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 The purpose of this study was to determine if attention-deficit/hyperactivity disorder 

(ADHD) subtypes (predominantly hyperactive/impulsive, ADHD-HI; predominantly inattentive, 

ADHD-IA; combined, ADHD-C) exhibit distinct neuropsychological profiles, using the 

Attention and Executive Function subtests of the Developmental Neuropsychological 

Assessment, (NEPSY) and the omission and commission scores obtained on the Conners’ 

Continuous Performance Test-II (CPT-II), a test that assesses attention processes.  The sample 

was selected using archival data collected in a neurodevelopmental clinic over the past decade 

and consisted of 138 children between the ages of 6 and 12 years old. Using the Diagnostic and 

Statistical Manual of Mental Disorders (4th ed.) (DSM-IV) criteria, the children were placed in 

either the ADHD-HI (n = 40), ADHD-IA (n = 35), or ADHD-C (n = 36) group, or a symptom 

free comparison group (n = 27). It was hypothesized that children with elevations on the 

impulsivity/ hyperactivity (ADHD-HI and ADHD-C) scale would be impaired on measures of 

inhibition and those with elevations on the inattention scale (ADHD-IA and ADHD-C) would be 

impaired on tests of  attention, vigilance, and other executive functions. A one-way multivariate 

analyses of variance (MANOVA) was conducted (Group X Task), with significant results for 

overall main effect for group on the 7 dependent variables post hoc tests using the Tukey’s 

honestly significant difference (HSD) revealed the following: the ADHD-HI group scored 

significantly lower on tests that require behavioral inhibition processes (Knock and Tap, Statue 

and CPT-Commission errors). The ADHD-IA group scored significantly lower on tests of 

problem-solving and planning (Tower) but not on tests of attention as was expected. The ADHD-



C group scored significantly lower on tests of inhibition, attention, and other executive functions 

(Auditory Attention Response Set, Visual Attention, Tower, Knock and Tap, Statue, and CPT-

Omission and CPT-Commission errors). Overall results suggest that the NEPSY Attention and 

Executive Function subtests are able to differentiate ADHD subtypes. Recommendations for 

future research are discussed.   
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CHAPTER 1 

INTRODUCTION 

Within the last two decades, the emerging field of neuropsychology has offered a 

distinctive and potentially promising approach to the diagnosis and understanding of attentional 

disorders. More specifically, in the last two decades there has been agreement among specialists 

that attentional disorders are related to subtle neurobiological deficits (Barkley, 1990, 1997, 

1998, 2000; Hall et al., 1997), with a growing interest in neuropsychological correlates of 

attention-deficit disorders. Neuropsychological assessment helps to systematically identify 

individual mental functioning that may be impaired due to acquired or inherited brain 

dysfunction (Posner, 1980, 1990), and may also provide a theoretical framework in which both 

neurological and behavioral data are integrated into a comprehensive view of an individual’s 

pattern of functioning (Barkley, 2000). 

However, with the advent of neuropsychology, two main problems in the diagnosis and 

treatment of attentional problems were identified. The first main problem encountered was that 

the condition known as attention-deficit disorder (ADD) is not a unified disorder but rather is 

comprised of subtypes (Hyperactive-Impulsive Type, ADHD-HI; Inattentive, ADHD-IA; and 

Combined, ADHD-C) and is caused by different known or unknown factors. Therefore, the 

different types of attentional disorders may have different mechanisms of disturbance. Since 

research indicates that brain functioning is based on very complex processes, it seems overly 

simplistic to label a certain condition based on overt behaviors while ignoring the underlying 

dysfunctional brain mechanisms (Mattes, 1980). 

 The second problem that has emerged is that research on the types and mechanisms of 

attentional disorders is hampered by the lack of test batteries constructed for the specific purpose 
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of analyzing neuropsychological processes that underlie behaviors such as attention. Currently, 

many of the tests on which clinicians must rely were originally designed to assess brain-damaged 

adults and were standardized on small samples of children with heterogeneous etiologies. 

This approach presents several problems. Tests designed to assess the loss of acquired 

skills in brain-damaged adults may not be adequate for assessing the acquisition or lack of skills 

in children. Normative data on different tests reflect performance differences across age groups 

rather than developmental trends. Consequently, the way in which within-subject and between- 

subject function variability may contribute to attentional problems cannot be evaluated. Because 

test results are based on small samples of children, drawn from restricted age, ethnic, and 

socioeconomic groups, results may not be comparable and, therefore, tend to be difficult to 

interpret. Additionally, performance discrepancies on different tests may be due to the 

psychometric properties of the tests administered rather than differences in a child’s pattern of 

abilities and disabilities (Sattler, 1992). 

 An instrument that was designed to address the shortcomings of current tests and provide 

the practitioner with a comprehensive way of assessing the neuropsychological functions of 

children is the pediatric neuropsychological test battery known as NEPSY: Developmental 

Assessment of Neuropsychological Functioning (Korkman, Kirk, & Kemp, 1997). NEPSY is one 

of the few neuropsychological test batteries that include tests, which correspond to all of the 

specific basic functions that may potentially underlie different types of overt disabilities. 

Developed based on Luria’s neuropsychological theory, the NEPSY purports to measure 

individual cognitive abilities which, when taken together, comprise complex behaviors such as 

reading, attention, writing, spelling, and other basic functions (Korkman, 1995, 1997). 
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The NEPSY subtests are organized into five basic domains. Those domains include 

Attention and Executive Functioning, Language, Sensorimotor, Visuomotor, Memory and 

Learning. Each domain includes a Core and Expanded set of subtests. The Expanded portion of 

the test is used to acquire a more in-depth assessment in case of suspected deficits in a particular 

area of functioning. Subtest scores provide information about a specific function within a 

domain. Supplemental scores identify different contributors to the performance in order to clarify 

the child’s functional profile. Observations at the subtest level can be recorded and subsequently 

compared to the responses and behavior of normally developing children of the same age and 

eventually provide further diagnostic information. As the tests were simultaneously standardized, 

the results may be expressed as test profiles. 

So far there has been no systematic and comprehensive comparison of ADHD subtypes 

with a comprehensive set of tests, such as the NEPSY, which relate to all or most aspects of 

functioning that have been found relevant to attention. Such a comparison would shed light not 

only on inter-individual but also on intra-individual differences by analyzing test patterns or 

profiles. If specific test patterns were characteristic of different ADHD subtypes, it would 

provide a firmer basis for diagnostic decisions than data derived from a few separate tests. 

The aim of this study was to primarily use the Attention and Executive Functions subtests 

of the NEPSY to determine whether ADHD subtypes exhibit distinct profiles regarding attention 

and executive functions. It is also believed that with the recent increase in experimental support 

of neuropsychological deficits in ADHD, it is quite possible that neuropsychological models will 

aid in reducing the heterogeneity within this diagnostic category.  One of these models could 

arise by using the NEPSY as an assessment instrument for the diagnosis of ADHD. 
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Assumptions 

It was assumed that the individuals scoring the NEPSY were consistent and accurate in 

following the scoring criteria outlined in the NEPSY manual. The human error present in the 

data was assumed to be random. 

It was assumed that characteristics of the environmental setting where subjects were 

tested did not vary significantly across time. Error contributed by the environmental setting in 

which testing occurred is considered to be random. 

It was assumed that all children diagnosed with attentional disorders who were medicated 

and asked to skip a medication dosage would have complied with that request. 

It was assumed that the sample of subjects participating in the study accurately reflected 

the population characteristics of children diagnosed with attentional disorders. 

 

Purpose 

The overall purpose of this dissertation research study was to determine whether there 

were any performance differences among children who exhibited different subtypes of 

attentional disorder when they were assessed with the NEPSY Attention and Executive 

Functions subtests of the NEPSY. 

The following research questions were addressed: 

1. What type of subtest profile would each ADHD clinical group produce? 

2. How would the clinical ADHD groups (ADHD-HI, ADHD-IA, ADHD-C type) 
perform in relation to the comparison group? 

3. Which underlying theory could explain best the results of this study? 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

Historical Overview 

As with so many other disorders, attention-deficit/hyperactivity disorder 

(ADHD)/attention-deficit disorder (ADD) has been described by many health practitioners in 

various ways depending on the prevailing trends of disease classification during a particular era. 

One of the earliest accounts reported is by one of the great medical practitioners from 

Asia Minor, Galen (130-200 A.D.), who served as a physician to the gladiators. According to 

these accounts, Galen was known to prescribe opium for restless, colicky infants (Goodman & 

Gilman, 1975). 

Later in 1902, Still described the behavioral symptoms associated with ADHD-ADD as 

“defects of moral control.” Still further hypothesized that the causes of the disorder might have 

been due to injury, heredity disease, or environmental experience. He also observed a male 

gender predominance (Barkley, 1997, 2000). 

 In the years 1917 and 1918, after a disastrous outbreak of encephalitis, it was noticed that 

even after patients recovered they exhibited behavioral patterns that resembled the currently 

known ADHD disorder. This pattern of behavior was named “post encephalitic disorder” 

(Barkley, 1990).  

 In the late 1930s, Bradley, who was a physician, experimented with stimulant medication 

while working with emotionally disturbed children. He noticed that after the administration of 

the stimulant medication there was a “paradoxical quieting effect.” While taking Benzedrine, 

those children seemed more relaxed, more focused, less oppositional, paid more attention, and 

appeared to learn better. In 1950, Bradley concluded that individuals most likely to benefit from 
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the medication were those with short attention spans, hyperactivity, impulsivity, dyscalculia, and 

poor memory (Conners, 2000; Goldstein, 1990). 

