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Abstract
BACKGROUND: Prior literature indicates that children with slower reaction times on
neurocognitive attention measures are more likely to respond more slowly to stop signals in real
world situations. Taking longer to respond may also suggest a tendency to take longer to process
emotional cues in real time, thus possibly resulting in vulnerability towards emotional
dyscontrol. The present study examined differences between reaction time and the parental
ratings of emotional control and internalizing symptomatology in three distinct pediatric
populations: those with Attention-Deficit Hyperactivity Disorder (ADHD), those with
internalizing disorders such as anxiety and depression, and those with comorbid ADHD and
internalizing disorders.
SUBJECTS: A sample of 64 children and adolescents who were patients at the Neuropsychology
Service at Children’s Medical Center Dallas Texas from November 2011 through July 2014 was
derived. All patients received neuropsychological evaluations and were assessed for attentional
and emotional disorders.
METHOD: Approval for the study was obtained from the Institutional Review Board at UT
Southwestern Medical Center. Data was obtained via examination of medical records. Reaction
time was measured via the Conners’ Continuous Performance Test II (CPT II) Overall Hit
Reaction Time (RT) variable. Parent rating forms from the Behavior Rating Inventory of
Executive Function (BRIEF) Emotional Control subscale (EC) and the Behavioral Assessment
Scale for Children, Second Edition (BASC-2) Internalizing Problems Composite score (IP) were
used as a measure of participants’ emotional control capacity. A multivariate analysis of
covariance (MANCOVA) was employed to assess for significant differences between all three
groups for CPT II RT, BRIEF EC, and BASC-2 IP, controlling for age, education, sex, and race.
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RESULTS: The MANCOVA yielded a significant overall model for group [F (6, 26) = 6.89, p <
.01], controlling for age (p = .08), education (p < .01), sex (p = .13), and race (p = .02). There
was a significant main effect for CPT II RT [F (2) = 8.31, p < .01] and BASC-2 IP [F (2) = 3.96,
p < .04], with respectable effect sizes (η2 = .56 and .35, respectively). There was a moderately
significant main effect for BRIEF EC [F (2) = 3.65, p = .051] with a moderate effect size (η2 =
.33). Post hoc analyses revealed significant differences between the internalizing disorder and
comorbid groups (p = .048) for CPT II RT, with slower reaction times in the internalizing
disorders than comorbid groups. Significant differences were also observed between the ADHD
and internalizing disorders groups (p < .01) as well as between the ADHD and comorbid groups
(p = .03) for BASC-2 IP, with greatest elevation in the internalizing disorders, followed by the
comorbid and ADHD groups. There were significant differences between the ADHD and the
internalizing disorder groups (p = .04) as well as between the ADHD and comorbid groups (p =
.01) for BRIEF EC. Of note, mean CPT II RT performance was in the normal range across the
groups. All other pairwise comparisons were nonsignificant.
DISCUSSION: In this study we explored associations between cognitive inefficiency and
emotional dysregulation in order to further our understanding of the ways in which emotional
and executive functions are related. We focused on differences between groups of three specific
populations (i.e., ADHD, internalizing disorders and comorbid ADHD and internalizing
disorders). The co-occurrence of ADHD and internalizing disorders may have important
implications for assessment and treatment. Results such as these could be useful in determining
whether treating one type of internalizing symptomatology may improve the other, and can allow
providers to make more informed decisions about how to better assist children with comorbid
conditions.
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Executive Function, Behavioral Assessment Scale for Children, Second Edition, CPT II,
attention-deficit hyperactivity disorder, pediatric anxiety, pediatric depression, emotional
control, internalizing disorders.
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CHAPTER ONE
Introduction
The purpose of this study is to examine the relationship between reaction time and
emotional control in children with attention-deficit hyperactivity disorder (ADHD) and
internalizing disorders. Emotional control in children has been studied in variety of ways, and
while regulatory emotional patterns may be a critical component in development, they are not
well understood in children and adolescents (Turpyn, Chaplin, Cook, & Martelli, 2015). Further
exploration of the relationship between reaction time and emotional control may improve our
ability to assess and treat children with deficits in processing speed and emotion regulation.
In this study, the term executive function will be used in the context of both socioemotional and cognitive skills (Gonzalez et al., 2014). The concept of emotional control will
refer to a child’s ability to modulate emotional responses and to influence their own thoughts and
behavior. Children with poor emotional control can have frequent mood changes, overblown
reactions, or explosive angry outbursts (Gioia, Isquith, Guy, & Kentworthy, 2000). Emotional
control will be measured by parental reports that capture parents’ perspectives of their child’s
executive function ability with respect to mood regulation. These informant-report measures will
be used as a proxy of emotional functioning in children with internalizing disorders and ADHD.
Being easily frustrated and angered is indicative of problems with emotional control, and
problems with emotional control tend to result in higher ratings of internalizing symptoms (A.
Wilkinson-Smith, personal communication, 2015).
Reaction time is a measure of the amount of time between the presentation of a stimulus
and an individual’s response (Klotz, Johnson, Wu, Isaacs, & Gilbert, 2012). Children who have
slower reaction times on various performance tasks are believed to be more likely to respond
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more slowly to stop signals in real world situations. Taking longer to respond may also be
indicative of a tendency to take longer to process real-time emotional cues. There is a dearth of
literature examining the association between emotional control and reaction time. Elucidating the
connection between cognitive inefficiency and emotional dysregulation in children with these
problems can increase our understanding of how emotion regulation and executive functioning is
related. This study investigates this relationship in three distinct pediatric populations: children
diagnosed with ADHD, children diagnosed with internalizing disorders, and children with
comorbid ADHD and internalizing disorders. The following chapter reviews the body of
literature in this area.
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CHAPTER TWO
Review of the Literature
Disorders Affecting Emotional Control
A number of prior studies have investigated the nature of internalizing and externalizing
disorders in children. Externalizing behaviors are manifested outwardly (i.e., aggressive,
