potential developmental mechanism by which these domains jointly contribute
to the development of problems related to behavioral inattention/impulsivity.
Longitudinal evaluation of etiological factors that contribute to ADHD-related
outcomes over time is doubly important considering the fact that certain aspects of the
disorder appear to vary across development. ADHD is considered a neurodevelopmental
disorder, and behavioral impairment often extends into adulthood. Longitudinal imaging
and behavioral studies show that differences in developmental trajectories (i.e., cortical
maturation, changes in presenting symptoms across time) are more accurately predictive
of future outcomes than baseline measures of symptomotology or impairment (Pingault et
al., 2014; Shaw et al., 2013). Given that trajectory analyses can only be done using
longitudinal research designs, studies evaluating ADHD etiology using comprehensive
longitudinal datasets is needed to continue moving the field forward.
ADHD, cognitive control, and emotional reactivity all show moderate to high
levels of heritability (Coolidge et al., 2000; Cyphers, Phillips, Fulker, & Mrazek, 1990;
Faraone, Perlis, et al., 2005). At the same time, executive functioning and emotion
regulation skills also demonstrate some degree of malleability, and are subject to the
presence of environmental supports and/or risk factors (Bernier et al., 2011; Conradt &
Ablow, 2010; Freitag et al., 2012). For instance, parental psychopathology, marital
conflict, and high levels of chaos in the home have been associated with poorer effortful
control, higher levels of emotion dysregulation, and problems developing self-regulatory
abilities (Coldwell, Pike, & Dunn, 2006; Jaffee, Hanscombe, Haworth, Davis, & Plomin,
2012; Johnston & Mash, 2001). On the other hand, parental application of external
structure and organization, which may impart a degree of consistency in a child’s life, is
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thought to be of benefit to children with ADHD due to hypothesized differences in
reinforcement learning (Luman, Tripp, & Scheres, 2010; Luman, Van Meel, Oosterlaan,
Sergeant, & Geurts, 2009). The ability to tease apart and differentiate between genetic
and environmental contributions on child traits and problematic behaviors are often
confounded by the presence of passive GE correlations. Studies of non-kin adopted
children provide a unique way of assessing specific gene and environment effects. In the
absence of passive gene-environment correlation, the existing theoretical roles regarding
genetic propensities, environmental factors, and the development of behavior problems
can be tested with greater confidence.
This dissertation investigated the developmental relationship between ER and CC
in infancy/toddlerhood and middle childhood. These psychological domains were then
evaluated in terms of their predictive ability for future with problems behavioral
inattention and hyperactivity/impulsivity. Finally, the degree to which environmental
structuring – defined here as the degree to which parents are able to supervise, engage in
consistent discipline, and maintain order in their child’s environment – moderated latent
genetic load for these traits, or mediated relatedness between rearing parent traits and
child traits was tested. The following study was conducted using data collected for the
EGDS which includes information on adoptive parents, birth parents, and the target child.
This longitudinal adoption design provided a unique opportunity to better understand the
effect of parental environmental structuring as related to the development of cognitive
control, changes in emotional reactivity, and behavioral inattention/impulsivity in the
absence of confounding passive gene-environment correlation.
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A model depicting the hypothesized relationships between the study variables
presented herein can be found in Figure 1. Given previous reports of stability in
temperament traits, I expect to find a high degree of continuity between assessment times
in parent reports of child CC and nER. However, some evidence exists suggesting that
nER and CC may interact to mutually influence development of each psychological
factor over time. I will explore the degree to which CC and nER interact across
infancy/toddlerhood and middle childhood, with expectations that cross-lagged
interactions will emerge between the two constructs as the child brain continues to
develop. Reports of cognitive deficits in children with ADHD would suggest that a
moderate relationship between CC and inattentiveness. High rates of both internalizing
and externalizing comorbidities and the presence of emotional lability in many children
with ADHD leads to the hypothesis that there is a modest to moderate relationship
between nER and ADHD. High heritability estimates and evidence of parent-offspring
transmission of ADHD symptoms lends support to the hypothesis that birth parent
ADHD will be positively correlated to adopted child ADHD in the present sample.
Modest amounts of latent genetic risk is also expected for cognitive control abilities and
emotional reactivity. Finally, existing research suggests that having a structured
environment helps scaffold a child’s ability to control their behavior. As such, I expect to
find a significant association between environmental structuring and adopted child
inattention/impulsivity problems, indicating moderate effects of environment on latent
genetic components related to ADHD. Specifically, I expect to find that higher levels of
environmental structuring serve as a protective factor against the development of EF
deficits, elevated emotional reactivity, and behavior problems related to inattention
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and/or impulsivity, particularly for those children with elevated genetic risk for problems
within each of those domains.

Figure 1. Proposed theoretical model.
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Chapter 2: Methods & Analyses
Participants
Participants were children (N=361; 207 males) and parents enrolled in Cohort I of
the Early Growth and Development Study (EGDS) (Leve, Neiderhiser, et al., 2013), a
multisite, longitudinal sample of adopted children and their adoptive and biological
parents. The primary objective of the EGDS is to evaluate GE interplay on the
development of social and emotional functioning in children. Recruitment occurred via
collaborations with 33 adoption agencies (public, private, religious, and secular) across
the USA between 2003 and 2006. Recruitment for the EGDS was conducted through
adoption agencies located across the United States. Criteria for participation included: (1)
domestic adoption placement, (2) child placement into adoptive family occurred within
the first 3 months after birth, (3) no kinship relationships were present between adoptive
and birth families, (4) medical history of the adopted infant did not include major medical
conditions (e.g., extreme prematurity), (5) a minimum of 8th-grade level proficiency for
English reading/understanding in both birth and adoptive parents. Recruitment
procedures started with identification of adoptive families that met the above mentioned
criteria, initial mailing and opt-out opportunity for adoptive families, attempted contact
with birth mother, followed by contact with adoptive parents, and finally recruitment of
birth fathers. Across both cohort I & cohort II of EGDS, a total of 3,293 adoptive families
were eligible for the study. Within this pool, 864 birth mothers agreed to be included in
the study. Amongst the families with successful birth mother recruitment, a total of 561
adoptive parents agreed to study enrollment. Lastly, 208 birth fathers within the final
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sample agreed to participate in the EGDS. Throughout the study, separate study staff
were employed for contact with birth parents and adoptive families to prevent
information transfer between participants. Informed consent was obtained from all parties
during the recruitment process.
Diversity in the EGDS sample approximates population-based reports of race and
ethnicity composition of the USA. Sample percentages of birth mother/father race and
ethnicity could be broken down as follows: 71.1/74.6% Caucasian, 6.7/8.7% Hispanic,
11.4/8.7% African American, 5.8/3.2% other, and 5.0/4.8% multiracial/multiethnic. The
median annual household income for birth mothers was <$15,000 per year and $15,00025,000 for birth fathers. The highest level of education achieved for 56.1% of birth
mothers and 57.5% of birth fathers was completion of high school or equivalence;
approximately 25% of both birth mothers and birth fathers did not complete high school.
Cohort I of the EGDS sample consisted primarily of Caucasian adoptive parents
(mothers/fathers = 91.4/90.2%). The sample also included African American (3.6/5.0%),
Hispanic (2.5/1.7%), other race/ethnicity (1.4/2.0%), and multiracial/multiethnic
(1.1/1.1%) adoptive parents. The median annual household income of adoptive parents
was $70,000-100,000. The highest level of education achieved for 43.9% of adoptive
mothers and 37.7% of adoptive fathers was a Bachelor’s degree; approximately 33% of
both adoptive mothers and fathers completed graduate level education. No demographic
differences were observed between families who did or did not agree to participate in the
study (Leve, Neiderhiser, et al., 2013).
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Data Collection Procedures
Data collection procedures for the EGDS were based on the following 4
principles: (1) theoretical model of assessment, (2) multi-method and multi-agent
approach, (3) use of identical or developmentally comparable measures to evaluate
change over time, and (4) repeated assessment of birth parents to reduce measurement
error of latent genetic effects. Measures used in this dissertation included questionnaires
(paper-and-pencil or web-based), in-person interviews, standardized testing protocols,
diagnostic interviews of adoptive parent regarding child behavior, and medical records
review. In-person interviews and standardized testing protocols were typically completed
in the home of the adoptive parents.
Measures
Data on the first cohort includes information on the families beginning at child
age 9 months through age 11 years. In this dissertation, four difference constructs were
examined: (1) inattention and impulsivity, (2) emotional reactivity, (3) cognitive control,
and (4) parental environmental structuring. A brief summary of the measures used to
operationalize these constructs can be found in Table 1.

35

Table 1. Assessment tools and collection times
Name of measure
Mode of
Child Age at Assessment (months)
collection
3
9
18 27 48 54 72 84
Inattention & Impulsivity Measures
! !
! ! !
CBCL (Achenbach, 1991) Mail, web
PAPA (Egger et al., 2006) Interview
BAA (Barkley & Murphy,
Web
BP
AP
1998)
Emotional Reactivity and Cognitive Control Measures
!
IBQ (Rothbart, 1981)
Mail
! !
TBAQ (Goldsmith, 1996)
Mail
! ! !
CBQ (Rothbart, Ahadi,
Mail
Hershey, & Fisher, 2001)
ATQ (Rothbart, Ahadi, &
Mail
BP
AP
Evans, 2000)
Parental Environmental Structuring Measures
! ! !
APQ (Shelton, Frick, &
Web
Wootton, 1996)
! ! !
HOME (Caldwell &
Obs,
Bradley, 1984)
Interview
! ! !
MPCR (Capaldi &
Web
Patterson, 1989)
! ! !
CHAOS (Matheny,
Web
Wachs, Ludwig, &
Phillips, 1995)
Neurocognitive Measures of Cognitive Control
!
Fruit/Animal Stroop
Interview
(Kochanska, Murray, &
Harlan, 2000)
Computerized Stroop
Interview BP
(Stroop, 1935)
! !
Go/No-Go (Casey et al.,
Interview
BP
1997)

96
!
!

!