 During World War II, it was noticed that a variety of head trauma resulted in attentional 

problems (Goldstein, 1990). This research concluded that attention problems were the result of 

brain damage/dysfunction or otherwise known as “minimal brain dysfunction.” 

 Research in the area seemed to conclude that brain injury or brain dysfunction could lead 

to a heterogeneous group of children with similar behavior patterns. After comparing the 

behavior of brain-injured and no-injured children, Strauss and Lehtinen (1947) believed that the 

main problems of the children who experienced hyperactivity, impulsivity, and distractibility 

were key features of the “brain injured child syndrome.” They tried to implement a behavioral 

program in school that would focus on environmental restructuring (e.g., minimum distractions, 

frosted windows, drab colors, and undecorated rooms) and the development of a special 

curriculum (Goldstein, 1990). 

 This research led to the erroneous assumption that brain injury could be inferred from 

behavior and to the concept of “minimal brain damage.” Though individuals with minimal brain 

damage were responding to stimulant medication, the incorrect belief that its effectiveness 

constituted evidence of structural brain damage led to the preferred term “minimal brain 

dysfunction” (MBD) (Ross & Ross, 1982). 

In an influential critique of MBD syndrome, Douglas and Peters (1978) systematically 

reviewed studies of cognitive functioning in individuals classified as suffering from MBD. They 

restricted their examination to studies in which hyperactivity was the primary symptom and 

specifically excluded studies examining learning disabilities (LD), even though LD had long 

been identified as a symptom of MBD. Results from that study concluded that there was no 
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evidence to suggest distractibility as a primary deficit (Conners, 2000). They concluded that 

what appeared to be distractibility was actually stimulus-seeking behavior, results contradictory 

to Strauss and Lehtinen’s (1947) theory, which had previously promoted minimal stimulation as 

a treatment (Conners, 2000). This new evidence led to a new hypothesis suggesting that 

hyperactive children do not require less stimulation but rather an increased optimal level of 

stimulation, and that they perform better when that level is approximated (Lockwood, Marcotte, 

& Stern, 2001). 

 Additional new developments during the 1970s also suggested that the main problem in 

attentional disorders was not hyperactivity but inattention (Barkley, 2000). This finding led to a 

major shift in the focus of research, diagnosis, and treatment and also intensified controversy 

regarding definition and terminology (brain damage, minimal brain dysfunction, and 

hyperactivity). This debate became more crucial as issues of school placement and drug 

treatment (Satterfield et al., 1973) became more prominent (Ross & Ross, 1982). The debate 

continued even when the syndrome was gaining recognition as a valid diagnostic disorder (APA, 

1968). 

 

Diagnostic Manual Chronology 

 The first classification pertaining to the symptoms underlying the disorder was termed 

“hyperkinetic reaction of childhood” and appeared in the Diagnostic and Statistical Manual of 

Mental Disorders-2nd edition (DSM-II) in 1968 (APA, 1968). Research following that 

classification emphasized the deficits in cognitive processes rather than motor components of the 

disorder (Barkley, 1997). 
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 In the DSM-III, the disorder was renamed “attention-deficit disorder” (ADD), focusing 

on attentional processes as the primary area of dysfunction (APA, 1980). A list of symptoms 

focusing on attention processes, impulsivity, motor hyperactivity, and cut-off scores were 

provided to more accurately define and diagnose the syndrome. Furthermore, this edition 

differentiated between two subtypes: individuals with hyperactivity (ADD/H) and without 

hyperactivity (ADD/WO). Individuals with demonstrated deficits in sustained attention and 

impulsivity, but not motor activity, were diagnosed as ADD/WO. 

 Even though several validity studies were conducted regarding the validity of the 

subtypes (Carlson, 1986; Edelbrock et al., 1984; Lahey, Schaughency, et al., 1984), many in the 

field highlighted the problems of hyperactivity and impulsivity as the most critical features of the 

disorder (Barkley, 1997, 1998). The view to retain an emphasis on hyperactivity therefore 

prevailed. 

 In 1987, the DSM-III-R was introduced, again combining the subtypes into a 

unidimensional classification: attention-deficit/hyperactivity disorder (ADHD). The DSM-III-R 

provided a list of items reflecting symptoms and a threshold for those symptoms necessary for 

diagnosis. Individuals with ADD/WO could still qualify as ADHD without endorsing any 

hyperactivity symptoms. A temporary diagnostic category, undifferentiated attention-deficit 

disorder (UADD), was created and listed separately. 

 As a result of factor analytic studies, support was compiled for a multidimensional 

approach to ADHD (Carlson & Lahey, 1983; Conners, 1969, 1973; Lahey, Schaughency, et al., 

1984). These studies provided the impetus for devising another classification to be included in 

the DSM-IV (APA, 1994), which resulted in three subtypes: ADHD-predominantly inattentive 

type (ADHD-IA), ADHD-predominantly hyperactive-impulsive type (ADHD-HI), and ADHD-
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combined type (ADHD-C) which demonstrates symptoms of the other two subtypes. The most 

recent version, DSM-IV-TR (APA, 2000), retains criteria and subtype classifications identical to 

those in the DSM-IV. 

 Overall, the changes in the diagnostic scheme over the years reflect the difficulty in 

identifying unique behavioral syndromes within the population. The various changes and 

attempts at defining subtypes have evoked a great deal of controversy (Routh, 1986), especially 

around the issue of hyperactivity as a subtyping variable (Goodyear & Hynd, 1992; King & 

Young, 1982; Lahey, Schaughency, et al., 1984). The DSM classifications have also been 

criticized because of their “polythetic” nature (Cantwell & Baker, 1988). The polythetic 

approach to diagnosis, requiring only a minimum number of symptoms from the total list of 

symptoms, results in an overly heterogeneous group in which individual members may present 

with quite different symptom patterns and, yet, be diagnosed with the same disorder (Goodyear 

& Hynd, 1992). 

Even though the DSM-IV diagnostic criteria represent an improvement over the old 

criteria, it is still considered not to be an effective way for diagnosing attention disorders. 

Nevertheless, it is currently the most accepted way of doing so. 

 

Definition and Diagnosis of ADD/ADHD Syndrome Using the DSM-IV 

A. Either (1) or (2) 

(1) Six or more of the following symptoms of inattention have persisted for at least six 
months to a degree that is maladaptive and inconsistent with developmental level: 

Inattention 

(a) Often fails to give close attention to details or makes careless mistakes in schoolwork, 
work, or other activities 

(b) Often has difficulty sustaining attention in tasks or play activities 
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(c) Often does not seem to listen when spoken to directly 

(d) Often does not follow through on instructions and fails to finish schoolwork, chores, 
or duties in the workplace (not due to oppositional behavior or failure to understand 
instructions) 

(e) Often has difficulty organizing tasks and activities 

(f) Often avoids, dislikes, or is reluctant to engage in tasks that require sustained mental 
effort 

(g) Often loses things necessary for tasks or activities (e.g., toys, school assignments, 
pencils, books, and tools) 

(h) Is often easily distracted by extraneous stimuli 

(i) Is often forgetful on daily activities 

(2) Six or more of the following symptoms of hyperactivity have persisted for at least six 
months to a degree that is maladaptive and inconsistent with developmental level: 

Hyperactivity 

(a) Often fidgets with hands or feet or squirms in seat 

(b) Often leaves seat in classroom or in other situation in which remaining seated is 
expected 

(c) Often runs about or climbs excessively in situations in which it is inappropriate (in 
adolescents or adults, may be limited to subjective feelings of restlessness) 

(d) Often has difficulty playing or engaging in leisure activities quietly 

(e) Is often “on the go” or often acts as if “driven by a motor” 

(f) Often talks excessively 

Impulsivity 

(g) Often blurts out answers before questions have been completed 

(h) Often has difficulty awaiting turn 

(i) Often interrupts or intrudes on others (e.g., butts into conversations or games) 

B. Some hyperactive-impulsive or inattentive symptoms that caused impairment were present 
before age seven. 
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C. Some impairment from the symptoms is present in two or more settings (e.g., at school or 
work and at home). 

D. There must be clear evidence of clinically significant impairment in social, academic, or 
occupational functioning. 

E. The symptoms do not occur exclusively during the course of a pervasive developmental 
disorder, schizophrenia, or other psychotic disorder and are not better accounted for by 
another mental disorder (e.g., mood disorder, anxiety disorder, dissociative disorder, or 
personality disorder). 

F. Code based on Type: 

314.01 Attention-deficit/hyperactivity disorder, combined type: if both Criteria A1 and A2 are 
met for the past six months. 

314.00 Attention-deficit/hyperactivity disorder, predominantly inattentive type: if Criterion A1 is 
met but Criterion A2 is not met for the past six months. 

 314.01 Attention-deficit/hyperactivity disorder, predominantly hyperactive-impulsive type: if 
Criterions A2 is met but Criterion A1 is not met for the past six months. 