disruptive and hyperactive behavior) and associated with a negative effect on the environment
(Brunnekreef et al., 2007; Liu, 2004). Attention-Deficit Hyperactivity Disorder (ADHD) is
considered an externalizing disorder due to the outward expression of symptoms (Bloemsma et
al., 2012). Internalizing behavior (i.e., anxious, withdrawn, or depressive symptomatology)
reflects an adverse adaptation to the environment and is indicative of internal psychological
distress (Liu, 2004 as cited in Jacob et al., 2014). In this study, the term “internalizing disorders”
refers to anxiety and depressive disorders only, and the term “attentional disorder” refers to
ADHD only. When a child does not develop and utilize emotional control strategies effectively,
such internalizing disorders may develop (Bradley, 2000). We begin with an investigation of the
ways in which attentional and internalizing disorders interfere with emotional control and
cognition in children.
Attentional Disorder: Diagnostic Features and Development. Attention-deficit
hyperactivity disorder is a neurodevelopmental disorder with a persistent pattern of
hyperactivity-impulsivity and/or inattention that interferes with daily functioning. There are three
presentations of ADHD: Inattentive, Hyperactive-Impulsive, and Combined Inattentive and
Hyperactive-Impulsive type (American Psychiatric Association, 2013). Children must have six
or more symptoms of the disorder and present these symptoms in more than one setting in order
to receive a diagnosis. Symptoms of ADHD are usually noticeable before the age of seven, but
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because symptoms vary from child to child, the disorder can be hard to diagnose. It affects
approximately 5% to 7% of children in the United States, and is recognized as a chronic
childhood neuropsychiatric disorder with a strong genetic basis (Antshel & Barkley, 2008). It is
important to recognize that children all mature differently and have unique dispositions,
attitudes, and energy levels. Similarly, all children can get distracted, be impulsive, and may
struggle to concentrate at times. However, those with ADHD experience these problems in a
much more pronounced and chronic manner than their peers (NIMH, 2015). Children with
ADHD may quickly become bored with tasks, or have trouble listening or sitting still. They may
also talk excessively or have difficulty performing quiet tasks, taking turns, and following rules
(NIMH, 2015). The prevalence rate of ADHD has been increasing, and it is now the most
common mental health disorder of childhood in the U.S. (Houck, Kendall, Miller, Morrell, &
Wiebe, 2011).
The prevailing model of ADHD was popularized by Russell Barkley over the past two
decades, which describes ADHD not as a disorder of knowledge, but rather as a performance
deficit (Antshel & Barkley, 2008). It has been suggested that many children with ADHD do
indeed possess the social and relational skills that they need. However, deficiencies in executive
functioning may prevent them from fully maximizing this knowledge. Children with ADHD tend
to have significant deficits in frontal lobe functioning (e.g. processing speed, sustained attention,
and working memory), which can cause behavioral difficulties. Further, a number of previous
studies have found that children with ADHD report difficulties in various aspects of executive
functioning, including emotion regulation (Fischer, Barkley, Smallish, & Fletcher, 2005; Bodnar,
Prahme, Cutting, Denckla, & Mahone, 2007).
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Emotional Control and ADHD. Individuals with ADHD often have difficulty regulating
emotions and behavior. In addition, emotional and behavioral symptoms tend to increase as a
function of ADHD symptom severity (Lopez et al., 2013; Connor & Ford, 2012). While
inattention, hyperactivity, and/or impulsivity are common characteristics of ADHD, problems
with negative emotionality (Sullivan et al., 2015), low frustration tolerance, irritability, and
mood lability can also be seen (APA, 2013). Prior literature suggests that ADHD symptoms may
cause emotional system dysfunction.
Individuals with ADHD may also have interpersonal difficulty secondary to problems
effectively managing and regulating anger (Torrente et al., 2012). Further, the behavioral
disturbances and emotional turmoil associated with ADHD can exacerbate negative selfevaluation and lower self-confidence as a result, leading to poor self-esteem. In many instances,
it can directly influence a child’s ability to interact with others. Strine and colleagues (2006)
found that children with ADHD were much more likely to have emotional difficulties that
interfered with friendships, as well as with home and school life. For instance, they were
reported to be significantly more likely to become distressed or upset in the classroom, with their
peers, and in their leisure activities. In a lab-based study of mothers with children aged six to 10
years, a facilitated play group design revealed that children with ADHD had significantly more
problems dealing with peers, parents, and teachers (Griggs & Mikami, 2010). Similarly, children
with ADHD were found to be more likely to engage in fewer organized activities than their
normal control peers (Kofler et al., 2011).
It is well-established that many children with attentional disorders such as ADHD exhibit
symptoms of emotional lability related to executive dysfunction (Villemonteix, Purper-Ouakil, &
Romo, 2014). In a review of emotional impairments associated with the disorder, over one third
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of 8681 children with ADHD endorsed elevated levels of emotional and behavioral dysregulation
(Strine et al., 2006). Difficulties with emotional control load on the same dimension as
symptoms of hyperactivity and impulsivity, suggesting that children with ADHD have reduced
capacity to suppress or otherwise modulate their emotional experiences (Wehmeier, Schacht, &
Barkley, 2010). In a similar study, investigators at Ohio University yielded results suggesting
that children with ADHD also have trouble recognizing emotions in both themselves and others,
across various situations (Serrano, Owens, & Hallowell, 2015). In this exploratory study,
children’s visual attention was measured while being administered a number of emotion
knowledge tasks. The authors found that overall, children with ADHD had a tendency to view
less relevant areas and took longer to detect, determine and respond to depicted emotions
(Serrano, Owens, & Hallowell, 2015). Taking longer to respond in this scenario may be
indicative of a tendency to take longer to process real-time emotional cues (Serrano, Owens, &
Hallowell, 2015).
Reaction Time and ADHD. Reaction time can be operationalized as psychomotor
response ability and has been measured in children with ADHD a number of ways. According to
Vaurio, Simmonds, and Mostofsky (2009), reaction time variability in ADHD can be assessed
using go/no-go tasks, in which the child is asked to respond or to withhold responses to various
stimuli. This can also be assessed via stop signal tasks, which require the child to continuously
respond to a signal until cued to stop (Vaurio, Simmonds, & Mostofsky, 2009). Hervey et al.
(2006) found that children with ADHD perform more poorly than normal controls on reaction
time tasks.
