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Attention Deficit Hyperactivity Disorder (ADHD) is one of the most common 

childhood psychological disorders with prevalence estimates ranging from 3%-7% (APA, 

2000) and one of the most thoroughly studied child neurocognitive disorders. Children 

with ADHD have consistently shown executive functioning and processing speed deficits 

on a variety of measures (Berlin, Bohlin, Nyberg, & Janols, 2004; Geurts, Verté, 

Oosterlaan, Roeyers & Sergeant, 2004; Nigg, 1999; Nigg, Blaskey, Huang-Pollock & 

Rappley, 2002). The research on executive functioning deficits in other childhood 

disorders has been comparatively lacking. There is some research that suggests that 

internalizing disorders, such as anxiety and depression, can also have a detrimental effect 

on certain executive functioning domains (Airaksinen, Larsson, & Forsell, 2005; 

Christopher, & MacDonald, 2005; Emerson, Mollet, & Harrison, 2005). It is unclear how 

these internalizing symptoms will impact executive functioning, processing speed and 

fine motor control in children with ADHD.  
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The purpose of this study is to determine whether the presence of internalizing 

symptoms impacts the ability of children with ADHD to perform executive functioning, 

processing speed, and fine motor control tasks. In order to assess this, the predictive 

ability of gender, ADHD subtype, parent ratings of anxiety, and parent ratings of 

depression were examined for processing speed, working memory, response inhibition, 

vigilance and fine motor control tasks. Gender was found to predict differences in 

working memory, response inhibition and fine motor control. ADHD subtype was found 

to predict differences in response inhibition. Parent ratings of anxiety were found to 

interact with ADHD subtype to predict some aspects of vigilance. Parent ratings of 

anxiety and of depression were found to predict differences in other aspects of vigilance 

looking across gender and subtype. Finally, teacher ratings of anxiety were found to 

predict differences in working memory. 
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Chapter I: Introduction 

Attention-Deficit/Hyperactivity Disorder (ADHD) is a childhood onset disorder 

marked by persistent, developmentally inappropriate symptoms of inattention, 

hyperactivity/impulsivity, or both that impair functioning to a marked degree (American 

Psychiatric Association, 2000). Current diagnostic criteria by the American Psychiatric 

Association (APA) further separate ADHD into three subtypes. Children with six or more 

symptoms of both inattention and hyperactivity-impulsivity are classified as having 

ADHD Combined Type. Children who primarily have symptoms of inattention are 

classified into ADHD Predominantly Inattentive Type (ADHD-PI) whereas ADHD 

Predominantly Hyperactive-Impulsive Type (ADHD-PHI) includes children whose 

symptoms are primarily hyperactive or impulsive in nature (APA, 2000). Current 

prevalence estimates range from 3%-7% depending on the population sampled and the 

methods of assessment (APA, 2000). Male children are more likely than female children 

to be diagnosed as having ADHD with an average ratio of approximately 3:1 (Barkley, 

2003). 

Children with ADHD are often comorbid for other disorders. Oppositional 

Defiant Disorder (ODD) and Conduct Disorder (CD) are the most common comorbid 

disorders found in children with ADHD (Barkley, 1997). It is estimated that over half of 

the children with ADHD are diagnosed with one of these disorders (Jensen, Martin, & 

Cantwell, 1997). Additionally, up to 30% of children with ADHD are comorbid for an 

internalizing disorder (Jensen et al., 1997). Finally, between 20 and 50 percent of 

children with ADHD also have learning disabilities (Barkley, 2003). The presence of a 

comorbid disorder with ADHD has been shown to negatively affect children with 

ADHD, with these children being referred for treatment at higher rates than children 
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without comorbid disorders (Hinshaw, 2006). The different subtypes of ADHD have 

been shown to have different patterns of comorbidity. Specifically, children with ADHD-

C or ADHD-PHI have higher rates of comorbid ODD or CD (Decker, McIntosh, Kelly, 

Nichols, & Dean, 2001; Levy, Hay, Bennett, & McStephen, 2005). Although there are no 

gender differences for children with comorbid ODD or CD, girls have been shown to 

have higher levels of comorbid anxiety (Levy et al., 2005).  

Children with ADHD are marked with deficits in executive functioning domains 

performing significantly worse than controls on measures that assess these areas (Berlin, 

Bohlin, Nyberg, & Janols, 2004; Nigg, 1999). Executive functioning is a loosely defined 

term used to describe an assortment of higher order cognitive processes (Hayes, Gifford 

& Ruckstuhl, 1996). Executive functioning is thought to encompass a wide range of 

activities including self-regulation, set-maintenance, selective inhibition of verbal and 

nonverbal responding, cognitive flexibility, planning, goal directed activities, working 

memory and prioritizing (Harris et al., 1995). Researchers hypothesize that behavioral 

disinhibition is the cause of related executive functioning deficits in children with ADHD 

(Barkley, 1997).  

There is some controversy over whether the impairments in executive functioning 

differ by ADHD subtype. A majority of the research has focused solely on children with 

the ADHD-C subtype. It is still unclear if the deficits displayed by these children will 

exist for children diagnosed with ADHD-PI. Some evidence suggests that the executive 

functioning deficits are similar, but not identical for ADHD-C and ADHD-PI (Geurts, 

Verté, Oosterlaan, Roeyers & Sergeant, 2004; Nigg, Blaskey, Huang-Pollock & Rappley, 

2002).  

In addition to deficits in executive functioning, children with ADHD also 

consistently perform worse than controls on measures of processing speed (Calhoun & 
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Mayes, 2005; Weiler, Holmes Bernstein, Bellinger, & Waber, 2000). There is some 

debate as to whether processing speed can be considered an executive function in its own 

right. Some suggest that processing speed is a lower level cognitive process, but others 

argue that problems in this area could signify a deficit in the self-regulation of arousal 

and motivation to meet task demands (Brocki & Bohlin, 2006). Regardless of which 

theory is correct, processing speed deficits remain a significant and consistent finding in 

ADHD research (Brocki & Bohlin, 2006; Calhoun & Mayes, 2005; Mayes & Calhoun, 

2007; Rucklidge, 2006). 

In addition to the executive functioning and processing speed deficits 

demonstrated by children with ADHD, research suggests that these deficits can also be 

found in children with internalizing disorders such as depression and anxiety.  These 

children have been found to show deficits in areas such as working memory, performance 

time, and processing speed (Airaksinen, Larsson, & Forsell, 2005; Calhoun & Mayes, 

2005; Christopher, & MacDonald, 2005; Emerson, Mollet, & Harrison, 2005).  Research 

suggests that comorbid disorders may influence the performance of children with ADHD 

on executive functioning tasks (Nigg, 2001). Since children with internalizing disorders 

also display performance deficits on executive functioning and processing speed tasks, it 

is necessary to control for these comorbid conditions when examining these abilities in 

children with ADHD. 

The profiles of children with ADHD are further complicated by the 

methodological problems found in many ADHD studies. Many studies have failed to 

control for subtype differences, which complicates the explanatory nature of their 

findings (Barkley, 1997). Additionally, there is a dearth of research on girls with ADHD 

(Gaub & Carlson, 1997). This lack of research is in large part due to the differences in 

prevalence rates for ADHD; therefore, it is unclear if gender differences exist in many 
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areas of ADHD research including research on executive functioning. Initial research 

suggests that there may be differences in the executive function domain with girls 

presenting different profiles than boys (Houghton et al., 1999). Final methodological 

problems present in the research include small sample sizes and the failure of researchers 

to control for issues of medication and comorbidity (Houghton et al., 1999; Nigg et al., 

2002). 

Taking these problems into account, research is needed that controls for 

medication, subtype, comorbidity and gender. Examining children comorbid for ADHD 

and internalizing symptoms can help provide a better understanding of their unique 

symptom profile and treatment needs. Preliminary results of research in the area of 

executive functioning suggest that children with this comorbid condition do perform 

differently than children with ADHD only. Further exploration into this area, while 

controlling for subtype, gender and medication status, is needed to clarify any 

contributions comorbidity may make to the executive functioning and processing speed 

profiles of children with ADHD. 
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Chapter II: Literature Review 

WHAT IS ATTENTION DEFICIT HYPERACTIVITY DISORDER? 

Attention-Deficit/Hyperactivity Disorder (ADHD) is a childhood onset disorder 

marked by persistent, developmentally inappropriate symptoms of inattention, 

hyperactivity/impulsivity, or both that impair functioning to a marked degree (APA, 

2000). Although there appear to be neuropsychological deficits particular to ADHD, the 

disorder continues to be diagnosed through behavioral observations by the child’s 

parents, teachers, and other caregivers.  Symptoms of the disorder must be present before 

age seven to receive this diagnosis (APA, 2000). Current prevalence estimates range from 

3%-7% depending on the population sampled and the methods of assessment (APA, 

2000). Male children are more likely than female children to be diagnosed as having 

ADHD with an average ratio of approximately 3:1 (Barkley, 2003). 

History of ADHD 

Reviewing the numerous editions of the Diagnostic and Statistical Manual of 

Mental Disorders (DSM) provides insight into the various ways researchers have 

conceptualized ADHD over the past fifty years.  The original terminology for ADHD was 

“minimal brain dysfunction” or “minimal brain damage.” These terms came from the 

assumption that children with these symptoms must be suffering from undetected brain 

damage (Pliszka, 1991). This terminology was never included in a DSM manual. By the 

time of the first appearance of ADHD in the DSM-II, doubt had surfaced regarding the 

brain damage hypothesis and the disorder was instead identified as “hyperkinetic reaction 

of childhood” (APA, 1968; Pliszka, 1991). The primary feature of this diagnosis was 

increased motor activity. 
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The DSM-III once again renamed the disorder; this time it was called attention 

deficit disorder or ADD, a term that persists to this day (APA, 1980). The primary 

diagnostic features for ADD were impulsivity and inattention.  Subtypes were added for 

the first time in this edition, with children being classified into two subgroups based on 

the presence or absence of increased motor activity. The two subtypes were ADD with 

hyperactivity and ADD without hyperactivity (APA, 1980; Pliszka, 1991). Research 

around this time focused on whether the subtypes introduced in the DSM-III truly 

represented subtypes of a unitary disorder or whether they would be better described as 

qualitatively different disorders (Barkley, DuPaul, & McMurray, 1990). The DSM-III-R, 

a revision from DSM-III, reclassified the disorder once again, giving it its current name, 

attention-deficit hyperactivity disorder or ADHD (APA, 1987). In this version, the 

subtypes were abolished and the symptoms of inattention, hyperactivity and impulsivity 

were combined in a single list of symptoms.  Although included in the title of the 

disorder, a child need not have any symptoms of hyperactivity to be diagnosed with the 

disorder as long as they met the minimum eight symptoms (APA, 1987; Pliszka, 1991). 

The DSM-IV kept the name of the disorder, but split the symptoms into two 

behavioral domains, the inattention domain and the hyperactivity-impulsivity domain 

(APA, 1994). Based on empirical support obtained during the DSM-IV field trials, 

ADHD was once again subdivided into subtypes (Lahey et al., 1994). The three new 

subtypes are listed as predominantly inattentive (ADHD-PI), predominantly hyperactive-

impulsive (ADHD-PHI), and combined type (ADHD-C), a combination of both 

behavioral symptom domains. Diagnosis of ADHD-PI requires that an individual exhibit 

six or more symptoms of inattention for at least six months while exhibiting five or fewer 

symptoms of hyperactivity-impulsivity (APA, 2000). Some researchers suggest limiting 

the ADHD-PI diagnosis further, arguing that children with five symptoms of 
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hyperactivity-impulsivity are qualitatively different from children with none of these 

symptoms (Milich, Balentine, & Lynam, 2001). This controversy has yet to be adequately 

addressed. A diagnosis of ADHD-PHI requires that an individual be diagnosed with six 

or more symptoms of hyperactivity-impulsivity with five or fewer symptoms of 

inattention. Finally, a diagnosis of ADHD-C is made when individuals display six or 

more symptoms of both inattention and hyperactivity-impulsivity (APA, 2000). Although 

the validity of these subtypes remains controversial, they remain intact in the most recent 

text revision of the DSM, DSM-IV-TR. This is likely due to the large amount of 

conflicting literature examining whether these subtypes are part of a single disorder or 

whether they reflect two or more distinct disorders (Milich, et al., 2001). 

Behavioral Profiles of ADHD Subtypes 

The continued inclusion of subtypes in the DSM-IV-TR suggests that dividing 

ADHD into further specialized categories is necessary for valid research with the 

disorder. Although all subtypes of ADHD are associated with behavioral, social and 

neuropsychological difficulties, these impairments are not identical across the subtypes 

(Barkley et al., 1990; Milich et al., 2001; Diamond, 2005). Current research that does 

separate the subtypes often focuses on ADHD-C alone (Barkley, Edwards, Laneri, 

Fletcher, & Metevia, 2001). An examination of both ADHD-C literature and research 

conducted with ADHD-PI and ADHD-PHI is necessary to determine the necessity of 

separating these subtypes in further research and the usefulness of including all subtypes 

in any analyses. 

Research conducted during the DSM-III classifications addressed the different 

profiles of ADD with and without hyperactivity. Overall, these studies suggested that 

ADD with and without hyperactivity contributed to a variety of behavioral, social and 

emotional problems that control children do not exhibit (Barkley at al., 1990; Carlson, 



 8 

Lahey, Frame, Walker, & Hynd, 1987).  Although inattention contributed to these 

problems in both subtypes, the presence of hyperactivity further complicated the 

symptom profile with these children displaying less self-control, greater impulsivity and 

higher levels of associated internalizing and externalizing symptoms. In addition to these 

differences, the presence or absence of hyperactivity appeared to affect the types of 

problems the children had on various psychological tests. Finally, children without 

hyperactivity demonstrated less aggression and less pervasive conduct problems at home 

and school as rated by teachers and parents (Barkley et al., 1990). This research suggests 

that the addition of hyperactivity to the symptom profile of children with ADD has a 

large impact on their test performance and behavioral profiles. Relating these findings to 

current diagnostic subtypes, ADD with hyperactivity is similar to the current designation 

of ADHD-C while ADD without hyperactivity is related to the current subtype of 

ADHD-PI.  Only ADHD-PHI lacks a historical precedent. 

More current studies have reviewed prior research to determine whether ADHD-

PI is a distinct disorder from ADHD-C and ADHD-PHI, which are often lumped together 

by nature of their hyperactivity components (Diamond, 2005; Milich et al., 2001). 

Numerous factor analytic studies have addressed the issue of ADHD as a unidimensional 

or multidimensional construct (Milich et al., 2001). One such study from Lahey et al. 

(1988) produced both a two- and three-factor solution based on teacher and clinician 

reports of ADHD symptoms. The two-factor model contained one factor with items 

related to inattention and disorganization and one factor with items related to 

hyperactivity and impulsivity. The three-factor solution included a sluggish tempo factor. 

This factor has not held up in additional factor analytic studies, with the associated 

symptoms loading solely on the inattention factor (Bauermeister, Alegra, Bird, Rubio-

Stipec, & Canino, 1992). 



 9 

In addition to these factor analytic studies, some researchers have utilized cluster 

analysis to address the issue of whether ADHD is uni- or multidimensional. Some 

researchers have argued that this approach better answers the question as factor analysis 

groups individuals based on similar symptoms while cluster analysis groups symptoms 

by coherence (Milich et al., 2001). Only a few of these studies have been conducted. 

Using the factor solution derived in their study, Lahey et al. (1988) clustered their factors 

of inattention-disorganization, hyperactivity-impulsivity and sluggish tempo. With this 

method, three clusters emerged. The first cluster was low on all three factors. The second 

cluster was high in both inattention-disorganization and sluggish tempo while low on 

hyperactivity-impulsivity. The third cluster was high on inattention-disorganization and 

hyperactivity-impulsivity but low on sluggish tempo (Lahey et al., 1988; Milich et al., 

2001). With a similar method, Bauermeister et al. (1992) clustered their factors of 

inattention and hyperactivity-impulsivity. Three clusters emerged to describe ADHD 

profiles. The first cluster was high in hyperactivity-impulsivity and moderately high on 

inattention. The second cluster was very high on inattention and very low on 

hyperactivity-impulsivity. The third cluster was characterized by both high inattention 

and high hyperactivity-impulsivity (Bauermeister et al., 1992; Milich et al., 2001). In 

both of these studies, the researchers then identified the percentages of children in each 

cluster that had diagnoses of ADD with hyperactivity or ADD without hyperactivity.  

The most recent study of this type utilized latent class subtyping with a sample of 

over 1,000 individuals from a nationwide recruitment of nuclear families with at least one 

child with ADHD and one child either clearly affected or clearly unaffected by attention 

problems (Acosta et al., 2008). The aim of this study was to identify naturally occurring 

symptoms without having to adhere to current diagnostic cut-offs. This latent analysis 

provided clusters that demonstrated higher heritability estimates than the current DSM 
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subtypes including a severe inattentive, severe combined, and severe hyperactive clusters 

(Acosta et al., 2008). 

The results of the factor analytic, cluster analytic, and latent class analytic studies 

provide support for distinction between children exhibiting problems with both 

inattention and hyperactivity-impulsivity and children who only exhibit inattention. This 

provides preliminary support for the distinctiveness of the subtypes of ADHD-C and 

ADHD-PI (Milich et al., 2001). In a different but related study, Stawiki, Nigg and von 

Eye (2006) examined the subtype transmission occurring in families to assess the 

distinctiveness of the subtypes. They discovered that the subtypes are transmitted in two 

different ways. One transmission process appears to be distinct for the two subtypes and 

the other is shared which again suggests that the current subtypes are appropriately 

distinct from one another.  

Behaviorally, there are also marked differences between the children diagnosed 

with the different subtypes. Children with ADHD-C are more likely to be frenetic and 

hyperactive while children with ADHD-PI more likely to be hypoactive, sluggish and 

slow to respond (Diamond, 2005). Although both sets of children have social difficulties, 

these difficulties tend to arise for different reasons.  A child with ADHD-C is more likely 

to alienate peers by acting in socially impulsive ways without considering the feelings of 

others (Diamond, 2005; Lahey, Schaughency, Hynd, Carlson, & Niever, 1987). In 

contrast, a child with ADHD-PI is more likely to experience problems due to passivity, 

shyness or generally withdrawn behavior (Diamond, 2005; Hinshaw, 2002). 

Aggregating information across the wide variety of studies on subtype, the 

research suggests that ADHD subtypes are quite different in their behavioral, social and 

symptom profiles. There has been a lack of evidence supporting the ADHD-PHI subtype, 

with factor analytic and cluster analytic studies failing to support this subtype. 
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Additionally, the ADHD-PHI subtype may be more salient in preschoolers with the 

number of children diagnosed with this subtype decreasing with age, which has led some 

researchers to hypothesize that this subtype is simply the beginning stage of ADHD-C 

(Acosta et al., 2008; Barkley, 1998; Lahey et al., 1994; Nigg, 2001; Stawiki, et al., 2006). 

In contrast, the research supporting the subtypes of ADHD-C and ADHD-PI remains 

strong with some researchers even suggesting they represent distinct disorders (Diamond, 

2005; Milich et al., 2001). With this research base, failure to separate ADHD into subtype 

categories during research analysis would be inappropriate, as any conclusions made 

from such research would be potentially misleading. 

Gender Profiles in ADHD 

As discussed previously, boys are more often diagnosed with ADHD than girls 

with a ratio of approximately 3:1 (Barkley, 2003; Brown, Madan-Swain, & Baldwin, 

1991). Consequently, the majority of the research on ADHD in children is conducted 

with boys. In most studies, males make up most if not all of the ADHD sample. The 

studies that do include females tend to include too few to make meaningful comparisons 

with males. This lack of research has led to a deficient amount of knowledge about how 

girls with ADHD differ from boys with ADHD, if indeed they do differ (Gaub & 

Carlson, 1997). Additionally, females in these studies are often drawn from clinic 

samples that may mask true sex differences, as these samples tend to include only girls 

with substantial impairments (Biederman et al., 2005; Gaub & Carlson, 1997; Gershon, 

2002; Hinshaw, 2002). The question remains whether girls with ADHD have similar 

profiles to boys or if ADHD differs according to gender. 

In order to address the possible referral bias confound, Biederman et al. (2005), 

conducted a study of gender effects in ADHD in a nonreferred sample of males and 

females. They found the Combined type of ADHD to be most prevalent in both genders 
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and did not note any differences in subtypes between the genders. Additionally, they 

noted no gender differences in areas of comorbidity, treatment history, age of onset for 

the disorder, impairment related to the disorder, duration of the disorder or individual 

attention/hyperactivity symptoms. These findings led the researchers to suggest that the 

gender differences previously noted in ADHD could be due to referral bias rather than to 

true gender effects. 

Studies that only examine females with the disorder are rather rare. One such 

study by Hinshaw (2002) found a number of differences between girls with ADHD and 

control girls. The ADHD group showed a large number of risk and etiologic variables 

including histories of adoption and abuse that were not found in the control sample. The 

ADHD group also had significantly higher rates of comorbidity in both the internalizing 

and externalizing domains. Cognitive performance from this group was in the average 

range but still lower than that of the comparison girls. Finally, the ADHD group showed 

markedly higher rates of peer rejection that the control group. These results are consistent 

with results found for boys with ADHD compared to controls. Thus, this research 

suggests that girls and boys may have similar behavioral profiles compared to controls 

but direct comparisons among boys and girls with ADHD were not made here. 