CBCL=Child Behavior Checklist; PAPA=Preschool Age Psychiatric Assessment; BAA=Barkley’s Adult
ADHD Scales; IBQ=Infant Behavior Questionaire; TBAQ=Toddler Behavior Assessment Questionnaire;
CBQ=Children’s Behavior Questionnaire; ATQ=Adult Temperament Questionnaire; APQ=Alabama
Parenting Questionnaire; HOME=Home Observation for Measurement of the Environment;
MPCR=Monitoring & Parent-Child Relationship Questionnaire; CHAOS=Confusion, Hubbub, and Order
Scale. Obs=observational measure. BP=birth parent. AP=adoptive parent.
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Inattention/impulsivity Measures. Clinical cutoffs for a diagnosis of ADHD
represent a somewhat arbitrary threshold for problem behavior as related to inattention
and impulsivity. Increasingly, researchers are examining ADHD in terms of dimensional,
quantitative phenotypes in hopes of identifying specific etiological mechanisms that
contribute to the problems often found in individuals identified with clinically significant
levels of behavioral inattention and/or impulsivity (H. Larsson, Anckarsater, Råstam,
Chang, & Lichtenstein, 2012; Levy, Hay, McStephen, Wood, & Waldman, 1997). To
incorporate the degree to which attention and impulse control exist on independent
spectrums, these constructs will be evaluated dimensionally as well as categorically.
Identification of problems with inattention and/or impulsivity will be evaluated through
parent and teacher report on the Child Behavior Checklist (CBCL), Conners’ ADHD
Index Parent Rating Scale – Revised (Conners) and the Preschool Age Psychiatric
Assessment (PAPA). Identification of parental difficulties with inattention and
impulsivity will be evaluated through a review of medical records (for previous diagnosis
of ADHD) and with the Barkley’s Adult ADHD scale.
Child Behavior Checklist (CBCL). The CBCL is an age-normed broad band scale
covering a wide range of psychopathology including syndrome scales
(anxious/depressed, withdrawn/depressed, somatic complaints, social problems, thought
problems, attention problems, rule-breaking behavior, aggressive behavior), and DSMoriented scales (affective problems, anxiety problems, somatic problems, attention
deficit/hyperactivity problems, oppositional defiant problems, conduct problems)
(Achenbach, 1991). Age appropriate versions of the CBCL (1.5-5 years and 6-18 years)
were administered to adoptive parents and teachers at various ages. Parents were asked to
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rate their children’s various behaviors on a scale of 0-2 (“Not true,” “Sometimes true,”
“Very true”) for both scales. Raw scores represent the sum of scores that contribute to
each factor. The CBCL generates both empirically based as well as clinically based
subscales. T-scores from the parent version of the CBCL 1.5-5 year old scale were used
for the Attention Problems subscale and the ADHD Problems subscale. T-scores from the
parent version of the CBCL 6+ year old scale were used for the Attention Problems
subscale. The parent forms show fair reliability values, with α’s for each index ranging
between 0.51-0.93 for adoptive mothers and fathers across all assessed ages.
Preschool Age Psychiatric Assessment (PAPA). The PAPA is a structuredinterview for the assessment of psychopathology using DSM-IV oriented disorder
categories in young children (Egger & Angold, 2006). Symptom count and diagnostic
classifications will be obtained from the PAPA interviews. A symptom is reported as
present if it is endorsed as occurring ‘often’ or ‘very often’ by the parent on items
matching the DSM-IV-TR symptom criteria. Children who qualify for meeting DSM-IVTR criteria for ADHD on the PAPA were included in the ADHD group. The PAPA
shows diagnostic (κ=0.36-0.79) and test-retest (ICC=0.56-0.89) reliabilities comparable
to that of other standardized clinical assessment interviews (Egger et al., 2006).
Barkley’s Adult ADHD Scales. Barkley’s adult ADHD scale is a self-report
measure evaluating the presence of symptoms of ADHD in adults. The 18 items on the
scale correspond to the DSM-IV symptom criteria. Individuals are asked to self-assess for
the frequency with which they experienced each behavior over the past 12 months.
Composites scores are generated for Inattention, Hyperactivity, and Total ADHD.
Cronbach α’s for each subscale range from 0.67 to 0.89.
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Cognitive Control (CC) Measures. Data on child cognitive control development
was assessed using temperament questionnaires. Definitions of temperament generally
agree that they contain components of both control and reactivity (Goldsmith et al.,
1987). As such, most temperament questionnaires can be broken into control (attentional,
cognitive, emotional, and motor) and reactivity subscales, making them excellent tools
for assessing the concurrent development of these two domains.
Toddler Behavior Assessment Questionnaire (TBAQ). The TBAQ is a behavioral
questionnaire (111 items) designed to assess 18 to 36 month-old children on emotional,
motor, attentional, and self-regulatory skills (Goldsmith, 1996). Adoptive parents were
asked to assess the frequency (7-point Likert scale from “never” to “always”) with which
each item occurred over the past month a child engaged in each behavior over the past
month. The TBAQ items map onto 5 subscales. Cronbach α’s for subscales range from
0.75-0.89. The 22 items that comprise the Interest/Persistence subscale will be used as a
measure of cognitive control development at ages 18 and 27 months.
Children’s Behavior Questionnaire (CBQ). The CBQ is designed for use with
children between the ages of 3 and 7 years and measures the development of skills
similar to those of the TBAQ (Rothbart et al., 2001), allowing for continuity in
measurement over time. Parents were asked to reflect on whether or not each item
statement was true or untrue (7-point Likert from “extremely untrue” to “extremely true”)
of their child’s behavior over the last six months. The CBQ consists of 115 items that
factor into 15 subscales or 3 principal factors. Alpha values across these subscales show
good reliabilities, ranging from 0.63-0.83. The Effortful Control factor, which includes
the attentional focusing, inhibitory control, low intensity pleasure, and perceptual
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sensitivity subscales were examined as related to the development of cognitive control for
children at ages 54, 72, and 84 months.
Fruit/Animal Stroop. The Stroop task is a measure of executive functioning that
incorporates cognitive flexibility, inhibitory control, and working memory skills
(MacLeod, 1991; Stroop, 1935). Modified versions of the original Stroop (designed for
adults) were administered to measure neuropsychological development of general
inhibitory control and cognitive flexibility in young children. Results from the
Fruit/Animal (Kochanska et al., 2000) version of the Stroop task administered during
scheduled laboratory visits at age 27 months was evaluated. Children were shown
pictures containing 3 images of different fruits/animals. During practice trials, children
were asked to identify fruits/animals (e.g., “point to the bunny”). There were 3 practice
trials for each category, and children were given up to 6 chances per practice trial to
correctly identify the target object. Following practice trials, children were given 3 test
trials where they were asked to point to a small target image (e.g., “point to the little
bunny”). The pictures on the cards contained a large target image, a small target image,
and a large non-target image. Scores varied depending on which image the child chose
(i.e., 1-point for correct response, 2-points if child pointed to correct shape but incorrect
size, 3-points if child pointed to the incorrect shape). Scores across trials were summed
for a final accuracy score with higher scores representing greater accuracy.
Computerized Stroop task. This modified computerized version of the original
Stroop task consisted of three conditions: (1) Neutral Condition; (2) Facilitation
Condition; and (3) Interference Condition. For all conditions, participants were to
respond to the color of the font printed on the computer screen. Letters and words would
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appear in either red, blue, green, or yellow colored font. Specified keys on the computer
keyboard were marked to correspond to each color, where “z” represented red, “x”
represented green, “.” represented blue, and “/” represented yellow. In the Neutral
condition, participants were instructed to respond to the color of the font for a series of 36 XXX’s. In the Facilitation condition, participants were told to respond to the color of
the font for a series of color words. The color of the font was congruent with the color
word in this condition (e.g., the word “BLUE” appeared in blue on the screen). Finally, in
the Interference condition, color words appeared in font colors that were incongruent
(e.g., the word “BLUE” appeared in red/green/yellow on the screen). There were a total
of 48 trials per condition. All anticipatory reaction times (i.e., RT<150msec) were
excluded from analysis because these reaction times have occurred too quickly to
represent active decision making behavior in response to the stimulus (Eppinger, Mock,
& Kray, 2009). Both accuracy and reaction time were assessed in the analyses described
below.
Computerized Go/NoGo. The Go/NoGo paradigm is a computerized
neuropsychological task measuring motor inhibitory control to visual stimuli (Casey et
al., 1997). The computerized Go/NoGo was administered to birth parents and adopted
children in the laboratory. Data collected at the 48 month (birth parent), and 84 month
(child) assessments were used. The task consists of 2 blocks of 42 trials. Throughout both
blocks, target stimuli (i.e., letters of the alphabet) appeared in the center of the computer
screen. During the first block, individuals were asked to press the spacebar for every
letter that appeared on the screen. During the second block, individuals were instructed to
press the spacebar for every letter that appeared in the center of the screen except for the
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letter “X” (50% of trials in second block). Auditory feedback was provided for incorrect
responding during the second block. The task consists of a total of 84 trials. The
dependent variables derived from this task include accuracy (Go and No/Go trials) and
response time latency for go trials (RT). All anticipatory reaction times (i.e.,
RT<150msec) were removed from analysis.
Adult Temperament Questionnaire (ATQ). The ATQ measures self-reported adult
temperament characteristics similar to those measured in childhood (Rothbart et al.,
2000). Adults are asked to self-assess the degree to which each statement described their
perception of themselves on a 7-point Likert scale (from “extremely untrue” to
“extremely true”). The ATQ consists of a total of 77 questions that map onto 4 factor
scales. In this study, the effortful control factor were used as part of the analyses
evaluating latent genetic risk for developing deficits in executive functioning. Cronbach
α values for the subscales within the effortful control factor range from 0.37-0.74.
Negative Emotional Reactivity Measures. Child and parent emotional reactivity
will be evaluated using subscales of age-normed temperament questionnaires.
Infant Behavior Questionnaire (IBQ). The IBQ is a temperament measure normed
for children ages 3 to 12 months (Rothbart, 1981). Studies suggest that infancy is a
critical time for the measurement of reactivity as there is limited self-regulation at that
age (Rothbart, 2007). The IBQ contains 94 items assessing a range of child behavior that
occurred over the past week. IBQ items map onto 6 subscales. The Distress to
Limitations (20 items) subscale has previously been used as a temperament measure of
negative reactivity (Leve, DeGarmo, et al., 2013), and showed good within sample
reliability (α=0.83).
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TBAQ. Items comprising the Anger Proneness subscale (28 items) was employed
a measure of negative emotional reactivity for this study at ages 18 and 27 months
(α=0.86-0.88).
CBQ. For the purposes of this study, negative emotional reactivity was evaluated
using the Negative Affect factor, which includes the anger, discomfort, fear, sadness, and
soothability (reversed) subscales (α=0.79-0.88).
ATQ. The negative affect factor from the birth parent self-assessment of
temperament questionnaire was used to identify the adoptive child’s latent genetic
component of elevated negative emotional reactivity. Subscales within the negative affect
index showed α’s of 0.52 and 0.74 between birth parents.
Structured Home Environment Measures. Parental environmental structuring
was assessed using the following observational measures and questionnaires: (1) Home
Observation for Measurement of the Environment, (2) Confusion, Hubbub, and Order
Scale, and the (3) Alabama Parenting Questionnaire.
Home Observation for Measurement of the Environment (HOME). The HOME is
an interview-based (27 items) and interviewer-observation (18 items) assessment of the
home environment (Caldwell & Bradley, 1984). The HOME is typically broken down
into six subscales. For the purposes of this study, the Parent Involvement with the Child
(α=0.56-0.73) and the Organization of Environment (α=0.08-0.09) subscales were
considered. Given relatively weak internal consistency scores, a reanalysis of the factor
structure was conducted as part of the analyses for this dissertation to determine if
dropping items would significantly improve scale reliability.
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Monitoring & Parent-Child Relationship Questionnaire (MPCR). The MPCR is an
unpublished questionnaire designed and developed by Deborah Capaldi at the Oregon
Social Learning Center as an exploratory measure of the degree to which parents monitor
their children’s whereabouts and activities (e.g., “child had to wait after school without a
parent figure because someone forgot to pick them up,” “child has played out of adult
eyesight/hearing”). Scores range from 1-5 with lower scores indicating less monitoring.
Several studies have demonstrated adequate construct and statistical validity for the
measure (Capaldi & Patterson, 1989) in studies assessing the role of parental monitoring
on child body mass index (Tiberio et al., 2014), alcohol use (Kerr, Capaldi, Pears, &
Owen, 2012), and parenting styles (Kerr, Capaldi, Pears, & Owen, 2009). A short form of
the questionnaire composed of 18 items was included in the EGDS assessment battery.
The questionnaire produced two subscales, Monitoring (α=0.72-0.79) and Talking With
Child (α=0.68-0.90).
Confusion, Hubbub, and Order Scale (CHAOS). The CHAOS home environment
questionnaire asks household members to rate the quietness and amount of order that
resides in their home (Mathey, Wachs, Ludwig, & Phillips, 1995). Scores range from 1-5
with lower scores indicating less structure. The short form consists of a total of 6 items, 3
of which are combined to generate a Quiet subscale which demonstrated adequate within
sample reliability (α=0.77-0.81).
Alabama Parenting Questionnaire (APQ). The APQ is parent-report questionnaire
designed to tap parenting practices thought to be related to disruptive behavior problems
in children (e.g., involvement, positive parenting, discipline, etc.) (Shelton et al., 1996).
Six items used to construct the Inconsistent Discipline scale (α=0.63-0.71, higher scores
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indicating more frequent inconsistent disciplining behaviors) were used in the analyses
described below.
Data Preparation
A number of steps were required prior to conducting analyses testing hypotheses.
Specifically, data reduction, creation of composites, missing data analyses, and
assessment of covariates were part of the data preparation. All descriptive data, bivariate
correlations, missing data analyses, simple linear regressions, hierarchical regressions,
and ANOVAs were conducted using SPSS v21. For repeated measures ANOVAs, the
Greenhouse-Geiser correction was used when Mauchly’s tests of sphericity indicated
unequal variances in the differences between all paired repeated measurements.
Whenever possible and appropriate, scores regarding child behavior were averaged
across both adoptive parents. When descriptive statistics demonstrated significant data
skewness or kurtosis, the data was transformed using methods to reduce non-normality
while exerting the least amount of distortion of the original data. Under these guidelines,
log transformations were employed for each variable representing significant continuous,
non-normal data.
Compositing. Preliminary zero-order correlation and path analyses evaluating
child emotional reactivity and cognitive control consistently indicated that evaluating all
data across all times of assessment within one model produced poor model fit (nER:
χ2(10)<0.001; RMSEA=0.106, CFI=0.947; CC: χ2(6)<0.001; RMSEA=0.100,
CFI=0.975). Modification indices suggested changes to the model that were nonsystematic and/or difficult to theoretically support. Patterns observed in the correlation
matrices for both child ER and CC suggested that separating the data into two age bands
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– infancy/toddlerhood (9, 18, 27 months) and middle childhood (54, 72, 84 months) –
may significantly improve model fit (Table 2). Independent ER and CC path models that
were re-run separately for each age grouping demonstrated significantly improved model
fit. Both cross-lagged and growth models using CC and nER data from all assessment
times consistently produced poor model fit parameters.
Table 2. Correlations for CC and nER
Age
9mos
18mos
9mos
18mos
.483**
27mos
.450**
.680**
54mos
.253**
.307**
**
72mos
.191
.288**
84mos
.160**
.257**

27mos
.707**
.280**
.267**
.290**

54mos
.309**
.383**
.718**
.676**

72mos
.294**
.365**
.776**
.789**

84mos
.305**
.383**
.750**
.838**

Values below the diagonal represent zero order correlations between assessment points for negative
emotionality. Values above the diagonal represent zero order correlations between assessment points for
**
cognitive control. Bolded numbers indicate within measure values. p<0.01, two-tailed.