Attention/concentration problems may be indicative of ADHD symptomatology and can
also be assessed via measures of processing speed and working memory (Klotz et al., 2012).
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Prior examinations of the relationship between reaction time and behavior have provided
additional information about these factors in children. For example, one study found that faster
reaction time was predictive of higher levels of reported behavior and attention problems in
preschool girls, while slower reaction time was found to be associated with more problematic
behavior rating scores in preschool boys (Barnard et al., 2015). Sjöwall, Bohlin, Rydell, and
Thorell (2015) suggested that reaction time variability, emotional reactivity, and emotion
regulation in preschool predicted ADHD symptoms in late adolescence.
While children with ADHD may be faster to respond behaviorally in some situations,
perhaps as a result of emotion regulation deficits, slower processing speed tends to negatively
impact reaction time in this population overall (Tarantino, Cutini, Mogentale, & Bisiachhi,
2013). In particular, when tasks require a high degree of response control, children with ADHD
may struggle to efficiently engage or to respond readily. Slow reaction times during sustained
attention tasks have been well-documented in children with ADHD (Klotz et al., 2012). Logan
and colleagues (1997) found that children with ADHD exhibited more inhibition difficulty and
longer go signal reaction times than children in their control group. This suggests that failing to
inhibit during a stop task, which translates to a long stop-signal reaction time, is indicative of
inadequate impulse control in general (Logan, Schachar, & Tannock, 1997).
Internalizing Disorders: Diagnostic Features and Development. Internalizing
disorders such as anxiety and depression have been studied extensively given the significant
impact on affected children and their families (Rapee, 2015; Gale et al., 2015). Anxiety and
depression can develop in early childhood or adolescence, and stressful life events, a tendency to
worry, and a ruminative response style are common factors contributing to the manifestation of
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mood symptomatology (Young & Dietrich, 2015). Often parents become concerned about
behavior changes at home or at school, which prompts psychological evaluation.
Individuals with internalizing disorders can experience different levels of symptom
severity, duration and frequency (APA, 2013). For instance, inhibited children may be unusually
shy, apprehensive, fearful and withdrawn. The inward expression of distress, common in
internalizing disorders, is typically associated with setbacks in early development and can affect
both social functioning and emotion regulation (Lassal et al., 2011).
Anxiety can be described as a state of negative arousal, comprised of apprehension and
concern about potential threats (Mathews, Kerns, & Ciesla, 2014). Children with anxiety may
worry excessively, be anxious or tense, and need substantial reassurance. They may also be shy
and avoid interacting with others (Wehmeier, Schacht, & Barkley, 2010; Bloemsma et al., 2012).
Approximately 25% to 50% of children diagnosed with ADHD exhibit an anxiety disorder
(Vloet et al., 2010). Inattention due to worry, rumination and restlessness in children with
anxiety is different than distraction due to symptoms of ADHD (APA, 2013). Broeren et al.
(2013) suggest that negative life events play a role in the development of anxiety disorders and
that children who are behaviorally inhibited may be at increased risk for developing anxiety.
According to the National Institute of Mental Health; NIMH (2015), depressed children
may think that they are sick, cling to parents, refuse to go to school, or worry unnecessarily.
3.3% of 13- to 18-year-olds have experienced a seriously debilitating depressive disorder
(NIMH, 2015). Children with depressive disorders often have difficulties with concentration but
their poor concentration becomes obvious only during depressive episodes (APA, 2013).
The symptom overlap between anxiety and depression is worthy of mention. Similar to
anxious children, depressed children may also seem irritable, unhappy, and find less pleasure in
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activities they used to enjoy. All adolescents, but especially those with depression, are at higher
risk for behavioral problems at home or at school (NIMH, 2015). They may be “cranky,” display
negative affect more often, and have a tendency to feel misunderstood. The National Institute of
Mental Health (2015) also reports that children who are anxious or depressed often report not
feeling well and may have problematic eating and sleeping patterns. For example, they may
experience frequent aches or pains, headaches, cramps, or digestive problems that are resistant to
traditional treatments.
Emotional Control and Internalizing Disorders. The ability to control thoughts and
emotions develops primarily during early childhood (Rothbart, Posner, & Kieras, 2006). It is
commonly accepted that children with internalizing disorders are likely to be ineffective
regulators of their emotions (Trosper, Buzzela, Bennett, & Ehrenreich, 2009). Specifically, they
may use significantly more maladaptive strategies for coping with negative experiences than
their non-anxious counterparts (Carthy, Horesh, Apter, & Gross, 2010; Legerstee, Gamefski, &
Jellesma, 2009). Maladaptive patterns, cognitive distortions and difficulty with emotional
expression (e.g., holding back tears or lashing out) have all been linked to internalizing
pathology (Trosper et al., 2009).
Parental responses to a child’s emotions and regulation efforts have been linked to the
child’s “emotional competency,” which contributes to the child’s temperament and affects social
development in early relationships (Trosper et al., 2009). Parental styles and parental reactions to
a child’s negative emotions are important factors to consider in terms of how a child learns adjust
to stress and to self-regulate emotionally. For example, mothers of anxious children may react to
a child’s negative emotions less supportively than mothers of non-anxious children (Hurrell,
Hudson, & Schniering, 2014).
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Few studies with adolescents have assessed whether or not different mood symptoms are
related to specific emotional regulation difficulties. However, one prior publication reported a
correlation between social and generalized anxiety symptoms and regulation difficulties
(Mathews, Kerns, & Ciesla, 2014). Emotional control can be problematic even for typically
developing children at times, though Young and Dietrich (2015) noted that emotional control is
especially troublesome for children with anxiety disorders due to their tendency toward cognitive
distortions (e.g., assuming the worst and rumination).
Reaction Time and Internalizing Disorders. It is currently unknown whether slower
reaction time is an effect of mood symptoms and/or is a risk factor for emotional disorders.
However, a few studies have investigated whether reaction time in childhood may be a risk
factor for both anxiety and depression later in life. In a preliminary longitudinal study, examining