Studies that directly compare males and females with ADHD provide some 

support for differing profiles in these groups. Studies indicate that males have higher 

grade placement than females which may suggest that females have more cognitive or 

academic difficulties (Brown et al., 1991). Meta-analysis results suggest that although 

there are no differences in academic performance between males and females, females 

consistently demonstrate lower scores on full scale, verbal and performance IQs (Gaub & 

Carlson, 1997; Gershon, 2002). In addition to the IQ results, girls also consistently 

demonstrated lower levels of hyperactivity, conduct disorder diagnoses, and other 
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externalizing behaviors when compared to boys (Brown et al., 1991; Gaub & Carlson, 

1997; Gershon, 2002). Girls also demonstrated lower levels of inattention, less 

internalizing behavior, less peer aggression and a trend toward lower familial SES; 

however, these results may be somewhat less robust than those mentioned previously as 

these results varied across the studies included in the meta-analysis but remained 

significant in those analyses (Gaub & Carlson, 1997). Indeed, in a more recent meta-

analysis, Gershon (2002) noted that the only area of discordance between his study and 

that of Gaub and Carlson (1997) was in the area of internalizing symptoms, with his 

study finding that ADHD females were rated more highly on internalizing problems than 

ADHD males. 

This research suggests that boys and girls with ADHD may differ in some 

respects, with various behavioral symptoms associated with ADHD manifesting with 

different severity depending on gender. Overall, it appears that an overlap in symptom 

presentation should be expected for boys and girls, yet the small amount of research that 

includes girls would suggest that girls continue to be included in separate analyses to 

bolster this claim (Gaub & Carlson, 1997). 

Neurological Findings in ADHD 

With relatively recent advances in neuroimaging techniques, the research base for 

structural and functional abnormalities in ADHD has increased dramatically. Many of 

these studies continue to use small sample sizes and often do not control for gender, 

comorbidity or medication status. Nevertheless, these studies provide a good beginning 

research base, and most studies have found abnormalities that are consistent with the 

largest neuroimaging study to date (Castellanos et al., 2002; for review see Seidman, 

Valera, & Makris, 2005). Replicated findings indicate a large number of structural brain 
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abnormalities in ADHD suggesting that the brain is impacted in a rather diffuse manner 

(Siedman et al., 2005). 

Many of these preliminary neuroimaging studies have found global brain 

abnormalities in children with ADHD. In the largest such study, children with ADHD 

had significantly smaller brain volumes than controls (Castellanos et al., 2002), a finding 

that was robust even when age and gender were factored into the analyses. This finding 

was replicated in other studies, which also found children with ADHD to have smaller 

total brain volumes (Hill et al., 2003; Mosotofsky, Cooper, Kates, Denkla, & Kaufmann, 

2002).  

In addition to these global differences, there is evidence for more specific brain 

abnormalities in children with ADHD. Both neuropsychology and neuroimaging studies 

have implicated frontal-striatal abnormalities as a likely cause of ADHD symptoms 

(Bush, Valera, & Seidman, 2005; Castellanos, 1997; Geidd, Blumenthal, Molloy, & 

Castellanos, 2001; Kates et al. 2002; Seidman, Biederman, Weber, Hatch, & Faraone, 

1998). Therefore, many studies have focused on examining specific aspects of these brain 

regions including the prefrontal cortex, dorsal anterior cingulated cortex, and the 

striatum, which consists of the putamen and the caudate nucleus (Bush et al., 2005; 

Castellanos et al., 2002; Hill et al., 2003; Kates et al., 2002; Mostofsky et al., 2002; 

Seidman et al., 2005). In a landmark functional imaging study through NIMH, Zametkin 

et al. (1990) found total brain cortical underactivity, with an emphasis in frontostriatal 

underactivity, in a positron emission tomography (PET) study of adults with ADHD 

compared to controls (See Figure 1, p.34). This finding was later replicated for girls with 

ADHD, but not for boys (Ernst et al., 1994). 
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Figure 1. Pet Scan 

Left image shows a typical PET brain image with the right image illustrating cortical 

underactivity in an individual with ADHD 

Note. The image in figure 1 is from “Cerebral glucose metabolism in adults with 

hyperactivity of childhood onset,” by A.J. Zametkin et al., 1990, New England Journal of 

Medicine, 323, 1361-1366. Image is within the public domain. 

Of these structures, the prefrontal cortex has been studied most consistently, 

likely due to its suspected relation to executive functioning skills. The prefrontal cortex is 

hypothesized to support activities of vigilance, selected and divided attention, set-

shifting, planning and working memory (Bush et al., 2005; Duncan & Owen, 2002, 

Posner & Peterson, 1990). Indeed, findings of prefrontal abnormalities have been 

consistent. In a review of all structural imaging studies in ADHD, Seidman et al. (2005) 

noted that all studies measuring at least one component of the prefrontal cortex found 

smaller volumes in the ADHD sample compared to the control sample. Specific findings 

include smaller whole frontal lobar volumes (Mostofsky et al., 2002), decreased grey and 
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white frontal matter (Kates et al., 2002; Mostofsky et al., 2002), and smaller right 

superior prefrontal volumes (Hill et al., 2003). Castellanos et al. (2002) found the 

smallest effect sizes for the prefrontal region but noted that their unit of analysis was 

likely too large to reliably find these types of differences. Functional studies of these 

areas have shown that children with ADHD display less activation in their prefrontal 

cortex during the stop-signal and go-no go tasks in comparison to controls (Durston et al., 

2003; Rubia et al., 1999). 

A subcortical region of interest for many researchers has been the dorsal anterior 

cingulate cortex. This area of the brain has strong connections to the dorsolateral 

prefrontal cortex and the striatum, and is believed to play a role in effortful cognitive 

processing, target detection, response selection, inhibition, error detection, performance 

monitoring, and motivation (for review see Bush, Luu & Posner, 2000; Bush et al., 

2005). More specifically, this region is hypothesized to be responsible for error detection 

and subsequent behavioral adjustment (Pliszka et al., 2006). Given that the dorsal anterior 

cingulate cortex is likely impacting behavioral aspects of ADHD, there is a surprising 

lack of structural imaging studies on this brain region (Seidman et al., 2005). Yet, one of 

the most consistent findings in functional neuroimaging studies of ADHD is that of 

dorsal anterior cingulate cortex dysfunction (Bush et al., 2005). Consistently researchers 

have found evidence of hypofunctionality in this region when compared to controls (Bush 

et al., 1999; Durston et al., 2003; Rubia et al., 1999; Tamm, Menon, Ringel, &Reiss,  

2004; Zametkin et al., 1990).  

The striatum, found within the basal ganglia, is a series of structures, which 

includes the caudate nucleus and the putamen (See Figure 2, p.36). These areas are 

involved in a number of circuits, which support executive functions (Alexander, DeLong, 

& Strick, 1986; Seidman et al., 2005). Indeed, experimental lesions in the striatum of 
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animals were found to increase hyperactivity and lead to poor performance on both 

response inhibition and working memory tasks (Alexander et al., 1986). Numerous 

structural studies have found significantly smaller caudate volumes in individuals with 

ADHD than in controls (Castellanos et al., 2002; Hynd et al., 1993; Semrud-Clikeman et. 

al., 1994; Semrud-Clikeman, Pliszka, Lancaster, & Liotti, 2006). Functional imaging 

studies of the striatum have also been consistent. Researchers continue to find that control 

samples have increased activity in the caudate when compared to individuals with ADHD 

(Durston et al., 2003; Rubia et al., 1999; Teicher et al., 2000). 

 

Figure 2. Lateral view of the right hemisphere. 
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Figure shows the location of the frontal lobe, striatum (caudate nucleus & putamen), and 

cerebellum 

Note. The image in Figure 1 is from the Digital Anatomist Project by the University of 

Washington, retrieved September 13, 2008 from http://da.biostr.washington.edu/da.html. 

Reprinted with permission. 

In addition to these frontal-striatal areas, researchers have found structural 

abnormalities in diverse brain regions.  In the limbic system, Plessen et al. (2006) found 

evidence of disrupted connections between the amygdala and frontal cortex in children 

with ADHD. They hypothesized that this may contribute to behavioral disinhibition. 

They also found that children with ADHD had larger hippocampi than controls, which 

they suggest may be a compensatory strategy by the brain to counteract disturbances of 

time perception, temporal processing and stimulus seeking. The corpus callosum is 

another region of interest that has been consistently found to be smaller in ADHD groups 

(Hill et al., 2003; Hynd et al., 1991; Semrud-Clikeman et al., 1994). Finally, differences 

in the cerebellum have proven to be rather consistent with evidence of volume reduction 

in specific regions of the vermis abounding (Hill et al., 2003; Mosotofsky, Reiss, 

Lockhart, & Denckla, 1998; for review see Seidman et al., 2005). These findings of 

cerebellum abnormalities were also found in a study of girls with ADHD. Castellanos et 

al. (2001) found girls with ADHD had smaller posterior inferior vermis of the cerebellum 

than controls. 

Cumulatively, both the structural and functional research bases often lack large 

sample sizes and appropriate control for gender, ADHD subtype, comorbidity and 

medication status. The lack of control for medication status may prove to be especially 

problematic in the light of a recent study that showed medication naïve ADHD children 

had smaller anterior cingulate cortex volumes than children taking stimulant medication 
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(Semrud-Clikeman et al., 2006). This suggests that at least some of the inconsistency in 

findings could be due to undetected medication effects. Despite this confound, the 

consistency of abnormal brain findings remains suggesting that as this field develops, and 

studies with larger sample sizes are completed, a diffuse number of brain abnormalities 

will continue to be found. It is yet to be determined what the magnitude of these 

differences will be, how they will present in females, in the different subtypes, and with 

different comorbid conditions. 

COMORBIDITY IN ADHD 

Children with ADHD tend to have high rates of comorbid disorders with ODD 

and CD being the most common comorbid disorders (Barkley, 1997). Comorbidity is also 

high with internalizing disorders and learning disabilities (Hinshaw, 2006; Jensen et al., 

1997). Comorbidity is an important factor to consider in treatment planning for children 

as research demonstrates that the presence of a comorbid disorder with ADHD negatively 

affects children. Specifically, children with comorbid conditions are more likely to be 

referred (Hinshaw, 2006) and to have poorer psychological outcomes than children 

without comorbid disorders (Livingston, Dykman, & Ackerman, 1990). These children 

also demonstrate a greater persistence of ADHD symptoms than children with ADHD 

only (Biederman, Faraone, Milberger, & Guite, 1996). These factors taken together 

suggest that children with comorbid disorders are likely to experience more difficulties 

functioning in school or home environments (Manassis, Tannock, & Barbosa, 2000) and 

a more complicated treatment picture than those with ADHD alone (Pliszka, Carlson, & 

Swanson, 1999). 
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Comorbidity by ADHD Subtype 

Due to the differences in the behavioral, social and symptom profiles of children 

with the different ADHD subtypes, one would expect that the presence of comorbid 

disorders would also vary by subtype. Indeed, this does seem to be the case.  Children 

with ADHD-C are more commonly comorbid for CD and aggression than children with 

ADHD-PI (Diamond, 2005; Faraone, Biederman, Weber, & Russell, 1998; Lahey et al., 

1987; Nigg, 2000). In contrast, children with ADHD-PI are more prone to internalizing 

disorders such as depression and anxiety than their ADHD-C counterparts (Diamond, 

2005; Faraone et al., 1998; Lahey et al., 1987; Nigg, 2000). Children with ADHD-PI are 

also more likely to have reading, language and mental math calculation difficulties than 

children with ADHD-C (Diamond, 2005; Faraone et al., 1998; Willicutt, & Pennington, 

2000). One study found that although children with ADHD-PI may have higher rates of 

internalizing pathology, that children with ADHD-C suffered from more severe 

internalizing and externalizing symptoms when those symptoms were present (Barkley et 

al., 1990). In contrast to other approaches, when latent class analysis was used to examine 

the levels of comorbidity in population and ADHD samples, the researchers found that 

internalizing and externalizing disorders did not cluster differently within the ADHD 

subtypes (Acosta et al., 2008; Volk, Neuman, & Todd, 2005). 

Comorbidity in ADHD by Gender 

In addition to the differences in comorbid levels by subtype, there also appears to 

be differences in comorbid levels by gender. Girls with ADHD tend to have less CD 

diagnoses as well as lower overall externalizing behaviors in comparison to boys with 

ADHD (Gaub & Carlson, 1997).  This study also found some evidence to suggest that 

females with ADHD display less internalizing behavior and less aggression when 

compared to their male counterparts. However, these results are not to suggest the 
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absence of comorbid disorders in females. To the contrary, females with ADHD 

consistently display higher rates of comorbidity in both the disruptive and internalizing 

domains when compared to controls (Biederman et al., 1999; Gershon, 2002; Hinshaw, 

2002). Additionally, although males may have more comorbid disorder diagnoses than 

females, males and females do not tend to differ in the types of comorbid disorder 

diagnoses they receive, with both genders receiving diagnoses in both the internalizing 

and externalizing domains (Brown et al., 1991). 

Importance of the Comorbidity of Internalizing Disorders with ADHD 

Much of the research on ADHD comorbidity has focused on the externalizing 

disorders, especially ODD and CD (Barkley et al., 2001; Oosterlaan, Logan, & Sergeant, 

1998; Oosterlaan, Scheres, & Sergeant, 2005). This focus is likely due to the larger social 

ramifications that these disorders present with their increased frequency of aggression 

and other socially maladjusted symptoms. This focus has resulted in a relatively small 

amount of research conducted on the effects of internalizing comorbidity with ADHD 

despite the somewhere between thirteen and seventy percent of individuals with ADHD 

who may meet criteria for affective disorders (Acosta et al., 2004; Decker et al., 2001; 

Jensen et al., 1997; Nigg, 2001). Recent studies have addressed whether any comorbid 

diagnoses are responsible for the executive functioning deficits found in the ADHD 

population concluding that at least some of the variance is specific to ADHD (Nigg, 

1999; Nigg, 2001; Nigg, Carte, Hinshaw, & Treuting, 1998; Pennington & Ozonoff, 

1996), but most studies include numerous comorbid categories rather than examining any 

one comorbid condition in detail. Additionally, control of comorbid disorders continues 

to be absent in most studies, and thus the question remains whether these diagnoses are 

affecting some of the performance on executive functioning tasks in particular (Nigg, 

2001). The importance of studying the comorbidity of internalizing disorders with ADHD 
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remains a high priority. The research base for this combination of diagnoses is small and 

research has shown the internalizing disorders to also have negative effects on executive 

functioning and processing speed tasks when studied without comorbid ADHD 

(Airaksinen et al., 2005; Calhoun & Mayes, 2005; Christopher, & MacDonald, 2005; 

Emerson et al., 2005). For these reasons, the remainder of this review will focus solely on 

internalizing disorders as they relate to ADHD and executive functioning. 

Neurological Findings in Internalizing Disorders 

Similar to the neuroimaging research base for ADHD, the research base for 

internalizing disorders is also plagued by small sample sizes and a lack of control for 

patient medication (Brambilla, Barale, Caverzasi, & Soares, 2002). Additionally, since 

ADHD is a childhood onset disorder, a large amount of the neuroimaging was done with 

children and adolescents. In comparison, much of the neuroimaging base for internalizing 

disorders is done with an older population. As such, caution must be used in generalizing 

these neuroanatomical findings to children. Unless otherwise noted, all neuroimaging 

results described in this section are taken from studies of adults. Furthermore, in contrast 

to the rather large neuroimaging research base for ADHD, there have been fewer 

neuroimaging studies of internalizing disorders with less consistent results. Yet, 

regardless of these issues and concerns, a review of the existing research base is helpful 

for beginning understanding of the neuroanatomical underpinnings of these internalizing 

disorders. 

For Depression and Bipolar disorder, researchers have hypothesized abnormalities 

in the amygdala-thalamic-prefrontal cortex circuit and in the limbic-striatal-pallidal-

thalamic circuit (Brambilla et al., 2002; Drevets & Raichle, 1992; Mayberg, 1997). As 

such, neuroimaging studies of these disorders have focused on brain regions associated 

with these circuits, with many studies examining the prefrontal cortex (for reviews see 
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Brambilla et al., 2002 and Rosenberg, MacMaster, Mirza, & Easter, 2006). Structural 

imaging studies have found individuals with mood disorders to have abnormally 

decreased areas of the prefrontal cortex in comparison to controls (Botteron et al., 2002; 

Coffey et al., 1993; Drevets et al., 1997; Krishnan et al., 1992; Sax et al., 1999). 

Additionally, post-mortem studies have shown reduced density and size of neurons and 

glial cells in the dorsolateral prefrontal cortex in individuals with Depression and Bipolar 

Disorder (Rajkowska et al, 1999; Rajkowska et al., 2001). Researchers have also found 

smaller frontal lobe white matter volumes and larger frontal lobe gray matter volumes in 

adolescents with Depression (Steingard et al., 2002). In a functional imaging study, 

Killgore & Yurgelun-Todd (2006) found increased activity within the ventromedial 

prefrontal cortex and rostral anterior cingulate gyrus correlated with depressed mood 

scores.  

In addition to the findings for the prefrontal cortex, researchers have also found a 

number of abnormalities in other brain regions involved in hypothesized circuits (see 

above). In the basal ganglia, researchers have found some evidence of reduced caudate 

and putamen volumes for individuals with Depression (Husain et al, 1991; Krishnan et 

al., 1992; Parashos et al., 1998). Structural abnormalities in the amygdala have been 

found, but vary by gender and disorder with depressed women and adolescents showing 

smaller amygdala volumes (Rosso et al., 2005; Sheline et al., 1999) and bipolar patients 

demonstrating bilaterally enlarged amygdala (Altshuler et al., 2000; Strakowski et al., 

1999). Researchers have also found structural abnormalities in the cerebellum, with 

decreased volume of the cerebellum and vermis found for both depressed and bipolar 

individuals (Escalona et al., 1993; Lippman et al., 1982; Reider et al., 1983). The 

research on the thalamus has been rather disparate with various studies showing either 

smaller thalamic volumes (Dasari et al., 1999; Dupont et al., 1995), larger thalamic 
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volumes (Strakowski et al., 1999; Dupont et al., 1995) or no difference (Buchsbaum et 

al., 1997; Caetano et al., 2001).  

This disparity highlights the problems found in this neuroimaging research base. 

In almost every case where there has been a significant finding, there has been other 

research which has either failed to find significant results or which has found opposite 

results (i.e. significantly larger vs. significantly smaller brain volumes as compared to 

controls) (Brambilla et al., 2002). Much of this disparity is likely due to the small sample 

sizes and variety of methods used to examine these findings. Nevertheless, extreme 

caution is suggested for interpreting these neuroimaging findings. 

Another subset of internalizing disorders is the anxiety disorders. There are a 

number of different disorders that fall under the general umbrella of anxiety disorders. 

These specific disorders include Panic Disorder, Specific Phobia, Social Phobia, 

Obsessive-Compulsive Disorder, Postraumatic Stress Disorder, and Generalized Anxiety 

Disorder (APA, 2000). The research base for anxiety disorders is more difficult to 

summarize as studies in this area are divided by type of anxiety disorder. Although this 

separation is an appropriate and necessary research design, it has led to an even smaller 

neuroimaging base (for review see Brambilla et al., 2002).  

The anxiety disorder with the largest neuroimaging base appears to be Obsessive 

Compulsive Disorder (OCD). Studies have found individuals with OCD to have 

significantly less total cerebral white matter volumes, significantly smaller bilateral 

orbitofrontal volumes, and significantly greater total cerebral cortical volumes (Jenike et 

al., 1996; Szeszko et al., 1999). They have also been found to have abnormally reduced 

amygdala, caudate, and putamen volumes (Luxenberg et al., 1988; Robinson et al., 1995; 

Szeszko et al., 1999). Similar to the research base for Depression and Bipolar Disorder, 

the findings for OCD have been rather inconsistent with many of the above findings 
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found in some but not all studies (Brambilla et al., 2002). The most consistent findings 

for OCD are the volumetric abnormalities in the orbitofrontal cortex and the striatum 

(Brambilla et al., 2002). 

The remainder of the anxiety disorders have even smaller neuroimaging research 

bases. Some have studied posttraumatic Stress Disorder (PTSD). Individuals with PTSD 

have been shown to have smaller intracranial volumes, smaller cerebral volumes, and 

smaller hippocampal volumes than healthy controls (Bremner et al., 1995; Gurvits et al., 

1996). Again, these findings are variable across studies and the hippocampal volume in 

particular appears to be influenced by the type of traumatic event experienced (Brambilla 

et al., 2002).  In a study of Generalized Anxiety Disorder (GAD), researchers found 

significantly larger right and total amygdala volumes for the GAD group in comparison 

to controls (De Bellis et al., 2000).  