 

Incidence Rate 

ADHD is currently one of the most frequently diagnosed mental disorders among 

children, with an estimated prevalence of 2.4% (Gomez et al., 1999) to 17.7% (Baumgaertel et 

al., 1995). Among the subtypes, ADHD-IA has been found to be the most prevalent, followed by 

ADHD-C and ADHD-HI (Barbaresi et al., 2002; Baumgaertel & Brown 1996; Gaub & Carlson, 

1997; Gomez et al.1995). In contrast, studies examining clinic-based samples report higher rates 

of the ADHD-C subtype, with ADHD-C: ADHD-IA ratios at approximately 2:1 (Biederman et 

al., 2000; Lahey, Pelham, Schaughency, et al., 1988; Lahey, Applegate, et al., 1994; Lahey & 

Carlson, 1992; Mick & Faraone, 2000). It is most likely the case that only the most disruptive 

children are being seen clinically, therefore accounting for the higher rates of ADHD-C 

compared to ADHD-IA, as demonstrated by behavior ratings reported earlier. Interestingly, 

prevalence fissures for DSM-IV rates of ADHD are nearly double that of DSM-III (Baumgaertel 
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et al., 1995; Biederman et al., 1997; Wolraich et al., 1996). It has been suggested that children 

with primarily hyperactive-impulsive behavior and children who are primarily inattentive would 

not have been identified previously (Morgan et al., 1996; Wolraich et al., 1996). 

 

Age 

 No significant age differences have been reported among population-based samples 

(Gaub & Carlson, 1997). However, differences by age have been noted in the studies examining 

clinical samples, both for age of onset and referral age. More specifically, Faraone et al. (1998) 

claimed significant differences for age of onset for ADHD-C (2.9 years) compared to ADHD-IA 

(4.0 years), Paternite et al. (1996), however, found no significant differences between ADHD-C 

(3.22 years) and ADHD-IA (3.61 years). Both studies report differences between the subtypes 

for referral age, with ADHD-C being significantly older than ADHD-IA: 9.2 years and 6.4 years, 

respectively (Faraone et al., 1998) and 9.04 and 8.25 years, respectively (Paternite et al., 1996). 

 In the DSM-IV field trials, Lahey, Applegate, et al. (1994) found the ADHD-HI subtype 

to be the youngest among the groups. It has been speculated that younger children may 

eventually display inattention symptoms, therefore later qualifying for ADHD-C, which calls 

into question the ADHD-HI subtype. However, findings from a longitudinal study by Fischer, 

Barkley, Edelbrock, and Smallish (1990) dispute any notion that individuals with ADHD 

outgrow the disorder. 

 

Ethnicity and Socioeconomic Status (SES) 

ADHD is recognized across cultures with variations in prevalence rates likely resulting 

from differing diagnostic criteria rather than clinical presentation (APA, 2000). In a study of the 
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behavioral characteristics of ADHD children from a school-based sample, Gaub and Carlson 

(1997) report an ethnically diverse sample. Of the 221 ADHD students, no differences in the 

make-up of subtypes were found in the ethnic group studies: Caucasian, African American, and 

Hispanic. Additional studies support these results (Carlson et al., 1986; Willicutt & Pennington, 

2000). Comparable results reporting no subtype or control group differences for SES have also 

been provided (Barkley et al., 1997; Fischer et al., 1990). 

 

Comorbidity and ADHD 

Biederman et al. (1991) found that ADHD is a heterogeneous disorder, that 30-50% of 

ADHD children also show conduct disorders, 25% have comorbid anxiety disorders, and 20-30% 

have mood disorders. Another study found 30-50% comorbidity with learning disorders 

(Semrud-Clikeman et al., 1992). Moreover, Biederman, Newcorn and Sprich, (1991) found that 

adolescents with ADHD plus major depression were at risk for suicide due to partially poor 

impulse control. 

Although traditionally thought to be a disorder of childhood, reports in the literature over 

the past 25 years provide strong evidence for the persistence of ADHD into adolescence 

(Barbaresi et al., 2002; Barkley, 2000) and adulthood (Biederman, Mick, & Faraone, 2000). It is 

estimated that up to 50% of children with ADHD will continue to manifest symptoms in 

adolescence and early adulthood. 

Additionally, Mauer and Stewart, (1980) found that hyperactive boys, compared to their 

brothers, were significantly more likely as young adults to have pervasive mental illness, 

multiple DSM diagnoses, and a more severe form of antisocial disorder. 
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Especially disturbing are reports suggesting that untreated ADHD children may be at risk 

for the development of the more troublesome symptoms of sociopathy, alcoholism, and drug 

abuse later in life (Nolan, Gadow, & Spafkin, 1999; Satterfield & Cantwell, 1973; 1982; 

Shaywitz, & Shaywitz, 1991; Willicutt & Pennington, 2000). 

Finally, comorbid disorders appear to show patterns within families. Recent familial-

genetic data suggests that ADHD and major depression share common familial vulnerabilities, 

whereas ADHD and anxiety disorders appear to be separately transmitted (Biederman, Newcorn, 

& Sprich, 1991). 

Relatively little is known about the nature of the relationship between ADHD and these 

other conditions. One possible explanation is that the symptoms of ADHD increase a child’s 

chances of suffering from depression, anxiety, or substance abuse problems (Cantwell & Baker, 

1991; Mauer & Steward, 1980). Such a relationship might be mediated by a variety of social or 

interpersonal variables such as communication skills and peer acceptance. Another possibility is 

that neuropsychological deficits, which are thought to contribute to ADHD, predispose children 

to other types of problems including learning disabilities, depression, and antisocial/conduct 

problems. Evidence from a number of neuropsychological investigations seems to provide some 

support for the latter explanation. For example, executive function deficits have been implicated 

in both ADHD and conduct disorder (Aronowitz et al., 1994; Chelune et al., 1986; Moffitt, 1990, 

1993). However, these same studies seem to indicate that there are some discernible 

neuropsychological differences among these children. For instance, Moffitt (1990, 1993) found 

that delinquent children with ADHD had more significant neuropsychological deficits 

(particularly executive deficits) than delinquent children without ADHD. Thus, despite the 

conceptual difficulties posed by the heterogeneity of the population and the high rate of 
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comorbidity, there is hope that careful examination of underlying neuropsychological systems 

may provide a sound basis for differentiating subgroups. 

 

Psychosocial Functioning and ADHD Subtypes 

 In field trials, Lahey, Applegate, et al. (1994) found that ADHD–HI and ADHD-C and 

children were more globally impaired than ADHD–IA children. However, ADHD-IA and 

ADHD-C had more academic problems than those with ADHD-HI and controls. Children with 

ADHD-IA appear to have more academic difficulties, but the ADHD-HI experience more social 

and behavioral problems (Baumgaertel et al., 1995; Gadow et al., 2000; Graetz et al., 2001; 

McBurnett et al., 1999; Nolan et al., 1999; Wolraich et al., 1996;).  Faraone et al. (1998) has 

found that children with ADHD-C were more impaired socially and psychologically than those 

with ADHD-I and ADHD-HI, had higher rates of counseling and multimodal treatment, and 

were more likely to be placed in special classes. 

 

Genetics and ADHD 

 Epidemiological studies suggest there is a high correlation between genetics and ADHD. 

Children of an ADHD parent have a 57% chance of having it as well (Biederman et al., 1995). 

Research shows that, in addition, siblings of children of ADHD have a 32% risk of having the 

disorder (Pennington, 2005) reported concordance rates for the disorder of 81% in monozygotic 

twins and 29% in dizygotic twins. 

In addition, ADHD appears to be associated with abnormalities in the dopaminergic 

system, with DAT1, DRD4, and DRD5 being implicated as the major susceptibility genes. 

Waldman et al. (1998) studied 122 children and families and found that levels of hyperactive 
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impulsive symptoms were related to the number of DAT1 high-risk alleles.  Siblings discordant 

for the number of high-risk alleles differed markedly in their levels of both hyperactive-

impulsive and inattentive symptoms, suggesting linkage of ADHD with DAT1, especially for the 

ADHD-C subtype. Lowe et al. (2004) studied 14 probands and their parents and found an 

association between ADHD-C, ADHD-IA, and DRD5 locus. Todd and Lobos (2002) also found 

a significant association between DRD4 3’exon 3-repeat allele and a novel talkative-impulsive 

latent-class-defined subtype of ADHD. Qian et al. (2003) studied 202 nuclear ADHD families, 

340 ADHD cases and 226 controls in China, and found an association between the low enzyme-

activity catechol-O-methyl-transferase (COMT) Met allele and boys with ADHD-IA, and an 

association between the Val allele and females with ADHD. 

 

Neurochemical 

Based on numerous studies abnormalities in monoaminergic systems have been implied, 

resulting in theories implicating dopamine (Dougherty et al., 1999; Durston et.al., 2003, 2005; 

Lowe et al., 2004; Manor et al., 2000; Schulz et al., 2000; Todd et al. 2001; Todd et al. 2002; 

Waldman, 1998) and norepinephrine (Heillman et al., 1991; Shaywitz et al., 1983). 

Neurochemical theories offer some promising results regarding the ADHD subtype 

differentiation. More specifically, it has been hypothesized that inefficient dopamine systems 

would be related to symptoms of hyperactivity and impulsivity, whereas norepinephrine 

dysregulation would account for inattentiveness (Lockwood et al., 2001; Pliszka et al., 1996). 

 

Neuroanatomy and ADHD 

Neuroimaging studies have provided  evidence of prefrontal and striatum involvement in 
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ADHD. However, moderate effect sizes, variability of findings, differences in populations, and 

differences of assessment (neuroimaging, neuropsychological, calculating activity, or measuring 

of structures) across studies, as well as nonspecificity of these deficits and lack of replication 

studies, all raise questions about which areas can really be considered primary involved in 

ADHD. 