the relationship between reaction time, anxiety, and depression, adolescents with slower
processing speed (measured by longer reaction times) were found to have higher levels of
anxiety and depression 20 years later (Gale et al., 2015). Depressed children have been found to
perform poorly on measures of processing speed (Cataldo, Nobile, Lorusson, Battaglia, &
Molteni, 2005), though two smaller studies yielded no association between specific anxiety
disorders and processing speed (Airaksinen, Larsson, & Forsell, 2005; Purcell, Maruff, Kyrios,
& Pantelis, 1998). Additional empirical studies are needed in order to clarify and provide a better
understanding of the relationship between processing speed and internalizing disorders,
including anxiety and depression.
Comorbidity: Internalizing and Externalizing Disorders. As previously mentioned,
ADHD is associated with both internalizing emotional symptoms and externalizing behavioral
problems (Jacob et al., 2013; Connor & Ford, 2012). As a result, it is not uncommon for
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individuals with ADHD to have comorbid disorders, and the connection between childhood
emotional disorders and features of ADHD is well established. While there are clear distinctions
between emotional and attentional disorders, symptoms such as restlessness, irritability and
inattention, may often overlap (Bloemsma et al., 2012; APA, 2013).
Emotional Control and Comorbidity. Evidence suggests that comorbid psychiatric
disorders such as anxiety and depression are associated with increased levels of distress,
avoidance and somatic complaints (Melton, Croarkin, Strawn, & McClintock, 2016). There is a
large body of literature focusing on the co-occurrence of ADHD and internalizing disorders such
as anxiety or depression (Lopez et al., 2013; Mohapatra, Agarwal, Sitholey, & Arya, 2014; Joo et
al., 2012; Shea, Lee, Lai, Luk, & Leung, 2015). In addition, many studies focus primarily on
ADHD and externalizing disorders such as Conduct Disorder or Oppositional Defiant Disorder
(Jarrett & Ollendick, 2008). Previous investigations on internalizing and externalizing behavior
in children (Brunnekreef et al., 2007), and in adults with ADHD (Jacob et al., 2014), have
suggested that response time variability and working memory may serve as potential markers for
identifying children at risk for developing maladaptive behavior.
Reaction Time and Comorbidity. Children with both internalizing and externalizing
problems may perform less efficiently on processing tasks (Brunnekreef et al., 2007). Pliszka
(1989) also found that children with comorbid ADHD and anxiety had longer (“sluggish”)
reaction times. Daily life necessitates quick and complex reactions. As such, needing more
processing time than children without behavior problems places impacted children at a clear
disadvantage, and often results in sacrificing accuracy for speed (Brunnekreef et al., 2007).
Prior literature examining whether comorbid anxiety has a mitigating effect on symptoms
is mixed. Children with both attentional and emotional disorders may present with greater
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deficits in overall functioning, more severe symptoms, and have lower treatment success than
children with only one disorder (Joo et al., 2012). It has been suggested that in ADHD, the
inhibition system is underactive, causing faster and more impulsive response styles, whereas in
anxiety disorders, the inhibition system is overactive, leading to slower responding and better
inhibitory control (Bloemsma et al., 2012; Quay, 1988; Quay, 1993). Indeed, it is possible that
having both disorders results in a better inhibition system balance as a function of slower
responding, than having one of the disorders alone (Bloemsma et al., 2012). Vloet and colleagues
(2010) also suggest that comorbid anxiety may modulate cognitive performance by enhancing
behavioral inhibition and attentional abilities in children with ADHD, though at the expense of
reduced reaction time. Further, anxiety may actually act as a protective factor against the
development of ADHD (Nigg, 2006). Despite a number of previous studies investigating
comorbid ADHD and anxiety, no prior study to our knowledge has attempting similar
explorations with respect to depression.
Summary and Rationale for the Present Study
There is a large body of literature on the nature of reaction time in children with ADHD.
Similarly, the presence of emotional dyscontrol in this population is also well-established. A
number of studies have examined emotional control and reaction time in children with
internalizing disorders. However, while the comorbidity of attentional and internalizing disorders
is well known, the clinical picture is complex, and prior literature on symptom presentation is
mixed (Jarret & Ollendick, 2008; Wender, Wolf, Wasserstein, 2001). Little is known about the
relationships between reaction time and emotional control in children with comorbid ADHD and
internalizing disorders. As such, further investigation is needed.
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The present investigation uniquely examines these variables within and between three
distinct pediatric populations: those with ADHD, those with internalizing disorders, and those
with comorbid ADHD and internalizing disorders. Doing so may assist with informing clinicians
whether children with both internalizing and attention-deficit hyperactivity disorders have slower
reaction times and/or are more emotionally disinhibited than either condition alone.
Understanding the associations between reaction time, emotional control and
internalizing symptoms in these populations could lead to knowledge regarding whether treating
one type of symptomatology improves the other. This investigation could also assist researchers,
clinicians, parents, and other caregivers in improved targeting of attention of services to
populations of children at higher risk for behavioral difficulty.
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AIM AND HYPOTHESES
Aim: To examine differences for reaction time, emotional control, and internalizing symptoms
between three pediatric populations: those with ADHD, those with internalizing disorders, and
those with comorbid ADHD and internalizing disorders.
Hypothesis 1 (H1): Reaction time will be significantly slower in the comorbid group
than in the other two groups.
Hypothesis 1A: Reaction time will be significantly slower in the comorbid group
than in the ADHD group.
Hypothesis 1B: Reaction time will be significantly slower in the comorbid group
than in the internalizing disorder group.
Hypothesis 1C: Reaction time will be significantly slower in the ADHD group
than in the internalizing disorder group.
Hypothesis 2 (H2): Emotional control will be significantly worse in the comorbid group
than in the other two groups.
Hypothesis 2A: Emotional control will be significantly worse in the comorbid
group than in the ADHD group.
Hypothesis 2B: Emotional control will be significantly worse in the comorbid
group than in the internalizing disorder group.
Hypothesis 2C: Emotional control will be significantly worse in the ADHD
group than in the internalizing disorder group.
Hypothesis 3 (H3): Internalizing symptoms will be significantly worse in the comorbid
group than in the other two groups.