It should be noted that in addition to the structural imaging findings discussed 

here, there is a somewhat larger functional neuroimaging research base for the 

internalizing disorders. Most of the functional studies are designed to illuminate 

differences in how controls and individuals with internalizing disorders manage anxiety 

and sadness provoking stimuli. As my research will be focusing on executive functioning 

processes and processing speed, a summary of this research is beyond the scope of this 

review. Interested parties are referred to Etkin and Wager (2007) for a meta-analysis and 

review of the functional neuroimaging research in this area. 

In sum, the neuroimaging research base for internalizing disorders is relatively 

small and diverse with a number of inconsistencies. Of importance to this study is the 

comparatively consistent finding of frontal lobe abnormalities. The presence of these 

anterior abnormalities in combination with the research findings of similar anterior 

abnormalities in the ADHD population suggest that examining the impact this 
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combination has on executive functioning and processing speed abilities will be 

worthwhile.   

THE ROLE OF EXECUTIVE FUNCTIONING AND PROCESSING SPEED IN ADHD AND 
INTERNALIZING DISORDERS 

Executive functioning represents a major theory in ADHD research with 

numerous studies demonstrating executive functioning deficits in children with ADHD 

(Barkley et al., 2001; Berlin et al., 2004; Nigg, 1999; Willicutt, Doyle, Nigg, Faraone, & 

Pennington, 2005 for review). As such, the concept of executive functioning will be 

reviewed along with various theories about its relation to ADHD, its subtypes and 

gender. Processing speed delays are also a hallmark finding when comparing children 

with ADHD to controls (Calhoun & Mayes, 2005; Weiler et al., 2000). Indeed, although 

some argue that processing speed is a lower level cognitive task, processing speed is 

considered a part of executive functioning by others as deficits in this area may signify 

deficits in self-regulation of arousal and motivation (Brocki & Bohlin, 2006). 

The relation of executive functions, including processing speed, to internalizing 

disorders will be examined as deficits in executive functioning have been found for 

children with both depression and anxiety (Airaksinen et al., 2005; Calhoun & Mayes, 

2005; Christopher & MacDonald, 2005; Emerson et al., 2005; Eysenck, Payne, & 

Derakshan, 2005). The small research base highlighting comorbidity affects on executive 

functioning will conclude this section. 

What is Executive Functioning? 

Admittedly, executive functioning is a relatively vague concept often referring to 

a myriad of abilities (Lyon & Krasnegor, 1996). Willicutt et al. (2005) defined executive 

functions as a set of “neurocognitive processes that maintain an appropriate problem-

solving set to attain a later goal” (see page 1336). These processes include response 
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inhibition, verbal and nonverbal working memory, emotional or motivational self-

regulation, sustained attention, planning, sense of time, prioritizing, organizing, set-

maintenance, processing speed, cognitive flexibility, and vigilance (Barkley et al., 2001; 

Brocki & Bohlin, 2006; Fischer, Barkley, Smallish, & Fletcher, 2005; Harris et al., 1995; 

Willicutt et al., 2005). Executive functions are thought to involve multiple neural 

networks including the thalamus, basal ganglia and the prefrontal cortex (Willicutt et al., 

2005). Executive functions allow an individual to develop and carry out plans, form 

analogies, obey social rules, adapt to unexpected circumstances and to perform many 

tasks simultaneously (Grafman & Litvan, 1999). As many of these activities are required 

for success in school settings, the impact of executive functioning deficits on children’s 

school performance is easily seen. 

Theories of Executive Functioning in ADHD 

Although ADHD has an extensive research base, much of its etiology remains 

unclear (Berlin et al., 2004). Beginning research looked to promote a primary deficit in 

attention but research findings did not support this theory (Barkley, 1997). Researchers 

began to note the similarities of ADHD symptoms to those produced by lesions or 

injuries to the prefrontal cortex (Heilman, Voeller, & Nadeau, 1991). These similarities 

have led researchers to suggest that the etiology of ADHD is linked to the frontal regions 

of the brain (Heilman et al., 1991). As executive functions are thought to be controlled by 

the prefrontal cortex, several researchers have argued that the hyperactive, impulsive, and 

inattentive symptoms of ADHD may be best explained by a primary deficit in executive 

functioning (Barkley, 1997; Berlin et al., 2004; Nigg et al., 2002; Pennington & Ozonoff, 

1996). 

In the most well known of these executive functioning theories, Barkley (1997) 

proposes that the central deficiency in ADHD is one of poor behavioral inhibition.  In his 
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model, behavioral inhibition refers to three interrelated processes: “(a) inhibition of the 

prepotent response to an event; (b) stopping of an ongoing response, which thereby 

permits a delay in the decision to respond; (c) the protection of this period of 

delay…from disruption by competing events” (Barkley, 1997, p. 67). According to his 

model, problems within these three processes of behavioral inhibition will in turn affect 

related executive functions. Specifically, he proposes that an individual’s working 

memory, self-regulation of affect, emotion and arousal, internalization of speech and 

reconstitution will all be hampered by deficits in behavioral inhibition. These problems 

will then be shown through difficulty in the areas of inhibiting task-irrelevant responses, 

executive goal-directed behavior, goal-directed persistence, sensitivity to response 

feedback, task re-engagement after disruption, and control of behavior by internally 

represented information. The model proposes that all executive functioning tasks require 

some degree of behavioral inhibition to work properly. Barkley (1997) cites ADHD 

children’s difficulty restricting their behavior to conform to rules, delaying gratification, 

resisting temptation, blurting out incorrect verbal responses, and disruption of 

conversations as evidence to support his theory. 

Similar to this theory, Roberts and Pennington (1996) also argue that successful 

executive functioning requires both inhibition and working memory; however, in contrast 

to Barkley, working memory and inhibition are sufficient to characterize the entire 

executive functioning domain. They argue that these two components are the most 

interactive of the executive functions with working memory activation influencing the 

extent of inhibition taking place across the prefrontal cortex. Berlin et al. (2004) found 

support for this theory in their study finding that working memory and inhibition had the 

most salient results in comparing ADHD children to controls.  
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Yet another viewpoint is that proposed by Denckla (1996). Denckla defines 

executive functions as control processes and is careful to note their differentiation from 

IQ ability. Patients with executive functioning deficits will not necessarily perform 

poorly on measures of intelligence, but rather continue to have difficulties despite normal 

intelligence. Pennington and Ozonoff (1996) argue that the frontal lobes may be most 

important for fluid intelligence, and less important for normal IQ measures, explaining 

these paradoxical results. Within the control processes, Denckla notes that the constructs 

most susceptible to changes in central control are those of inhibition, delayed responding 

(processing speed), preparedness to act and planning of sequences of selected actions. 

Finally, Baddeley (1996) presents the idea of working memory, as opposed to 

behavioral inhibition, as the primary executive functioning ability. He defines working 

memory as holding information in mind while simultaneously manipulating or 

transforming that information. In his theory, working memory consists of the 

phonological loop, visuo-spatial sketchpad and the central executive. The central 

executive is the portion of the working memory that is most related to the idea of 

executive functioning and is so named in order to highlight the crucial control function of 

working memory. Baddeley (1986) argues that individuals with deficient central 

executive systems appear to be disorganized, easily pulled off course and inattentive. 

Diamond (2005) theorizes that children with ADHD, ADHD-PI specifically, provide an 

example of this deficiency in children, as Baddeley’s theories have been used solely in 

reference to adults. 

Studies of Executive Functioning in Children with ADHD 

Taking into account the theories of executive functioning in children with ADHD, 

a large research base has developed examining this link. Factor analyses on batteries of 

executive functioning measures suggest that executive functioning tasks comprise at least 
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four factors: response inhibition and execution, working memory and updating, set-

shifting and task-switching, and interference control (Barkley et al., 2001; Willicutt et al., 

2005). Many executive functioning models also include measures of planning, 

organization, vigilance and visiospatial orienting (Castellanos and Tannock, 2002; 

Huang-Pollock and Nigg 2003). As discussed previously, others also classify processing 

speed as an executive function (Brocki & Bohlin, 2006). Recently, lesion and 

neuroimaging studies provide direct evidence that most of these tasks activate neural 

networks that include the prefrontal cortex (Willlicutt et al., 2005). This evidence gives 

researchers confidence that executive functioning tasks are in fact targeting the brain 

structures of interest. 

In an early review of executive functioning literature, Pennington and Ozonoff 

(1996) found eighteen studies that addressed the issue of executive functioning in ADHD 

children. In fifteen of these studies, researchers found a significant difference between 

ADHD subjects and controls on one or more executive functioning measures. In sum, 

sixty measures of executive functioning were used in these studies and 67% of the time 

the ADHD group performed significantly worse than controls. Further supporting the 

idea of executive functioning deficits in these children was the finding that the ADHD 

group never performed significantly better than controls on any of the sixty measures. 

Tower of Hanoi (TOH), a measure of planning, Stroop Color-Word Test, a measure of 

interference control and inhibition, and motor inhibition tasks were the most consistent to 

find group differences. ADHD groups also performed significantly worse on the few 

working memory tasks that were included in the review. Finally, ADHD children 

consistently displayed difficulties on measures of vigilance and processing speed, 

performing worse than controls. Pennington and Ozonoff (1996) also noted the 
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specificity of the executive functioning deficits as only 35% of the non-executive 

functioning measures found significant group differences. 

A more recent meta-analysis by Willicutt et al. (2005) examined the massive 

amount of executive functioning research that has accumulated since Pennington and 

Ozonoff’s (1996) review. In this meta-analysis, they examined thirteen executive 

functioning measures that were frequently administered in previous studies or were 

highlighted as domains in theoretical models of ADHD. These tasks included measures 

of response inhibition, vigilance, set-shifting, planning, verbal working memory and 

spatial working memory. The meta-analysis found significant group differences between 

those with and without ADHD on all thirteen of the executive functioning tasks included. 

These group differences were most consistently found on measures of inhibition, 

vigilance, and planning. Fewer studies examined working memory but the initial results 

were promising with six of the eight studies finding significant group differences. In sum, 

these results replicate and extend the findings of Pennington and Ozonoff (1996). 

Examining findings from specific executive functioning tasks and their related 

executive functioning abilities seems warranted. The Wisconsin Card Sorting Task 

(WCST) is a measure of cognitive flexibility and is commonly used to assess executive 

functioning in ADHD (Ozonoff & Jensen, 1999). In the meta-analysis by Willicutt et al. 

(2005), they found that most studies did not find significant group differences on this 

task. Indeed, its mean effect size was among the lowest of all tasks suggesting that it is a 

poor candidate for the primary deficit in ADHD. 

In contrast, measures of planning such as the TOH and the similar Tower of 

London (TOL) are consistently found to demonstrate significant group differences 

between children with and without ADHD (Houghton et al., 1999; Nigg et al., 2002; 

Oosterlaan et al., 2005). These tasks require an individual to formulate and execute a 
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strategy for moving disks located on pegs in accordance with a set of rules. Although 

some research has not found children with ADHD to have deficits in this area (Geurts et 

al., 2004), results from meta-analysis confirm the consistency of findings to the contrary 

(Pennington & Ozonoff, 1996; Willicutt et al., 2005).  

Working memory tasks appear to be less commonly used based on reviews of the 

research (Pennington & Ozonoff, 1996; Willicutt et al., 2005); however, their importance 

to many theoretical models of ADHD suggests they be included in any examination of 

executive functioning deficits (Baddeley, 1996; Berlin et al., 2004; Diamond, 2005; 

Roberts and Pennington, 1996). Tasks used to assess working memory include self-

ordered pointing (SOP) (Geurts et al., 2004), digit span reversed (Barkley et al., 2001) 

and the Woodcock Johnson Tests of Auditory Working Memory (Fahie & Symons, 

2003). Working memory deficits have been found rather consistently for children with 

ADHD (Berlin et al., 2004; Fahie & Symons, 2003; Pennington and Ozonoff, 1996; 

Willicutt et al., 2005). 

The Stroop Color-Word Test (Stroop, 1935) is another commonly used test to 

assess executive functioning in ADHD (Ozonoff & Jensen, 1999). This is a test of 

inhibition, specifically interference control, which requires the subject to read lists of 

written color names and to identify color patches. Inhibition is required when the written 

words are in a different color ink. Many studies have found that children with ADHD 

have decreased performance on this task (Berlin et al., 2004; Houghton et al., 1999; 

Ozonoff & Jensen, 1999) with early reviews supporting this finding (Pennington and 

Ozonoff, 1996). More recent review suggests that this finding may not be as robust as 

originally thought (Van Mourik, Oosterlaan, & Sergeant, 2005).  

Other measures of inhibition have also been found to display significant group 

effects including variations on the stop task (Chhabildas, Pennington, & Willicutt, 2001; 
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Geurts et al., 2004; Nigg, 1999; Nigg et al., 2002; for review Oosterlaan et al., 1998) and 

the go/no go paradigm (Berlin et al., 2004) suggesting that inhibition remains an 

important impairment in children with ADHD. On of the most commonly used tasks of 

this type are variations of the Continuous Performance Test (CPT). Commission errors on 

this type of task assess an individual’s response inhibition ability, while omission errors 

can assess their vigilance (Willicut et al., 2005). Research with the CPT consistently 

demonstrates that children with ADHD perform worse than controls on both the response 

inhibition and vigilance aspects of this task (Barkley et al., 2001; Epstein et al., 2003; for 

review see Willicut et al., 2005). 

The Trail-Making Test is another commonly used executive functioning task, 

which measures both sequencing and set shifting. Individuals must track a sequence of 

numbers in Part A. Then they must switch to a mixed sequence of numbers and letters in 

Part B. Part B has been found to be especially useful in finding deficits in children with 

ADHD (Chhabildas et al., 2001; Pennington and Ozonoff, 1996); however, not all studies 

using this test have found deficits (Houghton et al., 1999).  

Processing speed is often examined using subtests from the Wechsler battery of 

intelligence tests, most notably the WISC-III (Wechsler, 1991) and WISC-IV (Wechsler, 

2003). Both Coding and Symbol Search were among the subtests with the lowest g 

loadings on the WISC-III, suggesting that the processing speed index is more 

independent of IQ than the other indices and perhaps providing more support of 

processing speed as a component of executive functioning (Brocki & Bohlin, 2006; 

Kaufman, 1994). Children with ADHD consistently perform more poorly than controls 

on these subtests, with specific deficits found for the Coding subtest (Barkley et. al., 

1990; Chhabildas et al., 2001; Shanahan et al., 2006) as well as for the entire Processing 

Speed Index (Calhoun & Mayes, 2005). 
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Although not strictly an executive function, dysgraphia, or difficulty with 

handwriting, is another common finding in children with ADHD (Adi-Japha, et al., 

2007). These difficulties are not surprising as fine motor control is also located within the 

frontal regions of the brain, areas where ADHD children have been found to have 

deficits.  

Looking across these studies and the two reviews, it is readily apparent that 

children with ADHD display executive functioning deficits. The importance of both 

working memory and response inhibition to multiple theories of ADHD (Baddeley, 1996; 

Barkley, 1997; Roberts and Pennington, 1996) in addition to the consistent deficits found 

in these areas (Pennington and Ozonoff, 1996; Willicutt et al., 2005) suggest the 

importance of including both these fields when assessing executive functioning in 

children with ADHD. Additionally, the consistent findings of processing speed and 

vigilance deficits suggest that they are also important to include in executive functioning 

studies (Barkley et al., 1990; Calhoun & Mayes, 2005; Chhabildas et al., 2001; Shanahan 

et al., 2006; Willicut et al., 2005). 

Subtype Differences in Executive Functioning 

Due to the importance of separating children with ADHD by subtype 

behaviorally, determining what if any subtype differences exist in the executive 

functioning domain is also important. Any differences between subtypes on executive 

functioning could help guide future theory development and help to differentiate between 

the subtypes more clearly (Nigg et al., 2002). In arguably the most prevalent theory of 

ADHD and executive functioning, Barkley (1997) postulates that ADHD-C and ADHD-

PHI, but not ADHD-PI, are associated with executive functioning deficits, caused by a 

primary deficit in inhibitory control. Due to this emphasis, much early research was done 

on these two subtypes only. More recent research by Chhabildas et al. (2001) found that 
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symptoms of inattention but not symptoms of hyperactivity-impulsivity account for the 

response disinhibition in ADHD, which is in direct conflict with Barkley’s model. 

Further research is therefore needed in order to addresses these contradictory findings. 

Researchers also note the possible importance of determining any subtype differences in 

executive functioning on the discriminant validity of the subtypes (Barkley, 1997; 

Chhablidas et al., 2001; Nigg, 2001). 

Examining the research on inhibition, the results are inconsistent. Of the studies 

that used the stop task to measure inhibition, two found that both ADHD-C and ADHD-

PI groups were slower than controls but not different from each other (Chhablidas et al., 

2001; Geurts et al., 2004). Another study found an interaction of gender and subtype on 

this task with all girls regardless of subtype showing impairment while only ADHD-C 

boys showed impairment (Nigg et al., 2002). In a study that used the Stroop task, both 

ADHD-C and ADHD-PI showed deficits versus controls, with ADHD-C children also 

showing worse performance than ADHD-PI children (Houghton et al., 1999). On a 

go/no-go task, ADHD-PI children demonstrated more errors of omission, or less 

vigilance, than children with ADHD-C (Derefinko et al., 2008). 

Studies that examined the subtype differences on set-shifting using the Trail 

Making Test (Lezak, 1995) also had inconsistent results. One study found no deficits in 

either ADHD group compared to controls (Houghton et al., 1999). Both other studies 

found deficits in the ADHD-PI group only. This could be a promising area for future 

research in subtype differences but the data remains less robust than on other executive 

functioning tasks (Willicutt et al., 2005). 

Very few studies that examined subtype differences also examined working 

memory deficits. Both of the studies in question did not find any deficits in working 

memory by either subtype (Geurts et al., 2004; Houghton et al., 1999). These same 
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studies also failed to find any deficits on the TOL, a measure of planning. Both sets of 

findings are in direct conflict with the majority of studies that did not separate by subtype 

and found both working memory and planning deficits (Pennington and Ozonoff, 1996; 

Willicutt et al., 2005). Nigg et al. (2002) also examined performance on the TOL and 

found that ADHD-C performed worse than controls while ADHD-PI performed worse 

than controls, but just shy of significance. Additionally, the ADHD groups did not differ 

from each other. 

An additional analysis found within Willicutt et al.’s (2005) study, examined how 

the different subtypes performed on the various executive functioning measures included 

in the meta-analysis. They found that both subtypes differed significantly from controls 

on most of the executive functioning tasks; however, they failed to find significant 

differences between the ADHD-C and ADHD-PI groups on any measure. 

The research base that examines subtype differences in executive functioning 

remains small and inconsistent. Indeed, some researchers failed to find any deficits in 

areas where deficits have been well established (Geurts et al., 2004; Houghton et al., 

1999). Future research should be careful to include subtypes in the analyses to ensure that 

any possible executive functioning differences in subtype are examined. 

Gender Differences in Executive Functioning 

Little research exists directly comparing males and females on executive 

functioning task performance. One study examining female’s performance on these tasks 

found that although girls performed generally poorer than controls, there were no 

significant differences found. The researchers suggest that ADHD in females may be less 

detrimental to neuropsychological functioning (Seidman et al., 1997). In support of this 

finding, some researchers who have compared males and females found males to perform 

worse on measures of executive functioning, namely inhibition (Rucklidge, 2006) 
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processing speed, (Rucklidge & Tannock, 2002) and handwriting (Berninger, Nielsen, 

Abbott, Wijsman, & Raskind, 2008). Yet other researchers have found no gender 

differences in these or other executive functioning domains (Arcia & Connors, 1998; 

Rucklidge, 2006; Rucklidge & Tannock, 2002; Seidman et al., 2005). Finally, some 

research suggests instead that subtype and gender interact to produce varied results (Nigg 

et al., 2002). Specifically, this study found that males with ADHD-C are more impaired 

than females with ADHD-C, but that females with ADHD-PI are more impaired than 

males with ADHD-PI, at least on a measure of motor inhibition. Clearly, the precise 

relation of gender to executive functioning deficits remains unclear at the present time. 

Theories of Executive Functioning Deficits in Internalizing Disorders 

Similar to ADHD, researchers have found some evidence of frontal impairment in 

mood disorders. Electroencephalographic (EEG) and neuroimaging studies have found 

both asymmetrical activation of the frontal lobe or bilateral deactivation of the frontal 

lobes in individuals with mood disorders (Bruder et al., 1997; Davidson, Abercrombie, 

Nitschke, & Putnam, 1999). As executive functioning is intimately related to this area of 

the brain, deficits in executive functioning may be expected to surface in internalizing 

disorders. 

Research on both anxiety and depression have utilized Baddeley’s (1996) model 

of working memory to guide theory development on deficits in this area. Eysenck and 

Calvo (1992) postulated that anxiety mainly affects the central executive portion of the 

working memory system proposed by Baddeley (1996). This theory states that anxiety 

produces worry that uses the processing resources of the working memory system and 

thereby reduces processing efficiency. Since the central executive is heavily involved in 

the performance of most complex tasks, it may explain why anxiety impairs efficiency 

and effectiveness on numerous tasks (Eysenck, 1992 for review). Christopher and 
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MacDonald (2005) have developed a similar theory for the effects of depression on 

working memory. As depression is characterized by negative ruminations, they believe 

that these intrusive thoughts impair performance on central executive tasks in a way 

similar to the worry found in anxiety. 