Data Reduction. The factor structure of adoptive parent responses on the HOME
questionnaire, which consists of 45 continuous and binary items, at child age 9 months
was re-evaluated in hopes of improving internal reliability for the study sample.
Particular emphasis was placed on finding a factor that would capture adoptive parents’
ability to monitor and structure their child’s home environment. Principal axis factor
(PAF) analysis with geomin (oblique) rotation and robust weighted least squares
estimator was applied to adoptive parent #1 responses on the HOME at child age 9
months. Evaluation of which factor structure represents the most “correct” factor
structure, the one that maximizes both generalizability and verisimilitude, was based on
Aikake’s information criterion (AIC) and root mean square error of approximation
(RMSEA) (Preacher, Zhang, Kim, & Mels, 2013). Factor analysis produced a best fitting
4-factor model (Table 3). Items loading less than 0.40 or greater than 1.00 on any factor
were excluded (Stevens, 1992). None of the factors included more than 2 items from the
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original Organization of Environment factor. However, factor 3 included 6 items related
to parental monitoring/structuring (e.g., “Parent tends to keep child within visual range
and to look at him/her often”, “Parent consciously encourages developmental advance”,
“Parent structures child’s play period”, “Parent provides toys that challenge the child to
develop new skills”) that were originally organized under the Parental Involvement with
Child Subscale. The items were entered into a confirmatory factor analysis (CFA) for
adoptive parent #1. Two items were removed from the factor due to non-positive residual
variances. A CFA was not conducted against data from adoptive parent #2 because of
pre-determined data collection procedures (i.e., data only collected for mothers).
Reliability analysis showed alpha values for this new factor of α=0.54-0.63. The factor
structure did not hold when applied to HOME data collected at 18 and 27 months (18
month: χ2(2)=6.125, p=0.0468; RMSEA=0.078; CFI=0.903; 27 month: χ2(2)=93.828,
p<0.001; RMSEA=0.360; CFI=0.958) and reliability decreased to α=0.23-0.38. Given
that the computed factor demonstrated lower reliability than those obtained from the
original subscale, the original summative values for Parental Involvement were applied as
the parent environmental structuring variable for the infancy/toddlerhood analyses
described below.
Table 3. HOME PAF analysis results
# of Factors
χ2
df
1 factor
795.699
405
2 factor
504.224
376
3 factor
398.419
348
4 factor
342.175
321
5 factor
299.777
295

p
<0.001
<0.001
0.0321
0.1993
0.4118

RMSEA
0.052
0.031
0.020
0.014
0.007

Eigen value
7.072
3.941
2.929
2.231
2.040

The multiple assessment measures used for the evaluation of environmental
structuring in middle childhood (ages 54, 72, & 84 months) were evaluated for the
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presence of a unitary factor structure using all items of the CHAOS, all items of the
MPCR, and the Inconsistent Discipline subscale items of the APQ collected at 54
months. All items were measured on a Likert scale. An exploratory PAF analysis was
conducted using adoptive parent #1 responses as described above. Results suggested a 3factor model (Table 4) divided by questionnaire. Items loading less than 0.40 or greater
than 1.00 on any factor were excluded. The remaining items were entered into a CFA for
adoptive parent #1. One of the three items loading onto factor 3 demonstrated nonpositive residual variance. Since researchers recommend that factors should include at
least 3 items, the last factor was dropped from further analysis (Kline, 2016). A CFA for
the remaining two factors was run on responses provided by adoptive parent #2. Results
indicated poor fit. To make appropriate adjustments, the PAF analysis was re-run on
adoptive parent #2 data. Results indicated the same general pattern with the exception of
3 items on the APQ whose loadings were less than 0.40. Of these, the two lowest were
removed and results generated good fitness in CFA on both sets of adoptive parent data.
The final two factors consisted of 3 items from the CHAOS questionnaire (α=0.79) and 4
items from the APQ questionnaire (α=0.60-0.63). The three items from the CHAOS
questionnaire (“You can’t hear yourself think in our home”, “It’s a real zoo in our home”,
“The atmosphere in our house is calm”) were the same as those used to create the Quiet
subscale from the original measure. Additionally, the original APQ Inconsistent
Discipline subscale showed better reliability than the present calculated factor. As such,
the original composite variables from both the CHAOS Quiet and APQ Inconsistent
Discipline subscales were used as the environmental structuring variable for middle
childhood described below.
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Table 4. CHAOS, APQ, and MPCR PAF analysis results
# of Factors
χ2
df
p
RMSEA
1 factor
878.090
230
<0.001
0.097
2 factor
571.226
208
<0.001
0.076
3 factor
338.704
187
<0.001
0.052
4 factor
227.306
167
0.0013
0.035
5 factor
176.980
148
0.0522
0.025

AIC
12743.202
12480.337
12289.815
12218.418
12206.091

Eigen value
3.714
2.152
1.993
1.389
1.260

Missing Data. Little’s MCAR test indicated that data were missing completely at
random (χ2(13288)=13270.837, p=0.540). To determine if missing data patterns were
related to differences in demographic (race/ethnicity, education, employment, income,
age) and study characteristics (inattention problems, ADHD symptoms, cognitive control,
emotional reactivity, household environmental structuring) of families, further missing
data analyses were conducted using the Wilcoxon-Mann-Whitney test in SPSS v21.
Compared with families with available data, families missing all study data at 54 months
demonstrated lower PAPA rated ADHD symptoms at 96 months (U=999.00, p=0.038)
and higher adoptive parent #2 CC (U=1604.00, p=0.044); no significant demographic
differences were identified. Families that were missing all data at 96 months had
significantly lower adoptive parent #1 CC (U=4787.00, p=0.026); no significant
demographic differences were identified.
Covariates. Adoptive parent socioeconomic status (SES), adoption openness, and
perinatal risk were evaluated for their potentially confounding influence on the variables
of interest within this study. Details are provided below.
Adoptive parent SES. A previous study found a significant correlation between
SES and the amount of environmental structure present in the household (Dumas et al.,
2005). This association between SES, as measured by household income, was tested in
the current sample. Adoptive parent SES, as measured by household income,
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demonstrated a small negative correlation with the environmental structuring factor at 9
months (r=-0.0115, p=0.033; χ2(230)=255.538, p>0.05). A similar significant correlation
was not observed between parent SES and the environmental structuring factors at any
other assessment time.
Adoption openness. Openness of adoption refers to both the amount of contact
that birth parents have with adoptive parents and the adopted child. A previous study
using the EGDS sample found that adoption openness is positively associated with
satisfaction with the adoption process, and no overall main effects on post-adoption
adjustment for adoptive parents (Ge et al., 2008). However, openness of adoption may
create a confound between genetic and environmental influences. To assess for these
effects, adoptive/birth parent ratings of perceived openness (7-point scale with higher
values indicating more contact between birth and adoptive families) was evaluated as a
potential control variable to be included in the analyses. Adoption openness measured at
54 months was significantly correlated with the environmental structure factor of
inconsistent discipline at 54 months (r=-0.122, p=0.050; χ2(840)=987.086, p<0.001) but
not with the calmness factor at 54 months (r=-0.066, p=0.288) or the overall structuring
factor at 9 months (r=-0.051, p=0.411).
Perinatal risk index. There is substantial research showing in utero experiences
and exposures may effect later child development (Barker, 1990; Raznahan, Greenstein,
Lee, Clasen, & Giedd, 2012) and, in the current study, these experiences/exposures may
mask potential heritable effects from the birthmother. In order to assess this, a perinatal
risk index composed of pregnancy complications, neonatal complications, maternal
substance use, exposure to toxins, labor and delivery, obstetric complications, previous
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pregnancy issues (McNeil, Cantor-Graae, & Sjostrom, 1994), and maternal internalizing
symptoms as indexed by medical records and self-report was used to assess for
confounding effects on cognitive control, emotional reactivity, and ADHD outcomes in
this study. A detailed explanation of how the perinatal risk index was created can be
found in Marceau et al. (2016). Perinatal risk was not significantly associated with
inattention problems and ADHD symptoms at 96 months, or measures of cognitive
control and emotional reactivity at 54 and 84 months.
In summary, given that the effect sizes for the significant correlations between the
covariates and outcome measures of interest were trivial, the aforementioned covariates
were not included in the model in order to maintain parsimony.
Statistical analyses
The statistical package used for all factor and structural equation modeling (SEM)
analyses was MPlus 7.0 (Muthen & Muthen, 2000). The full information maximum
likelihood estimation with robust standard errors algorithm was implemented to estimate
model parameters in the presence of incomplete or missing data. Fit indices reported
include: Chi-square (χ2), RMSEA, and comparative fit index (CFI). Chi-square is the
traditional model fit index, and evaluates the amount of discrepancy that exists between
the sample covariance matrix and the fitted covariance matrix (Hu & Bentler, 1999),
where non-significant results (p>0.05) indicate a good model fit. Chi square tests are
sensitive to sample size (where larger sample size more likely to produce significant
results), and non-normality (where non-normal distributions are more likely to produce
significant results). The RMSEA statistic provides model fitness values (with
RMSEA≤0.06 indicating good fit) (Hu & Bentler, 1999) as a function of how well the
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model-based parameter estimates fit the population covariance matrix while taking into
account the number of parameters being estimated. The CFI statistic is an incremental fit
index that evaluates the sample covariance matrix to the covariance matrix of the null
hypothesis, which states that all variables are uncorrelated, and whose benefits include
fair performance for models using small sample sizes (Bentler, 1990). Values for CFI
range from 0.0 to 1.0, with results ≥0.95 indicating good model fit (Hu & Bentler, 1999).
Based on recommendations provided by the authors of MPlus, differences in model fit
between nested models were assessed using the Satorra-Bentler (SB) Scaled Chi-Square
test, which incorporates a data driven correction factor for non-normal distributions
(Satorra & Bentler, 2010). If model fit parameters between two models were not
significantly different, then the more parsimonious model was adopted (Kline, 2016).
Assessment of parameter estimates were evaluated using (1) z-scores for unstandardized
(B) path estimates, and (2) dependent variable R2 values. Although unstandardized
parameter estimates were used for significance testing, standardized values (change in SD
value of x for every change in SD value of y) are reported in the figures below for ease of
interpretation (Muthen & Muthen, 2000).
Power. SEM requires large sample sizes to produce reliable test statistics and
standard errors (Kline, 2016). Practical standards suggests a minimum ratio of 5:1 for
number of subjects to number of parameters for acceptable levels of statistical precision
(Bentler & Mooijaart, 1989). All proposed models evaluated within this study met this
minimum standard. There is some debate in the literature regarding the relationship
between sample size, degrees of freedom (df), and power. Sample sizes of at least 300 in
models have been shown to require 30-50 degrees of freedom to produce acceptable
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power (80%) in RMSEA analysis (MacCallum, Browne, & Sugarawa, 1996). The models
included in this study had Ns ranging from 287-334 with 8-20 degrees of freedom. As
such, assessments of model fit reported here are likely underpowered and results,
particularly those reflecting marginal levels of statistical significance, should be
interpreted with caution.
Stability and interactions between CC and nER. The following steps were used
to assess stability and interactions between CC and nER amongst EGDS participants.
Each step was conducted separately for the previously specified infancy/toddlerhood and
middle childhood developmental periods. Step 1: Fully saturated cross-lagged panel
models were assessed for model fitness. Cross-lagged models evaluate repeated measures
as a set of transitions across discrete time points. Step 2: Alternative cross-lagged models
were evaluated. Model construction was theory-driven, and model fit and path weight
parameters obtained from the fully saturated model. Differences in model fitness were
assessed using the SB Scaled Chi-Square test as described above. Step 3: Frameworks
that treat repeated measures as samples taken from continuous developmental processes
can gain important information from this particular SEM technique. LGCM assess for
patterns in developmental trajectories over time. Individual, unconditional latent growth
curve models (LGCM) were fit to the data for each construct individually to determine
general patterns of stability/change in nER and CC. Step 4: Growth mixture models
(GMM) are a specific type of LGCM that evaluates for the presence of distinct groups of
individuals demonstrating specific growth trajectories, as measured by intercept and
slope, over time. GMM was applied to the nER and CC data as appropriate based on
results from univariate growth modeling. Using a Monte Carlo simulation study, previous
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researchers have found that changes in model fitness with the addition of latent
subclasses can be appropriately assessed via the Voung-Lo-Mendell-Rubin Likelihood
Ratio Test (LMR-LRT; p<0.05 indicating improvement in model fit), Bayesian
Information Criteria (BIC; lower relative value equals better fit) and the Bootstrapped
Likelihood Ratio Test (BLRT; p<0.05 indicating improvement in model fit) (Nylund,
Asparouhov, & Muthen, 2007). All three indices will be reported to assess incremental
gains in model fitness.
Negative ER, CC, and problems with inattention/impulsivity. To test the
hypothesis that a moderate positive relationship will be found between the development
of these functional domains with inattentiveness and impulsivity, the following statistical
analyses were used. Step 1: Continuous (e.g., raw questionnaire scores, symptom counts)
outcome variables were added to the best fitting longitudinal models of CC and nER
assessed above. Direct effects of the most proximal measures of CC and nER were used
to predict ADHD-related outcomes. Interaction terms between nER and CC were also
tested as predictors of outcome within the model. Given the nature of symptom count
data, statistical analyses were conducted using both censored and uncensored data
assessment protocols. In MPlus 7.0, censored statistical algorithms use Monte Carlo
Integration and censored-normal (tobit) regression models to determine model parameters
(i.e., estimated regression coefficients had censoring not taken place). Model parameters
did not change significantly between censored and uncensored statistical algorithms.
Uncensored model parameters are reported below. Step 2: Dichotomous (i.e., diagnostic)
variables were evaluated as outcome measures. The MPlus 7.0 statistical algorithm used
to evaluate binary outcomes (i.e., ADHD diagnosis) was logistic regression with Monte
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Carlo integration on untransformed data. Wald tests of parameter constraints and pseudo
R2 values were used to determine the degree to which CC and nER significantly predicted
binary, diagnostic outcomes.
Latent genetic risk for ADHD on CC, nER, and ADHD outcomes. In addition to
bivariate correlations between birth parent ADHD, CC, and nER and corresponding child
measures, birth parent characteristics were entered into the panel and/or growth models to
assess for unique, significant contributions and associations within the assessed
developmental models.
Adoptive parent characteristics and environmental structuring on child CC,
nER, and ADHD outcomes. In addition to conducting bivariate correlations between
adoptive parent ADHD, CC, and nER on child outcome measures, the predictive power
of these adoptive parent variables was assessed in the context of the developmental
models (panel path and latent growth) established above. To evaluate the relationship
between parent environmental structuring and child CC, nER, and ADHD related
outcomes at various ages, these variables were (1) entered as direct predictors, (2) entered
as mediators of the relationship between parent characteristics and child characters.
Finally, environmental structuring variables were incorporated into the developmental
models as moderators of change in child CC and nER developmental trajectory over time.
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Chapter 3: Results
Stability and interactions between CC and nER: Infancy/Toddlerhood
Descriptive Data and Correlational Analyses. As noted above, evaluation of
continuity in CC and nER, when considered independently, demonstrated statistically
significant within construct correlations across all data collection times (Table 2).
Intercorrelations, means, and standard deviations for nER and CC in infancy/toddlerhood
are presented in Table 5. Significant pairwise bivariate associations were apparent in all
nER and CC pairings with the exception of nER at 18 months to CC at 27 months. The
neurocognitive measure of CC (Shape Stroop) at 27 months was significantly, albeit
weakly, correlated with the concurrent temperament measure of CC (r=0.122, p=0.035).
Repeated measures ANOVA for nER and CC indicate significant increase in scores for
both constructs over time (nER: F(1.73)=71.734, p<0.001; ε 2p =0.191; CC: F(1)=244.662,
p<0.001; ε 2p =0.442). Pairwise comparisons of means show significant differences
€
(p<0.001) between all ages of assessment for nER and CC.
€
Table 5. Intercorrelations, means and standard deviations of nER and CC in
infancy/toddlerhood
nER
nER
nER
CC
N
Mean
9mos
18mos
27mos
18mos
nER 9mos
351
3.13
nER 18mos
.483**
340
3.36
**
**
nER 27mos
.450
.680
317
3.55
CC 18mos
-.189*
-.114*
-.140*
341
3.74
*
*
**
CC 27mos
-.133
-.020
-.123
.707
317
4.19
*