EMOTIONAL CONTROL AND REACTION TIME IN CHILDREN
Hypothesis 3A: Internalizing symptoms will be significantly worse in the
comorbid group than in the ADHD group.
Hypothesis 3B: Internalizing symptoms will be significantly worse in the
comorbid group than in the internalizing disorder group.
Hypothesis 3C: Internalizing symptoms will be significantly worse in the
internalizing group than in the ADHD group.

25

EMOTIONAL CONTROL AND REACTION TIME IN CHILDREN

26

CHAPTER THREE
Method
Participants
For convenience, the term “children” denotes both children and adolescents unless
otherwise specified. Approval for the study was obtained from the Institutional Review Board at
UT Southwestern Medical Center. Data were derived from the Neuropsychology Service at
Children’s Medical Center Dallas Texas between November 2011 and July 2014, via review of
participants’ medical records. All patients received neuropsychological evaluations and were
assessed for attentional and emotional disorders. A sample of 64 children and adolescents was
acquired. Participants were categorized into three groups: children with ADHD, children with
internalizing disorders, and children with both ADHD and internalizing disorders (comorbid
group).
Inclusion criteria for this study were (i) pediatric patients between the ages of 6 and 17
years of age; (ii) DSM-IV-TR clinical diagnosis of Attention-Deficit/Hyperactivity Disorder
(ADHD) only; or (iii) DSM-IV-TR clinical diagnosis of ADHD and/or DSM-IV-TR diagnosis of
an internalizing disorder (i.e., anxiety disorder NOS, social anxiety disorder, generalized anxiety
disorder, obsessive-compulsive disorder, adjustment disorder, major depressive disorder,
disruptive mood dysregulation disorder, or persistent depressive disorder (dysthymia)).
Exclusion criteria included missing data for reaction time, emotional control, and/or internalizing
symptoms. In addition, children with primary medical conditions that could adversely impact the
results, intellectual disabilities, and/or bipolar disorder were excluded.
Variables

EMOTIONAL CONTROL AND REACTION TIME IN CHILDREN

27

Descriptive information, including age, education, sex, ethnicity, and current medications
was obtained. Internalizing disorder and ADHD diagnoses were made at the time of testing by
licensed psychologists using Diagnostic and Statistical Manual of Mental Disorders, 4th Edition
(DSM-IV-TR; American Psychiatric Association, 2000) criteria. Reaction time was measured
using the Conners’ Continuous Performance Test II (CPT II) Overall Hit Reaction Time variable
T score (RT; Conners, 2000). Emotional control was measured by the Behavior Rating Inventory
of Executive Function (BRIEF) Emotional Control subscale T score (EC; Gioia, Isquith, Guy, &
Kentworthy, 2000). Internalizing symptoms were measured using the Behavioral Assessment
Scale for Children, Second Edition (BASC-2) Internalizing Problems Composite scale T score
(IP; Reynolds & Kamphaus, 2004). Parent rating forms were used for the BRIEF and BASC-2.
Conners’ Continuous Performance Test II. The CPT-II is a 14-minute, computerized
assessment of visual information processing and visual-motor abilities. Unlike other continuous
performance tests, the CPT-II requires the participant to continuously respond, inhibiting when
presented with a particular target, instead of responding to targets within a certain set of
distractors (McGee, Clark, & Symons, 2000). Specifically, it requires participants to rapidly
identify letters by pressing a specific key when a target stimulus appears (i.e., any letter except
“x”), and to refrain from pressing the key when a non-stimulus appears (i.e., “x”). The RT
variable is a measure of how quickly the participant responds to the target stimuli. Upon
completion of the task, raw scores are generated and T-scores are computed based on a
normative sample. T scores below 40 are considered unusually fast/above average, T scores from
40 to 59 are considered average, and T scores over 59 are considered unusually slow/impaired.
Behavior Rating Inventory of Executive Function. The BRIEF is an 86-item, threepoint (“Never,” “Sometimes,” “Often”) Likert-type parent-report scale used to assess everyday
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executive functioning behaviors in children and teens (Gomez-Guerrero et al., 2010). According
to Steward, Tan, Delgaty, Gonzales, and Bunner (2012), children may overestimate their abilities
and deny difficulties, or depending on their developmental stage, they may lack awareness of
their deficits in executive functioning. As such, children may rate themselves as better off
emotionally than their parents rate them, supporting the need to utilize an assessment based on
the parent’s perceptions of their child’s behavior and abilities.
The BRIEF is a well-validated measure of executive functioning, particularly with regard
to capturing pertinent aspects of a child’s ability to regulate behavior, perform, and solve
problems, and to exert emotional control in everyday conditions (Blijd-Hoogewys, Bezemer, &
van Geert, 2014; Skogan et al., 2015). There are a total of eight clinical scales, though the
present study only utilized the EC. The EC (see Appendix A) captures parental ratings of the
child’s emotional regulation capacity (Gioia, G.A., Isquith, P.K., Guy S.C., & Kentworthy,
2000). Raw scores from the BRIEF are compared to normative data and T scores are generated.
T scores over 65 are indicative of elevated emotional symptomatology.
The Behavior Assessment System for Children – 2nd Edition. Behavior and
personality characteristics data for this study will be obtained using the 134-item, four-choice
response format Parent Rating Scales-Child and Adolescent BASC-2 forms. The BASC-2 is a
measure of positive (adaptive) and negative (clinical) dimensions of psychological functioning at
home, school, and in the community (Barnard et al., 2015). For this study, the internalizing
problems composite score (IP) will be utilized as a measure of internalizing symptomatology
(see Appendix B), as it is considered indicative of a child’s display of anxiety and depressive
behaviors, as well as their complaints of health-related problems. Raw scores from item
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responses are compared to normative data to calculate associated T scores. T scores above 60 are
considered impaired or atypical and are indicative of more internalizing problems.
Statistical Methods
All statistical analyses were performed using the Statistical Package for Social Sciences,
version 23 (SPSS, Inc., Chicago IL). Means, standard deviations, medians, ranges, and
histograms were generated for all continuous variables, and frequencies and percentages were
generated for all categorical variables. The level of statistical significance was set at α = .05 and
the level of marginal significance was set at α = .15. A p value up to .15 was considered to be
indicative of marginal meaningfulness or of a trend toward a finding that would likely be
replicated in another sample. A three (reaction time, emotional control, and internalizing
symptoms) by three (groups) multivariate analysis of covariance (MANCOVA) was performed
to assess for significant differences between groups for the three aforementioned factors,
controlling for age, education, sex, and race. These covariates were selected because they were
available demographic variables well-known to impact neuropsychological and psychological
assessment scores. Covariates that contributed at least marginally to the overall model were
retained in the final analysis. We covaried for age and education, despite using normative data, in
order to add further refinement to the model, given that the norms were not based on our
sample. We also covaried for race and sex, as these demographic variables were not reflected in
the norms and are known to affect neuropsychological assessment data. We did not control for
medication effects due to our relatively small sample size. The Tukey HSD post hoc method was
employed to examine pairwise comparisons for variables with a significant main effect.
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CHAPTER FOUR
Results
Descriptive Statistics
The sample included 64 children. 19 were diagnosed with ADHD, 25 were diagnosed
with internalizing disorders, and 20 were diagnosed with comorbid ADHD and internalizing
disorders. Descriptive information is displayed in Table 1 and Table 2. For the overall sample,
the mean age was 9.39 (SD = 2.59) years with an average 3.16 (SD = 2.28) years of education
completed. The sample was primarily male (65.6%) and Caucasian (71.9%).
Mean CPT-II RT scores for all three groups fell in the average range. Mean BRIEF EC
scores fell in the average range for the ADHD group [M = 60.00 (10.57)], and were elevated in
both the internalizing disorders [M = 68.84 (11.47)] and in the comorbid [M = 70.90 (12.84)]
groups. Mean BASC-2 IP scores were average in the ADHD group [M = 52.16 (11.57)], and
elevated in both the comorbid [M = 62.05 (12.82)] and internalizing disorders [M = 68.92
(16.96)] groups.
Primary Analysis
Overall Model. All hypotheses were tested via the primary analysis (MANCOVA),
which revealed a significant overall model for reaction time, emotional control, and internalizing
symptoms by group [F (6, 26) = 6.89, p < .01], controlling for age (p = .08), education (p < .01),
sex (p = .13), and race (p = .02). Table 3 displays the overall model.
Hypothesis Testing. In order to test each hypothesis, main effects were examined to
assess for significance for each respective variable. See Table 4. For main effects that were at
least marginally significant (p < .15), pairwise comparisons along with group means were