 

Frontal Lobes 

Historically, the widespread study of frontal lobe deficits in ADHD was stimulated by 

Mattes’ (1980) initial speculations, which were based largely on similarities between the 

behavioral symptoms of ADHD and the consequences of frontal lobe injury. Prior to Mattes’ 

proposal, the majority of research efforts in the neurobiology of ADHD were focused on sub-

cortical structures. By the mid-1980s, however, a number of studies had begun to show evidence 

of frontal lobe abnormalities in these children. Since then research on this subject has bloomed. 

Early studies using computed tomography (CT) scans did not find abnormalities in the 

frontal lobe structures of children with ADHD (Shaywitz et al., 1983).  However, studies in the 

1990s using magnetic resonance imaging (MRI) have revealed frontal anatomical abnormalities 

in children with ADHD. Hynd et al., (1990) found that children with ADHD, as well as dyslexic 

children, did not show the same frontal lobe asymmetry (right larger than left) as children in the 

control group. Although such studies provide a rather gross level of analysis, which is difficult to 

interpret, some researchers have speculated about possible origins of these anatomical 

differences. Hynd et al., (1991) suggest that such differences may be due to “prenatal deviations 

in cellular migration and maturation.” In other words, the size difference may reflect underlying 

differences in structure and cell organization, which come about through pathological 
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developmental processes. At this point, however, such processes have not been demonstrated and 

remain speculative. 

Furthermore, several recent research studies using MRI measures of the prefrontal cortex 

are considered evidence that this cortical area is crucial in ADHD (Castellanos et al., 1994, 1996, 

2001, 2002; Durston et al., 2002, 2003, 2004; Filipek et al., 1997; Hill et al., 1990; Mostofsky et 

al., 2002, 2003; Seidman et al., 1995, 1997, 2005). 

Closer inspection of these findings, however, reveal discrepancies with regard to whether 

the prefrontal differences were on the right side or bilateral, localized in the inferior or superior 

regions include white or gray matter. Some studies indicate prefrontal abnormalities on the right 

side (Castellanos et al., 1996), or bilateral (Mostofsky et al., 2002), localized in the inferior 

(Sowell et al., 2003) or superior regions (Hill et al., 2003) and included white (Filipek et al., 

1997) or gray matter (Durston et al., 2004). Furthermore, the only research group to replicate 

their studies found smaller right frontal lobe volume in boys with ADHD (Castellanos et al., 

1996) but not in girls with ADHD (Castellanos et al., 2001), or in a large sample of both boys 

and girls with ADHD (Castellanos et al., 2002). 

 

Caudate Nucleus 

 Several studies have reported reduced caudate nucleus volume in children with ADHD 

(Aylward et al., 1996; Castellanos et al., 1994, 1996, 2001, 2002, Filipek et al., 1997; Hynd et 

al., 1993; Overmeyer et al., 2001; Semrud-Clikeman et al., 1994); three of these studies also 

reported reduced volume in the globus pallidus (Aylward et al., 1996; Castellanos et al., 1996; 

Overmeyer et al., 2001). Among these studies, however, there were discrepancies with regard to 

whether the reduced volume involved the left, right, or both basal ganglia, as well as whether 
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normal caudate asymmetry favored the right or left side.  In addition, two studies found no 

caudate anomalies (Hill et al., 2003; Pineda et al., 2002), and a third study increased caudate 

volume in adolescents with ADHD (Mataro et al., 1997). Developmental factors further 

complicated the interpretation of these findings. Reduced caudate nucleus volume seems to be 

most prominent in late childhood, which becomes insignificant by late adolescence (Castellanos 

et al., 1996; Castellanos et al., 2002). 

 

Cerebellum 

 There are numerous reports of reduced cerebellar volume in children with ADHD, with 

two studies reporting smaller total volume (Castellanos et al., 1996;Castellanos et al., 2002), one 

study finding reduced right cerebellum volume (Durston et al., 2004), and four localizing this 

anomaly specifically in the inferior posterior lobe of the vermis (lobules VIII to X) (Berquin et 

al., 1998; Castellanos et al., 2001; Hill et al., 2003; Mostofsky, Reiss, Lockhart, & Denckla, 

1998). Decreased activation of the cerebellum was found unexpectedly during the go/no-go task 

(an inhibition task) in adolescents with childhood ADHD (Schulz et al., 2004). 

 

Overall Brain Size 

Some studies have found smaller overall brain size in children with ADHD. A 3-8% 

reduction in whole brain volume in both boys and girls with ADHD has been reported by some 

studies (Berquin et al., 1998; Castellanos et al., 1996 Castellanos et al.,  2001; Castellanos et al., 

2002; Hill et al., 2003).  However, other studies failed to find similar results (Durston et al., 

2004; Filipek et al., 1997; Hynd et al., 1990; Mostofsky et al., 2002). 



 20

Neurophysiological Studies 

Neurophysiological studies of frontal lobe functioning in ADHD have also yielded more 

consistent and convincing support for frontal lobe pathology. Zametkin et al., (1991) 

demonstrated premotor and pre-frontal metabolic underactivity in children with ADHD using 

regional glucose metabolism technique. These researchers also found frontal underactivity 

(particularly right frontal) in adults with residual ADHD. Lou, Henriksen, and Bruhn (1984) 

demonstrated decreased cerebral blood flow in frontal regions in children with ADHD. These 

investigators also demonstrated that methylphenidate (Ritalin) caused an increase in frontal 

blood flow in these children. There are also several other studies supporting hypofrontal 

metabolic activity in children diagnosed with ADHD (Rubia 1999; Schulz et al., 2005; Semrud - 

Clikeman et al., 2000; Zametkin et al., 1993).  

Electrophysiological evidence also seems to support the frontal underactivity model of 

ADHD (Halperin et al., 1986; Mann et al., 1992; Satterfield et al., 1973). A number of studies of 

the effects of various psychoactive medications also provide a role in ADHD. A number of drugs 

which act as dopamine agonists, including dextroamphetamine, methylphenidate, imipramine 

and clonodine, are effective in treating the symptoms of ADHD (Hynd et al., 1991; Pelham et al., 

1990). These drugs are known to affect frontal lobe systems. 

 

Cognitive and Neuropsychological Models of Attentional  Systems 

The Pribram and McGuiness Model  

Pribram and McGuinness (1975) proposed arousal, activation, and effort as essential 

factors or elements in the control of attention. Arousal, according to these authors, is more or less 

defined by the orienting response to sensory input, which is generated by a “core system of 
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neurons, which extends form the spinal cord through the brainstem reticular formation, including 

the hypothalamic sites.” In their conception, this is the core, or possibly the primordial, attention 

system that mediates the action of an effective external stimulus. Forebrain control over this 

system is exerted by the amygdala and portions of the frontal cortex, which regulate arousal (a 

phasic, or short lasting effect), and by the basal ganglia, which regulate activation (a tonic or 

long-lasting effect). The system that coordinates arousal and activation is centered in the 

hippocampus. 

 

The Posner and Petersen Model 

The conception proposed by Posner and Petersen (1990) is based upon the consideration 

of “three major functions that have been prominent in cognitive accounts of attention: (a) 

orienting to sensory events; (b) detection signals for focal (conscious) processing, and (c) 

maintaining a vigilant or alert state.” These authors suggest, that the attention system of the 

human brain is comprised of two major loci. One of these is a posterior attention system that lies 

in the dorsal visual pathway and has its primary cortical projection in V1, extending into the 

parietal lobe. This system has the responsibility for the process of orienting. 

The second major locus is the anterior attention system, which seems to be in the anterior 

cingulate gyrus and supplementary motor cortex, which are both midline frontal lobe structures. 

This system is responsible for signal detection. The structures involved seem to comprise, at a 

minimum, from the norepinephrine innervation system, extending from the locus coeruleus to the 

brain stem rostrally to the posterior attention system, particularly of the right hemisphere. 
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The Heilman and Mesulam Model  

Studies of the symptom of neglect have led to a neural system view of spatial selective 

attention. This symptom, described originally by Geschwind and colleagues as a consequence of 

damage to the right posterior and, most often, parietal cortical regions (Heilman et al., 1991), it 

involves the reported lack of awareness of visual, auditory, or somatosensory stimuli for one half 

of space. The neglect symptom may also occur following damage to portions of the cingulate 

gyrus, thalamus, and corpus striatum (Lou, 1989). Mesulam (1990) have linked these findings to 

the concept of attention and to a defect of the cortico-limbic-reticular circuit, which also 

underlies the neglect symptom. 

 

The Mirsky Model 

 Mirsky (1987) developed his model of attention based upon an evolutionary-

developmental perspective embedded in the concept of the “triune brain.” This model of the 

brain consists of three layers. The first layer consists of the reptilian brain, which is the most 

basic and consists of the brain stem and basal ganglia. Overlaying this layer is the limbic system 

utilized by early mammals, and the highest developed layer (the forebrain) is evident in primates 

and humans. Each of these layers requires increasingly complex interactions with the organism 

and the environment and demands different attentional abilities. As the brain developed through 

evolution, additional capacity for attentive behavior was overlaid within the context of the 

foundational structures of a primitive brain. 