p<0.05, two-tailed.

**

SD
0.67
0.59
0.59
0.65
0.66

p<0.01, two-tailed.
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Cross-lagged Panel Analyses. A fully saturated cross-lagged panel model
between nER and cognitive control, including an indirect effect of 9 month nER on 27
month nER, was assessed. Test results indicated good model fit: χ2(1)=0.427, p=0.5136;
RMSEA<0.001, CFI=1.000. All within-construct direct and indirect unstandardized
parameter estimates were significant at the p≤0.001 level. All contemporaneous
correlations and cross-lagged parameter estimates were not significant at the p<0.05
level, with the exception of 9 month nER on 18 month CC (B(SE)=-0.183(0.057),
p=0.001; β=-0.189). However, the amount of variance explained by this regression was
non-significant (R2=0.036, p=0.100). A comparison model without cross-lagged
associations between nER and CC was subsequently evaluated. Model fit indices
indicated a good fitting model (χ2(4)=3.620, p=0.460; RMSEA<0.001, CFI=1.000). All
within-construct parameter estimates were significant (p≤0.001) and associated with nontrivial degrees of variance explained (p≤0.001; Figure 2). No significant differences in
model fit were found between the fully-saturated and reduced models (χ Δ2 (3)=3.256,
p>0.1). As such, the more parsimonious model was selected for further analysis (i.e.,
ADHD outcome and gene-environment interplay).

€

Figure 2. Panel path model of cognitive control (cc) and negative emotional reactivity (nER) in infancy/toddlerhood.
¥

Values represent standardized (β) path estimates. p≤0.001.
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Latent Growth Curve Analyses. A latent growth model was specified for only
infant/toddler nER as the CC data within that age range did not meet minimum
requirements (i.e., 3 assessment times) for growth modeling. Each unit of time
represented a 9 month span. The unconditional model for nER produced good model fit
(χ2(1)=1.272, p=0.2594; RMSEA=0.028, CFI=0.999) (Figure 3). The estimated mean
level of nER at time 0 (i.e., 9 months) was significantly different from zero
(intercept=3.146, p<0.001) and demonstrated significant individual differences across
children (σ2=0.191, p<0.001). A significant positive, linear slope, which measured
change in mean value of nER over time, was observed for the group as a whole
(slope=0.205, p<0.00). Although individual differences in slope between children was
indicated, the size of the observed variation was small (σ2=0.034, p=0.035), and were not
related to intercept values (i.e., 9 month nER; B(SE)=-0.008(0.017), β=-0.094, p=0.663).
Overall, results suggest that infants/toddlers demonstrate variable amounts of nER at age
9 months, but do not differ considerably in their rates of change in nER over time, and
rates of change do not appear to depend on starting (i.e., 9 month) nER values. Inclusion
of 18 and 27 month CC values as time-varying covariates resulted in poor model fit
(χ2(5)=12.462, p=0.0290; RMSEA=0.069, CFI=0.975).

Figure 3. Unconditional growth model for nER in infancy/toddlerhood.
*

¥

Values represent standardized (β) path estimates. p<0.05. p≤0.001.
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Stability and interactions between CC and nER: Middle Childhood
Descriptive Data and Correlational Analyses. Intercorrelations, means, and
standard deviations for middle childhood nER and CC are presented in Table 6. All
within construct correlations were high, with r values >0.65 (p<0.01). Significant
(p<0.05) bivariate associations between constructs were apparent in all but two pairwise
assessments: (1) 54 month nER and 72 month CC , and (2) 54 month nER and 84 month
CC. Accuracy on the 84 month computerized Go/No Go paradigm shared a small, but
significant, positive correlation with temperament measures of cognitive control at the
same age (r=0.170, p=0.004). Repeated measures ANOVA for nER demonstrated a
significant change in scores between 54 month and 84 month assessment times
(F(1.92)=3.790, p=0.0250; ε 2p =0.014). Pairwise analyses showed no difference in nER
between 54 and 72 months, but significantly greater overall negative reactivity at 84
months compared€
to both earlier ages (p=0.048 and p=0.005, respectively). The opposite
pattern was observed for CC (F(1.89)=22.369, p<0.001; ε 2p =0.078), where 84 month CC
was significantly lower than mean levels calculated at 54 and 72 months (p<0.001 for
€ noted between 54 and 72 months.
both). No significant differences in mean CC were

Table 6. Intercorrelations, means and standard deviations of nER and CC in middle
childhood
nER
nER
nER
CC
CC
N
Mean
SD
54mos 72mos 84mos 54mos 72mos
nER 54mos
302
3.78
0.52
nER 72mos
.718**
293
3.76
0.56
nER 84mos
.676** .789**
287
3.83
0.56
*
**
**
CC 54mos
-.139 -.215
-.242
302
5.07
0.49
CC 72 mos
-.088 -.247** -.258** .776**
293
5.11
0.49
**
**
**
**
CC 84mos
-.099 -.179
-.268
.750
.838
297
4.98
0.47
*

p<0.05, two-tailed.

**

p<0.01, two-tailed.
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Cross-lagged Panel Analyses. A fully saturated cross-lagged panel model
between nER and cognitive control, including indirect effects of 54 month nER/CC on 84
month nER/CC, was assessed. Test results indicated good model fit: χ2(2)=0.796,
p=0.6716; RMSEA<0.001, CFI=1.000. All within-construct parameter estimates were
significant at the p≤0.001 level. Contemporaneous associations between CC and ER were
consistently significant p<0.05 and negative. Finally, child CC at 54 and 72 months were
inversely related to nER at 72 and 84 months, respectively. However, neither of the nER
to CC cross-lagged parameter estimates were found to be significant at the p<0.05 level.
A comparison model removing the nER to CC cross-lagged associations indicated a good
fitting model (χ2(4)=3.366, p=0.4985; RMSEA<0.001, CFI=1.000; Figure 4). All
contemporaneous correlations and cross-lagged parameter estimates remained negative
and significant (p<0.05) in the reduced model. All within construct parameter estimates
in the reduced model also continued to be significant (p<0.05). All dependent variables
were associated with non-trivial degrees of variance explained (p≤0.001). No significant
differences in model fit were found between the fully-saturated and reduced models (χ Δ2
(2)=2.5821, p>0.1). As such, the more parsimonious model was selected for further
analysis (i.e., ADHD outcome and gene-environment interplay).

€
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Figure 4. Panel path model of CC and nER in middle childhood.

Path values (unidirectional arrows) represent standardized (β) path estimates, contemporaneous correlations
*
¥
(bidirectional arrows) represent r values. p<0.05. p≤0.001.