EMOTIONAL CONTROL AND REACTION TIME IN CHILDREN

31

examined to assess for significant and marginally significant differences between specific
groups. See Table 5.
Results by Hypothesis
Analysis of Hypothesis 1. Hypothesis 1 was that reaction time would be significantly
slower in the comorbid group than in the other two groups. Hypothesis 1A was that reaction time
would be significantly slower in the comorbid group than in the ADHD group. Hypothesis 1B
was that reaction time would be significantly slower in the comorbid group than in the
internalizing disorders group. Hypothesis 1C was that reaction time would be significantly
slower in the ADHD group than in the internalizing disorders group. While all CPT II RT values
were with the average range, there was a significant main effect for CPT II RT [F (2) = 8.31, p <
.01], with a moderate effect size (η2 = .56). Follow-up pairwise comparisons revealed that CPT II
RT was marginally different (p < .15) between the comorbid group and the ADHD group (p =
.13). Specifically, CPT II RT was marginally slower in the comorbid group than the ADHD
group. As such, Hypothesis 1A was partially supported. Pairwise comparisons further revealed
that RT was significantly slower in the comorbid group than in the internalizing disorders group
(p < .048). As such, Hypothesis 1B was supported. Hypothesis 1C was not supported as no
significant difference was found between the ADHD and internalizing disorders groups (p = .93).
Thus, Hypothesis 1 was partially supported overall. See Figure 1.
Analysis of Hypothesis 2. Hypothesis 2 was that emotional control would be
significantly worse in the comorbid group than in the other two groups. Hypothesis 2A was that
emotional control would be significantly worse in the comorbid group than in the ADHD group.
Hypothesis 2B was that emotional control would be significantly worse in the comorbid group
than in the internalizing disorder group. Hypothesis 2C was that emotional control would be
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significantly worse in the ADHD group than in the internalizing disorders group. There was a
marginally significant main effect for BRIEF EC [F (2) = 3.65, p = .051] with a moderate effect
size (η2 = .33). Follow-up pairwise comparisons revealed significant differences for BRIEF EC
between the comorbid and ADHD groups (p = .01), with greater symptom elevation in the
comorbid group. As such, Hypothesis 2A was supported. Pairwise comparisons further indicated
that no significant difference was found between the comorbid and the internalizing disorders
groups (p = .60). As such, Hypothesis 2B was not supported. There was additionally a significant
difference between the ADHD and internalizing disorders groups (p = .04), with greater
symptom elevation in the internalizing disorders group. Therefore, Hypothesis 2C was not
supported. Thus, Hypothesis 2 was partially supported overall. See Figure 2.
Analysis of Hypothesis 3. Hypothesis 3 was that internalizing symptoms would be
significantly higher in the comorbid groups than in the other two groups. Hypothesis 3A was that
internalizing symptoms would be significantly higher in the comorbid group than in the ADHD
group. Hypothesis 3B was that internalizing symptoms would be significantly higher in the
comorbid group than in the internalizing disorder group. Hypothesis 3C was that internalizing
symptoms would be significantly higher in the internalizing disorders group than in the ADHD
group. There was a significant main effect for BASC-2 IP [F (2) = 3.96, p < .04] with a moderate
effect size (η2 = .35). Follow-up pairwise comparisons revealed significant differences for
BASC-2 IP between the comorbid and ADHD groups (p = .03), with greater symptom elevation
in the comorbid group. As such, Hypothesis 3A was supported. Pairwise comparisons further
indicated there was a marginally significant difference between the internalizing disorders and
comorbid groups (p = .14), though with greater symptom elevation in the internalizing disorders
group. As such, Hypothesis 3B was not supported. Of note, there was additionally a significant
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elevation in the internalizing disorders group. Therefore, Hypothesis 3C was supported. Thus,
Hypothesis 3 was partially supported overall. See Figure 3.
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CHAPTER FIVE
Discussion
Summary of Findings
The current study sought to investigate associations between pediatric ADHD,
internalizing disorders, and comorbid ADHD and internalizing disorders groups for reaction
time, emotional control and internalizing symptoms. Previous research suggests that it is not
uncommon for children with ADHD to have comorbid internalizing disorders and the connection
between childhood emotional disorders and features of ADHD has been established. Children
with internalizing and externalizing problems typically perform less efficiently on reaction time
tasks and may regulate emotion ineffectively. Moreover, children with both ADHD and
internalizing disorders have more severe symptoms and lower treatment success rates than
children with one disorder. This study presented additional information about the relationships
between reaction time and emotional control in children with comorbid ADHD and internalizing
disorders in order to increase our understanding of the relationship between cognitive
inefficiency and emotional dysregulation.
Reaction Time Findings
Prior literature suggested that slower processing speed negatively impacts reaction time
in children with ADHD as well as in children with internalizing disorders. Therefore, we
hypothesized that reaction time would be slower in children with comorbid conditions. The
results indicated that reaction time (as measured by the CPT II RT) was marginally slower for
the ADHD group and significantly slower for the comorbid group than the internalizing
disorders group, though performance fell in the average range across all three groups.
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Hypothesis 1. Hypothesis 1A was partially supported, as reaction time was marginally
slower in the comorbid group than in the ADHD group. Hypothesis 1B was supported, as
reaction time was significantly slower in the comorbid group than in the internalizing disorder
group. Hypothesis 1C was not supported, as there was not a significant difference between the
ADHD group and the internalizing group for reaction time. While not significantly different
from the ADHD group, reaction time was slowest in the comorbid group. These findings are
consistent with previous research that reported children with ADHD and internalizing disorders
are less efficient on processing speed tasks (Brunnekreef et al., 2007; Pliszka, 1998; Bloemsma
et al., 2012; Tarantino, Cutini, Mogentale, & Bisiachhi, 2013). The lack of more explicit (i.e.,
significant versus marginally significant) findings with regard to processing speed (i.e.,
abnormally slow reaction time) may be at least partially due to the fact that mean CPT II RT
performance was in the normal range across groups. Children with ADHD, with or without an
internalizing disorder, may be slower or more inefficient than those with just an internalizing
disorder. However, data regarding reaction time suggest that there are no clinically significant
differences in terms of functioning between any of the groups as all three groups were average,
despite statistical significance. The statistically significant differences are not clinically
meaningful, because none of the groups were impaired with respect to reaction time. These
findings could also at least partially reflect that symptoms potentially affecting reaction time
(e.g., attention deficits) are well-controlled (e.g., via ADHD medication).
Emotional Control Findings
Previous research indicates that individuals with ADHD or internalizing disorders were
likely to have difficulty with emotional control. We posited that children with both disorders
would have the most emotional control problems. There were notable findings with regard to
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emotional control, given the marginally significant main effect. Specifically, emotional control
symptoms were significantly higher in the comorbid group than in the ADHD group as well as
significantly higher in the internalizing disorders group compared to the ADHD group. However,
there was not a significant difference between the comorbid and internalizing disorder groups for
emotional control.
Hypothesis 2. Hypothesis 2 was partially supported, suggesting that children with both
ADHD and internalizing disorders may have more emotional control problems than children
with ADHD alone. Prior research suggests that children with ADHD are less capable of
modulating their emotional experiences than children without ADHD (Wehmeier, Schacht, &
Barkley, 2010), and that children with anxiety and depression have greater symptom severity
(Melton, Croarkin, Strawn, & McClintock, 2016). Indeed, children with internalizing disorders
evidenced elevated emotional dyscontrol as expected. These findings suggest that children with
internalizing disorders have worse emotional control regardless of whether they have ADHD or
not. The data suggest that there is no statistical difference between the comorbid and the
internalizing groups in terms of emotional control problems. The present study furthers this body
of literature by directly comparing the three groups, and our findings trended in a direction that
indicates children with both ADHD and internalizing disorders or children with just an
internalizing disorder have worse emotional control than children with ADHD alone.
Internalizing Symptoms Findings
Internalizing symptomatology was investigated in this study as it is indicative of a