 Mirsky’s multicomponential model of attention is closely linked with information 

processing studies that identify a variety of functions, each supported by different brain areas 

that are organized into a system. The system organization allows for shared responsibility for 
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perceptual as well as attentional functions in which some structures may assume the functional 

responsibilities of others in the case of injury. The aforementioned conceptualization led to the 

development of Mirsky’s Five-Factor Model, which is influenced and supported by results from 

neuropsychological data. 

Mirsky’s five factors are (1) Focus/execute, (2) Sustain, (3) Shift, (4) Encode, and (5) 

Stabilize. 

Focus refers to the capacity to concentrate attentional resources on a specific task and to 

be able to screen out distracting peripheral stimuli. This function is performed by superior 

temporal and inferior parietal cortices as well as by structures that comprise the corpus striatum. 

The execution of responses depends heavily on the integrity of inferior parietal and corpus 

striatal regions. Those regions include the caudate, the putamen, and the globus pallidus. 

According to the Mirsky model, the focus factor can be assessed by administering the Trail 

Making test, the Talland Letter Cancellation test (completion time and omission errors), the Digit 

Symbol test, and the Stroop test. 

Sustain refers to being able to stay on task in a vigilant manner for an appreciable 

interval, that is, not missing designated targets, responding to targets on time, and inhibiting 

responses to non-targets. This function is conducted by the rostral midbrain structures, including 

the mesopontine reticular formation and midline and reticular thalamic nuclei. This particular 

factor is assessed by administering the Continuous Performance Test (CPT) and by calculating 

the omission and commission errors along with the response time. 

Shift (flexibility) refers to the capacity to change attentional focus from one aspect of 

stimulus complex to another in a flexible and efficient way. This function is supported by the 

prefrontal cortex, including the anterior cingulate gyrus. The above function can be assessed by 
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administering the Wisconsin Card Sort Test (WCST) (number of percent correct and number of 

categories completed). 

The numerical-mnemonic capacity to hold information briefly in mind while performing 

some action or cognitive operation has been referred to as encoding. That function is dependent 

on the hippocampus and the amygdala. The above factor can be assessed by the Digit Span 

(number correct) and Arithmetic Test (number correct). 

The fifth factor involved the reliability of stability of the attentional effort and has been 

referred to as the stabilize factor. This factor might be mediated by midline-thalamic and 

brainstem structures and can be assessed by the variability of reaction time on the CPT and by 

erroneous responses to targets in the AX version of the CPT. 

  

Denckla Model of Attention 

 In contrast to the Mirsky model of attention, where it is hypothesized that various brain 

regions are responsible for attention, Denckla’s model is intended to be a measure of frontal lobe 

or executive functions (Denckla, 1996). Executive function can be defined as the ability to 

develop and maintain an appropriate problem-solving strategy across changing stimulus 

conditions in order to achieve a future goal (Luria, 1973). Also according to Denckla (1996), 

executive function is the capacity to attend to more than one component of a situation at once, 

while resisting distractions, inhibiting off-task or inappropriate responses, and planning, 

sequencing and maintaining output for significant periods of time. According to that model, the 

frontal lobes are responsible for executive functioning. The focus of this model is more 

functional and theoretical and than anatomical. The components of executive function as 

elaborated by Denckla are (1) Initiate, or planning and organization; (2) Concentration and 
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vigilance, or sustain; (3) Self-control, self-monitoring or inhibit; and (4) Shift and cognitive 

flexibility. The main difference between the Mirsky and Denkla models is the Inhibit versus the 

Encoding factor. 

 Tests suggested for the measure of the Initiation factor are the WCST (Wisconsin Card 

Sort Test), Verbal Fluency (Benton & Hamsher, 1976), scores from the California Verbal 

Learning Test (Delis, Kramer, Kaplan, & Hamsler, 1987), and scores derived from the Rey-

Osterrieth copying test (Denckla, 1996). For the assessment of the Sustain factor, the CPT, the 

Trails Making test, the Verbal Fluency test, the Stroop test, and the Matching Familiar Figures 

test are used (Adleman et al., 2002; Bush et al, 1999; Denckla, 1996; Macleod, 1991; van 

Mourik, 2005). The last factor, Cognitive Flexibility, is measured by the WCST, the Stroop 

interference score, scores derived from the CVLT (California Verbal Learning Test) and the 

Verbal Fluency test. 

 

Barkley’s Model of Attention  

 Barkley’s theory (1990, 1997, 1998, 2000) postulates that ADHD-HI type is a function of 

problematic executive functioning resulting from a deficit in frontal lobe functioning. Barkley 

believes that children with ADHD-HI are unable to monitor and inhibit their responses to 

external stimuli, and are, therefore, impulsive, and that their attention problems are secondary to 

disinhibition. Barkley believes that, in children who suffer from ADHD-IA type, their problems 

are related to true attention deficits. He proposes that a deficit in information processing rather 

than a deficit in executive functioning (i.e., behavioral inhibition) underlies the symptomatology 

in ADHD-IA. 
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Thus, Barkley (1998) proposes that the current description of ADHD is really a 

combination of two separate syndromes: specifically, inattention based on deficits in speed of 

information processing and secondary inattention based on executive functioning and behavioral 

inhibition. 

 

ADHD Models Based on Luria’s Theory of Mind 

In his description of the global functioning of the brain, Luria (1973) described three 

functional units involved in any cognitive activity. The first unit is of regulating “tone and 

awakening.” This unit involves brainstem activity, the reticular formation, and cooperates with 

the cortex to maintain optimal level of cortical arousal necessary for proper brain functioning. 

According to Christensen (1984), this unit is responsible for the initiation of selective and 

focused attention.  Therefore, a deficit in this unit will negatively affect the other two units. 

 The second functional unit is for “obtaining, processing and storing information from the 

world” and is located in the brain regions underlying primary sensory and association areas of 

vision, audition, and general sensation. These regions interact with the environment by receiving, 

coding, and storing information (Christensen, 1984). 

The third functional unit is necessary for “programming, regulating and verifying mental 

activity” and is located in the frontal and prefrontal cortices. Luria (1966) believed the frontal 

lobes played a decisive role in the execution of all complex forms of activity. 

As described earlier, recent technology mainly supports the involvement of the frontal 

lobes, the site of Luria’s third functional unit in ADHD, during tasks that involve planning and 

inhibition (Reader et al., 1994; Riccio et al., 1993; Shallice 1982). Therefore, it appears that 
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children with ADHD-HI may have a frontal lobe dysfunction that results in diminished executive 

functions such as inhibition, planning, and impulse control. 

However, studies indicate that children with ADHD-IA type may have deficits in the 

select/focus areas of attention, the site of Luria’s second functional unit. The second unit of 

Luria’s hierarchical theory has been associated with the posterior cortical-subcortical sensory 

processing pathways (Fuster, 1989; Mesulam, 1990; Mirsky, 1987; Posner, 1988). 

Children with ADHD have also been found to have difficulty sustaining attention or 

vigilance due to lack of persistence and effort. The critical structures for these functions are 

located primarily in the tectum and mesopontine reticular formation (Misrky et al., 1991), which 

correspond to Luria’s first functional unit. It is, therefore, possible that different ADHD subtypes 

are possibly distinct disorders. 

 

Other Theories in Regards to the Frontal Lobes and ADHD  

 The majority of research on frontal lobe dysfunction in children with ADHD has 

occurred within neuropsychology. The field of cognitive neuropsychology has worked toward 

developing an understanding of functional brain systems by carefully examining the specific 

performance deficits of individuals who have suffered focal brain damage (McCarthy & 

Warrington, 1990). From these observed associations, inferences have been drawn about the 

nature of the systems involved in the normally functioning brain. As described earlier, when 

Broca noticed that patients with damage to the left frontal lobe had expressive language deficits, 

he inferred the presence of an expressive language “center” in the normal brain (Stuss & Benson, 

1984). Clearly, there is some danger in this approach because it is inferred that the damaged 

brain operates normally with the exception of a specific function that has been “deleted’ by the 
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damage. It is certainly possible and, in fact, probable that even focal damage results in a 

reorganization of restructuring of cognitive functions rather than a simple loss of function. There 

is also danger in identifying “centers” for specific functions based only on correlational data 

(associations between damage and loss of function). Clearly, it is important to exercise caution 

and to have multiple sources of supporting evidence before drawing inferences about normal 

cognitive functions and about the localization of those functions. 

 A second caveat related to the neuropsychological approach pertains to the instruments 

used in the investigation. The development of an instrument which measures an individual’s 

ability to sustain attention, while other instruments measure an individual’s ability to ignore 

distracting material, and others measure the flexibility of one’s attentional processes in adapting 

in changing stimuli creating inconsistencies in regards to generalized assumptions. It is important 

to understand, however, that neuropsychological measures are typically “over determined”; that 

is, successful performance relies on more than one neurocognitive process (Melamed, 1993). 

Because of the cooperative nature of cognitive functions, it is difficult, if not impossible, to 

design instruments which tap only one specific activity. 

 The problem of over-determination is particularly difficult to overcome in designing tests 

of “frontal lobe functions” because these functions are important in many organized human 

behaviors. Nevertheless, a number of measures have been developed over the years, which seem 

to reflect various frontal lobe functions. Generally speaking, individuals with known frontal lobe 

damage perform poorly on these tests. Furthermore, individuals with brain damage localized to 

other regions do not necessarily show deficits on these tests. Such a finding is known as a 

“double dissociation” (McCarthy & Warrington, 1990) in neuropsychology and is important in 

establishing the validity of localized functioning using these frontal measures. It should be noted 
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that many neuropsychological measures were designed to be sensitive to the mere presence of 

brain damage and were not initially thought to be useful in localizing damage. 