Studies of Executive Functioning in Children with Internalizing Disorders 

Although the theories of executive functioning deficits in children with 

internalizing disorders focus on working memory alone, studies have addressed other 

executive functioning abilities including set-shifting, verbal fluency and fluid reasoning. 

Most of the research has been conducted on anxiety disorders, with relatively fewer 

studies found for depression. 

The majority of neuropsychological research on anxiety has focused on the less 

prevalent obsessive-compulsive disorder (OCD) (Airaksinen et al., 2005). This research 

has demonstrated that individuals with OCD have impairments in episodic memory, 

working memory, cognitive fluency, verbal fluency, planning and set-shifting (Dirson, 

Bouvard, Cottraux, & Martin, 1995; Head, Bolton, & Hymas, 1989; Purcell, Maruff, 

Kyrios, & Pantelis, 1998; Savage et al., 2000; Veale, Sahakian, Owen, & Marks, 1996).  

Research on other anxiety disorders has also found some deficits in executive 

functioning. Cohen et al., 1996 found significant executive functioning deficits in 

individuals with panic disorder. A more recent study by Airaksinen et al. (2005) found 

that performance on the Trail Making Test Part B to be impaired relative to controls in 

the total group of individuals with anxiety disorders. The Panic Disorder group and OCD 

group maintained these differences when the sample was divided by specific anxiety 

diagnosis. Emerson et al. (2005) replicated this finding in a group of anxious-depressed 

individuals. This study also found evidence of a deficit in fluid reasoning for the anxious-
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depressed group, specifically the Concept Formation subtest of the Woodcock-Johnson 

Test of Cognitive Abilities (Woodcock & Johnson, 1989).  

Providing support for the working memory theory, Eysenck et al. (2005) found 

high anxiety groups to perform significantly worse than low anxiety groups on measures 

of working memory that tap the central executive.  The highest discrepancy was found on 

measures of backward digit span. Other studies have also found support for the working 

memory deficit in anxious individuals (Derakshan & Eysenck, 1998; MacLeod & 

Donnellan, 1993). 

Of the studies found examining executive functioning in depression, all showed 

evidence of a deficit in this area. As discussed above, Emerson et al. (2005) found 

evidence of both set-shifting and fluid reasoning deficits in a sample of anxious-

depressed individuals. In a study examining the relation of parent and teacher reports to 

executive functioning performance, researchers found that depression symptoms, not 

ADHD symptoms were related to executive functioning performance (Jonsdottir, Bouma, 

Sergeant & Scherder, 2006). Processing speed deficits were also found for this group, 

with depressed individuals performing worse than controls on the Processing Speed 

Index of the WISC-III (Calhoun & Mayes, 2005). 

Depressed individuals have also demonstrated impairment on measures of 

working memory, specifically backward digit span (Channon, Baker, & Robertson, 1993; 

Christopher & MacDonald, 2005). Christopher and MacDonald found the depressed 

group to display deficits in all areas of working memory, not just the central executive. 

This finding is in contrast to work in groups with anxiety that consistently display deficits 

only in the central executive domains. Christopher and MacDonald (2005) hypothesize 

that depressed individuals may perform worse on these other working memory tasks 

because they are already performing dual tasks by processing their automatic thoughts. 
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In addition to these studies that separated anxiety and depression, some studies 

looked at both domains. In a study of anxiety, depression and loneliness, these symptoms 

were shown to have an effect on handwriting (Huge, 2003). 

The number of studies examining executive functioning and internalizing 

disorders is substantially smaller than similar studies in the ADHD domain. The majority 

of these studies focused on the working memory domain and results seem to be consistent 

in demonstrating deficits in this area for both anxious and depressed groups when 

compared to controls. The other executive functioning domains important to ADHD 

research, response inhibition, vigilance, and processing speed, have been less well 

studied, if at all. 

Studies of Executive Functioning in Children with Comorbid ADHD and 
Internalizing Disorders 

The studies that examine executive functioning in children with comorbid ADHD 

and anxiety share research goals. As discussed earlier in this review, comorbidity in 

general can negatively influence psychological outcomes (Livingston et al., 1990). In 

particular, ADHD children comorbid with anxiety report significantly higher stress 

(Jensen et al., 1997) and display greater persistence of ADHD symptoms (Biederman et 

al., 1996) than children with ADHD only. Jensen et al. (1997) further discuss the 

importance of separating ADHD children into more homogenous groups based on 

comorbidity patterns if in fact these groups respond differently to treatments or 

demonstrate unique outcomes. Comorbid conditions may also help provide clinicians 

with unique treatment information. Indeed, there is preliminary evidence that children 

with ADHD that are comorbid for anxiety do not respond well to stimulant medication, 

the primary treatment for ADHD (DuPaul, Barkley, & McMurray, 1994; Pliszka, 1989; 

Tannock, Ickowicz, Schachar, 1995). Additionally, research has shown the treatment of 
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anxiety to be an important moderator of treatment outcome in ADHD (MTA Cooperative 

Group, 1999b). 

The research base examining the effects of comorbid ADHD and internalizing 

disorders on executive functioning is rather small. Additionally, all of this research has 

focused on comorbid anxiety only. Fischer et al. (2005) found that current level of 

anxiety significantly increased the errors on a task of inhibition and increased the amount 

of ADHD symptoms displayed during the inhibition task (ie. off-task, out of seat, 

vocalizes and fidgets). These results suggest that comorbid anxiety may have contributed 

to findings on some of the measures beyond the severity of ADHD. In direct contrast 

with this study, Oosterlaan and Sergeant (1998) found that children with both anxiety and 

ADHD had enhanced response inhibition. Taken together, the impact of anxiety on 

response inhibition remains unclear. 

Pliszka (1992) found that groups of ADHD, ADHD plus anxiety, and controls all 

differed significantly on a measure of inhibition. The ADHD group was the most 

impaired, followed by the comorbid group. Comorbid groups have also been found to be 

more impaired on measures of working memory than groups of ADHD alone (Pliszka, 

1989; Tannock et al., 1995). Manassis et al. (2002) found the comorbid group to 

performed differently than either the anxiety or ADHD groups on the cognitive tasks 

utilized in that study. They suggest that this provides support for the existence of a 

cognitively distinct subgroup of children that have diagnoses of both ADHD and anxiety. 

In sum, these studies provide a solid foundation for the importance of continuing 

to study comorbid ADHD and anxiety. Preliminary results suggest that children with this 

comorbid condition will perform differently than children that only have a diagnosis of 

ADHD. If this finding is further solidified, the importance of finding appropriate and 

effective treatment for this population would be essential. The lack of research on the 
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effects of comorbid depression and ADHD symptoms is surprising, given the similarity 

of the neurocognitive findings for depression and anxiety. As such, research into 

comorbid depression and ADHD seems warranted. 

STATEMENT OF THE PROBLEM 

Attention-Deficit/Hyperactivity Disorder (ADHD) is a common childhood onset 

disorder with 3-7% of the population affected (APA, 2000). The disorder is currently 

comprised of three behaviorally distinct subtypes which represent the predominantly 

inattentive (ADHD-PI), predominantly hyperactive-impulsive (ADHD-PHI), or 

combined (ADHD-C) symptom patterns. ADHD-PHI remains a weakly supported 

subtype while the research on ADHD-C and ADHD-PI remains strong with some 

researchers even suggesting they represent distinct disorders (Diamond, 2005; Milich et 

al., 2001). From this research, it is clear that separate analyses of the ADHD-C and 

ADHD-PI groups in any ADHD study is necessary to ensure clear results. 

Research has also found some gender differences on behavioral domains, as well 

as substantial overlap. The research base on females with ADHD continues to be small 

and separate analyses with girls is needed to bolster this foundation (Gaub & Carlson, 

1997). As such, this study will seek to run separate analyses on the ADHD subtypes by 

gender as well, in order to ensure that unexamined gender effects do not impact any 

results.  

The similarity of ADHD to frontal lobe dysfunction has led researchers to suggest 

that the frontal lobes are implicated in the etiology of ADHD (Heilman et al., 1991). 

Executive functioning tasks have been shown to involve these frontal regions of the brain 

and have been advanced as a candidate for the primary deficit in ADHD (Barkley, 1997; 

Berlin et al., 2004; Nigg et al., 2002; Pennington & Ozonoff, 1996; Willicutt et al., 2005). 

In concordance with this hypothesis, executive functioning deficits have been well 
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documented in ADHD with recent meta-analyses supporting this assertion (Willicutt et 

al., 2005). Executive functioning deficits have been found to be rather consistent for 

inhibition, vigilance and working memory tasks (Pennington and Ozonoff, 1996; 

Willicutt et al., 2005). This, in addition to their prominence in multiple theories of 

ADHD, suggests that these tasks be included when examining executive functioning 

deficits (Baddeley, 1996; Barkley, 1997; Roberts and Pennington, 1996). The findings for 

measures of processing speed suggest that they also be included in any executive 

functioning analysis (Calhoun & Mayes, 2005). Research on subtype and gender 

differences in executive functioning and processing speed has been small and 

inconsistent. This study seeks to examine these differences to clarify whether either 

gender or subtype affects the magnitude or type of executive functioning deficit.  

Children with ADHD also exhibit substantial amounts of comorbidity with 

internalizing disorders, (Barkley, 1997; Hinshaw, 2006; Jensen et al., 1997) and 

comorbidity in ADHD has been shown to lead to greater negative outcomes in these 

children (Biederman et al., 1996; Hinshaw, 2006; Livingston et al., 1990).  Research 

suggests that comorbid disorders may also influence the performance of children with 

ADHD on executive functioning tasks (Nigg, 2001). Since children with internalizing 

disorders also display performance deficits on executive functioning tasks (Airaksinen et 

al., 2005; Derakshan & Eysenck, 1998; Emerson et al., 2005; Eysenck et al., 2005; 

MacLeod & Donnellan, 1993), it is necessary to control for these comorbid conditions 

when examining the executive functioning of children with ADHD. 

Research on internalizing disorders has suggested that excessive rumination in 

anxiety and depression uses processing resources that would otherwise be free, leading to 

decreased performance on executive functioning tasks (Christopher & MacDonald, 2005; 

Eysenck & Calvo, 1992). Research has shown individuals with various internalizing 
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disorders to display deficits in episodic memory, processing speed, working memory, 

cognitive fluency, verbal fluency, planning and set-shifting (Airaksinen et al., 2005; 

Calhoun & Mayes, 2005; Cohen et al., 1996; Derakshan & Eysenck, 1998; Dirson, et al., 

1995; Emerson et al., 2005; Eysenck et al., 2005; Head et al., 1989; MacLeod & 

Donnellan, 1993; Purcell et al., 1998; Savage et al., 2000; Veale et al., 1996). The most 

consistently studied deficit has been documented in working memory, with the majority 

of studies finding deficits in this area (Airaksinen et al., 2005; Christopher & MacDonald, 

2005; Emerson et al., 2005; Eysenck et al., 2005; Derakshan & Eysenck, 1998; MacLeod 

& Donnellan, 1993). 

Examining children comorbid for ADHD and internalizing symptoms can help 

provide a better picture into their unique symptom profile and may help develop more 

appropriate treatments than those used for either group alone.  Preliminary results in 

executive functioning literature suggest that children with an internalizing comorbid 

condition do perform differently than children with ADHD only. Further exploration into 

this area is needed to clarify any contributions comorbidity may make to executive 

functioning profiles of children with ADHD. As the subtype and gender differences in 

executive functioning have yet to be clarified, these factors will need to be included in the 

analysis along with comorbidity status. 

The purpose of the proposed study is to investigate the effects of comorbid 

internalizing symptoms on the executive functioning performance of children with 

ADHD. As subtypes and gender may further complicate the executive functioning profile 

of children with ADHD, this study will seek to evaluate the effects of comorbidity in 

light of differences in subtype and gender. While subtype, gender and comorbidity status 

have all been researched in isolation, they have yet to be included together in analyses. 

This study, therefore, aims to fill in this research gap and to clarify the relation and 
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importance of gender, subtype and comorbidity to executive functioning in children with 

ADHD.  

RESEARCH QUESTIONS AND HYPOTHESES 

Question 1 

Do gender, subtype, and parent ratings of anxiety and depression predict 

children’s scores on a measure of processing speed (Coding subtest from the WISC-IV)? 

Hypotheses 1 

It is hypothesized that gender, subtype and parent ratings of anxiety and 

depression will all account for a significant amount of variance in processing speed. More 

specifically, it is hypothesized that male gender, ADHD-C subtype, and higher ratings of 

anxiety and depression will be shown to predict lower processing speed scores (WISC-IV 

Coding). 

Rationale 1 

Children with ADHD consistently perform more poorly than controls on 

processing speed subtests, with specific deficits found for the Coding subtest (Barkley et. 

al., 1990; Chhabildas et al., 2001; Shanahan et al., 2006) as well as for the entire 

Processing Speed Index (Calhoun & Mayes, 2005). Specific studies looking at the effect 

of ADHD subtype on processing speed are lacking, but research suggests that subtype 

generally affects executive functioning performance (Houghton et al., 1999; Nigg et al., 

2002). Additionally, some researchers who have compared males and females found 

males to perform worse on measures of processing speed (Rucklidge & Tannock, 2002). 

Finally, processing speed deficits have also been found for depressed individuals, who 

were shown to perform worse than controls on the Processing Speed Index of the WISC-

III (Calhoun & Mayes, 2005).   
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Question 2 

Do gender, subtype, and parent ratings of anxiety and depression predict 

children’s scores on a measure of working memory (Backward Digit Span from the 

WISC-IV)? 

Hypotheses 2 

It is hypothesized that parent ratings of anxiety and depression will both account 

for a significant amount of variance in working memory, but that subtype and gender will 

not account for a significant amount of variance in working memory. More specifically, it 

is hypothesized that higher ratings of anxiety and depression will be shown to predict 

lower working memory scores (WISC-IV Backward Digit Span).  

Rationale 2 

Although the literature supports deficits in working memory for children with 

ADHD compared to controls (Berlin et al., 2004; Fahie & Symons, 2003; Pennington and 

Ozonoff, 1996; Willicutt et al., 2005), studies that have not found subtype differences in 

these deficits (Geurts et al., 2004; Houghton et al., 1999; Nigg et al., 2002). Additionally, 

no differences have been found for gender on measures of working memory (Rucklidge, 

2006; Rucklidge & Tannock, 2002). Anxiety has been found to impair working memory 

in both digit span measures (Eysenck et al., 2005) and other working memory measures 

(Derakshan & Eysenck, 1998; MacLeod & Donnellan, 1993). Depressed individuals have 

also demonstrated impairment on measures backward digit span (Channon, Baker, & 

Robertson, 1993; Christopher & MacDonald, 2005). 

Question 3 

Do gender, subtype, and parent ratings of anxiety and depression predict 

children’s scores on a measure of response inhibition (CPT-II Commissions)? 
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Hypotheses 3 

It is hypothesized that gender, subtype and parent ratings of anxiety and 

depression will all account for a significant amount of variance in response inhibition. 

More specifically, it is hypothesized that male gender, ADHD-C subtype, and higher 

ratings of anxiety and depression will be shown to predict higher CPT-II Commission T 

scores, indicating worse more impaired performance. 

Rationale 3 

In studies that have found subtype differences in response inhibition tasks, 

children with ADHD-C have been found to perform more poorly (Houghton et al., 1999; 

Nigg et al., 2002). Males have also been found to demonstrate poorer response inhibition 

compared to females (Rucklidge, 2006). Finally, anxiety has been shown to increase the 

number of errors on inhibition tasks (Fischer et al., 2005); however, this result has been 

found inconsistently with some researchers finding children with anxiety to have 

enhanced response inhibition (Oosterlaan & Sergeant, 1998). There is little to no research 

in this domain for depressed children.  

Question 4 

Do gender, subtype, and parent ratings of anxiety and depression predict 

children’s scores on measures of vigilance (CPT-II Omissions and CPT-II Variability)? 

Hypothesis 4 

It is hypothesized that subtype and parent ratings of anxiety and depression will 

account for a significant amount of variance in vigilance, but that gender will not be 

shown to account for a significant amount of variance in vigilance. More specifically, it is 

hypothesized that ADHD-PI subtype, and higher ratings of anxiety and depression will be 



 48 

shown to predict higher CPT-II Omission and CPT-II Variability T scores, indicating 

worse or more impaired performance. 

Rationale 4 

Research on a similar task (go/no go) has found that children with ADHD-PI have 

higher errors of omission and less vigilance than children with ADHD-C (Derefinko et 

al., 2008). Although there is little research on the affects of anxiety or depression on 

measures of vigilance, theories of both anxiety and depression suggest that depressive 

and anxious ruminations decrease these individual’s cognitive efficiency and 

effectiveness, which could impact their vigilance on this type of measure (Christopher 

and MacDonald, 2005; Eysenck & Calvo, 1992). Seidman and colleagues (2005) failed to 

find any gender differences on measures of vigilance. 

Question 5 

Do gender, subtype, and parent ratings of anxiety and depression predict 

children’s scores on a measure of fine motor control (Handwriting from WJ-III Ach)? 

Hypothesis 5 

It is hypothesized that gender and parent ratings of anxiety and depression will 

account for a significant amount of variance in fine motor control, but that ADHD 

subtype will not be shown to account for a significant amount of variance in fine motor 

control. More specifically, it is hypothesized that male gender and higher ratings of 

anxiety and depression will predict lower scores on the Handwriting subtest from the WJ-

III Ach. 

Rationale 5 

Dysgraphia, or difficulty with handwriting, is a common finding in individuals 

with ADHD (Adi-Japha, et al., 2007), and males have been shown to have lower ratings 
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of handwriting than females in samples of individuals susceptible to handwriting 

difficulties (Berninger, et al., 2008). In a study of anxiety, depression and loneliness, 

these symptoms were also shown to have an effect on handwriting (Huge, 2003). 

Research has not addressed ADHD subtype differences in dysgraphia and handwriting 

difficulties, and it is unexpected that the subtypes would differ in this domain. 

Question 6 

Do gender, subtype, and parent ratings of anxiety and depression symptoms 

interact to produce any affects on the dependent variables? 

Hypothesis 6 

It is hypothesized that gender and subtype will interact to affect executive 

functioning performance across measures. It is also hypothesized that subtype and 

anxiety symptoms, and subtype and depression symptoms will affect executive 

functioning performance across measures. Finally, it is hypothesized that there could be a 

three-way interaction of gender, subtype and anxiety or depression symptoms that would 

affect executive functioning performance.  

Rationale 6 

Although many studies have examined executive functioning performance in the 

ADHD subtypes and in gender, few studies have examined these variables together. Of 

the studies that have, some have found an interaction between ADHD subtype and 

gender. Specifically, Nigg and colleagues (2002) found males with ADHD-C to be more 

impaired than females with ADHD-C, but found males with ADHD-PI to be less 

impaired than females with ADHD-PI on a task of motor inhibition. With respect to 

internalizing symptoms and subtype, research has been inconsistent sometimes showing 

the comorbid groups (those with ADHD and anxiety or depression) to be more impaired 
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than groups of ADHD alone (Pliszka, 1989; Tannock et al., 1995), while others have 

found the ADHD group to be most impaired, followed by the comorbid group (Pliszka, 

1992). It is possible that this discrepancy is due to unexamined subtype affects, which 

could suggest an interaction between subtype and ratings of anxiety and/or depression. 

Finally, to the knowledge of the researcher, no studies have examined gender, subtype 

and comorbidity together leaving the potential for a three-way interaction. 
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Chapter III: Method 

PROJECT APPROVAL 

The proposed study complies with the ethical issues and standards of research 

delineated by the American Psychological Association (2002) and the Procedures 

Governing Research with Human Subjects at Austin Neuropsychology, PLLC. Approval 

for this study was given by the Departmental Review Committee in the Department of 

Educational Psychology and the Institutional Review Board of The University of Texas at 

Austin (Appendix A).  

PARTICIPANTS 

Participants were selected from the assessment files of patients from Austin 

Neuropsychology, PLLC who were referred for comprehensive neuropsychological 

evaluations. There were 75 children who met criteria for one of two diagnostic groups: 

Attention Deficit/ Hyperactivity Disorder- Predominantly Inattentive Type (ADHD-PI) or 

Attention Deficit/ Hyperactivity Disorder- Combined Type (ADHD-C). The participants’ 

ages ranged from 7 to 13 years (see Table 1 for distribution, p.71) with males 

outnumbering females by 36 percent (see Table 2 for distribution, p.71). The sample was 

primarily European American (see Table 3 for distribution, p.71). 

All participants had a measured Full Scale Intelligence Quotient (FSIQ) of 80 or 

higher on the WISC-IV (Weschler, 2003). No participants were included that were on 

stimulant or seizure medication at the time of testing. All participants had hearing and 

vision within the normal range. Vision corrected by glasses or contacts was acceptable. 