child’s display of internalizing behavior as well as their complaints of health-related problems.
We hypothesized that the participants in the comorbid group would have more of these
complaints than those in the other two groups. Internalizing symptoms (as measured by the
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BASC-2 IP) were significantly higher in the internalizing disorders group than the ADHD group
as well as significantly higher in the comorbid group compared to the ADHD group. The
children in the ADHD group were just below the cutoff for unusually high internalizing
problems. Children with internalizing disorders may have worse internalizing symptoms
regardless of whether they have ADHD or not.
Hypothesis 3. The results partially supported Hypothesis 3, and suggest that children
with comorbid ADHD and internalizing disorders have more highly elevated internalizing
symptoms than children with ADHD alone. Contrary to what was hypothesized, internalizing
symptoms were highest in the internalizing disorders group but not significantly higher than the
comorbid group. However, internalizing symptoms were significantly higher in the internalizing
disorders group than they were in the ADHD group. This suggests that ADHD may not be a
compounding factor for children with internalizing disorders with regard to internalizing
symptoms.
Overall Summary of Findings
In the present study, we explored associations between cognitive inefficiency and
emotional dysregulation in order to further our understanding of the ways in which emotional
and executive functions are related. We discovered that children with internalizing disorders
demonstrated faster processing speed than those with ADHD or ADHD and an internalizing
disorder combined. We also found that those with both ADHD and internalizing disorders had
significantly higher elevations of emotional dyscontrol compared to those with ADHD. We
further found that internalizing symptoms were highest in the internalizing disorders group.
Implications
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The current study is meaningful because it focused on differences between three specific
pediatric populations (i.e., ADHD, internalizing disorders and comorbid ADHD and internalizing
disorders) with regard to reaction speed and emotional regulation, in an effort to further previous
research examining these constructs within the respective groups alone (Silver, 2014). Based on
the results of previous studies we expected our results to suggest an additional slowing of
reaction time in children with comorbid disorders. The results of this study are in line with other
studies which concluded that children with comorbid internalizing and externalizing problems
perform least efficiently of performance tasks. Our comorbid group demonstrated the slowest
reaction time and the most emotional control difficulty. It is important to know if children with
comorbid conditions require more time to complete tasks or have more vulnerability toward
increased symptomatology. It is possible that this population of children may need differential
treatment with respect to learning, such as more accommodations for time than children with
ADHD or a mood disorder alone. It is also possible that ADHD symptoms may be exacerbated
by the mood symptoms associated with an internalizing disorder in children with comorbid
disorders.
The present study partially supports the notion that children with comorbid ADHD and
emotional disorders have higher levels of internal distress and therefore worse internalizing
symptomatology (Joo et al., 2012). Parental reports of emotional control impairment highlight
where difficulties are, and can direct future assessment and interventions. By capturing and
understanding the feeling states of children with internalizing and comorbid disorders, clinicians
are better able to offer treatments best suited to reduce specific emotional control and
internalizing symptoms. Interestingly, the results of this study suggest that while reaction time is
slower, and emotional control is worse, internalizing symptoms may not necessarily be worse in
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children with comorbid disorders. Our review of the literature suggests that comorbidity may
increase symptom severity and lead to complicated treatment methods (Melton, Croarkin,
Strawn, & McClintock, 2016). Based on our findings, having a comorbid disorder may make the
ADHD symptoms (but not necessarily the mood symptoms) worse. In comorbid groups, treating
mood symptoms could have less of an impact than treating the ADHD symptoms. However,
mood symptoms may not go away with treatment of ADHD alone. Children with comorbid
ADHD and an internalizing disorder appear to have a marginal reduction in internalizing
symptoms than those with just internalizing disorders. It is possible that these children were
diagnosed and treated early and have perhaps learned to effectively use coping skills to manage
internalizing and externalizing symptoms. Alternatively, it is possible that the presence of
ADHD may reduce a depressed or anxious childs’ awareness of their internal states so they
report less distress.
Results such as these are significant because they can be useful in determining whether
treating one type of symptomatology may improve the other, and can allow providers to make
more informed decisions about how to better assist children with comorbid conditions. This type
of investigation adds to the literature by assisting researchers, clinicians, parents, and other
caregivers in improved targeting of attention of services to populations of children at higher risk.
If caretakers of children with emotional control and internalizing problems are better informed
about the signs and symptoms of these conditions, the difficulties and impairments associated
with the disorders can be minimized and better managed. In this light, providers could use such
information to offer children, parents and other caregivers more specific and individualized
recommendations accordingly.
Limitations
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The current study is not without limitations. A limitation in this study was the influence
of stimulant medication and its undoubted effect on the reaction time performance task. We did
not exclude or control for current ADHD or mood medication use. In the ADHD group, 19
(74%) were taking a medication for ADHD. In the internalizing disorders group, 25 (28%) were
taking a medication for anxiety and/or depression. In the comorbid group, 20 (45%) were taking
medication for ADHD, (.05%) for mood only, and (25%) for both ADHD and mood symptoms.
A relatively small sample size should be considered when interpreting the findings of this
study, as we included only 20 subjects with comorbid ADHD and an internalizing disorders.
Also, because the data was collected at only one site, generalizability to children in other
geographic regions is limited. Data accrued from one site may not be representative of all
children with ADHD and/or internalizing disorders. Further, while results and implications may
be true in general, they may not directly apply to a given individual.
Lastly, while parents have a unique ability to recognize signs of distress in their children,
parent reports can represent a limitation as they can be influenced by many factors, including
parental stress levels and other potentially biasing factors (Joyner, Silver, & Stavinoha, 2009).
Future Directions
Additional research is needed to replicate and extend these findings with larger sample
sizes. In particular, the complexities associated with attentional disorders, internalizing disorders,
and their comorbidity needs further elucidation and confirmation. This in turn could result in
improved evidence-based treatment and care for children with these difficulties. Additional
research is needed for cross-validation using samples with a variety of demographic differences,
to address the generalizability issue. A larger sample population could provide a better
foundation for making predictions and determinations about the probability of claims. The
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findings of this study did not compare ADHD subtypes or internalizing subtypes to each other. It
would be important to know whether performance and emotional symptomatology vary based on
subtype. Furthermore, due to the inward expression of distress associated with anxiety and
depression, parents likely lack awareness of aspects of their child’s internally-expressed
symptomatology. As such, future research could also consider incorporating child self-report and
teacher report in the methodology. Future studies should also control for medication use.
Concluding Statement
The need for early and accurate diagnosis and intervention is especially important and
this study highlights the current lack of and need for studies focused on the assessment of
comorbid ADHD and internalizing disorders in children. These results offer additional insight
into the nature of reaction time, emotional control, and internalizing symptoms in children with
ADHD, internalizing disorders, and comorbid ADHD and internalizing disorders. This may
ultimately lead to improved interventions and outcomes in these populations.
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Table 1
Descriptive Statistics for Demographic Variables
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Table 2
Descriptive Statistics for Study Variables
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Table 3
Overall Model for Group (ADHD versus INTDX versus Comorbid)
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Main Effects
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p=.13
p=.05