 Furthermore, a number of neuropsychological measures of frontal lobe functions have 

been employed in studies of children with ADHD. Many of these have been “executive function” 

measures. Perhaps the most widely used measure of frontal-executive functioning is the WCST 

(Milner, 1991). The task involves working memory, set maintenance, and the ability to respond 

to feedback. The task requires the individual to sort a series of cards, which contain visual 

stimuli that differ in color, shape, and number of shapes. The examiner provides feedback about 

the individual’s capacity to adapt to the changing demands. The test provides a measure of the 

individual’s grasp of concept as well as the ability to maintain attention to the task. In addition, 

the WCST provides an index of perseveration, which is the maladaptive tendency to persist in 

inappropriately responding in the face of feedback (Heaton, 1981).  

 Chelune et al. (1986) found that children with ADHD performed more poorly than 

control children on the WCST (total score and perseveration indexes), although the two groups 

did not differ in scores on general intelligence measures. A number of other studies have shown 

similar results as Chelune’s (Aronowitz et al., 1994; Boucugnani & Jones, 1989; Gorestein, 

Mammato, & Sandy, 1989; Shue & Douglas, 1992). However, some studies found no differences 

between children with ADHD and controls on any measures from the WCST (Grodzinsky & 

Diamond, 1992; Loge, Staton, & Beatty, 1990). In their review of this literature, Barkley, 

Grodzinsky and Diamond (1992) speculate that differences in subjects’ ages and heterogeneity of 

the samples studied may contribute to the inconclusive nature of the findings. 

 Several studies of frontal-executive functioning in children with ADHD have used 

measures of planning, sequencing, and working toward goals. Tests including Porteus mazes, 
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WISC-R mazes, Trail Making, and the Tower of Hanoi have all shown sensitivity to frontal lobe 

damage (Lezak, 1995; Goel & Graham, 1995). Results from these studies of children with 

ADHD are mixed. Again, some studies show performance of children with ADHD on executive 

function tests, which require the subject to inhibit one response (often the most salient response) 

when two competing responses are possible. For instance, the Stroop Color-Word Test requires 

the subject to inhibit the salient response (reading the word) and, instead, respond to a less salient 

feature of the stimulus (the color of the ink). Another measure of ability to inhibit behavioral, 

although not strictly an executive measure, is the Continuous Performance Test (CPT). Various 

versions of the CPT exist, but most consist of a computerized presentation of stimuli (visual, 

auditory, or both) over a series of trials. The individual is asked to respond quickly to the target 

stimuli (a block on the top half of the screen or a specific tone) and to inhibit responses to the 

non-target stimuli (a block on the bottom half of the screen or a tone with a different pitch). Most 

CPT versions provide an index of “errors of commission” (errors based on responding to non-

target stimuli) that is considered a strong measure of inhibitory capacity along with an index of 

“errors of omission” (errors in not responding to target stimuli) that is considered a strong 

measure of inattention. 

 A third, similar measure of a child’s ability to inhibit responses is the Go No Go (GNG) 

task, in which motor inhibition is tested. Several versions of the GNG task have been described 

in the literature (Trommer et al., 1988, 1991). Most are very similar to CPT tasks except that the 

target and non-target stimuli are not qualitatively different. For example, in the GNG described 

by Trommer et al. (1988), the target is a single knock and the non-target is a double knock with a 

time interval between the knocks. Thus, the task requires an additional element of delayed 

responding that the CPT does not. In general, studies incorporating these measures demonstrate 
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that children with ADHD are deficient in these frontal-executive functions (Boucugnani & Jones, 

1989; Gorestein, Mammate, & Sandy, 1989; Grodzinsky & Diamond, 1992; Trommer et al., 

1988) although at least a few studies do not demonstrate deficits (Barkley & Grodzinsky, 1994). 

Lastly, a few studies have employed verbal fluency measures in attempting to show 

frontal lobe deficits among children with ADHD. Fluency, or the ability to spontaneously 

generate language, is highly dependent on intact frontal lobes (Stuss & Benson, 1987). Many 

studies have demonstrated that frontal injury is often associated with dysfluency, poor “word 

finding” ability, and lack of spontaneity in speech (Crowe, 1992; Stuss et al., 1986). A number of 

studies found that children with ADHD are significant dysfluent (on some measures) compared 

with children in control groups (Barkley & Grodzinsky, 1994; Felton et. al., 1987; Grodzinsky & 

Diamond, 1992; Koziol & Stout, 1992; Loge, Stanton, & Beatty, 1990). 

Neuroanatomical studies indicate that the frontal lobe is a very substantial portion of the 

human cerebral cortex. Therefore, to refer to the “frontal lobe” as a unit is to make a rather gross 

anatomical distinction. Historically, the frontal lobes have been defined as all cortical material 

anterior to the central sulcus (fissure of Rolando) and dorsal to the lateral fissure (Sylvian 

fissure) (Lezak, 1995). Thus, the frontal lobes are roughly defined on the basis of major 

anatomical landmarks. Although this method of subdivision is somewhat crude, it turns out that 

these anatomical landmarks in the brain correspond quite well with underlying neural circuits 

(Mega & Cummings, 1994). Subdivisions of frontal cortex, however, cannot be made on such 

distinctive landmarks. Rather, subdividing the frontal lobes has depended on careful examination 

of neural tissue and neurochemical pathways. The frontal cortex contains several unique types of 

tissue (agranular, dysgranular, eugranular, etc.) whose relative concentrations in different areas 

have helped to “map” distinct regions within the cortex. In addition, using a variety of 
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histological techniques, neurochemical pathways or “projections” have been explored and have 

helped to define distinct regions (Fuster, 1989). 

Based on these efforts, three major subdivisions of frontal cortex are evident: the pre-

central, anterior, and the cingulate (Pribram, 1990). The pre-central region contains both the 

motor cortex and the pre-motor cortex. These regions are important in fine motor and 

sensorimotor integration respectively. The cingulate seems to be involved in “exploratory” 

behavior, motivation, and volitional action (Duffy & Campbell, 1994; Malloy & Richardson, 

1994). Damage to either the pre-central region or cingulate leads to identifiable syndromes. 

However, neither region is strongly implicated in ADHD nor in any other psychiatric conditions. 

In contrast, the third subdivision of frontal cortex, the anterior region, is strongly implicated in a 

number of psychiatric conditions including ADHD, conduct disorder, and schizophrenia 

(Goldman-Rakic, 1994; Stuss & Benson, 1984). 

The anterior frontal cortex, also referred to as “pre-frontal” cortex, can be further 

subdivided into at least two major regions: the dorsolateral (DL) cortex and the orbitofrontal 

(OF) cortex (Pribram, 1990). The DL region consists of the most anterior portions of the frontal 

lobe, while the OF cortex consists of the ventral portions of the frontal lobe which rest on the 

orbital roof (above the eyes). The two regions are not entirely dissociable, but there are rather 

significant differences between these two systems, one of which involves their primary 

connections with other systems. The DL cortex has a number of important connections with the 

sensory association cortex. The OF cortex, in contrast, has many important connections with 

limbic structures. These major differences in connectivity are thought to be key in understanding 

the different cognitive, emotional, and behavioral syndromes that result from damage to these 

two regions (Duffy & Campbell, 1994). 
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 Because of the unique function of DL cortex and its close connections with the sensory 

associative cortex, DL lesions tend to result in poor integrative capacity, poor organizational 

skills, lack of planning skill, and insensitivity to feedback. Because of the unique function of the 

OF lesions and its connections with limbic structures, OF lesions tend to result in hyperactivity, 

lack of inhibitory skill, and emotional dyscontrol. Clinically, two corresponding syndromes have 

been described: the “dysexecutive” syndrome, which is associated with DL lesions, and the 

“disinhibition” syndrome, which is associated with OF lesions (Duffy & Campbell, 1994; Mega 

& Cummings, 1994).  The characteristics of the DL-dysexecutive syndrome include poor 

judgment, poor planning, lack of insight, poor organizational skill, lack of persistence, lack of 

mental flexibility, poor self-care, and lack of learning from feedback (Duffy & Campell, 1994). 

The OF-disinhibition syndrome often includes distractibility, stimulus-driven behavior, poor 

impulse control, diminished social insight, lack of interpersonal sensitivity, explosive outbursts, 

aggression, and hypersexuality (Duffy & Campell, 1994; Mega & Cummings, 1994; Stuss & 

Benson, 1984; Varney & Menefee, 1993). 

 Clearly, these two syndromes are fairly distinct. In cases of severe damage to one system, 

it is often possible to clearly identify either the dysexecutive syndrome or the disinhibition 

syndrome from an individual’s behavior. However, in cases where the damage is less severe (or 

only suspected), it may be difficult to identify the syndrome from the behavior only. A number 

of commonly used neuropsychological measures have been shown to differentially reflect DL 

functioning and OF functioning (Malloy & Richardson, 1994; Mega & Cummings, 1994). 