Only children with English as the primary language were included. 
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Table 1. Distribution of Participants by Age 

Age of participants Percentage of sample 
7 18.7% 
8 21.3% 
9 16.0% 
10 13.3% 
11 8.0% 
12 17.3% 
13 5.3% 
 

Table 2. Distribution of Participants by Gender 

Gender of Participants Percentage of Sample 
Male 68% 
Female 32% 
 

Table 3. Distribution of Participants by Race 

Racial Group of Participants Percentage of Sample 
European American 93.3% 
Latino 4% 
Asian American 2.7% 
 

Inclusionary Criteria 

Files that were chosen for the ADHD-PI group had participants that met criteria 

for ADHD-PI, as assessed by the Swanson, Nolan and Pelham Questionnaire Rating 

Scale (SNAP-IV; Swanson, 1992), as well as by information collected from the clinical 

parent interview. Specifically, a diagnosis of ADHD-PI was assigned based on parent and 

teacher endorsement of at least 6 significant inattentive items and less than 3 

endorsements of the hyperactivity/impulsivity items on the SNAP-IV rating scale. 

Alternatively a diagnosis of ADHD-PI was assigned based on parent or teacher 

endorsement of at least 6 significant inattentive items and less than 3 endorsements of the 
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hyperactivity/impulsivity items on the SNAP-IV rating scale, in addition to a clinical 

diagnosis of ADHD-PI given by the neuropsychologist of record. There were 51 files that 

met these criteria (see Table 4 for distribution). 

Files that were chosen for the ADHD-C group had participants that met criteria 

for ADHD-C, as assessed using the SNAP-IV rating scale, as well as by information 

collected from the clinical parent interview. Specifically, a diagnosis of ADHD-C was 

assigned based on parent and teacher endorsement of at least 6 significant inattentive 

items in combination with at least 5 significant hyperactivity/impulsivity items on the 

SNAP-IV. Alternatively, a diagnosis of ADHD-C was assigned based on parent or 

teacher endorsement of at least 6 significant inattentive items in combination with at least 

5 significant hyperactivity/impulsivity items on the SNAP-IV rating scale, in addition to 

a clinical diagnosis of ADHD-C given by the neuropsychologist of record. There were 24 

files that met these criteria (see Table 4 for distribution). All files that met the above 

group criteria also included a Child Behavior Checklist (CBCL; Achenbach & Rescorla, 

2001) filled out by the parents, as this measure was used to examine the anxiety and 

depression symptoms in the ADHD children. 

Table 4. Distribution of Participants by ADHD Subtype 

ADHD Subtype of Participants Percentage of Sample 
Predominantly Inattentive (PI) 68% 
Combined (C)  32% 
 

Exclusionary Criteria 

Files of children who displayed below average intelligence, as defined by a score 

below 80 on the WISC-IV FSIQ, were not be included in this study.  Children who were 

currently taking stimulants or seizure medications, and were unable refrain from taking 
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this medication on the assessment day, were not included in the study. Additionally, 

children were excluded from this study if they had a positive history for epilepsy, head 

injury or progressive neurological disorder. Children with evidence of learning 

disabilities were also excluded from participation. 

PROCEDURE 

Data were collected from existing assessment files at Austin Neuropsychology, 

PLLC. For each file/participant, comprehensive neuropsychological assessments were 

conducted between 2007 and 2009 at Austin Neuropsychological Clinic. For every 

assessment, a licensed neuropsychologist conducted a clinical interview with each 

participant and his/her parent(s) or guardian(s). During the interview, the 

neuropsychologist gathered developmental and family background information pertaining 

to the presenting complaint, as well as a more detailed account of the child’s current 

problems. The neuropsychologist chose an appropriate assessment battery specific to the 

family and child’s needs based on information gathered during the clinical interview, 

along with a structured developmental and family history form (Appendix B). 

Although each neuropsychological assessment was individualized to best address 

the referral question, the test battery generally included assessments in the following 

domains: motor functioning, auditory functioning, memory, attention, cognitive 

functioning, academic achievement, and social-emotional functioning. The testing was 

conducted at Austin Neuropsychological Clinic in a single or multiple sessions lasting 

approximately 6 to 8 hours with breaks provided as needed. Parents were given parent 

and teacher checklists/rating scales including, but not limited to, the Swanson, Nolan and 

Pelham Questionnaire Rating Scale (SNAP-IV; Swanson, 1992) and the Achenbach 

Child Behavior Checklist (CBCL; Achenbach & Rescorla, 2001) during the clinical 

interview or through the mail, which were returned at the time of the testing appointment.  
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During the assessment, the neuropsychologist also conducted a clinical motor 

exam with the child. Professional psychometrists or graduate students in educational, 

counseling and clinical psychology programs trained in individual assessment conducted 

the remainder of the assessment battery, such as cognitive, attention, and executive 

functioning tests. All graduate students had completed doctoral level courses in psycho-

educational, psycho-emotional, and neuropsychological assessments. Additionally, all 

graduate students and psychometrists also completed a training in administration and 

scoring for each measure in the neuropsychological assessment battery followed by 

observations by senior level students or psychometrists. Graduate students received 

approximately one hour of supervision from the licensed neuropyschologist for each case. 

In order to ensure reliability and accuracy of the neuropsychological assessments, 

completed assessment files were randomly chosen for review and rescoring.  

Children and parents were made aware that a release of records for research 

purposes was voluntary and that the participant could withdraw at any time without 

repercussions. Prior to testing, written parental consent was obtained in order to use the 

child’s testing records for research purposes (Appendix C).  

Files chosen for this study were chosen based on the inclusionary and 

exclusionary group criteria described above. Each participant completed both the 

Wechsler Intelligence Tests for Children, Fourth Edition (WISC-IV) and the Conner’s 

Continuous Performance Test. The results on aspects of these tests were used to assess 

the groups’ executive functioning and processing speed ability, as further described in the 

following section. This study compares the executive functioning and processing speed 

results of the two groups of ADHD participants (ADHD-C and ADHD-PI). Gender is 

also examined to determine any possible gender effect. Ratings of anxiety and depression 
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will be taken from the CBCL for all participants in order to examine the effects of 

internalizing symptomatology.  

INSTRUMENTATION 

All participants were administered the following measures by the principal 

investigator, by other school, counseling or clinical doctoral students, or by professional 

psychometrists all of whom have been properly trained to administer the measures. 

Inclusionary and exclusionary decisions were determined by other measures, which can 

be found in Appendix D.  

Woodcock-Johnson III Tests of Achievement (WJ-III Ach; Woodcock, McGrew, & 
Mather, 2001) 

The Woodcock-Johnson III Tests of Achievement is individually administered 

achievement battery for individuals aged 24 months to 95 years. The batter is designed to 

measure academic performance in reading, mathematics, written language, knowledge, 

and oral language. Average standard scores on the WJ-III Ach range from 85-115. This 

measure was used to assess all participants’ handwriting scores for analysis. It was also 

used to determine any learning disabilities for exclusionary criteria. 

The standard WJ-III Ach battery consists of 12 subtests with all subtests 

demonstrating internal reliabilities in the range of .76 to .91. The test is highly correlated 

with other achievement batteries for normal and clinical populations, suggesting good 

validity. The Total Achievement score correlated .79 with the KTEA Battery Composite 

in the standardization sample (Woodcock et al., 2001). Additionally, cluster content was 

aligned with core curricular areas and domains specified in federal legislation to increase 

applicability of the battery (Strauss et al., 2006). 
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Wechsler’s Intelligence Scale for Children-Fourth edition (WISC-IV; Wechsler, 
2003) 

The WISC-IV is an individually administered intelligence test that provides a 

comprehensive measure of general cognitive functioning for children 6-16 years of age. 

This measure provides a Full Scale IQ (FSIQ) and four index scores. These indices are 

Verbal Comprehension (VCI), Perceptual Reasoning (PRI), Working Memory (WMI), 

and Processing Speed (PSI). Research has found these indices to be more consistent with 

CHC theory than previous versions of the Wechsler intelligence tests (Strauss, Sherman, 

& Spreen, 2006). The FSIQ will be used to determine participants’ cognitive functioning 

and eligibility for the study. The Coding subtest was used assess the executive 

functioning component of processing speed in the current study. Backward Digit Span, a 

scorable element from the Digit Span subtest, was used to assess the executive 

functioning component of working memory in the current study.  

FSIQ reliability estimates for the standardization sample were excellent with 

internal consistency coefficients ranging from .96-.97 and test-retest reliability 

coefficients greater than or equal to .91 for each age group (Weschler, 2003).  

Additionally, the four indices also showed impressive reliability estimates in the 

standardization sample. Internal consistency coefficients for VCI, PRI, and WMI were 

greater than .90 and the PSI coefficient was greater than .80. The Coding subtest has a 

reliability of .85 across age groups and Backward Digit Span has a reliability of .80 

across all subjects. The test-retest reliability for all indices was greater than .80. The 

WISC-IV and WISC-III were found to be highly correlated (r = .89) with an average 

FSIQ decrease of 2.5 points, suggesting good validity (Wechsler, 2003).  
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Connor’s Continuous Performance Task- Second Edition (CPT-II; Conners & MHS 
Staff, 2000).   

The Conner’s Continuous Performance Test II is a computerized measure of 

sustained attention and response inhibition. The respondent is instructed to press the 

space bar or left mouse button when any letter appears on the computer screen except for 

the target letter (X). The letters appear on the computer screen for fourteen minutes at 

varying intervals of one, two, and four seconds with a display time of 250 milliseconds. 

Normative data are provided for ages 6 to 65 collected from a sample of 1920 

individuals. The computer program provides 14 scores related to inattention, impulsivity, 

and vigilance.  All scores are presented as T-scores and the authors suggest a lower than 

normal cut-off for clinical significance of 60 or above (Conners & MHS, 2000).   

Test-retest correlation coefficients for the 14 scores range from .55 to .84. 

Validity evidence is strong given that research has demonstrated that the CPT accurately 

discriminates between children with ADHD and those without ADHD (Barkley et al., 

2001). For the purpose of this study, three CPT-II scores (Commission, Omission and 

Variablitiy) were used to assess the executive functioning skills of inhibition and 

vigilance respectively. The Variability score is a measure of response time consistency 

calculated as the standard deviation for the standard error values for each sub-block and 

was used as a measure of vigilance. The Omission score reflects the number of times the 

respondent missed responding to a non-target and was also used as a measure of 

vigilance. The Commission score reflects the number of times the respondent erroneously 

responded to the target letter (X), and was used as a measure of response inhibition.  

Child Behavior Checklist (CBCL; Achenbach & Rescorla, 2001) 

The CBCL is an empirically based rating scale of childhood behavior and 

emotional functioning. The CBCL consists of both a Parent Rating Form and a Teacher 
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Rating form. Parents and teachers rate the child on 113 items. The raters are asked to 

evaluate the child for how true each item is now or within the past 6 months. Each item 

on both the parent and teacher CBCL is evaluated on a 0-2 point scale: 0 = “not true;” 1 = 

“somewhat or sometimes true;” 2 = “very true or often true.” The Parent report form 

yields T-scores and percentiles for eight clinical scales: Anxious/Depressed, 

Withdrawn/Depressed, Somatic Complaints, Social Problems, Thought Problems, 

Attention Problems, Rule Breaking Behavior, and Aggressive behavior.  These scales are 

then combined into three composite scales: Internalizing, Externalizing, and Total 

Problems. The Internalizing composite is made up of the Anxious/Depressed, 

Withdrawn/Depressed, and Somatic Complaints clinical scales. The Anxious/Depressed 

and Withdrawn/Depressed subscales were used in this study as an independent variable. 

Internal consistency estimates ranged from .71 to .97 on the scales in the 

standardization sample. For the Internalizing composite subscales, these internal 

consistency estimates ranged from .78-.84. For the internalizing composite subscales, the 

test-retest estimates ranged from .82-.92. The validity of the CBCL was assessed through 

correlations with other global behavioral, social and emotional self-reports such as the 

Behavioral Assessment Scale for Children (BASC). These coefficients were generally 

within the range of .70-.89 (Achenbach & Rescorla, 2001).  
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Chapter IV: Results and Analyses 

The current investigation was undertaken to contribute to the literature regarding 

executive functioning deficits in children with ADHD. Specifically, this study was 

interested in the impact of anxiety and depression symptoms on the executive functioning 

of children with ADHD. ADHD subtype and gender differences, with respect to 

executive functioning performance, were also of interest. Supplementary exploratory 

analyses were conducted on teacher ratings of anxiety and depression. The preliminary 

and main analyses are described below under each hypothesis. A set of analyses on 

teacher ratings of anxiety and depression is also discussed in the supplementary analyses 

section. Overall preliminary analyses and descriptive statistics are presented below. All 

analyses were performed using SPSS 17.0 for Macintosh (released in 2008). 

OVERALL PRELIMINARY DATA ANALYSIS 

Power Analysis 

Power refers to the ability of a statistical method to correctly reject a false null 

hypothesis and is a function of the magnitude of the effect, the alpha level, and the 

sample size used in the research (Keith, 2006). All eligible files, based on consent and 

inclusionary and exclusionary criteria, were identified and a power analysis was 

conducted following this identification. The power analysis was completed through the 

G*Power 3 program, a program developed specifically to conduct power analyses in 

research (Faul, Erdfelder, Lang, & Buchner, 2007). Using a medium effect size (Cohen’s 

 = .15) with a sample size of 75 and an overall regression with 4 predictors (alpha = 

.05), the power for this study is .74. This is somewhat lower than preferred, and it is 

possible that some significant results may be unable to be detected. 
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Missing Data 

Missing data is assessed to ensure that the results are not unduly affected by the 

missing values. Of the 75 participants, only 64 participants had teacher ratings of anxiety 

and depression symptoms. As this study used archival data, it was not possible to retrieve 

this missing data. Additionally, the study was designed to examine parent ratings of these 

symptoms while using the teacher ratings for secondary analysis; therefore, all analyses 

using the teacher data were considered supplementary and only the 64 cases with this 

data were used in these analyses. Power for these supplementary analyses is .66. 

Descriptive Statistics 

Hypotheses assumed significant variance in executive functioning measures 

(Coding, Backward Digit Span, Commissions, Omissions, Variability, and Handwriting) 

would be accounted for by the independent variables of gender, ADHD subtype, parent 

ratings of anxiety (CBCL Anxious/Depressed) and parent ratings of depression (CBCL 

Withdrawn/Depressed). The SNAP-IV, which was used primarily for inclusionary 

purposes, was also examined as a measure of severity to ensure that findings related to 

gender, subtype or internalizing symptoms could not be better explained by ADHD 

severity and is included in the descriptive statistics below. Please see Appendix D for 

more information about this use of the SNAP-IV. Descriptive statistics for all variables 

are reported by subtype and displayed in Table 5 (p.81), with values rounded to the 

nearest hundredth. Descriptive statistics by gender are reported in Table 6 (p.82), with 

values rounded to the nearest hundredth. Intercorrelations among all variables are 

reported and displayed in Table 7 (p.83). The descriptive statistics were run to ensure 

proper data entry and to help with outlier and interaction analysis. 
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Table 5. Descriptive Statistics by Subtype 

Variables Whole Sample n = 75 
Mean (Standard 
Deviation) 

ADHD-C 
n = 24 

ADHD-PI 
n = 51 

Coding* 8.81 (3.36) 8.79 (3.66) 8.82 (3.25) 
Backward Digit Span* 9.63 (2.71) 10.38 (2.98) 9.27 (2.53) 
Commissions^ 50.83 (10.43) 49.31 (11.55) 51.54 (9.9) 
Omissions^ 53.65 (13.72) 59.37 (19.22) 50.96 (9.26) 
Variability^ 54.39 (8.81) 55.35 (8.29) 53.93 (9.09) 
Handwriting+ 87.41 (12.83) 88.13 (14.1) 87.08 (12.31) 
CBCL Anxious/Depressed 
ratings^ 

60.64 (9.47) 62.42 (9.84) 59.80 (9.27) 

CBCL 
Withdrawn/Depressed 
ratings^ 

58.32 (8.72) 57.79 (9.07) 58.57 (8.63) 

Gender 51 males, 24 females 20 males, 4 
females 

31 males, 20 
females 

Age (range 7-13) 9.44 (1.92) 8.67 (1.61) 9.80 (1.96) 
SNAP-IV severity** 28.91 (8.07) 37.67 (6.27) 24.79 (4.93) 

* Scale score: mean = 10, SD = 3 

^ T-score: mean = 50, SD = 10 

+Standard Score: mean = 100, SD=10 

** These are raw score totals that can range from 0 to 54 in an unrestricted population. 
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Table 6. Descriptive Statistics by Gender 

Variables Males n = 51 
Mean (Standard Deviation) 

Females n=24 

Coding* 8.43 (3.16) 9.63 (3.69) 
Backward Digit Span* 9.20 (2.72) 10.54 (2.50) 
Commissions^  49.05 (11.07) 54.60 (7.84) 
Omissions^ 53.10 (14.73) 54.81 (11.49) 
Variability^ 53.58 (9.03) 56.10 (8.25) 
Handwriting+ 84.31 (12.08) 94.00 (12.07) 
CBCL Anxious/Depressed ratings^ 59.47 (8.98) 63.13 (10.20) 
CBCL Withdrawn/Depressed ratings^ 58.04 (8.80) 58.92 (8.70) 
Age (range 7-13) 9.37 (1.97) 9.58 (1.84) 
SNAP-IV severity** 25.60 (8.76) 27.46 (6.28) 

* Scale score: mean = 10, SD = 3 

^ T-score: mean = 50, SD = 10 

+Standard Score: mean = 100, SD=10 

** These are raw score totals that can range from 0 to 54 in an unrestricted population. 
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Table 7. Intercorrelations Among All Variables 

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 
(1) Coding 1.00            
(2) Backward Digit Span .298** 1.00           
(3) Commissions -.082 -.003 1.00          
(4) Omissions -.275* .091 .015 1.00         
(5) Variability -.218 .140 .222 .632** 1.00        
(6) Handwriting .181 .375** .156 -.034 -.058 1.00       
(7) Gender .167 .233* .250* .058 .134 .355** 1.00      
(8) ADHD Subtype -.004 .191 -.101 .288* .076 .038 -.255 1.00     
(9) CBCL 
Anxious/Depressed 

-1.34 .062 -.033 .331** .203 .056 .181 .130 1.00    

(10) CBCL 
Withdrawn/Depressed 

-.053 .038 -.080 .060 -.083 .047 .047 -.042 .596** 1.00   

(11) Age -.178 -.295* .167 -.156 -.265* .022 .052 -.278* -.093 .065 1.00  
(12) SNAP-IV severity -.051 .121 -.087 .332** .082 .076 -.124 .749** .121 -.056 -.158 1.00 

Note: Asterisks (**) denote a statistically significant correlation (p < .01; two-tailed). 

Asterisk (*) denotes a significant correlation (p < .05; two-tailed).   
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Assumptions of Multiple Regression 

The data were examined for violations of the assumptions of multiple regression. 

Multiple regression assumes the following: (1) there is a linear relation between the 

dependent variables and the independent variables, (2) each participant is drawn 

independently from the population, (3) error variance is not a function of the independent 

variables (homoscedasticity), and (4) the errors are normally distributed (Keith, 2006). If 

the assumptions are not met, the resulting analyses may be misleading. 

Preliminary Analyses for Assumptions of Multiple Regression 

Preliminary analyses were conducted to determine whether the data met the 

assumptions of multiple regression. Excessive multicollinearity can impact the 

interpretation of results. Multicollinearity between the predictors was assessed for both 

the main and supplementary analyses, using the variance inflation factor (VIF). Values of 

VIF that reach 6 or 7 are flags for excessive multicollinearity (Keith, 2006). The VIF 

values for the four predictors used in the main analyses (gender, ADHD subtype, parent 

CBCL ratings of Anxious/Depressed, and parent CBCL ratings of Withdrawn/Depressed) 

ranged from 1.122 to 1.713 indicating multicollinearity should not be a problem for the 

main regressions. The VIF values for the four predictors used in the supplementary 

analyses (gender, ADHD subtype, teacher ratings of Anxious/Depressed and teacher 

ratings of Withdrawn/Depressed) ranged from 1.087 to 1.312 indicating multicollinearity 

was not be a problem for the supplementary regressions. 

The presence of outliers was assessed, as exceptionally high or low values can 

skew the results leading to erroneous interpretation. Two outliers were identified in the 

data set. Outliers were defined as scores greater than 3 standard deviations from the mean 

score. The outlier within the CPT-II Commission scores was 3.77 standard deviations 
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from the mean. The outlier within the CPT-II Omission scores was 5.33 standard 

deviations from the mean. As these scores can be complimentary, it is important to note 

that the two outliers were found for different individuals and in the opposite direction, 

with one score being exceptionally poor, and one score being exceptionally good. In 

order to address these outliers, their values were replaced with the next lowest values in 

the data set. This process is called “winsorization” and is used with the rationale that 

outliers provide useful information regarding the magnitude of effects but at the same 

time may unduly influence the analyses (Sheskin, 2004). It was deemed important to 

analyze as much data as possible given the low sample size and diminished power, which 

also impacted the decision to winsorize the variables rather than to throw out the values. 