Latent Growth Curve Analyses. Initially, latent growth curve models were
specified for both middle childhood nER and CC data separately. Units of time were
divided into ~10 month spans with t=0 at 54 months, t=2 at 72 months, and t=3 at 84
months. The unconditional growth model for middle childhood nER produced poor
model fit (χ2(1)=5.658, p=0.0174; RMSEA=0.120, CFI=0.990). Use of alternate nonlinear models to evaluate possible quadratic or fixed portions of the trajectory were not
feasible given the 3 times of assessment. Exploratory detection of linear trajectories in
unobserved subpopulations was evaluated using growth mixture modeling. Results
indicated that inclusion of subclasses did not consistently demonstrate improved model
fit across indices (2 class model vs. 1 class model: LMR-LRT=0.0366;
BIC(2/1)=996.016/988.619; BLRT=0.1111). The unconditional growth model for middle
childhood CC also indicated poor fit across model indices (χ2(1)=38.907, p<0.001;
RMSEA=0.342, CFI=0.939). Similar to above, alternative modeling to evaluate possible
quadratic or fixed portions of the trajectory were not applied. Evaluation of unobserved
subpopulations using growth mixture modeling indicated a lack of improvement in model
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fit (2 class model vs. 1 class model: LMR-LRT=0.1158; BIC(2/1)=716.468/705.244;
BLRT=0.2667). Overall, results suggest that middle childhood nER and CC do not
demonstrate linear development between ages 54 months and 84 months. Given that a
properly fitting function could not be produced for either nER or CC, application of the
data to a more complex LCGM combining both datasets would not have been appropriate
(Kline, 2016).
Negative ER, CC, and problems with inattention/impulsivity
Descriptive Data and Correlational Analyses. Means and standard deviations for
ADHD related outcome variables are reported in Table 7. All of the outcome variables,
demonstrated significantly non-normal distributions. All ADHD-related outcome
measures were significantly associated with each other both within and between the 54
month and 96 month data collection points. Bivariate correlations conducted between
proximal (per age group) and concurrent nER/CC (27, 54, and 84 months) and ADHD
related outcomes in early and middle childhood (54 and 96 months) are reported in Table
8. Fifty-four month CBCL ADHD subscale score was positively correlated with 27
month nER and negatively correlated with temperament measures of CC. A small but
significant negative association between 27 month Stroop accuracy and 54 month CBCL
ADHD was also observed (r=-0.135, p=0.032). Assessment of the 54 month CBCL
Attention Problems subscale yielded significant associations with 27 month CC and
Stroop accuracy (r=-0.175, p=0.005). Nearly all 96 month CBCL and PAPA measures
were significantly correlated with 54 month CC, 84 month nER, and 84 month CC.
Patterns of association across these measures demonstrated significant negative
associations between CC and ADHD, and significant positive associations between nER
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and ADHD (Table 8). The only exception to this pattern was the correlation between 84
month nER and 96 month PAPA ADHD inattention symptom count, which was nonsignificant (r=0.097, p=0.136). Child accuracy rates on the computerized Go/No Go
paradigm at 84 months was also significantly correlated with 96 month CBCL Attention
Problems (r=-0.190, p=0.004) and PAPA ADHD symptom counts (r=-0.153, p=0.019).
These correlations were further evaluated in the context of the developmental models
assessed above (i.e., infant/toddlerhood and middle childhood cross-lagged and latent
growth).
Table 7. Intercorrelations, means & standard deviations of ADHD related outcome
measures in middle and middle childhood
54 months
96 months
CBCL
CBCL
PAPA
PAPA
PAPA
ADHD outcomes
CBCL
Attn
Attn
ADHD ADHD- ADHD
ADHD
Probs
Probs
sxs
IA sxs
dx
54 months
CBCL ADHD
.859**
.522**
.523**
.386** .345**
**
**
CBCL Attn Probs
.473
.445
.319** .346**
96 months
CBCL Attn Probs
.622**
.604** .299**
PAPA ADHD sxs
.901** .581**
PAPA ADHD-IA sxs
.448**
N
272
272
244
245
249
245
Mean
53.17
52.95
56.63
3.60
1.99
total=16
SD
4.39
3.75
6.34
3.75
2.31
(6.5%)
Values represent raw scores unless otherwise indicated. CBCL=Child Behavior Checklist;
PAPA=Preschool Age Psychiatric Assessment; Attn Probs=Attention Problems subscale; IA=inattentive;
sxs=symptom count; dx=diagnosis. For PAPA ADHD dx, total equals total number of children who met
**
DSM-IV-TR criteria for ADHD. p<0.01, two-tailed.
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Table 8. Intercorrelations between infant/toddlerhood & middle childhood CC and nER
to early & middle childhood ADHD related outcomes
27 months
54 months
84 months
ADHD outcomes
nER
CC
nER
CC
nER
CC
54 months
CBCL ADHD
.050
-.225**
.142*
-.478**
.283**
-.465**
CBCL Attn Probs
.179** -.231**
.182** -.471**
.336**
-.460**
96 months
CBCL Attn Probs
.021
-.113
.135*
-.414**
.259**
-.541**
**
**
PAPA ADHD sxs
-.047
-.010
.008
-.296
.181
-.433**
PAPA ADHD-IA sxs
-.058
.019
-.034
-.228**
.097
-.380**
*
PAPA ADHD dx
.002
.027
.076
-.077
.161
-.157*
CBCL=Child Behavior Checklist; PAPA=Preschool Age Psychiatric Assessment; Attn Probs=Attention
*
**
Problems subscale; IA=inattentive; sxs=symptom count; dx=diagnosis. p<0.05, two-tailed. p<0.01,
two-tailed.

Negative ER and CC in infancy/toddlerhood on ADHD related outcomes. First,
subscale scores for 54 month CBCL ADHD and CBCL Attention Problems were
individually included as outcome measures from the most proximal data point of the
cross-lagged panel model for infant/toddler nER and CC (see Appendix A for figure of
path models). Inclusion of 54 month ADHD outcomes in the longitudinal models
demonstrated good model fit (CBCL ADHD: χ2(8)=9.725, p=0.2848; RMSEA=0.025,
CFI=0.997; CBCL Attention Problems: χ2(8)=7.314, p=0.5032; RMSEA<0.001,
CFI=1.000). Both CC and nER at 27 months predicted CBCL ADHD scores at 54
months (CC: B(SE)=-0.021(0.007), p=0.001; β=-0.217; nER: B(SE)=0.020(0.008),
p=0.008; β=0.181), with higher CC scores predicting less ADHD-related behaviors and
higher nER scores predicting more ADHD-related behaviors. The amount of variance
explained in CBCL ADHD scores by both factors combined was significant (R2=0.085,
p=0.012). When it came to parent reported CBCL Attention problems, only 27 month CC
was found to be significant (CC: B(SE)=-0.026(0.008), p=0.001; β=-0.237; nER:
B(SE)=0.007(0.009), p=0.410; β=0.058; total R2=0.061, p=0.049). The inclusion of an
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interaction term between 27 month nER and CC into either model resulted in poor model
fit. Growth factors for nER between 9 and 27 months did not predict scores for either
CBCL ADHD or CBCL Attention Problems at 54 months.
Second, CBCL ADHD and Attention Problem were simultaneously entered into
the model. Results suggested good model fit (χ2(11)=10.694, p=0.4693; RMSEA<0.001,
CFI=1.000). Twenty-seven month CC showed significant path relationships to both
outcome measures (CC to ADHD: B(SE)=-0.021(0.007), p=0.001; β=-0.219; CC to
Attention Problems: B(SE)=-0.026(0.008), p=0.001; β=-0.237), whereas 27 month nER
only demonstrated a significant path to ADHD (nER to ADHD: B(SE)=0.020(0.008),
p=0.008; β=0.179; nER to Attention Problems: B(SE)=0.008(0.009), p=0.394; β=0.060)
(Figure 5). The amount of variance explained for outcome measures was significant. All
other standardized parameter estimates and R2 values remained within ±0.005 units of the
values from the original model.

Figure 5. Panel path model of infancy/toddlerhood CC and nER on ADHD outcome.
*

Values represent standardized (β) path estimates. Only significant paths shown. p<0.05.
p≤0.001.

**

p<0.01.

¥

The addition of 27 month Stroop accuracy scores into the model demonstrated
adequate model fit (χ2(15)=17.322, p=0.3000; RMSEA=0.022, CFI=0.997) and
significant parameter estimates for both CBCL ADHD problems (B(SE)=-0.014(0.007),
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p=0.039; β=-0.122) and Attention Problems (B(SE)=-0.020(0.007), p=0.005; β=-0.156)
that was unique from temperament measures of CC and nER (see Appendix B for path
model). Hierarchical regression analyses (step 1: nER, step 2: CC, step 3: Stroop)
indicated that the addition of the Stroop measure significantly increased the total amount
of variance explained for 54 month CBCL Attention Problems (ΔR2=0.016, p=0.044) but
not for 54 month CBCL ADHD Problems (ΔR2=0.008, p=0.159) (see Appendix B for full
hierarchical regression results).
Next, ADHD outcome measures at 96 months were individually included as
outcome measures from the most proximal data point of the cross-lagged panel model for
infant/toddler nER and CC, and from 54 month ADHD outcome measures. No direct
effects of 27 month CC and/or nER were found for 96 month CBCL Attention Problems,
PAPA ADHD symptoms, PAPA ADHD Inattentive symptoms, or PAPA ADHD
diagnosis. Both CBCL ADHD and CBCL Attention Problems at 54 months positively
predict Attention Problems, ADHD symptoms, ADHD Inattention symptoms, and ADHD
diagnosis at 96 months (Table 9). All calculations of model fitness and previously
calculated parameter estimates demonstrated negligible change with each model iteration.
Finally, intercept (t=0 at 9 months) and slope values from the unconditional latent
growth model for infancy/toddlerhood nER were evaluated as predictors of ADHD
outcomes at 54 and 96 months. Intercept and slope estimates based on the nER latent
growth model were consistently poor predictors of ADHD related outcome measures at
both 54 and 96 months (Table 10).
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Table 9. Parameter estimates for 54 month ADHD measures to 96 month ADHD
measures
β
B
SE B
R2
CBCL ADHD at 54mos
CBCL Attn Probs
0.774¥
0.095
0.482
0.232¥
¥
PAPA ADHD sxs
26.387
4.425
0.457
0.209**
PAPA ADHD-IA sxs
11.937¥
2.504
0.337
0.114*
¥
2
**
PAPA ADHD dx
OR=1.262 , pseudo R =0.191
CBCL Attn Probs at 54mos
CBCL Attn Probs
0.732¥
0.086
0.524
0.275¥
PAPA ADHD sxs
26.946¥
3.312
0.534
0.285¥
¥
PAPA ADHD-IA sxs
12.428
2.096
0.402
0.162**
PAPA ADHD dx
OR=1.208¥, pseudo R2=0.179*
CBCL=Child Behavior Checklist; PAPA=Preschool Age Psychiatric Assessment; Attn Probs=Attention
*
**
¥
Problems subscale; IA=inattentive; sxs=symptom count; dx=diagnosis. p<0.05. p<0.01. p<0.001.

Table 10. Parameter estimates for infancy/toddlerhood latent nER intercept and slope to
ADHD outcomes
Intercept
Slope
2
β
β
R
B
SE B
B
SE B
54 months
CBCL ADHD
0.075
0.017 0.013 0.114
0.094 0.053 0.256
CBCL Attn Probs
0.012
0.012 0.014 0.068
0.037 0.044 0.090
96months
CBCL Attn Probs
0.005
0.000 0.020 0.000
0.040 0.065 0.071
PAPA ADHD sxs
0.002
-0.286 0.723 -0.033
-0.630 2.169 -0.031
PAPA ADHD-IA sxs 0.003
-0.106 0.444 -0.020
-0.667 1.365 -0.053
PAPA ADHD dx
0.154
OR=0.667
OR=3357.083
CBCL=Child Behavior Checklist; PAPA=Preschool Age Psychiatric Assessment; Attn Probs=Attention
Problems subscale; IA=inattentive; sxs=symptom count; dx=diagnosis.

Negative ER and CC in middle childhood on ADHD related outcomes. The
predictive power of 84 month CC and nER values for 96 month ADHD-related outcomes
was evaluated. Variables for 96 month CBCL Attention Problems, PAPA ADHD
symptoms, PAPA ADHD Inattentive symptoms, and PAPA ADHD diagnosis were
individually included as outcome measures from the most proximal data point of the
cross-lagged panel model for middle childhood nER and CC. Inclusion of 96 month
ADHD outcomes demonstrated good model fit for all tested models (Table 11). Inclusion
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of Go/No Go accuracy as another measure of CC also demonstrated fair model fit for all
tested models.
Table 11. Model fit and regression weights for 84 month nER and CC on 96 month
ADHD outcome measures
χ2
df
RMSEA
CFI
R2
CBCL Attn Probs
9.821a
8
0.026
0.998
0.329¥
PAPA ADHD sxs
7.191a
8
<0.001
1.000
0.214¥
a
PAPA ADHD-IA sxs
6.119
8
<0.001
1.000
0.155¥
PAPA ADHD dx
Pseudo R2=0.211*
CBCL=Child Behavior Checklist; PAPA=Preschool Age Psychiatric Assessment; Attn Probs=Attention
a
¥
Problems subscale; IA=inattentive; sxs=symptom count; dx=diagnosis. p>0.05. p≤0.001.