 Because of the association of the DL cortex with the dysexecutive syndrome, it has been 

proposed that DL damage will be reflected primarily in neuropsychological measures of 

executive functioning while these same measures will not necessarily reflect OF damage. Of 



 34

course, executive function measures that are affected by disinhibition would not necessarily 

distinguish DL and OF damage. The WCST has been demonstrated to be relatively “pure” 

executive function measure, and there is some experimental evidence indicating that it is 

primarily sensitive to DL damage (Mega & Cummins, 1994). In addition, several studies have 

demonstrated the specific involvement of DL cortex during WCST performance using regional 

cerebral blood flow measures and positron emission tomography (PET) (Berman et al., 1995; 

Marenco et al., 1993; Weinberger, Berman, & Zec, 1986). The WCST is thought to involve 

several executive functions including the ability to “maintain set,” respond to environmental 

feedback, and switch from one cognitive strategy to another when necessary (Lezak, 1995; Stuss 

& Benson, 1984). 

 Another measure, which is thought to reflect primarily executive functions, is Shallice’s 

Tower London Test. This test, which is a variation of Tower of Hanoi Test, involves planning, 

goal setting, and sequencing of behavior. It has been shown to be sensitive to frontal damage 

(Owens et al., 1990; Shallice, 1982). In addition, at least one study has demonstrated that DL 

cortex is specifically “recruited” during performance of this test (while other regions are not 

“recruited”) using a single photon computerized tomography (SPECT) measure (Morris et al., 

1993). 

 Verbal fluency tasks have long been known to be sensitive to frontal lobe damage 

(Fuster, 1989; Stuss & Benson, 1990). The Controlled Oral Word Association Test (COWAT) is 

a measure of verbal spontaneity, which also includes an additional factor – a rule, which imposes 

limits on the verbal response. Crowe (1992) has suggested that the COWAT may be useful 

measure for distinguishing DL deficits from OF deficits. While DL damage is likely to result in 

decreased fluency, there is no reason to expect that it would affect adherence to the rules. OF 
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damage, on the other hand, is likely to result in high rates of responding (average or above –

average fluency) and more frequent violations of the rules (disinhibition). Crowe (1992) 

provided support for these hypotheses. He found that patients with OF lesions did show 

significantly more rule-violations than patients with DL lesions. However, he also found that the 

groups did not differ in terms of fluency. In fact, both groups were significantly impaired 

compared to control subjects. Crowe’s results are somewhat difficult to interpret because of 

admittedly “non-pure” patient groups, but, nevertheless, they suggest the COWAT measure may 

be useful in distinguishing these deficits. 

 Additionally, a number of investigators have been studying the effects of frontal lobe 

damage on “recency memory,” which is believed to be a form of memory that is highly 

dependent on executive functioning (McAndrews & Milner, 1991). Based on theories about DL 

involvement in “temporal coding” and in mediating “cross-temporal contingencies” (Fuster, 

1989; Pribram, 1990), it was proposed that items in memory must be “tagged” in some respect 

with temporal cues in order to preserve order. Therefore, an instrument which assesses the ability 

to make judgments about the relative recency of exposure to stimuli would be useful in 

examining frontal lobe functioning. Milner, Corsi, and Leonard (1991) have used such a measure 

with frontal lobe patients. The task requires the subject to view a series of stimuli (words or 

pictures) and occasionally make a decision about which one of two stimuli appeared more 

recently in the series. These authors have determined that the test is particularly sensitive to left 

lateral-frontal lesions. Patients with lateral frontal damage had difficulty determining the order of 

presentation of stimuli especially when the time between presentation and recall was long. 

Although no direct comparison between patients with DL and OF lesions has been done, the 
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findings up to this point suggest that the recency memory test might be useful in differentiating 

them because of the DL cortex’s role in temporal processing. 

 Most investigators agree that, while the DL-dysexecutive syndrome is often identifiable 

from the results of neuropsychological tests, the OF-disinhibition syndrome is more easily 

identifiable from behavioral and emotional data (Mega & Cummings, 1994; Varney & Menefee, 

1993). Nevertheless, there are unique neuropsychological deficits, which have been 

demonstrated to result from OF damage. One deficit that is quite specific to OF damage is 

anosmia (olfactory deficit) (Jones-Gotman & Zatorre, 1988; Mega & Cummings, 1994; Malloy 

& Richardson, 1994). Although anosmia is not necessarily associated with the disinhinbition 

syndrome itself, the two are often co-occur (Varney & Menefee, 1993). Therefore, tests of smell 

perception are currently being used as indicators of general OF deficit. The University of 

Pennsylvania Identification Test (UPSIT) is a well normed, clinically useful instrument for 

assessing smell perception (Doty, 1989; Doty, Shaman, & Dann, 1984). The UPSIT has been 

demonstrated to be sensitive to OF damage (Jones-Gotman & Zatorre, 1988) and was used in the 

study of schizophrenia and other mental disorders with presumed frontal lobe involvement 

(Malaspina et al., 1994). 

 Various versions of the GNG test have also been shown to be differentially sensitive to 

OF damage (Fuster, 1989; Pribram, 1990; Stuss & Benson, 1984). At least one study has 

demonstrated that OF cortex is “recruited” during the GNG task using electrophysiological 

techniques (Malloy et al., 1989). Some versions of this test involve delayed memory tasks, while 

others are purely measures of motor inhibition (Malloy & Richardson, 1994). Patients with OF 

damage have problems inhibiting their responses to “stop” signals when they are alternated 

randomly with “go” signals. The task becomes even more difficult for OF patients when the 
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instructions require the subject to respond to the opposite cue (respond to a “stop” cue and inhibit 

responding to a “go” cue). Although patients with DL damage may also have some difficulty 

with GNG tasks, the inhibitory deficits associated with OF damage are much more severe. 

 The Stroop Color-Word Test is another measure that is sensitive to frontal lobe damage 

(Lezak, 1995; Stuss & Benson, 1984). The Stroop test is often regarded as a measure of 

executive functioning, but an analysis of the task involved suggests that perhaps it is a better 

measure of inhibitory capacity than it is of planning, organizing, or set maintenance. The task 

requires the subject to inhibit the natural tendency to read the word while responding to a less 

salient feature of the stimulus (the color). Most individuals find the task to be quite difficult, and 

individuals with brain damage find it extremely difficult, to inhibit the natural learned response. 

Malloy and Richardson (1994) suggest that OF damage is likely to result in greater difficulty 

with the Stroop test than DL damage.  There has been no direct experimental support of this 

assertion, but at least one study has shown that OF cortex is “recruited” during performance of 

the Stroop test in healthy subjects while other regions are not necessarily involved (Bench et al., 

1993). 

It was also hypothesized that different ADHD subtypes could be associated indirectly 

with either DL or OF deficits. According to his theory, there are two distinct underlying 

neurocognitive factors in children diagnosed with ADHD. One is identified as the DL-executive 

factor and is related to the ADHD-IA.  In this factor, the WCST and the Tower of London (TOL) 

are strongly associated with each other and are shown to be the tests on which performance is 

significantly decreased (Malloy & Richardson, 1994; Mega & Cummings, 1994). On the other 

hand, the Stroop test and the Go-No-Go (GNG) were associated with disinhibition and ADHD-

HI type (Adleman et al. 2002). He identified this factor as the OF-inhibitory factor. 
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ADHD Subtype Differences in Neuropsychological Performance 

To date, there have been relatively few studies regarding the neuropsychological 

performance of children with the current DSM subtypes, and those studies that do exist have 

provided inconsistent results. 

 Hynd (1991) reviewed 10 studies that attempted to differentiate groups with ADHD with 

hyperactivity (ADD/H) and ADHD without hyperactivity (ADD/WO) on the basis of 

neuropsychological measures.  Most of the studies (75%) found differences between the 

combined ADHD groups and the control group. Differences were found in cognitive tempo, 

automaticity of information, long-term retrieval of verbal information, and selective and 

sustained attention. 

Houghton et al. (1999) found that although ADHD-IA and ADHD-C children were 

significantly different from controls on measures of inhibition, planning and set-shifting, the two 

subtypes were not significantly different from one another. Nigg, Blaskey, Huang, and Rappley 

(2002) found that boys with ADHD-C significantly differed from boys in the ADHD-IA group in 

behavioral inhibition. Klorman et al. (1999) found that children with ADHD-C achieved fewer 

correct solutions and made more rule violations than children without ADHD on the Tower of 

Hanoi, a measure of planning and the WCST, a measure of problem-solving and cognitive 

flexibility, whereas children with ADHD-IA were not significantly different from the 

comparison group. 

Lockwood, Marcotte, and Stern (2001) found differences between ADHD- IA and 

ADHD-C individuals on tasks reflecting selecting attention based on Cohen’s (1993) theory of 

attention. Cohen proposes a model of attention consisting of four components: sensory selection, 

response selection, capacity/focus, and sustained attention. Both ADHD groups performed 
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poorly on tasks of sensory selection and those requiring discrimination of relevant versus 

irrelevant information. Children with ADHD-IA performed more poorly than ADHD-C on a task 

involving verbal memory, whereas ADHD-C performed more poorly on a task requiring manual 

reproduction of a figure. ADHD-IA had more trouble with tasks requiring selection from cued 

information, and ADHD-C had more trouble with tasks requiring suppression of inappropriate 

responses, indicating impaired response inhibition. The subtypes did not differ from each other 

on tasks of capacity/focus or sustained attention. 