All analyses were run with the winsorized data.  

Durbin-Watson tests were conducted on the data for each regression in order to 

assess the assumption of independent errors. These values ranged from 1.590 to 2.483 for 

all the regressions in the main, supplementary, and exploratory analyses. This range of 

values suggests that for all regressions the assumption of independent errors was met 

(Garson, n.d.). In addition to the Durbin-Watson tests, for each regression the scatterplot 

of residuals was examined to assess the assumptions of homoscedasticity and linearity. 

These examinations suggested that the assumptions of homoscedasticity and linearity had 

also been met (see Appendix E). The histograms and normal probability plots were also 

examined for each regression to assess assumption of normally distributed errors, and 

these plots suggested that the assumption was met for all analyses (see Appendix E). 

Since the above assumptions of multiple regression were met, this method was used 

throughout the analyses. 
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Type 1 Error 

Type I error occurs when a researcher incorrectly rejects a null hypothesis when it 

is true. Type 1 error rate is inflated with multiple statistical tests on the same data. In 

order to address this inflated error rate, an error correction technique, such as the 

Bonferonni adjustment, is used to correct for this inflation. In this study, due to the high 

number of statistical tests, the Bonferonni adjustment was quite low (p = .004). Due to 

the low number of participants and reduced power (.74), this adjustment was considered 

too prohibitive and analyses were run without this error correction. Therefore, caution 

should be taken in interpreting any significant effects that are higher than the Bonferonni 

adjusted level (p=.004). 

MAIN ANALYSES 

Hypothesis 1 

Hypothesis 1 predicted that male gender, ADHD-C subtype, higher ratings of 

anxiety, and higher ratings of depression would predict lower processing speed scores 

(WISC-IV Coding). A multiple regression was conducted. The dependent variable of 

processing speed (WISC-IV Coding subtest) was regressed on the four predictors: 

gender, ADHD subtype, parent CBCL ratings of Anxious/Depressed, and parent CBCL 

ratings of Withdrawn/Depressed. The overall regression was not statistically significant 

(  = .064, F[4, 70] = 1.192, p = .322), suggesting that the linear combination of 

predictors did not have a significant effect on processing speed (see Table 8, p.87). Table 

9 (p.87) lists the effects by predictor. This means that gender, ADHD subtype, parent 

ratings of anxiety, and parent ratings of depression were not shown to predict differences 

in processing speed. 
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Table 8. Overall ANOVA for the Multiple Regression of WISC-IV Coding: Main 
Analyses 

Model Sum of Squares Df Mean Square F Sig. 
Regression 53.397 4 13.349 1.192 .322 
Residual 783.990 70 11.200   
Total 837.387 74    
 

Table 9. Summary of Regression Coefficients Obtained for WISC-IV Coding: Main 
Analyses 

Unstandardized 
Coefficients 

Standardized 
Coefficients  

Model B Std. Error Beta t Sig. 
Intercept 11.352     
Gender* 1.595 .878 .223 1.818 .073 
ADHD subtype^ .566 .878 .079 .645 .521 
CBCL Anxious/Depressed T 
scores 

-.082 .054 -.231 -1.529 .131 

CBCL Withdrawn/Depressed T 
scores 

.030 .057 .078 .532 .597 

* Coded: 0 = male, 1 = female 

^ Coded: 0 = ADHD-PI, 1 = ADHD-C 

Hypothesis 2 

Hypothesis 2 predicted that higher ratings of anxiety and higher ratings of 

depression would predict lower working memory scores (WISC-IV Backward Digit 

Span). Hypothesis 2 also predicted that subtype and gender would not predict changes in 

the working memory scores. A multiple regression was conducted. The dependent 

variable of working memory (WISC-IV Backward Digit Span) was regressed on the four 

predictors: gender, ADHD subtype, parent CBCL ratings of Anxious/Depressed, and 

parent CBCL ratings of Withdrawn/Depressed. The overall regression was not significant 

(  = .121, F[4, 70] = 2.418, p = .057), suggesting that the linear combination of 
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predictors had no significant effect on working memory (see Table 10, p.89). Although 

the overall regression was not statistically significant, the two categorical variables of 

Gender and ADHD subtype were significant. The unstandardized coefficient (b) for 

gender was 1.759 (t[70] = 2.568, p = .012), meaning that females scored 1.759 points 

higher than males on WISC-IV Backward Digit Span, controlling for ADHD subtype, 

parent CBCL ratings of Anxious/Depressed, and parent CBCL ratings of 

Withdrawn/Depressed (see Table 11, p.89). The b for ADHD subtype was 1.574 (t[70] = 

2.298, p = .025), meaning that children with ADHD-C scored 1.579 points higher than 

children with ADHD-PI on WISC-IV Backward Digit Span, controlling for gender, 

parent CBCL ratings of Anxious/Depressed, and parent CBCL ratings of 

Withdrawn/Depressed (see Table 11, p.89). This means that males and children with 

ADHD-PI displayed worse performance on working memory.  Parent ratings of anxiety 

and symptoms of depression were not shown to predict differences in working memory. 
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Table 10. Overall ANOVA for the Multiple Regression of WISC-IV Backward Digit 
Span: Main Analyses 

Model Sum of Squares Df Mean Square F Sig. 
Regression 65.981 4 16.495 2.418 .057 
Residual 477.565 70 6.822   
Total 543.547 74    
 

Table 11. Summary of Regression Coefficients Obtained for WISC-IV Backward Digit 
Span: Main Analyses 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

Model B Std. Error Beta t Sig. 
Intercept 8.435     
Gender* 1.759 .685 .305 2.568 .012 
ADHD subtype^ 1.574 .685 .273 2.298 .025 
CBCL Anxious/Depressed T 
scores -.022 .042 -.077 -.526 .601 
CBCL Withdrawn/Depressed T 
scores .025 .044 .081 .568 .572 

* Coded: 0 = male, 1 = female 

 ^ Coded: 0 = ADHD-PI, 1 = ADHD-C 

Hypothesis 3 

Hypothesis 3 predicted that male gender, ADHD-C subtype, higher ratings of 

anxiety, and higher ratings of depression would predict worse response inhibition, as 

indicated by higher CPT-II Commission T scores. A multiple regression was conducted. 

The dependent variable of response inhibition (CPT-II Commissions) was regressed on 

the four predictors: gender, ADHD subtype, parent CBCL ratings of Anxious/Depressed, 

and parent CBCL ratings of Withdrawn/Depressed. The overall regression was not 



 

 71 

significant (  = .068, F[4, 70] = 1.267, p = .291), suggesting that the linear combination 

of predictors had no significant effect on working memory (see Table 12). Although the 

overall regression was not statistically significant, the categorical variable of Gender was 

significant. The unstandardized coefficient (b) for gender was 5.229 (t[70] = 2.058, p = 

.043), meaning that females scored 5.229 points higher than males on CPT-II 

Commissions (see Table 13). This means that males displayed worse performance on 

response inhibition. ADHD subtype, parent ratings of anxiety, and parent ratings of 

depression were not shown to predict differences in response inhibition. 

Table 12. Overall ANOVA for the Multiple Regression of CPT-II Commissions: Main 
Analyses 

Model Sum of Squares df Mean Square F Sig. 
Regression 475.656 4 118.914 1.267 .291 
Residual 6570.360 70 93.862   
Total 7046.016 74    
 

Table 13. Summary of Regression Coefficients Obtained for CPT-II Commissions: Main 
Analyses 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

Model B Std. Error Beta t Sig. 
Intercept 53.702     
Gender* 5.229 2.541 .252 2.058 .043 
ADHD subtype^ -.414 2.541 -.020 -.163 .871 
CBCL Anxious/Depressed T 
scores 

-.010 .156 -.010 -.066 .948 

CBCL Withdrawn/Depressed T 
scores 

-.061 .164 -.055 -.375 .709 

* Coded: 0 = male, 1 = female 

^ Coded: 0 = ADHD-PI, 1 = ADHD-C 
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Hypothesis 4 

Hypothesis 4 predicted that ADHD-PI subtype, higher ratings of anxiety, and 

higher ratings of depression would be shown to predict worse vigilance, as indicated by 

higher CPT-II Omission T scores and Variability T scores. Hypothesis 4 also predicted 

that gender would not predict changes in these scores. Analyses for this hypothesis are 

presented separately for the dependent variables of Omission and Variability.  

Omissions 

A multiple regression was conducted. The dependent variable of vigilance (CPT-

II Omissions) was regressed on the four predictors: gender, ADHD subtype, parent 

CBCL ratings of Anxious/Depressed, and parent CBCL ratings of Withdrawn/Depressed. 

The overall regression was statistically significant (  = .204, F[4, 70] = 4.478, p = 

.003), and the four predictors accounted for 20% of the variance in Omissions (see Table 

14, p.92). Two of the independent variables (ADHD subtype and parent CBCL ratings of 

Anxious/Depressed) also had statistically significant effects on Omissions. The 

unstandardized coefficient (b) for ADHD subtype was 5.728 (t[70] = 2.082, p = .041), 

meaning that children with ADHD-C scored 5.728 points higher, on average, (indicating 

worse performance) than children with ADHD-PI on Omissions, controlling for gender, 

parent ratings of Anxious/Depressed and parent ratings of Withdrawn/Depressed. The 

unstandardized coefficient (b) for parent CBCL ratings of Anxious/Depressed was .494 

(t[70] = 2.935, p = .005). This finding suggests that for each additional T score point on 

the Anxious/Depressed scale, children’s Omission scores increase by .494 points, 

controlling for gender, subtype and parent ratings of Withdrawn/Depressed (see Table 

15). The standardized coefficient suggests that for each standard deviation increase in 

parent rating of Anxious/Depressed, children’s Omission scores increased by .410 SD, 

controlling for the other variables in the model. This means that children with ADHD-C 



 

 73 

and children with higher parent ratings of anxiety demonstrated worse performance on 

this task of vigilance. Gender and parent ratings of depression were not shown to predict 

differences in performance on this vigilance task. Because the effects of interactions will 

be examined for Omissions under Hypothesis 6 below, these main effects should be 

considered preliminary until the effects of interactions are examined. 

Table 14. Overall ANOVA for the Multiple Regression of CPT-II Omissions: Main 
Analyses 

Model Sum of Squares df Mean Square F Sig. 

Regression 1970.846 4 492.712 4.478 .003 
Residual 7702.012 70 110.029   
Total 9672.858 74    
 

Table 15. Summary of Regression Coefficients Obtained for CPT-II Omissions: Main 
Analyses 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

Model B Std. Error Beta t Sig. 
Intercept 39.346     
Gender* 2.257 2.751 .093 .820 .415 
ADHD subtype^ 5.728 2.751 .235 2.082 .041 
Parent Anxious/Depressed T 
scores .494 .168 .410 2.935 .005 
Parent Withdrawn/Depressed 
T scores -.322 .177 -.245 -1.813 .074 

* Coded: 0 = male, 1 = female 

^ Coded: 0 = ADHD-PI, 1 = ADHD-C 

Variability 

A multiple regression was conducted. The dependent variable of response 

inhibition (CPT-II Variability) was regressed on the four predictors: gender, ADHD 

subtype, parent CBCL ratings of Anxious/Depressed, and parent CBCL ratings of 
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Withdrawn/Depressed. The overall regression was not significant (  = .114, F[4, 70] = 

2.242, p = .073), suggesting that the linear combination of predictors had no significant 

effect on response inhibition (see Table 16). Although the overall regression was not 

statistically significant, the variables of parent CBCL ratings of Anxious/Depressed and 

Withdrawn/Depressed were significant. The unstandardized coefficient (b) for CBCL 

ratings of Anxious/Depressed was .336 (t[70] = 2.453, p = .017). This finding suggests 

that for each additional T score point on the CBCL Anxious/Depressed scale, children’s 

CPT-II Variability scores increase by .336 points, controlling for gender, ADHD subtype, 

and CBCL ratings of Withdrawn/Depressed (see Table 17, p.94). The b for CBCL ratings 

of Withdrawn/Depressed was -.305 (t[70] = -2.110, p = .038). This finding suggests that 

for each additional T score point on the CBCL Withdrawn/Depressed scale children’s 

CPT-II Variability scores decrease by .305 points, controlling for gender, ADHD subtype 

and CBCL ratings of Anxious/Depressed (see Table 17, p.94). It should be noted that 

both the CBCL and the CPT use T scores, where higher scores indicate more impairment. 

Thus, higher ratings of Anxious/Depressed predict worse performance while higher 

ratings of Withdrawn/Depressed predict better performance. This means that higher 

parent ratings of anxiety predict worse performance on this measure of vigilance while 

higher parent ratings of depression predict better performance. Gender and ADHD 

subtype were not shown to predict differences in performance on this vigilance task. 

Table 16. Overall ANOVA for the Multiple Regression of CPT-II Variability: Main 
Analyses 

Model Sum of Squares df Mean Square F Sig. 

Regression 652.811 4 163.203 2.242 .073 
Residual 5095.296 70 72.790   
Total 5748.107 74    
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Table 17. Summary of Regression Coefficients Obtained for CPT-II Variability: Main 
Analyses 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

Model B Std. Error Beta t Sig. 
Intercept 50.991     
Gender* 1.717 2.237 .091 .767 .445 
ADHD subtype^ .697 2.238 .037 .312 .756 
Parent Anxious/Depressed T 
scores .336 .137 .361 2.453 .017 
Parent Withdrawn/Depressed 
T scores -.305 .144 -.301 -2.110 .038 

* Coded: 0 = male, 1 = female 

^ Coded: 0 = ADHD-PI, 1 = ADHD-C 

Hypothesis 5 

Hypothesis 5 predicted that male gender, higher ratings of anxiety, and higher 

ratings of depression would predict lower fine motor scores (WJ-III Ach Handwriting). 

Hypothesis 5 also predicted that ADHD subtype would not predict changes in the 

Handwriting scores. A multiple regression was conducted. The dependent variable of fine 

motor control (WJ-III Ach) was regressed on the four predictors: gender, ADHD subtype, 

parent CBCL ratings of Anxious/Depressed, and parent CBCL ratings of 

Withdrawn/Depressed. The overall regression was significant (  = .146, F[4, 70] = 

2.987, p = .025), and the four predictors accounted for 14% of the variance in 

Handwriting (see Table 18, p.95). One of the independent variables (gender) also had a 

statistically significant effect on Handwriting. The unstandardized coefficient (b) for 

gender was 10.875 (t[70] = 3.402, p = .001), meaning that females scored 10.875 points 

higher than males on Handwriting, controlling for ADHD subtype, parent ratings of 

Anxious/Depressed and parent ratings of Withdrawn/Depressed (see Table 19, p.95). 



 

 76 

This means that males demonstrated worse performance on a handwriting task than 

females. ADHD subtype, parent ratings of anxiety, and parent ratings of depression were 

not shown to predict differences in handwriting. 

Table 18. Overall ANOVA for the Multiple Regression of WJ-III Ach Handwriting: 
Main Analyses 

Model Sum of Squares df Mean Square F Sig. 
Regression 1775.485 4 443.871 2.987 .025 
Residual 10402.702 70 148.610   
Total 12178.187 74    
 

Table 19. Summary of Regression Coefficients Obtained for WJ-III Ach Handwriting: 
Main Analyses 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

Model B Std. Error Beta t Sig. 
Intercept 82.419     
Gender* 10.875 3.197 .398 3.402 .001 
ADHD subtype^ 3.895 3.197 .143 1.218 .227 
CBCL Anxious/Depressed T 
scores -.115 .196 -.085 -.586 .560 
CBCL Withdrawn/Depressed T 
scores .124 .206 .084 .600 .550 

* Coded: 0 = male, 1 = female 

^ Coded: 0 = ADHD-PI, 1 = ADHD-C 

Hypothesis 6 

Hypothesis 6 predicted that gender and subtype, subtype and anxiety symptoms 

and subtype and depression symptoms would interact in their effects on executive 

functioning domains. Hypothesis 6 also predicted that there may be a three-way 

interaction between gender, subtype and anxiety or depression symptoms that would 

affect executive functioning performance. As only vigilance (CPT-II Omissions) had a 
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significant result, this is the only executive functioning domain where interactions were 

examined. Although it is possible that other interactions could be significant even when 

main effects were not significant, the decision was made to limit analyses of interactions 

due to the low stated power of the sample. In this regression, both subtype and CBCL 

ratings of Anxious/Depression were found to be significant; therefore, only the 

interaction between subtype and CBCL ratings of Anxious/Depression will be 

investigated. 

In order to create an interaction term for the analysis, the continuous variable of 

CBCL ratings on Anxious/Depressed was centered (Centered Anxious/Depressed scores), 

then the cross product of the centered CBCL ratings and subtype was entered into the 

regression during the second step (Keith, 2006). The initial four predictors (gender, 

ADHD subtype, centered anxiety, and CBCL ratings on Withdrawn/Depressed) 

accounted for 20% of the variance in CPT-II Omission scores (F[4, 70] = 4.478, p = 

.003). The addition of the of the anxiety-subtype cross product explained an additional 

7.7% of the variance in CPT-II Omissions, a statistically significant increase (F[1, 69] = 

7.346, p = .008). Table 20 lists the model summary. The interaction between CBCL 

ratings of anxiety and ADHD subtype was statistically significant (see Table 21, p.97). 

This interaction is presented graphically below (see Figure 3, p.98). 

Table 20. Model Summary for Sequential Multiple Regression of CPT-II Omissions 

Change Statistics 

Model R 
R 
Square 

R Square 
Change 

F 
Change df1 df2 

Sig. F 
Change 

1 .451 .204 .204 4.478 4 70 .003 
2 .529 .280 .077 7.346 1 69 .008 
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Table 21. Summary of Regression Coefficients Obtained for Sequential Multiple 
Regression of CPT-II Omissions 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

Model B Std. Error Beta t Sig. 
Intercept 71.302     
Gender* 2.490 2.635 .102 .945 .348 
ADHD subtype^ 5.068 2.645 .208 1.916 .060 
Centered Anxious/Depressed 
scores .270 .181 .224 1.490 .141 
CBCL Withdrawn/Depressed 
scores -.360 .171 -.275 -2.113 .038 
Subtype by Centered  .714 .263 .346 2.710 .008 

* Coded: 0 = male, 1 = female 

^ Coded: 0 = ADHD-PI, 1 = ADHD-C 
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Figure 3. Graph of CPT-II Omission Scores by Parent Anxious/Depressed scores 
separated by ADHD subtype. 

To further examine the meaning of the statistically significant interaction, simple 

regressions were conducted. CPT-II Omissions was regressed on CBCL ratings of 

Anxious/Depressed separately for the ADHD subtypes. The other variables from the 

original analysis were excluded in these follow-up tests in order to maximize power for 

the group analysis due to the small n associated with the ADHD-C group. As suggested 

by the statistically significant crossproduct, the effect of parent ratings of 

Anxious/Depressed on CPT-II Omissions depended on ADHD subtype. For ADHD-PI, 
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the effect of parents ratings of Anxious/Depressed was not statistically significant (  = 

.013, F[1, 49] = .650, p = .424; see Table 22). For ADHD-C, the effect of parent ratings 

of Anxious/Depressed was significant  = .283, F[1, 22] = 8.685, p = .007; see Table 

23). 

Table 22. Summary of Simple Regression Analysis for CBCL Anxious/Depressed 
Ratings Predicting CPT-II Omissions for ADHD-PI participants only 

Model Sum of Squares df Mean Square F Sig. 
Regression 56.048 1 56.048 .650 .424 
Residual 4227.273 49 86.271   
Total 4283.321 50    
 

Table 23. Summary of Simple Regression Analysis for CBCL Anxious/Depressed 
Ratings Predicting CPT-II Omissions for ADHD-C participants only 

Model Sum of Squares df Mean Square F Sig. 
Regression 1314.330 1 1314.330 8.685 .007 
Residual 3329.260 22 151.330   
Total 4643.590 23    
 

The unstandardized coefficient (b) for parent CBCL ratings of Anxious/Depressed 

of children with ADHD-C was .768 (t[22] = 2.947, p = .007). This finding suggests that 

for each additional T score point on the CBCL Anxious/Depressed scale for children with 

ADHD-C, their Omission scores increase by .768 points (see Table 24). These findings 

suggest that the significant main effects of subtype and CBCL ratings Anxious/Depressed 

from Hypothesis 4 are misleading, and the effects of CBCL ratings of Anxious/Depressed 

on vigilance (CPT-II Omissions) is dependent on ADHD subtype. This means that higher 

parent ratings of anxiety were shown to predict worse performance on this vigilance task 

for children with ADHD-C, but not children with ADHD-PI. 
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Table 24. Summary of Regression Coefficients Obtained for CPT-II Ommissions with 
CBCL Ratings of Anxious/Depressed for ADHD-C Group 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

Model B Std. Error Beta t Sig. 
Intercept 9.774     
CBCL Anxious/Depressed T 
scores .768 .261 .532 2.947 .007 
 

Summary of Main Analyses 

The main analyses examined the effects of gender, ADHD subtype, CBCL 

Anxious/Depressed ratings and CBCL Withdrawn/Depressed ratings on multiple 

domains. The findings for the multiple regressions are summarized in Table 25 (p.101). 