Cognitive control was inversely related to 96 month CBCL Attention Problems
(B(SE)=-0.114(0.013), p<0.001; β=-0.509) while higher nER scores were related to
higher CBCL Attention Problems (B(SE)=0.029(0.011), p=0.010; β=0.157). However,
only 84 month CC was significantly associated with any PAPA ADHD symptoms
(B(SE)=-3.481(0.459), p<0.001; β=-0.430), PAPA ADHD Inattentive symptoms
(B(SE)=-1.939(0.299), p<0.001; β=-0.390), and PAPA ADHD diagnosis (OR=0.278,
p=0.017). The inclusion of an interaction term between 84 month nER and CC into any
of the models resulted in poor model fit. A model consisting of both CBCL Attention
Problems and PAPA ADHD symptoms as outcome variables was evaluated. Results
indicated good model fit (χ2(12)=14.241, p=0.2856; RMSEA=0.024, CFI=0.998) and that
both nER and CC at 84 months predicted CBCL Attention problems at 96 months (nER:
B(SE)=0.027(0.011), p=0.016; β=0.147; CC: B(SE)=-0.113(0.013), p<0.001; β=-0.505;
total R2=0.318, p<0.001) (Figure 6). However, only child CC at 84 months was
significantly associated with PAPA ADHD symptom count (B(SE)=-3.375(0.447),
p<0.001; β=-0.421; total R2=0.207, p<0.001). Parameter estimates for Go/No Go
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accuracy on 96 month CBCL Attention Problems and PAPA ADHD symptom count
were non-significant.

Figure 6. Panel path model of middle childhood CC and nER on ADHD outcome.
*

Values represent standardized (β) path estimates. Only significant paths shown. p<0.05.
p<0.001.

**

p<0.01.

¥

Adoptive and birth parent CC, nER, and ADHD on child outcomes
Descriptive Data and Correlational Analyses. A graphic representation of means
and standard deviations for adoptive parent (AP) and birth parent (BP) ADHD, CC and
nER are presented in Figure 7. Birth parent ADHD demonstrated significant nonnormality based on combination assessment of skew and kurtosis. Non-parametric
Wilcoxon Signed Rank tests were used for comparisons of parent ADHD. Within each
parent pair (i.e., birth, adoptive), total ADHD symptom counts did not significantly differ
from each other. However, significant differences were found for all birth parent to
adoptive parent ADHD comparisons (p<0.001), with adoptive parents consistently
reporting more ADHD symptoms than birth parents.
One-way ANOVAs were conducted across each parent dyad for CC and nER.
Results indicated significant between group differences for both nER (F(3)=62.259,
p<0.001) and CC (F(3)=47.635, p<0.001). Scheffe’s post-hoc tests showed significant
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between group differences in nER for all pair except for birth mom (BM)/AP1 (p=0.164)
and birth father (BF)/AP2 (p=0.279). The pattern of host-hoc results was different for
CC, where between group differences were found for all pairs except AP1/AP2 (p=0.232)
and BM/BF (p=0.335).

Figure 7. Birth and adoptive parent ADHD, CC and nER.

The y-axis represents: (1) ADHD=the number of symptoms endorsed by parents on Barkley’s Adult
ADHD Scales, (2) CC=Effortful Control factor from the ATQ, (3) nER=Negative Affect index from the
*
**
¥
ATQ. p<0.05. p<0.01. p≤0.001.

Bivariate pairwise correlations between parent measures and (1) child CC and ER
at 27 and 84 months, and (2) continuous ADHD outcome measures at 54 and 96 months
were conducted. A summary of the significant findings are presented in Table 12. Birth
mother ADHD, CC or nER was not significantly correlated in with any of the evaluataed
measures. No significant correlations were observed between birth parent Go/No Go
performance and child Go/No Go performance. Birth mother, but not birth father,
reaction time performance on the computerized Stroop was loosely associated with child
Shape Stroop accuracy scores (r=-0.140, p=0.021). Birth father CC was positively
correlated with child CBCL ADHD scores at 54 months and CBCL Attention Problems
scores at 96 months.
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Adoptive parent ADHD was positively associated with child nER (AP1 and AP2
at 27 months, AP1 at 84 months) and negatively associated with child CC (AP2 at 27
months). Adoptive parent CC was significantly negatively associated with nearly all child
outcome measures with the exception of child CC at 27 months, and CBCL Attention
problems at 54 months. Additionally, AP CC was significantly positively associated with
child CC at 84 months (AP1 and AP2). Positive correlations were observed for AP nER
and child nER at both 27 and 84 months (AP1 and AP2), and child CBCL ADHD at 54
months (AP1).
Table 12. Intercorrelations between child CC, nER, and ADHD to parent CC, nER and
ADHD
ADHD
27 months
nER
CC
54 months
ADHD
Attn Probs
84 months
nER
CC
96 months
Attn Probs
ADHD sxs
ADHD-IA sxs

CC

nER

AP1/AP2

BM/BF

AP1/AP2

BM/BF

AP1/AP2

BM/BF

.19**/.16*
-/-.13*

-/-/-

-/-.17**
-/-

-/-/-

.21**/.15*
-/-

-/-/-

-/-/-

-/-/-

-.14*/-.15*
-/-

-/.27*
-/-

.18**/-/-

-/-/-

.18**/-/-

-/-/-

-.19**/-.21**
.19**/.20**

-/-/-

.21**/.21**
-/-

-/-/-

-/-/-/-

-/-/-/-

-.18*/-.13*/-.19**/-

-/.29*
-/-/-

-/-/-/-

-/-/-/-

Attn Probs=Child Behavior Checklist Attention Problems subscale; PAPA=Preschool Age Psychiatric
Assessment; IA=inattentive; sxs=symptom count. AP=adoptive parent. BM=birth mother. BF=birth father.
*
**
p<0.05, two-tailed. p<0.01, two-tailed.

Parent ADHD, nER and CC as predictors of child outcomes. Parent measures
that were significantly correlated with child measures were simultaneously evaluated as
predictors of child outcome measures at 27, 54, 84, and 96 months. Adoptive parent and
birth parent regressions were run separately. When both parents demonstrated significant
correlations to child measures, the parent with the greater r value was used in the
analysis. Adoptive parent CC and nER, but not ADHD symptoms, significantly predicted
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child nER at 27 (AP2 CC: B(SE)=-0.130(0.058), p=0.024, β=-0.142; AP1 nER:
B(SE)=0.145(0.065), p=0.024, β=0.150; R2=0.081, p=0.013) and 84 months (AP2 CC:
B(SE)=-0.165(0.053), p=0.002, β=-0.196; AP1 nER: B(SE)=0.132(0.060), p=0.028,
β=0.146; R2=0.090, p=0.013). These effects were eliminated when earlier child nER
values (i.e., 18 or 72 months) were entered as predictors. Adoptive parent nER, but not
CC, predicted ADHD problems at 54 months (AP1 nER: B(SE)=0.170(0.051), p=0.001,
β=0.170; AP2 CC: B(SE)=-0.010(0.006), p=0.122, β=-0.099; total R2=0.043, p=0.043).
None of the other correlated AP or BF measures produced either statistically significant
regression paths for the reported child outcomes measures, or did not account for a
significant amount of variance explained. Birth father CC effects on child ADHD
problems at 54 months was not moderated by either AP CC or nER. Adoptive and birth
parent characteristics were also assessed against growth factors for nER in
infancy/toddlerhood. Adoptive parent nER was significantly positively associated with
growth factor intercept (B(SE)=0.234(0.056), p<0.001, β=0.354; R2=0.125, p=0.035), but
not on slope. All other parameter estimates for adoptive parent characteristics were nonsignificant.
Environmental structuring on child outcomes
Descriptive Data and Correlational Analyses. Intercorrelations, means and
standard deviations for adoptive parent environmental structuring are reported in Table
13. All measures demonstrated statistically significant within-construct correlations.
Significant inverse relationships in the expected direction, with more inconsistent
discipline associated with less order, were also found amongst the middle childhood
measures. Repeated measures ANOVA analysis indicating an overall significant linear
72

within-subject increase in parent involvement and structuring between ages 9 to 27
months (F(2)=19.674, p<0.001; ε 2p =0.070). An increase in inconsistent discipline
behavior was observed between ages 54 and 84 months (F(2)=4.328, p=0.014; ε 2p
€
=0.016), with pairwise comparisons indicating that parents demonstrated more
€ (p=0.020 and
inconsistent discipline at 84 months as compared to at 54 and 72 months

p=0.009, respectively). Overall, no significant variability in the amount of chaos in the
home between ages 54 and 84 months was detected (F(2)=1.884, p=0.342; ε 2p =0.005).
Table 13. Intercorrelations, means & standard deviations of environmental structuring
variables
€
HOME Parental
APQ Inconsistent
Involve 9mos
Involve 18mos
Involve 27mos
Inc Dis 54mos
Inc Dis 72mos
Inc Dis 84mos
Quiet 54mos
Quiet 72mos
N
Mean
SD
*

Involvement
9
18
27
.52** .38**
.52**

315
4.62
1.46

p<0.05, two-tailed.

**

313
4.82
1.34

311
5.05
1.16

Discipline
54
72
84
-.14* -.14*
-.10
.04
-.02
-.03
.03
.03
.02
.71** .61**
.70**

303
2.03
0.37

293
2.03
0.36

300
2.08
0.38

CHAOS Quiet

54
.01
.11
-.03
-.24**
-.20**
-.16*

72
.05
.04
-.05
-.27**
-.27**
-.23**
.68**

272
11.47
2.29

263
11.57
2.28

84
.02
.08
-.09
-.24**
-.26**
-.25**
.61**
.74**
256
11.35
2.36

p<0.01, two-tailed.

Table 14. Intercorrelations between parent characteristics and environmental structuring
variables
ADHD
CC
nER
AP1
AP2
AP1
AP2
AP1
AP2
Involve 9mos
.038
-.051
.065
-.107
-.047
-.040
Involve 18mos
.027
.017
.040
-.141*
-.093
.034
Involve 27mos
-.048
.038
-.024
-.045
-.014
-.001
Inc Dis 54mos
.244**
.228**
-.097
-.196**
.105
.121
Inc Dis 72mos
.298**
.238**
-.195**
-.203**
.130*
.121
Inc Dis 84mos
.264**
.159*
-.206**
-.214**
.102
.184**
Quiet 54mos
-.088
-.144*
.150*
.133*
-.214**
-.033
**
*
**
**
Quiet 72mos
-.218
-.143
.189
.210
-.193**
-.084
*
*
**
**
Quiet 84mos
-.142
-.193
.203
.229
-.098
-.133*
*

CC=cognitive control; nER=negative emotional reactivity. p<0.05, two-tailed.