Figure 1. Representation of hypothesis 1 results
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p=.01
p=.04

Figure 2. Representation of hypothesis 2 results
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p=.03
p<.01

Figure 3. Representation of hypothesis 3 results

p=.14
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Appendix A
Emotional Control Scale Items for the BRIEF Parent Form
Scale/Item no.
1.

Overreacts to small problems

7.

Has explosive, angry outbursts

20.

Becomes tearful easily

25.

Has outbursts for little reason

26.

Mood changes frequently

45.

Reacts more strongly to situations than other children

50.

Mood is easily influenced by the situation

62.

Angry or tearful outbursts are intense but end suddenly

64.

Small events trigger big reactions

70.

Becomes upset too easily
Gioia, Isquith, Guy, & Kentworthy (2000)
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Appendix B
Internalizing Composite Scale Items for the BASC-2 Parent Rating Scales - Child Form
Anxiety Scale Items
Worries.
Worries about what teachers think.
Is to serious.
Worries about making mistakes.
Worries about what parents think.
Worries about schoolwork.
Is fearful.
Tries to hard to please others.
Is nervous.
Worries about things that cannot be changed.
Says, “I’m afraid I will make a mistake.”
Says, "I'm not very good at this.”
Says, “It’s all my fault.”
Worries about what other children think.

Depression Scale Items
Is easily upset.
Complains about being teased.
Cries easily.
Says, “Nobody understands me.”
Complains about not having friends.
Says, "Nobody likes me.”
Is negative about things.
Says, “I don’t have any friends.”
Says, "I want to die,” or “I wish I were dead.”
Says, “I hate myself.”
Is sad.
Seems lonely.
Says, "I want to kill myself.”
Changes mood quickly.
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Somatization Scale Items
Expresses fear of getting sick.
Complains of pain.
Has stomach problems.
Says, "I think I’m sick.”
Has headaches.
Complains about health.
Gets sick.
Has fevers.
Is afraid of getting sick.
Complains of being sick when nothing is wrong.
Vomits.
Complains of shortness of breath.
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