 

 82 

 

Table 25. Summary of findings for the Main Analyses 

Dependent Variable 
(Neurocognitive 
Domain) Findings Directionality 
WISC-IV Coding 
(Processing Speed) 

No significant findings N/A 

WISC-IV Backward 
Digit Span (Working 
Memory) 

Overall model non-significant, 
significant main effects for 
gender and subtype  

Females and children with 
ADHD-C displayed better 
performance 

CPT-II Commissions 
(Response Inhibition) 

Overall model non-significant, 
significant main effects for 
gender  

Females outperformed males 

CPT-II Omissions 
(Vigilance) 

Significant findings for CBCL 
Anxious/Depressed for 
ADHD-C subtype only  

Children with higher parent 
ratings of anxiety performed 
worse but only for the 
ADHD-C subtype 

CPT-II Variability 
(Vigilance) 

Overall model non-significant, 
significant main effects for 
CBCL Anxious/Depressed and 
CBCL Withdrawn/Depressed  

Children with higher parent 
ratings of anxiety performed 
worse while children with 
higher parent ratings of 
depression performed better 

WJ-III Ach 
Handwriting (Fine 
Motor Control) 

Significant findings for gender Females outperformed males 
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SUPPLEMENTARY ANALYSES ON TEACHER RATINGS 

In addition to parent reports of anxiety and depression, teacher reports of anxiety 

and depression were also taken for 64 participants. The following section explores 

whether the teacher ratings of anxiety and depression explain a significant amount of 

variance in any of the executive functioning domains. 

Main Analysis for the Effects of Teacher ratings on Processing Speed 

A multiple regression was conducted. The dependent variable of processing speed 

(WISC-IV Coding subtest) was regressed on the four predictors: gender, ADHD subtype, 

Teacher Report Form (TRF) ratings of Anxious/Depressed, and TRF ratings of 

Withdrawn/Depressed. The overall regression was not significant (  = .041, F[4, 59] = 

.627, p = .645), suggesting that the linear combination of predictors had no significant 

effect on processing speed (see Table 26). Table 27 (p.103) lists the effects by predictor. 

This means that gender, ADHD subtype, teacher ratings of anxiety, and teacher ratings of 

depression were not shown to predict differences in processing speed. 

Table 26. Overall ANOVA for the Multiple Regression of WISC-IV Coding: 
Supplementary Analyses 

Model Sum of Squares df Mean Square F Sig. 
Regression 31.553 4 7.888 .627 .645 
Residual 742.385 59 12.583   
Total 773.938 63    
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Table 27. Summary of Regression Coefficients Obtained for WISC-IV Coding: 
Supplementary Analyses 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

Model B Std. Error Beta t Sig. 
Intercept 10.242     
Gender* 1.420 1.012 .187 1.403 .166 
ADHD subtype^ .352 1.000 .048 .352 .726 
TRF Anxious/Depressed T 
scores .056 .060 .136 .935 .354 
TRF Withdrawn/Depressed T 
scores .026 .064 .059 .403 .688 

* Coded: 0 = male, 1 = female 

^ Coded: 0 = ADHD-PI, 1 = ADHD-C 

Main Analysis for the Effects of Teacher ratings on Working Memory 

A multiple regression was conducted. The dependent variable of working memory 

(WISC-IV Backward Digit Span) was regressed on the four predictors: gender, ADHD 

subtype, TRF ratings of Anxious/Depressed, and TRF ratings of Withdrawn/Depressed. 

The overall regression was significant (  = .173, F[4, 59] = 3.007, p = .023), and the 

four predictors accounted for 17% of the variance in WISC-IV Backward Digit Span (see 

Table 28, p.104). Three of the independent variables (gender, ADHD subtype, and TRF 

ratings of Anxious/Depressed) also had a statistically significant effect on WISC-IV 

Backward Digit Span. The unstandardized coefficient (b) for gender was 1.745 (t[59] = 

2.441, p = .018), meaning that females scored 1.745 points higher than males on 

Backward Digit Span, controlling for ADHD subtype, TRF ratings of Anxious/Depressed 

and TRF ratings of Withdrawn/Depressed. The b for ADHD subtype was 1.739 (t[59] = 

2.461, p = .017), meaning that children with ADHD-C scored 1.739 points higher than 
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children with ADHD-PI on Backward Digit Span, controlling for ADHD subtype, TRF 

ratings of Anxious/Depressed and TRF ratings of Withdrawn Depressed. The b for TRF 

ratings of Anxious/Depressed was -.098 (t[59] = -2.290, p = .026). This finding suggests 

that for each additional T score point on the TRF Anxious/Depressed scale, children’s 

Backward Digit Span scores decrease by .098 points, controlling for gender, ADHD 

subtype and TRF ratings of Withdrawn/Depressed (see Table 29). This means that males, 

children with ADHD-PI, and children with higher teacher ratings of anxiety demonstrated 

worse performance on working memory. Teacher ratings of depression were not shown 

to predict differences in working memory. 

Table 28. Overall ANOVA for the Multiple Regression of WISC-IV Backward Digit 
Span: Supplementary Analyses 

Model Sum of Squares df Mean Square F Sig. 
Regression 77.290 4 19.323 3.077 .023 
Residual 370.460 59 6.279   
Total 447.750 63    
 

Table 29. Summary of Regression Coefficients Obtained for WISC-IV Backward Digit 
Span: Supplementary Analyses 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

Model B Std. Error Beta t Sig. 
Intercept 11.199     
Gender* 1.745 .715 .301 2.441 .018 
ADHD subtype^ 1.739 .707 .309 2.461 .017 
TRF Anxious/Depressed T 
scores -.098 .043 -.311 -2.290 .026 
TRF Withdrawn/Depressed 
T scores .050 .045 .149 1.105 .273 

* Coded: 0 = male, 1 = female 

^ Coded: 0 = ADHD-PI, 1 = ADHD-C 
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To ensure the most accurate interpretation of the significant findings, interaction 

terms were added to the model in order to assess any interaction effects. As the main 

effects of gender, ADHD subtype and TRF ratings of Anxious/Depressed were all 

significant, the interactions of gender by subtype, gender by TRF Anxious/Depressed 

scores, and subtype by TRF Anxious/Depressed scores were all be examined. Only if one 

of these interactions was significant would the three way interaction be examined. 

In order to create the interaction terms for the analysis, the continuous variable of 

TRF ratings on Anxious/Depressed was centered (centered TRF Anxious/Depressed 

scores) following the steps provided by Keith (2006). The cross products of the centered 

TRF ratings with subtype (subtype by centered) and the TRF ratings with gender (gender 

by centered) were entered into the regression during the second step, along with the cross 

product of gender with subtype (gender by subtype). The initial four predictors (gender, 

ADHD subtype, centered TRF Anxious/Depressed, and TRF ratings on 

Withdrawn/Depressed) accounted for 17% of the variance in Backward Digit Span scores 

(F[4, 59] = 3.077, p = .023). The addition of the of the gender by subtype, subtype by 

centered TRF Anxious/Depressed, and gender by TRF Anxious/Depressed cross products 

explained an additional 3.8% of the variance in Backward Digit Span, a non-significant 

increase (F[3, 56] = .908, p = .443). Table 30 (p.106) lists the model summary. Table 31 

(p.106) lists the effects by predictor. These results suggest that interpreting the main 

effects was appropriate. This means that none of the interactions produced significant 

effects.  
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Table 30. Model Summary for the Sequential Multiple Regression of WISC-IV 
Backward Digit Span 

Change Statistics 

Model R 
R 
Square 

R Square 
Change 

F 
Change df1 df2 

Sig. F 
Change 

1 .415 .173 .173 3.077 4 59 .023 
2 .459 .211 .038 .908 3 56 .443 
 

Table 31. Summary of Regression Coefficients Obtained for Sequential Multiple 
Regression of WISC-IV Backward Digit Span 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

Model B Std. Error Beta t Sig. 
Intercept 4.471     
Gender* 1.854 .802 .320 2.313 .024 
ADHD subtype^ 1.927 .786 .342 2.450 .017 
Centered TRF Anxious/Depressed 
scores -.185 .068 -.588 -2.704 .009 
TRF Withdrawn/Depressed T 
scores .067 .047 .202 1.442 .155 
Gender by subtype -.866 1.811 -.069 -.478 .634 
Subtype by centered .117 .093 .186 1.255 .215 
Gender by centered .118 .083 .247 1.420 .161 

* Coded: 0 = male, 1 = female 

^ Coded: 0 = ADHD-PI, 1 = ADHD-C 

Main Analysis for the Effects of Teacher ratings on Response Inhibition 

A multiple regression was conducted. The dependent variable of response 

inhibition (CPT-II Commissions) was regressed on the four predictors: gender, ADHD 

subtype, TRF ratings of Anxious/Depressed, and TRF ratings of Withdrawn/Depressed. 

The overall regression was not significant (  = .030, F[4, 59] = .462, p = .763), 

suggesting that the linear combination of predictors had no significant effect on response 
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inhibition (see Table 32). Table 33 lists the effects by predictor. This means that gender, 

ADHD subtype, teacher ratings of anxiety, and teacher ratings of depression were not 

shown to predict differences in response inhibition. 
 

Table 32. Overall ANOVA for the Multiple Regression of CPT-II Commissions: 
Supplementary Analyses 

Model Sum of Squares df Mean Square F Sig. 
Regression 184.095 4 46.024 .462 .763 
Residual 5875.569 59 99.586   
Total 6059.664 63    
 

Table 33. Summary of Regression Coefficients Obtained for CPT-II Commissions: 
Supplementary Analyses 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

Model B Std. Error Beta t Sig. 
Intercept 52.316     
Gender* 3.718 2.847 .175 1.306 .197 
ADHD subtype^ .653 2.814 .032 .232 .817 
TRF Anxious/Depressed T 
scores .005 .170 .004 .027 .978 
TRF Withdrawn/Depressed T 
scores -.057 .180 -.047 -.319 .751 

* Coded: 0 = male, 1 = female 

^ Coded: 0 = ADHD-PI, 1 = ADHD-C 

Effects of Teacher Ratings on Vigilance  

The effects of TRF ratings on vigilance will be examined by looking at the 

dependent variables of CPT-II Omissions and CPT-II Variability.  



 

 89 

Main Analysis for the Effects of Teacher ratings on CPT-II Omissions 

A multiple regression was conducted. The dependent variable of vigilance (CPT-

II Omissions) was regressed on the four predictors: gender, ADHD subtype, TRF ratings 

of Anxious/Depressed, and TRF ratings of Withdrawn/Depressed. The overall regression 

was not significant (  = .116, F[4, 59] = 1.944, p = .115), suggesting that the linear 

combination of predictors had no significant effect on vigilance (see Table 34). Table 35 

lists the effects by predictor. This means that gender, ADHD subtype, teacher ratings of 

anxiety, and teacher ratings of depression were not shown to predict differences in 

vigilance. 

Table 34. Overall ANOVA for the Multiple Regression of CPT-II Omissions: 
Supplementary Analyses 

Model Sum of Squares df Mean Square F Sig. 
Regression 842.320 4 210.580 1.944 .115 
Residual 6389.489 59 108.296   
Total 7231.809 63    
 

Table 35. Summary of Regression Coefficients Obtained for CPT-II Omissions: 
Supplementary Analyses 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

Model B Std. Error Beta t Sig. 
Intercept 45.868     
Gender* 5.517 2.969 .237 1.858 .068 
ADHD subtype^ 3.897 2.934 .172 1.328 .189 
TRF Anxious/Depressed T 
scores .240 .177 .190 1.352 .181 
TRF Withdrawn/Depressed 
T scores -.169 .187 -.126 -.900 .372 

* Coded: 0 = male, 1 = female 

^ Coded: 0 = ADHD-PI, 1 = ADHD-C 
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Main Analysis for the Effects of Teacher ratings on CPT-II Variability 

A multiple regression was conducted. The dependent variable of vigilance (CPT-

II Variability) was regressed on the four predictors: gender, ADHD subtype, TRF ratings 

of Anxious/Depressed, and TRF ratings of Withdrawn/Depressed. The overall regression 

was not significant (  =.074, F[4, 59] = 1.180, p = .329), suggesting that the linear 

combination of predictors had no significant effect on vigilance (see Table 36). Table 37 

lists the effects by predictor. This means that gender, ADHD subtype, teacher ratings of 

anxiety, and teacher ratings of depression were not shown to predict differences in 

vigilance. 

Table 36. Overall ANOVA for the Multiple Regression of CPT-II Variability: 
Supplementary Analyses 

Model Sum of Squares df Mean Square F Sig. 
Regression 357.401 4 89.350 1.180 .329 
Residual 4469.404 59 75.753   
Total 4826.805 63    
 

Table 37. Summary of Regression Coefficients Obtained for CPT-II Variability: 
Supplementary Analyses 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

Model B Std. Error Beta t Sig. 
Intercept 48.864     
Gender* 3.253 2.483 .171 1.310 .195 
ADHD subtype^ -.134 2.454 -.007 -.054 .957 
TRF Anxious/Depressed T 
scores .222 .148 .215 1.496 .140 
TRF Withdrawn/Depressed T 
scores -.138 .157 -.126 -.883 .381 

* Coded: 0 = male, 1 = female 

^ Coded: 0 = ADHD-PI, 1 = ADHD-C 
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Main Analysis for the Effects of Teacher ratings on Fine Motor Control 

A multiple regression was conducted. The dependent variable of fine motor 

control (WJ-III Ach Handwriting) was regressed on the four predictors: gender, ADHD 

subtype, TRF ratings of Anxious/Depressed, and TRF ratings of Withdrawn/Depressed. 

The overall regression was significant (  =.182, F[4, 59] = 3.274, p = .017), and the 

four predictors accounted for 18% of the variance in WJ-III Ach Handwriting (see Table 

38). One of the independent variables (gender) also had a statistically significant effect on 

WJ-III Ach Handwriting. The unstandardized coefficient (b) for gender was 11.823 (t[59] 

= 3.434, p = .001), meaning that females scored 11.823 points higher than males on 

Handwriting, controlling for ADHD subtype, TRF ratings of Anxious/Depressed and 

TRF ratings of Withdrawn/Depressed (see Table 39); however, interpretation of this 

number is cautioned. As the sample of children with teacher ratings is smaller (64) than 

the sample with parent ratings (75), and since the direction of the effects are the same, the 

main effects of gender on WJ-III Ach Handwriting scores should be examined with the 

full sample to get the most accurate view. Please refer to Hypothesis 5 above for that 

analysis. 

Table 38. Overall ANOVA for the Multiple Regression of WJ-III Ach Handwriting: 
Supplementary Analyses. 

Model Sum of Squares df Mean Square F Sig. 
Regression 1908.048 4 477.012 3.274 .017 
Residual 8596.061 59 145.696   
Total 10504.109 63    
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Table 39. Summary of Regression Coefficients Obtained for WJ-III Ach Handwriting: 
Supplementary Analyses 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

Model B Std. Error Beta T Sig. 
Intercept 98.846     
Gender* 11.823 3.443 .422 3.434 .001 
ADHD subtype^ 3.679 3.403 .135 1.081 .284 
TRF Anxious/Depressed T 
scores -.320 .205 -.210 -1.558 .125 
TRF Withdrawn/Depressed T 
scores .042 .217 .026 .191 .849 

* Coded: 0 = male, 1 = female 

^ Coded: 0 = ADHD-PI, 1 = ADHD-C 

Summary of Supplementary Analyses 

The main analyses examined the effects of gender, ADHD subtype, TRF 

Anxious/Depressed ratings and TRF Withdrawn/Depressed ratings on multiple domains. 

The findings for the multiple regressions are summarized in Table 40 (p.112). 
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Table 40. Summary of findings for the Supplementary Analyses 

Dependent Variable 
(Neurocognitive Domain) Findings Directionality 
WISC-IV Coding 
(Processing Speed) 

No significant findings N/A 

WISC-IV Backward Digit 
Span (Working Memory) 

Significant findings for 
gender, subtype and TRF 
Anxious/Depressed 

Females, children with 
ADHD-C and children with 
lower ratings of anxiety 
performed better 

CPT-II Commissions 
(Response Inhibition) 

No significant findings N/A 

CPT-II Omissions 
(Vigilance) 

No significant findings N/A 

CPT-II Variability 
(Vigilance) 

No significant findings N/A 

WJ-III Ach Handwriting 
(Fine Motor Control) 

Significant findings for 
gender 

Females outperformed 
males 
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Chapter V: Discussion 

This study was interested in the impact of anxiety and depression symptoms on 

the executive functioning of children with ADHD. In order to best examine the impact of 

these internalizing symptoms, this study also controlled for gender and ADHD subtype 

when investigating the executive functioning performance of these children. The majority 

of ADHD research into executive functioning has ignored the presence of comorbid 

diagnoses and symptoms. This study aimed to determine whether this oversight could be 

masking important information regarding the nature of executive functioning in children 

with ADHD. Results from this study indicated that the presence of internalizing 

symptoms does impact executive functioning performance in certain domains, namely 

working memory and vigilance. Results also indicated that ADHD subtype impacted 

aspects of executive functioning in the working memory and vigilance domains. Finally, 

this study found that gender impacted aspects of executive functioning in the working 

memory and response inhibition domains, with additional impact also found on the 

handwriting task. 

IMPACT OF INTERNALIZING SYMPTOMS ON EXECUTIVE FUNCTIONING 

Of greatest interest to this study was the impact of anxiety and depression 

symptoms on aspects of executive functioning. On one measure of vigilance, parent 

ratings of anxiety were found to interact with ADHD subtype. Specifically, parent ratings 

of anxiety only impacted the children’s scores on vigilance if they were diagnosed with 

ADHD-C. As ratings of anxiety increased for children with ADHD-C, their performance 

on this vigilance task decreased. Parent ratings of anxiety did not impact the performance 

of children with ADHD-PI. This suggests that for some vigilance tasks, namely Omission 

tasks, anxiety impacts the ADHD subtypes differently with ADHD-C being more 
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susceptible to the impact of anxiety on vigilance. As few studies have addressed both 

ADHD subtype and anxiety symptoms this finding is unique to this study. It may be that, 

since children with ADHD-C are typically found to be more behaviorally impaired 

(Barkely et al., 1990; Diamond, 2005), they could be more susceptible to the addition of 

anxiety to their profile, leading to the decreased performance.  

In addition to the impact of internalizing symptoms on the Omissions task, these 

symptoms also impacted a second vigilance task (Variability). Children who were rated 

as more anxious by their parents demonstrated worse performance on a measure of 

vigilance. This supports the overall hypothesis of this study that internalizing symptoms 

can impact the executive functioning performance of children with ADHD. This finding 

seems to support the theory that anxiety can reduce processing efficiency (Eysenck & 

Calvo, 1992), leading to more variable and inattentive performance. 

It appears from these results that anxiety has the strongest effect on the executive 

functioning domain of vigilance. The prefrontal cortex is hypothesized to support 

activities that require vigilance (Bush et al., 2005; Duncan & Owen, 2002, Posner & 

Peterson, 1990), and has been found to be hypoactive in children with ADHD (Durston et 

al., 2003; Rubia et al., 1999). In neuroanatomical studies of anxiety, the orbitofrontal 

cortex has been identified as an area that has demonstrated reduced volume (Brambilla et 

al., 2002). As the prefrontal cortex subsumes the orbitofrontal cortex, it is possible that 

this combination of deficits in children that have both ADHD and anxiety symptoms 

leads to the types of results found in this study. 

Teacher ratings of anxiety were examined in addition to the parent ratings. The 

teacher ratings of anxiety were found to impact executive functioning. These effects were 

found for working memory only. More specifically, higher teacher ratings of anxiety 

predicted lower working memory scores. This finding suggests that teacher perception of 
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anxiety differs from parent perception of the same, and is a better predictor for problems 

with executive functioning in the working memory domain. This finding is in line with 

the literature, which has found anxious individuals to demonstrate impairment on 

measures of working memory (Derakshan & Eysenck, 1998; Eysenck et al., 2005; 

MacLeod & Donnellan, 1993). 

An interesting question is why teacher ratings of anxiety would help predict worse 

performance on a working memory task, when parent ratings of anxiety did not. As 

teachers see children in a different setting than their parents do, it may be that they have a 

different viewpoint from which to view internalizing symptoms. It is possible that 

children rated as anxious by their teachers would be displaying more severe or numerous 

symptoms in order for the teachers to notice the behavior; whereas parents see their 

children in intimate settings and may be more attuned to slight changes in behavior. 

Additionally, teachers have other students with which to complete normative 

comparisons, which likely increases their diagnostic accuracy when looking at relatively 

low frequency behaviors in children, such as internalizing symptoms. Therefore, the 

children that teachers rated highly would represent a more severe group which could then 

allow the effects of anxious symptoms on working memory to appear.  