**

p<0.01, two-tailed.
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Parent characteristics and environmental structuring behavior. Adoptive parent
ADHD symptoms were correlated with measures of environmental structuring in middle
childhood, with more ADHD symptoms associated with more frequent inconsistent
discipline behaviors, and less structure in the household (Table 14). Parental
structuring/involvement in infancy/toddlerhood was not associated with parent ADHD.
Correlations between AP CC and environmental structuring measures were consistently
found in middle childhood, but were not as consistently related in infancy/toddlerhood.
Finally, data is suggestive of some relationship between AP nER, inconsistent discipline,
and household chaos. No relationship was found between AP nER and infant/toddler
early environmental structuring variables.
Environmental structuring and child outcome measures. No significant
concurrent correlations were found between parental structuring and child CC or nER in
infancy/toddlerhood. In middle childhood, adoptive parent inconsistent parenting was
consistently negatively associated with child CC (i.e., children with higher CC associated
with parents with less frequent inconsistent discipline behaviors), and positively
associated with child nER (i.e., children with more nER associated with parents with
more frequent inconsistent discipline behaviors) (Table 15). Household chaos
demonstrated the opposite relationship, showing a positive association with child CC and
a negative association with child nER.
Table 15. Intercorrelations between child CC/nER and environmental structuring
variables: middle childhood
54mos
72mos
84mos
CC
nER
CC
nER
CC
nER
**
**
**
**
**
Inc Dis
-.216
.215
-.200
.218
-.186
.174**
Quiet
.267**
-.163**
.289**
-.287**
.263**
-.263**
**

p<0.01, two-tailed.
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HOME environmental structuring scores were not associated with any ADHDrelated child outcome measures at 54 months. Intercorrelations between environmental
structuring measures in middle childhood and 96 month ADHD-related outcome
measures are displayed in Table 16. Household calmness throughout middle childhood
was consistently associated with 96 month CBCL Attention Problems and PAPA ADHD
symptom count. Addition of 84 month household calmness did not demonstrate
significant parameter estimates for either 96 month CBCL Attention Problems
(B(SE)=0.008(0.018), p=0.644, β=0.029) or PAPA ADHD symptoms (B(SE)=0.008(0.119), p=0.946, β=-0.005).
Table 16. Intercorrelations and odds ratios for 96 month child ADHD outcomes and
environmental structuring variables: middle childhood
CBCL Attn
PAPA ADHD
PAPA ADHD- PAPA ADHD
Problems
sxs
IA sxs
dx
Inc Dis 54mos
-.042
-.068
-.058
1.190
Inc Dis 72mos
.072
-.053
.014
0.953
Inc Dis 84mos
.003
-.046
-.019
0.463
Quiet 54mos
-.204**
-.185**
-.169*
0.823
**
**
Quiet 72mos
-.237
-.182
-.125
0.759
Quiet 84mos
-.169*
-.152*
-.107
0.940
Attn Probs=Child Behavior Checklist Attention Problems subscale; PAPA=Preschool Age Psychiatric
Assessment; IA=inattentive; sxs=symptom count; dx=diagnosis based on DSM-IV-TR criteria. All values
for continuous data represent pearson correlation coefficients. Values for dichotomous PAPA ADHD dx
*
**
represent odds ratios. p<0.05. p<0.01, two-tailed.

Adoptive parent CC and nER were previously found to significantly predict child
nER at 27 and 84 months. The degree to which environmental structuring variables may
mediate these relationships were evaluated. Both 27 month environmental structuring and
AP2 CC demonstrated significant parameter estimates to child nER at 27 months.
However, environmental structuring did not mediate the relationship between AP2 CC
and child nER (AP2"environmental structuring: B(SE)=-0.080(0.121), p=0.506; β=0.046; δ=0.006, p=0.531). Although AP1 nER, household calmness (84 months), and
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inconsistent discipline (84 months) were significantly associated with child nER at 84
months, neither environmental structuring measure mediated the parent-child relationship
(AP1"calm: B(SE)=-0.406(0.256), p=0.112; β=-0.103; δ=0.023, p=0.140;
AP1"inconsistent discipline: B(SE)=0.063(0.037), p=0.089; β=0.102; δ=0.017,
p=0.158).
Environmental structuring did not moderate the developmental course of nER or
CC in either infancy/toddlerhood or middle childhood. When added separately to each
assessment interval for both cross-lagged models, all moderator direct effects were nonsignificant (p>0.05). When parent structuring was added as a time-varying covariate to
nER in infancy/toddlerhood, the model demonstrated good model fit (χ2(7)=6.415,
p=0.4922; RMSEA<0.001, CFI=1.000), with all model parameters remaining
approximately the same (intercept mean=3.033, intercept variance=0.170; slope
mean=0.294, slope variance=0.026; intercept-slope covariance=0.00). Finally,
environmental structuring did not moderate any relationship between parent
characteristics and child ADHD outcomes. Nor did they moderate most relationships
between child CC and nER and ADHD outcomes. A single interaction was found to be
significant for 84 month CC and household chaos on 96 month CBCL attention problems
(child 84 month CC x household 84 month quiet: B(SE)=0.018(0.006), p=0.001;
β=2.402). As a group, children with high 84 month CC (≥+1 SD above the mean)
demonstrated little variation in attention problems regardless of the level of chaos present
in the household. However, children with low 84 month CC appeared to demonstrate
higher difficulties with attention problems in household that were less chaotic as
compared to households that were more chaotic (Figure 8).
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Figure 8. Interaction between 84 month child CC and household chaos in predicting CBCL attention

problems at 96 months.
Low CC group = children with 84 month CBCL attention problem scores -1 SD below mean. High CC
group = children with 84 month CBCL attention problem scores +1 SD above the mean.
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Chapter 4: Discussion
Theories on ADHD etiology have increasingly begun to incorporate a networked,
multi-system approach to understanding behavioral difficulties with sustained attention
and inhibitory control. Two principal domains of functioning that have been prominently
evaluated in the ADHD literature are higher order executive skills and state/motivational
factors. Questions related to the role of emotion reactivity/regulation have also recently
re-emerged as an area of interest for ADHD pathology as new technological approaches
for measuring these constructs have arisen. The current study was conducted to further
address the relationship between changes in cognitive control (CC) and negative
emotional reactivity (nER) over time. These relationships were then evaluated against
ADHD-related behavioral outcomes, with a particular focus on problems with inattention.
Studies of childhood psychopathology are often conducted using cross-sectional
group analysis of individuals separated by diagnostic status. Such study designs limit the
degree to which researchers can speak to the predictive validity of risk factors or address
the role of developmental trajectories. Prospective longitudinal studies are important for
evaluating how post-hoc group differences manifest earlier in time, and can be used to
identify the presence of specific trajectories or points of divergence among children who
develop behavioral profiles associated with poor outcomes such as negative academic
performance, clinically significant mood dysregulation, interpersonal difficulties, and/or
weak adaptive functioning. Furthermore, most studies in this area have examined
children reared by their biological parents. As such, it is not possible to distinguish
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between genetic and environmental influences on child behavior since parents both share
genes with their children and provide their rearing environment. In order to differentiate
between main effects of heritable and environmental influences on ADHD, the
development of CC, and changes in nER over time, this dissertation used a unique, largescale, longitudinal, adoption study sample to assess the role of latent genetic and
parenting influences (i.e., environmental structuring) on the development of ADHDrelated behavior problems in early and middle childhood.
Negative ER and CC in infancy/toddlerhood and middle childhood
Results from this study suggest that, between the ages of 9 and 27 months,
children show a positive trajectory for change in nER and CC over time. Growth
modeling indicated that children varied significantly in their mean levels of nER at 9
months. Although minor individual differences in rates of change of nER across
infancy/toddlerhood were observed, they were not associated with initial levels of nER.
These results replicate findings reported by Leve, et al. (2013). Large within-construct
correlations and parameter estimates over time showed that early levels of nER and CC
dictate future levels of nER and CC. Such findings were expected given numerous studies
documenting the relative stability of temperament (Bornstein et al., 2015; Casalin,
Luyten, Vliegen, & Meurs, 2012). It is important to note that “stability” here does not
imply lack of change, but rather that previous measures of CC and nER account for a
substantial amount of the variance seen in future measures of these same traits. However,
despite significant correlations and parameter estimates, the amount of variance in CC
and nER explained by previous measures of CC and nER was not 100%. This suggests
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that other variables, genetic or otherwise, are likely at play in the changes we see in these
traits during early childhood.
Early development of nER and CC appeared to be somewhat separable as crosslagged and autoregressive paths were non-significant and models excluding these
associations fit the data better than the models that included them. These results are
consistent with developmental neuroscience studies delineating the later temporal
development of the prefrontal cortex – which houses the higher executive functioning
skills – and refinement of the association cortices – which are involved in the efficient
relaying of information between various parts of the brain (Casey et al., 2005). That is, at
this stage of late infancy/early toddlerhood, the findings reported here likely reflect the
fact that neural development of brain regions ultimately responsible for these functions
have not yet created efficient communication and processing pathways. As such,
significant associations and cross-talk between these psychological domains may not be
overtly evident in this age group. However, questionnaire measures are susceptible to
reporter bias such as contrast or assimilation effects where parents may subconsciously
compare between the behavior of their children (Saudino, McGuire, Reiss, Hetherington,
& Plomin, 1995). Observational measures can also ameliorate some of these potential
confounding effects by applying specific, objective (e.g., latency, time spent doing an
activity, facial expressions, etc.) behavioral codes to samples of child behavior. Behavior
coding of observational measures also allows for the assessment of both quantitative
(e.g., number of times a behavior was displayed) and qualitative (e.g., neutral, warm,
harsh) aspects of interactions and behaviors. Previous studies using observational
measures have been used to study emotional reactivity and regulatory skills in relation to
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ADHD. For instance, a recent paper by Willoughby et al., (2016) used microcoding and
macrocoding of tasks from the Laboratory Assessment Battery (Goldsmith & Rothbart,
1996) to assess toddler temperament profiles in relation to ADHD outcomes in school
aged children. The EGDS assessments include a number of observational measures, and
incorporation of second-by-second behavioral coding may provide additional insight on
the relationship between CC and nER using a more fine-grained, broad, and objective
approach.
A different pattern of interactions emerged when evaluating nER and CC in
middle childhood (54 to 84 months; age 4.5 to 7 years). Results indicated relative
stability in these two domains between 54 to 72 months, followed by a small increase in
nER and a small decrease in CC between 72 and 84 months. Much as in the younger age
group, past levels of nER and CC were significant and powerful predictors of future nER
and CC, consistently accounting for nearly half of the variance in follow-up assessments
of the same construct. Interestingly, results from this study suggest that higher levels of
CC is both concurrently associated with, and predictive of, lower levels of nER. The
cross-lagged effects were small and require further analysis (i.e., larger sample size for
increased analytic power), but these results suggest that a developmentally relevant
interaction may exist between these two functional domains. Such findings highlight the
importance of considering behavior in the context of relevant developing neural
networks, particularly around times of significant growth such as is found in early
childhood and adolescence (Casey et al., 2005). This study did not find a significant
effect of negative emotional reactivity on later cognitive control development. Such
findings are not unlike previous studies demonstrating that, regardless of differences in
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emotional reactivity, regulatory skill development appears to be the more relevant factor
when it comes to predicting future behavioral outcomes (Ursache et al., 2013).
Child nER, CC, and ADHD related outcomes
Analyses from this study indicate that child CC and nER in infancy/toddlerhood
contributed to the presence of ADHD-related behavior problems in preschool aged
children (4.5 years old). When looking specifically at problems with inattention, only
child CC appeared to have a significant effect. Although other studies have evaluated the
relationship between toddler temperament factors and externalizing problems (Rubin,
Burgess, Dwyer, & Hastings, 2003), few have examined toddler characteristics
specifically in regards to ADHD outcomes. One study found small but significant
associations between negativity in toddlerhood and ADHD problems in Kindergarteners
(Goldsmith, Lemery, & Essex, 2004). Another, more recent paper demonstrated
significant relationships between early (before age 2) temperament profiles (i.e., high
nER/high regulatory control, low nER/low regulatory control) and parent/teacher reports
of ADHD symptoms in 1st grade (Willoughby et al., 2016). Consistent findings of the
relationship between early nER and CC could indicate that these factors may be of
clinical importance (i.e., relevant risk factor).
Unlike the results found for infancy/toddlerhood, both CC and nER in middle
childhood contributed to behavioral difficulties with inattention at age 8 years, whereas
only child CC, and not nER, was associated with the presence of total ADHD symptoms.
The effect sizes and amount of variance explained by CC and nER for both inattention
and ADHD in general were modest to moderate. These results imply that during middle
childhood there may be some particular aspect of nER that is specific to difficulties with
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sustained attention and distractibility, as opposed to other symptoms of ADHD. One
possibility is that the primary factor influencing ADHD in middle childhood is continued
delayed development in control, while difficulties with emotional reactivity begin to
manifest in other ways such as defiance, aggression, or mood difficulties that are not
explicitly part of an ADHD diagnosis. Therefore, the effects of emotional reactivity of
any valence may not contribute specifically to ADHD severity in middle childhood.
Willoughby et al. (2016), found that, regardless of whether children showed high or low
levels of nER, low levels of regulatory control represented the greater risk for future
problems with attention and inhibitory control. Furthermore, a recent paper by Karalunas
et al. (2014) distinguished physiological and structural brain differences between groups
children ages 7-11 years diagnosed with ADHD whose temperament was characterized
by low inhibitory mechanisms with either surgency or negative emotionality. Models
evaluated in this study also demonstrated poor model fit parameters when nER and CC
interaction terms were entered in to the model. This is consistent with reports by others
noting significant combinatory, but not necessarily interactional, effects of CC and
reactivity variables (as assessed by comparisons between various temperament profiles)
on ADHD outcomes. Analyses of positive ER trajectories in relation to ADHD outcomes
could also shed additional light on some of these questions. That is, if models including
positive ER reflect the same pattern of results as obtained with nER, then the notion that
CC is the primary driving force of ADHD-related problems within this age range would
be further supported.
In an attempt to evaluate the degree to which specific neurocognitive measures
are of predictive utility across various age ranges, this dissertation also incorporated a
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measure of executive functioning at 27 and 84 months. Results demonstrated a weak
relationship between performance on the Shape Stroop task and questionnaire measures
of cognitive control at the same age. The predictive value of Shape Stroop scores did not
significantly contribute to additional variance explained beyond what was already
accounted for by the questionnaire measures. It is unlikely and difficult for a measure
with such narrow scope (accuracy on a short inhibitory control/cognitive flexibility task)
to be strongly predictive of a broad behavioral phenomena such as ADHD or inattention
2 years later, particularly during an age when a significant amount of cognitive
development is taking place. Results assessing middle childhood (7 years old) Go/No Go
accuracy to middle childhood (8 years old) attention problems demonstrated that, overall,
Go/No Go performance produced significant parameter estimates and unique variance
above concurrent CC and nER factors. Successful completion of the computerized Go/No
Go test requires the engagement of multiple cognitive processes including motor
preparation, evaluation of sensory input, decision making, inhibitory control, and motor
execution (Perri, Berchicci, Spinelli, & Di Russo, 2014). The ability to link finite
decision making to motor input/output may be a particular aspect of the paradigm that is
not captured in questionnaire measures of CC. In fact, questions related to motor control
on the CBQ are generally categorized under the surgency factor. As such, the unique
effect attributed by Go/No Go performance to attention problems may be related to
impulsivity and processes related to organizing motor output. Finally, the finding that
Go/No Go results were not predictive of ADHD symptoms is not entirely surprising
given that any deficit in neuropsychological measures of executive functioning are only
observed in approximately 30% of individuals with ADHD (Willcutt et al., 2005).
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Effects of birth and adoptive parent traits
Contrary to the proposed hypotheses, birth parent CC, nER, and ADHD were not
strongly associated with child CC, nER, or ADHD. One potential reason for such
findings is developmental change in genetic influences over time. Cumulative evidence
across a number of studies suggest that temperament and personality factors become
increasingly stable over time (Roberts, Caspi, & Moffitt, 2001). However, non-twin
siblings raised by either birth parents or adoptive parents show lower heritability
estimates than those found in twins (Goldsmith, Buss, & Lemery, 1997; Loehlin,
Neiderhiser, & Reiss, 2003). In addition to environmental factors (Caspi, Roberts, &
Shiner, 2005), changes in temperament have been found to be related to new onset
genetic influences that unfold over time (Blonigen, Carlson, Hicks, Krueger, & Iacono,
2008; Ganiban, Saudino, Ulbricht, Neiderhiser, & Reiss, 2008). As such, evidence of
direct birth parent to child intergenerational transmission of temperament traits may be
dependent on when temperament is assessed for both parties. Additionally, temperament
characteristics are polygenic behavioral phenotypes (Goldsmith et al., 1987) that
probably do not show additive products across contributing genetic variables. As such, it
may be unlikely to find linear combined genetic influences of both birth parents on child
outcomes.
In the EGDS in particular, which has one of the largest samples of birth fathers
who completed an adoption plan, the number of birth mothers participating still far
outnumbers the birth fathers who participated. Analysis of birth father specific effects
provided inconsistent results, several of which were in the opposite direction as would be
expected (i.e., higher levels of birth father cognitive control associated with higher levels
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of child ADHD/attention problems). This is potentially related to the fact that less than
40% of the total possible birth fathers participated, which could mean that the available
birth father data may not accurately reflect the characteristics of the full sample. These
limitations make it difficult to interpret null findings on latent genetic effects.
Additionally, underpowered models are at risk of having low probabilities of finding true
effects and low positive predictive value (Button et al., 2013). Replication of the models
and main effects tested in this dissertation using data from both cohorts of the EGDS
(N=561) when they are available could help to address this study limitation.
Results also indicated that adoptive parent characteristics were modestly
associated with child CC, nER, or ADHD, and did not explain child outcomes over and
above child temperament traits. One reason for this finding may be that the children in
this study were quite young, and adoptive parent influences on these highly heritable
traits may not have had enough time to produce statistically measurable effects.
Additionally, effects of adoptive parent traits on child behavior may not be obvious in the
absence of an appropriate mediating variable. Alternatively, at this early age,
relationships between rearing parent CC/nER/ADHD and child traits/behaviors may be
more appropriately evaluated in terms of moderating effects of the environment or latent
genetic contribution. As no significant latent genetic effect was observed for any of the
study variables, such analyses could not effectively be conducted within this study.
Effects of environmental structuring
Within construct measures of environmental structuring in infancy/toddlerhood
showed modest to moderate correlations between assessment times, and were not
significantly associated with any adoptive parent traits evaluated in this study. Marginal
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associations were found between parent temperament/ADHD and the degree to which
they provided a calm home environment and in their disciplinary practices. These
findings were somewhat surprising given the literature on parenting concerns that often
arise in adults who demonstrate difficulties managing negative affect and/or adults with
ADHD. Parenting practices that have been found to be particularly challenging for adults
with ADHD include family organization/structure, monitoring of child behavior,
problem-solving, and inconsistent discipline (Johnston et al., 2012). Despite substantial
variability in adoptive parent self-reported ADHD symptoms, no significant indirect or
mediating effects between adoptive parent ADHD, environmental structuring, and child
outcomes were observed. One thing to consider is the fact that the sample of adoptive
parents studied here may be considered fairly high functioning (i.e., majority middle to
upper SES and college educated). This raises the possibility that their ADHD-related
symptoms are well controlled (e.g., via medication), or that these parents have found
ways to successfully compensate for their weaknesses in attentional and inhibitory
control. Another factor may be potential evocative gene-environment effects. Parenting
must also be viewed as a transactional model, where child characteristics influence
parenting and parenting practices influence child outcomes. That is, genetic influences on
child behavior may be influencing the environment in a manner that counterbalances the
effects of parent genetically mediated traits on the environment. Genetically inherited
child characteristics that influence their environment are known as evocative geneenvironment correlations. Evocative gene-environment correlations have most frequently
been evaluated in children with externalizing psychopathologies and disruptive behavior
disorders (Burt, McGue, Krueger, & Iacono, 2005; Neiderhiser et al., 2004). Two studies
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have used a novel Extended Children of Twins study design to test the association
between adolescent externalizing problems and parental negativity (Marceau et al., 2013;
Narusyte et al., 2011). Through a series of complex model comparisons, the researchers
found that the relationship between parental negativity and adolescent externalizing
problems is best explained via evocative gene-environment influences. With this in mind,
many parenting studies (including studies of adopted children) are further complicated by
the potential for evocative gene-environment correlation. Additional evaluation of
evocative gene-environment correlation through application of a wider range of birth
parent and adoptive parent variables to the model may help enumerate the cause of the
discrepancies observed here.
Small but consistent relationships were found between child traits and
environmental structuring practices in middle childhood. The frequency of parental
inconsistent discipline behaviors was inversely associated with child CC (i.e., more
inconsistent discipline associated with less CC) and positively associated with child nER
(i.e., more inconsistent discipline associated with more nER). The opposite was true for
the tendency for parents to maintain a calm and structured household. That is, calmer
households were associated with children with more cognitive control and less nER.
Results from the current study suggests the presence of concurrent relationships between
environmental structure and child traits, and did not produce significant findings that
could expand upon which factor preceded the other. One interesting finding was that
children with low CC at 84 months appeared to show greater variability in CBCL
Attention Problems at 96 months as compared to children with high CC. The association
was in the direction as might be expected, with low CC and low structuring related to
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more reported attention problems than in children with low CC and high structuring.
What is unclear from these results is the degree to which this is an evocative effect (i.e.,
children with attentional difficulties create households with less structure) or a parenting
effect (i.e., households with less structure contribute to the development of more
problems with inattention). Additional assessment times that include all three of these
measures are needed to more accurately describe the relationship that is at play here.
Summary & Conclusions
Overall, results from this study are consistent with approaches integrating
cognitive and affective factors contributing to ADHD etiology. Cognitive control and
negative emotional reactivity both influenced ADHD outcomes, with stronger
associations in middle childhood than in infancy/toddlerhood. Although poor cognitive
control consistently predicted difficulties with inattention and the presence of ADHDrelated outcomes, negative affect was only related to general ADHD-problems in earlymiddle childhood and only to attention problems in middle-middle childhood. The two
factors independently influenced ADHD-related outcomes, and did not interact to
moderate effects. The degree to which cognitive control affected developmental changes
in negative emotional reactivity varied over time, the trajectory of which appeared to be
in line with what is known about neurodevelopment. Notably, the developmental trends
observed herein provide novel evidence regarding how these underlying physiological
changes may influence behavior across time. In addition to studying developmental
changes in cognitive control and negative emotional reactivity as independent or
interacting factors, future studies should also include latent class analyses that include
these variables. Studies using latent class analyses may capture non-linear interactions
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that are not as successfully identifiable using other statistical designs, and findings from
these studies has increasingly suggested that particular neurocognitive and affective
profiles amongst individuals with ADHD might be physiologically based and clinically
relevant.
Surprisingly, birth parent traits showed little to no latent genetic effects on any of
the child outcomes measured in this study. Subsequently, analysis of moderating effects
of adoptive parent environmental structuring on latent genetic susceptibility were
unsuccessful. Adoptive parent characteristics were moderately related to child
characteristics, but did not significantly influence future outcome over and above withinchild effects. The degree to which adoptive parents provided external structure to the
child’s environment did not moderate developmental changes in cognitive control or
negative emotional reactivity, and was not associated with ADHD outcomes. However,
children with low levels of cognitive control were more likely to demonstrate difficulties
with inattention in less structured home environments as compared to children with high
levels of cognitive control. Whether this was an evocative, parenting, or combination
effect was unclear. The absence of genetic and environmental effects are curious, and
require further analyses using larger sample sizes, inclusion of multi-method assessment
protocols, and identification of other potential mediators/moderators for latent genetic
effects.
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APPENDIX A: Infancy/Toddlerhood path models
A

B

Path diagrams for infancy/toddlerhood negative ER (na) and CC with ADHD outcomes. Only significant
paths shown. Parameter estimates represent β values. Residual variance values included. Numbers in
manifest variable names represent age (in months) at assessment. (A) Outcome measure is CBCL ADHD
Problems subscale (badt). (B) CBCL Attention Problems subscale (batt).
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APPENDIX B: Infancy/Toddlerhood with 27 month Stroop
A

B
β
Step 1
nER
Step 2
nER
CC
Step 3
nEr
CC
Stroop

.184*/.052
.150*/.017
-.211**/-.218**
.153*/.022
-.202**/-.205
-.089/-.129*

R2
.034/.003

ΔR2

F
8.252**/.650

.077/.049

.043**/.046**

9.820**/6.085**

.085/.054

.008/.016*

7.239**/5.484**

Path diagram and hierarchical regression results for infancy/toddlerhood negative ER (na) and CC to
ADHD outcomes with 27 month child Stroop accuracy included as covariate. Numbers in manifest variable
names represent age (in months) at assessment. (A) Cross-lagged panel path model including ADHD
outcome measures CBCL ADHD Problems subscale (badt) and CBCL Attention Problems subscale (batt).
Only significant paths shown. Parameter estimates represent β values. Residual variance values included.
(B) Hierarchical regression model predicting CBCL ADHD Problems (before backslash) and Attention
*
**
Problems outcomes (after backslash) including all predictors. nER = negative ER. p<0.05. p<0.01.

109

APPENDIX C: Middle Childhood path models
A

B
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C

D

Path diagrams for middle childhood negative ER (na) and CC to individual ADHD outcomes at 96 months.
Only significant paths shown. Parameter estimates represent β values. Residual variance values included.
Numbers in manifest variable names represent age (in months) at assessment. (A) Outcome measure is
CBCL Attention Problems subscale (batt). (B) PAPA ADHD total symptom count (paadsx). (C) PAPA
ADHD Inattention symptom count (paadisx).(D) PAPA ADHD diagnosis based on DSM-IV-TR criteria
(paaddx).
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