The significant finding for the impact of depressive symptoms on vigilance is in 

contrast to the relationship found for anxiety symptoms. In this study, children who were 

rated as more depressed by their parents actually demonstrated better performance on a 

measure of vigilance (Variability). This finding is in contrast to the overall hypotheses of 

this study and to theories of depression, which suggest that depressive ruminations would 

overwhelm children’s capacity to perform secondary tasks efficiently (Christopher & 

MacDonald, 2005). This finding would instead seem to support that there is a protective 

effect of depression symptoms on vigilance. The vigilance task that demonstrated these 
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findings, CPT-II Variability, measures the amount of consistency to a child’s response 

pattern across the length of the task. The more inconsistent the performance across the 

task, the more inattentive and less vigilant the child is thought to be. It is possible that 

children with higher ratings of depression symptoms could have been less responsive to 

the task, but were able to remain consistently engaged thereby giving them better 

Variability scores. However, it could also be the case that children who were rated as 

more depressed were actually more vigilant. 

The impact of the prefrontal cortex in vigilance would seem to suggest that this 

would have been an area where children with depressive symptoms would also falter, as 

decreases in the size and density of neurons in this area have been found for individuals 

with depression (Rajkowska et al., 1999; Rajkowska et al., 2001). Yet, the opposite was 

found, with children rated higher on depression shown to do better on one of the 

vigilance measures from this study. As noted above, this difference from expected 

findings could be due to the task demands of the particular subtest. It could also be an 

indication of the sample, as these were not children with diagnoses of depression, just 

symptoms, and it is possible that children with depression that is severe enough to 

warrant a diagnosis may differ in some way from the current sample. Finally, as noted in 

the literature review, the majority of neuroimaging research for both anxiety and 

depression are based on adults, which leaves the possibility that the neuroanatomical 

underpinnings of these disorders may look different in children. 

Besides these significant findings, it is important to examine the domains that 

failed to find significance. The research on anxiety in response inhibition is mixed with 

some researchers finding anxiety to enhance response inhibition (Oosterlaan & Sergeant, 

1998), while others have found anxiety to increase the number of errors on these tasks 

(Fischer et al., 2005). Neither of these findings was supported with the current study, 
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which found anxiety to have no impact, either positive or negative on response inhibition. 

Due to the lack of convergence in this domain, the relationship of anxiety and response 

inhibition remains unclear. 

It is also important to discuss the lack of findings for depression in other areas. 

Most notably, neither parent nor teacher ratings of depression predicted changes in 

processing speed. This is in contrast to the literature base that suggests children with 

depressive symptoms would perform more poorly in this domain (Calhoun & Mayes, 

2005). There are a few possibilities, which may explain the lack of support for the 

previous findings in this area. First, the sample size used in this study was rather small 

leading to reduced power (.74). It is probable that this study simply lacked the power to 

detect significant results. The sample was also drawn from a private neuropsychology 

clinic, which tends to see children with fewer internalizing problems than children having 

learning and attention difficulties; therefore, the possibility exists that there was not 

enough variance in the depression scores to detect significant effects in many of the 

domains.  

These arguments could also be applied to the lack of findings for the impact of 

depressive or anxiety symptoms on the handwriting measure. One study suggested that 

both anxiety and depression would affect handwriting (Huge, 2003). As no studies have 

looked at the effects of these symptoms and ADHD on handwriting, it may be that the 

common comorbidity between ADHD and dysgraphia (Adi-Japha, et al., 2007) is so 

prominent that it masks any effects that would be due to other symptoms.  

IMPACT OF ADHD SUBTYPE ON EXECUTIVE FUNCTIONING 

In addition to the interaction of subtype and anxiety discussed above, subtype was 

also shown to impact executive functioning when internalizing symptoms were 

controlled. Specifically, ADHD subtype was shown to impact working memory. Children 
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with ADHD-C were shown to perform better than children with ADHD-PI on this 

measure. This finding is in contrast to the hypotheses that expected the opposite pattern 

to emerge and from previous literature, which has found no differences among subtypes 

on working memory (Geurts et al., 2004; Houghton et al., 1999). Yet, as many other 

studies have found subtype differences in other executive functioning domains, the 

finding is not entirely unexpected or surprising. The more surprising aspect of this 

finding is the direction of the difference. In general, ADHD-C groups are found to be 

more impaired than those with ADHD-PI (Houghton et al., 1999; Nigg et al., 2002), but 

the opposite result was found here. This may lend support to the idea that in some 

executive functions, the inattentive symptoms are more detrimental to performance than 

the hyperactive-impulsive symptoms (Chhabildas et al., 2001). This is also in line with 

Diamond’s (2005) research suggesting that working memory is the primary impairment 

in predominantly inattentive ADHD. Finally, it is important to remember that not all 

executive functions are the same, and that some tasks may be more affected by 

inattentive symptoms (i.e., working memory), while others may be more effected by 

hyperactive/impulsive symptoms (i.e. response inhibition). 

A review of the literature found no studies examining any possible neurological 

differences in ADHD subtypes. This is not entirely surprising, as these studies remain 

prohibitively expensive. It may be interesting in the future to see if the neuroanatomical 

underpinnings of ADHD do differ by subtype in order to shed light on both the 

behavioral and neurocognitive differences that are sometimes seen in the different 

groups. 

It was also expected that subtype would impact response inhibition, as the 

research suggests that children with ADHD-C will perform worse than those with 

ADHD-PI (Houghton et al., 1999; Nigg et al., 2002), a finding that was not duplicated in 
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this study. The number of children with ADHD-PI outweighed those with ADHD-C by 

36 percent in this sample. It is possible that there simply were not enough cases of 

ADHD-C to find significant effects in some areas. This is in addition to the reduced 

power for the entire sample. 

IMPACT OF GENDER ON EXECUTIVE FUNCTIONING 

Gender was also shown to impact executive functioning. Females were shown to 

outperform males on both working memory and response inhibition tasks. The finding for 

response inhibition is consistent with the hypotheses for that measure and with previous 

literature (Rucklidge, 2006). The finding for working memory is in contrast to the 

hypothesis and to the literature, which has failed to find gender differences for this 

domain (Rucklidge, 2006; Rucklidge & Tannock, 2002). 

Gender was also shown to impact fine motor control when either parent or teacher 

ratings of internalizing symptoms were controlled for in the analyses. Females were 

shown to have higher handwriting scores than males, which is consistent with both the 

hypotheses and the literature (Berninger, et al., 2008).  

All of these findings suggest the importance of including gender in analyses of 

executive functioning. This study has demonstrated multiple areas where females 

perform better than males. As most studies are done with subject pools that are primarily 

male and these results suggest at least some difference in functioning, studies of attention 

problems in females are needed. It is possible that the behavioral differences seen 

between males and females with ADHD (Brown et al., 1991; Gaub &Carlson, 1997; 

Gershon, 2002) are due to underlying differences in how attention problems manifest in 

males versus females, which could impact the way these problems are treated in the 

different groups. Indeed, reviews of ADHD in females have suggested that females have 

fewer symptoms than males, leading to less diagnosed cases overall and with only the 
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most severe cases being diagnosed (Nussbaum & Shepard, 2008). Similar to the 

neuroimaging research for subtype, it would be interesting to see if the underlying 

neuroanatomical structures were different in anyway between the genders. 

Gender differences were not found for vigilance or processing speed. The finding 

for vigilance is consistent with both the hypotheses of this study, and with the literature 

base (Seidman et al., 2005). The finding for processing speed is in contrast to previous 

literature that suggests males would perform more poorly in this domain (Rucklidge & 

Tannock, 2002). It is possible that there were not enough females in the sample to detect 

a significant effect in this domain, as males outnumbered females by 36 percent. It is also 

possible that the scores on the subtest used to assess processing speed, WISC-IV Coding, 

did not have enough variance to detect significant effects, as there were no significant 

findings for any of the predictors for this domain, even though all predictors were 

expected to impact the scores. This could be an effect of the sample, which came from a 

private neuropsychological clinic. The clinic tends to draw a higher functioning 

population than one would expect in other settings, such as a school or public community 

mental health organization. 

LIMITATIONS AND FUTURE DIRECTIONS 

This study had several limitations, many of which are related to the sample 

characteristics. First, the sample size was small, leading to decreased power to detect any 

significant effects. Second, the sample contained larger numbers of ADHD-PI 

participants and males. In the future, a more balanced sample with equal numbers of 

ADHD-C and ADHD-PI participants and equal numbers of males and females would be 

preferable in order to have enough variability in all subgroups to detect significant effects 

of the variables in question. Third, this sample used parent and teacher reports to address 

levels of anxiety and depression in participants, rather than diagnoses of these types of 
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disorders. In the future, this research would benefit from studies where children have 

comorbid diagnoses of ADHD and an internalizing disorder. This would result in a 

sample with more severe anxiety and depressive symptoms, which could lead to more 

conclusive results. Fourth, this sample was drawn from a private neuropsychological 

clinic, where patients are predominantly private pay. This suggests that the sample is 

from primarily middle to high SES families, which reduces the generalizability of these 

results. A more diverse sample would need to be sought in the future. Again due to the 

nature of the clinic, where children are referred predominantly by their parents, they are 

likely higher functioning than a sample drawn from a community clinic or school would 

be. Furthermore, the sample consisted of almost all European-American children, which 

severely impacts the generalizability of these findings to more ethnically diverse samples.  

The exclusionary criteria used for this study also limited the sample in a way that 

may have impacted the generalizability of these findings. Specifically, this is a relatively 

“clean” group of children with ADHD, who do not have any comorbid learning 

conditions. As such, their results may be different from an ADHD sample that has 

children with learning disabilities included. Additionally, the sample was restricted in 

terms of which parents gave consent for their children’s testing to be used in future 

research. Anectodally, it appeared that there was a higher number of children with 

ADHD-C, especially females with ADHD-C, whose parents had not provided research 

consent. It is possible then that this group of children may differ in some way from the 

group whose parents did provide consent. 

Another limit to the sample was the lack of inclusion of a control group. The 

addition of a control group without ADHD would have allowed for the examination of 

diagnosis on executive functioning. There were multiple areas where no significant 

findings were found, such as processing speed. If a control group had been added, there 
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likely would have been a significant difference on processing speed for those with and 

without ADHD. Additionally, a control group would have allowed for the examination of 

the impact of internalizing symptoms on executive functioning across children both with 

and without ADHD. The addition of a control group would be a beneficial next step to 

this research. 

Another limitation of this study is the lack of comparison between children who 

currently take psycho-stimulants for treatment of ADHD. All participants in this study 

were not on medication at the time of testing. Psycho-stimulants are a common treatment 

for children with ADHD (Weiss et al., 2007) and there is some evidence that children 

comorbid for anxiety do not respond well to stimulant medication (DuPaul, Barkley, & 

McMurray, 1994; Pliszka, 1989; Tannock, Ickowicz, Schachar, 1995). Therefore, an 

important future study would be to compare groups of children based on medication and 

comorbidity status. 

The measure used to assess internalizing symptoms is another limitation to this 

study. The CBCL scales used were Anxious/Depressed and Withdrawn/Depressed. As 

evidenced by the names, these scales are less specific with regards to internalizing 

symptoms than would be desired in an ideal study. For the purposes of this study, the 

Anxious/Depressed scale was interpreted as an anxiety scale, while the 

Withdrawn/Depressed scale was interpreted as a depression scale. This was done for two 

reasons. One, the scales do make some distinction between anxious and depressive 

symptomatology with anxiety represented on only one scale. This suggested to the 

researcher that examining the scales separately would be a better design than looking at 

the internalizing composite and could allow for some preliminary conclusions. Two, the 

sample from which these scores were drawn tend to be more anxious, rather than more 
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depressive, so the Anxious/Depressed scales was a better representation of anxiety than it 

might be with a more diverse sample. 

IMPLICATIONS  

This study sought to assess whether internalizing symptoms have an undetected 

effect on the executive functioning of children with ADHD. The results of this study 

suggest that in at least some domains, namely vigilance and working memory, 

internalizing symptoms do affect performance. This finding has significant implications 

for accurately assessing executive functioning in ADHD samples and for the treatment of 

children with ADHD. When the executive functions of vigilance and working memory 

are studied, it will be important for future researchers to at least control for the presence 

of comorbid internalizing symptoms in order to make accurate conclusions regarding the 

data. This also has real world implications for children with ADHD and internalizing 

symptoms. Primarily, within the school setting, activities that require vigilance and/or 

working memory will be of particular difficulty for these students. Interventions will be 

needed to address this higher level of difficulty. Also, these findings underscore the need 

to treat comorbid internalizing symptoms in children with ADHD, as these symptoms not 

only affect their emotional well-being but are also affecting their ability to perform 

higher order cognitive processes. 

This study also has implications for the use of subtype and gender in ADHD 

research into executive functioning. As both subtype and gender were seen to impact 

executive functioning in this sample, research that fails to include these variables in the 

analyses is likely making errors in the interpretation of the data. This study supports the 

idea that females are less impaired in some executive functioning domains than males 

(Berninger, et al., 2008; Rucklidge, 2006; Rucklidge & Tannock, 2002). This suggests 

that although research using males may be easier to conduct due to the larger number of 
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males with the disorder (Barkley, 2003), it may result in misleading conclusions 

regarding ADHD as a whole, since the profile for females may be dissimilar. These 

findings support the need for more studies using both female and mixed gender samples. 

CONCLUSIONS 

The main goals of this study were to examine the impact of internalizing 

symptoms on the executive functioning of children with ADHD. The impact of gender 

and subtype on executive functioning was also explored. The findings of this study have 

implications for the assessment of executive functioning in children with ADHD and the 

treatment of children with ADHD and internalizing symptoms. 

The results of this study suggested that anxiety symptoms could impact the 

executive functioning domains of children with ADHD in the vigilance and working 

memory domains, with higher ratings of anxiety predicting worse performance. This 

suggests that treatment for children with ADHD and anxiety should address anxiety 

symptoms in addition to ADHD symptoms. The results of this study also suggested that 

depression symptoms impact executive functioning in a surprising way. On measures of 

vigilance, depression symptoms in this study seemed to provide a protective effect with 

more symptoms predicting better scores. This finding should be re-examined in future 

studies to determine its accuracy and to assess if it could be generalized to other 

executive functioning domains.  

This study also supports the existing research that suggests both subtype and 

gender can impact executive functioning performance in children with ADHD. 

Specifically, females appear to outperform males in some domains, underlying the need 

for studies that examine females with ADHD both alone and in comparison to males with 

ADHD. This research has continued to lag far behind the research for males, and may be 

skewing the way clinicians view and treat ADHD in females. The findings in this study 
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are consistent with previous research that suggests ADHD subtypes may differ in aspects 

of functioning, providing support for the utility of these diagnostic distinctions. 

Cumulatively, these results underscore the importance of factoring children’s 

gender, subtype and comorbid symptoms when researching executive functioning, as all 

of these factors have been shown to have an impact in different executive functioning 

domains. It is imperative that future research continue to look at the impact of these 

variables on executive functioning in order to best help children diagnosed with ADHD, 

and to develop appropriate interventions for the different groups of children. 
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Appendix D 

Swanson, Nolan, and Pelham Questionnaire- Revised for DSM-IV Rating Scale (SNAP-

IV; Swanson, 1992)  

The SNAP-IV rating scale is a diagnostic checklist for ADHD and ODD 

(Swanson, 1992). The 26-item checklist consists of questions that are based on the DSM-

IV-TR (APA, 2000) diagnostic criteria for both ADHD and ODD. The SNAP-IV is 

composed of three subscales: Inattention (9 items), Hyperactivity/Impulsivity (9 items), 

and ODD (8 items). Each item is rated 0 (“not at all”), 1 (“just a little”), 2 (“quite a bit”), 

or 3 (“very much”). Parents and/or teachers of each participant completed these ratings. 

Respondents were asked to check the number that best describes the child. Ratings of 2 or 

3 were considered significant for each item. In order to examine severity of ADHD, total 

raw scores were tabulated for all cases.  In the case of only one qualifying SNAP-IV 

measure, that measure was used for the child’s severity rating. When both parent and 

teacher ratings were available, the parent ratings were used. When more than one parent 

filled out a SNAP-IV, their endorsements were averaged. Although the specific reliability 

and validity data for this measure is unavailable, it is used extensively in ADHD research 

and research on similar structured interviews suggests good reliability and validity for 

these types of measures (Wittchen, 1994). Additionally, since the ADHD and ODD items 

from the SNAP-IV closely resemble the diagnostic criteria in the DSM-IV, it is thought 

to accurately and reliably evaluate ADHD symptoms in children (Collett et al., 2003; 

MTA Cooperate Group, 1999a). The SNAP-IV will be used to qualify children for the 

study as either ADHD-PI or ADHD-C. 
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Kaufman Test of Education Achievement, Second Edition (KTEA-II; Kaufman & 

Kaufman, 2004) 

The KTEA-II is an individually administered academic achievement battery for 

ages 4.5 to 25 years. The KTEA-II includes all academic areas in which a child can be 

classified as learning disabled (LD). This instrument assesses the broad areas of oral 

language, reading, mathematics, and writing achievement.  The KTEA-II includes 

fourteen subtests in the following areas: basic reading, reading comprehension, reading 

decoding, reading fluency, mathematics reasoning, numerical operations, listening 

comprehension, oral expression, oral fluency, written expression, and spelling.  Average 

standard scores on the KTEA range from 85 to 115. For this study, the reading, writing 

and math subtests and/or composites will be used to rule out the presence of any 

comorbid LD in potential research participants. 

Internal consistency coefficients for the KTEA-II are generally excellent with 

ratings ranging generally above .90 for the subtests and composites across ages and 

grades with a range from .73 to .97. To assess validity, scores from the KTEA-II were 

correlated with scores on several well-known achievement and aptitude tests. These 

correlations between reading, written expression and math subtests were generally high 

with variation depending on the comparison battery and grade level. These validity 

coefficients varied from lows in the .40 range to highs in the .90 range. The majority of 

coefficients were within the .70 to .90 range. The correlations for the oral language 

composite tended to be lower, in the .40 range, suggesting some caution interpreting 

these test scores. 
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Appendix E 

 

Figure 4. Scatterplot of Residuals for WISC-IV Coding: Main Analyses. 
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Figure 5. Histogram of WISC-IV Coding: Main Analyses. 
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Figure 6. Normal Probability Plot for WISC-IV Coding: Main Analyses. 
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Figure 7. Scatterplot of Residuals for WISC-IV Backward Digit Span: Main Analyses 
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Figure 8. Histogram of WISC-IV Backward Digit Span: Main Analyses. 
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Figure 9. Normal Probability Plot for WISC-IV Backward Digit Span: Main Analyses.  
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Figure 10. Scatterplot of Residuals for CPT-II Commissions: Main Analyses. 
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Figure 11. Histogram of CPT-II Commissions: Main Analyses. 
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Figure 12. Normal Probability Plot for CPT-II Commissions: Main Analyses. 
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Figure 13. Scatterplot of Residuals for CPT-II Omissions: Main Analyses. 
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Figure 14. Histogram of CPT-II Omissions: Main Analyses. 
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Figure 15. Normal Probability Plot for CPT-II Omissions: Main Analyses. 
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Figure 16. Scatterplot of residuals for CPT-II Variability: Main Analyses. 
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Figure 17. Histogram of CPT-II Variability: Main Analyses. 
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Figure 18. Normal Probability Plot for CPT-II Variability: Main Analyses.  
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Figure 19. Scatterplot of residuals for WJ-III Ach Handwriting: Main Analyses. 
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Figure 20. Histogram of WJ-III Ach Handwriting: Main Analyses. 
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Figure 21. Normal Probability Plot for WJ-III Ach Handwriting: Main Analyses. 
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Figure 22. Scatterplot of Residuals for WISC-IV Coding: Supplementary Analyses. 



 

 135 

 

Figure 23. Histogram of WISC-IV Coding: Supplementary Analyses. 
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Figure 24. Normal Probability Plot for WISC-IV Coding: Supplementary Analyses. 
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Figure 25. Scatterplot of residuals for WISC-IV Backward Digit Span: Supplementary 
Analyses. 
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Figure 26. Histogram for WISC-IV Backward Digit Span: Supplementary Analyses. 
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Figure 27. Normal Probability Plot for WISC-IV Backward Digit Span: Supplementary 
Analyses 
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Figure 28. Scatterplot of Residuals for CPT-II Commissions: Supplementary Analyses 
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Figure 29. Histogram of CPT-II Commissions: Supplementary Analyses. 
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Figure 30. Normal Probability Plot for CPT-II Commissions: Supplementary Analyses. 
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Figure 31. Scatterplot of Residuals for CPT-II Omissions: Supplementary Analyses. 
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Figure 32. Histogram of CPT-II Omissions: Supplementary Analyses. 



 

 145 

 

Figure 33. Normal Probability Plot for CPT-II Omissions: Supplementary Analyses. 
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Figure 34. Scatterplot of Residuals for CPT-II Variability: Supplementary Analyses. 
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Figure 35. Histogram of CPT-II Variability: Supplementary Analyses. 
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Figure 36. Normal Probability Plot for CPT-II Variability: Supplementary Analyses. 
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Figure 37. Scatterplot of Residuals for WJ-III Ach Handwriting: Supplementary 
Analyses. 
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Figure 38. Histogram of WJ-III Ach Handwriting: Supplementary Analyses. 
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Figure 39. Normal Probability Plot for WJ-III Ach Handwriting: Supplementary 
Analyses. 
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