Nigg, Blaskey, Huang-Pollock, and Rappley (2002) examined motor inhibition. The stop 

task was administered to 105 children in groups of ADHD-C, ADHD-IA, and non-ADHD. 

Deficits were found in the ADHD-C group and ADHD-IA when compared to controls. 

Additionally, ADHD-C boys exhibited deficits compared to ADHD-IA boys. 

 

Research on the NEPSY and ADHD 

Since the NEPSY is a fairly new neuropsychological instrument, not many studies have 

been conducted for attentional disorders. In that section, a brief review of the existing studies 

will be presented. Huckeba, Kreinam, Korkman, Kirk, and Kemp [(2000) manuscript in 

preparation] examined the qualitative observations (QO) and supplemental scores (SS) of a 

group of children identified as ADHD and compared it with a non-clinical group. The 

performance of the children with ADHD in relation to the control group was significantly 

different on the Attention/Executive Domain. It was also found that the children with the ADHD 

diagnosis solved fewer problems correctly, made more rule violations on the Tower (a test 

similar to the Tower of London), and demonstrated more motor difficulty in placing the balls on 

the pegs without dropping them. 
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 The ADHD group also differed significantly on the Auditory Attention Response Set, a 

test that assesses simple and selective auditory attention. More specifically, on that test the 

ADHD children showed more off task behaviors and in their ability to shift auditory sets. The 

ADHD group also differed from the control group in their performance on the Statue subtest, 

which is a measure of motor persistence and response inhibition. 

 Furthermore the ADHD group exhibited significantly poorer performance in the 

Phonological Processing and the Repetition of Nonsense Words subtest.  The children in the 

ADHD also had trouble comprehending linguistically complex oral instructions (Comprehension 

of Instructions Subtest) and rapidly producing words within a category (Verbal Fluency). The 

experimental (ADHD) group obtained a lower Sensorimotor Core Domain Score when compared 

to the control group. More specifically, children with the ADHD diagnosis exhibited depressed 

scores in the Imitating Hand Positions subtest as well as on the Manual Motor Sequence subtest. 

The ADHD group also exhibited more motor overflow and a significantly higher amount of 

involuntary movements around the mouth and the tongue in the Finger Tapping subtest of the 

NEPSY. 

 Finally, the Memory and Learning Core Domain scores for the children with ADHD were 

significantly lower by those obtained by the control group. More specifically, children in the 

ADHD group learned fewer words over trials and they recalled fewer words in the immediate 

and delayed recall part of the test. 

Even though there were significant results found between the ADHD group and the 

control group, the following needs to be noted about the design of the study. The sample of 

children who were included in the ADHD group was comprised of 51 children from which 21 

were classified as the combined type, 15 as predominantly inattentive type, and 8 who met the 
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criteria but were unspecified. As it is apparent, the ADHD group was not homogeneous in 

regards to diagnosis and the authors did not specify the results in relation to ADHD subtypes. 

Additionally, it is not clear how the sample was distributed regarding gender, ethnicity or race. 

Pottinger (2001) examined the ability of the Cognitive Assessment System (CAS) and 

selected subtests of the NEPSY in order to differentiate between subtypes the ADHD-C and 

ADHD-IA.  Results indicated a significant difference between the ADHD-IA and ADHD-C 

groups on the Tower subtest of the NEPSY and the Planning Scale of the CAS. The ADHD-C 

group performed worse than the ADHD-IA group. No significant differences were found among 

groups on the Auditory Response Set regarding omission errors or the Phonological Processing 

subtest. The ADHD-HI subtype was not studied. 

Perner et al. (2002) compared younger children (4.5-6.5 years old) who were “At Risk of 

ADHD” using the DSM-IV criteria, with an age-matched control group on several tasks from the 

NEPSY. This study found that the “At Risk” group scored significantly lower on the Tower 

subtest of the NEPSY.  ADHD-subtype groups were not studied. 

Strahan (2004) studied select NEPSY subtest scores profiles of children who had 

originally been diagnosed with ADHD. Three groups were formed within the sample: one group 

consisted of children meeting criteria for ADHD, one with children meeting the criteria for 

another clinical diagnosis and another one with children presenting with neither ADHD nor any 

other clinical disorders. Those groups were compared on selected subtests of the NEPSY. 

Examination of sample score profiles on the NEPSY indicated similar patterns of 

neurodevelopmental weaknesses, which could manifest as behaviors that mimic those of ADHD. 
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Research Hypotheses 

The purpose of this study is to determine if the NEPSY is able to differentiate between 

the three ADHD subtypes: ADHD-HI, ADHD-IA, ADHD-C based on measures of executive 

functioning as defined by the NEPSY Executive Function Scales. Based on relevant literature, 

several studied have suggested that ADHD-IA and ADHD-HI are each associated with unique 

neuropsychological profiles. For instance, as Barkley (1997) proposed, the dimension of ADHD-

HI may be associated with deficits in behavioral inhibition but not deficits in other executive 

functions such as problem solving or planning. In contrast, some studies suggest that the 

dimensions of ADHD-IA may be associated with general deficits in selective, sustained 

attention, vigilance and other executive functions but not impaired inhibition. Therefore, in this 

study it was hypothesized that the ADHD-HI group will be impaired only on inhibition measures 

but not those assessing attention and vigilance. Children with the ADHD-C subtype, because it 

shares elevations on both dimensions, are predicted to exhibit deficits on both test of attention, 

vigilance and inhibition. Additionally, these deficits could be more severe than the deficits 

exhibited by children with the other two subtypes, as the interaction between these two 

dimensions could cause more severe impairment. 

Hypothesis 1. There would be a main effect for group and all the Executive Function Subtests of 
the NEPSY as well as the CPT- II and CPT- II commission errors. 

Hypothesis 2: On the Tower subtest the ADHD-C group will score significantly lower than the 
control group. 

Hypothesis 3: On the Tower subtest the ADHD-IA group will score significantly lower than the 
control group. 

Hypothesis 4: On the Auditory Attention Response Set (AARS), the ADHD-IA group will score 
significantly lower than the control group. 

Hypothesis 5: On the Auditory Attention Response Set (AARS), the ADHD-C group will score 
significantly lower than the control group. 
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Hypothesis 6: On the Visual Attention test the ADHD-C group will score significantly lower 
than the control group. 

Hypothesis 7: On the Visual Attention test the ADHD-IA group will score significantly lower 
than the control group. 

Hypothesis 8: On the Design Fluency Test, the ADHD-IA will score significantly lower than the 
control group. 

Hypothesis 9: On the Design Fluency Test, the ADHD-C will score significantly lower than the 
control group. 

Hypothesis 10: On the Statue subtest, the ADHD-HI group will score significantly lower than the 
control group. 

Hypothesis 11: On the Statue subtest, the ADHD-C group will score significantly lower than the 
control group. 

Hypothesis 12: On the Knock and Tap test, the ADHD-HI group will score significantly lower 
than the control group. 

Hypothesis 13: On the Knock and Tap test, the ADHD-C group will score significantly lower 
than the control group. 

Hypothesis 14: On the CPT-II the ADHD-IA group will make a significantly higher number of 
omission errors when compared to the control group. 

Hypothesis 15: On the CPT-II the ADHD-C group will make a significantly higher number of 
omission errors when compared to the control group. 

Hypothesis 16: On the CPT-II the ADHD-HI group will make a significantly higher number of 
commission errors when compared to the control group. 

Hypothesis 17: On the CPT-II the ADHD-C group will make significantly higher number of 
commission errors when compared to the control group. 
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CHAPTER 3 

METHODS 

Participants 

Potential subjects in this study were identified using archival data from a large 

neurodevelopmental clinic in Michigan.  Participants in this study consisted of children who 

were originally referred by primary care physicians, neurologists, school psychologists, or 

parents. Each patient had undergone a comprehensive neuropsychological evaluation. Originally, 

individual tests were administered by a licensed neuropsychologist, a trained technician, or a 

doctoral level graduate student with extensive training in neuropsychology. After administration, 

assessment protocols were scored by two different examiners, always including the licensed 

neuropsychologist to ensure accuracy and scoring reliability. Before entering the data into the 

database, each subject was assigned a number and all personal identifiers were deleted in order to 

ensure confidentiality. All data was uploaded to the SPSS-X statistical program for analyses. 

The original database contained 647 subjects with various neurodevelopmental disorders 

and data collected throughout the past decade. From the database, 110 subjects were selected and 

included in the clinical groups, and 27 subjects were selected to be included in the comparison 

group. 

 

Inclusion Criteria for the Clinical Groups 

In order to be included in the data analyses, subjects for the clinical groups had to meet 

the following criteria: 1) no history of head injury or other medical conditions effecting 

psychological functioning at the time of the evaluation; 2) no current psychotropic drug use; 3) a 

full-scale IQ of 85 or higher as assessed by the Wechsler Abbreviated Test of Intelligence 
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(WASI); 4) no history of learning disabilities; 5) no history of visual/auditory deficits, 

neuromuscular disorder, motor disorder, seizure disorder, or any other neurological disorder; 6) 

no history of stimulant use or had abstained from taking medication at least 16 hours prior to the 

evaluation; and 7) children in the clinical groups had to  fulfill criteria for ADHD-IA, ADHD-HI 

or ADHD-C based on the DSM-IV criteria  using the DSM-IV symptom checklist. 

 

Inclusion Criteria for the Comparison Group 

Subjects in the comparison group were included in the study if they met the following 

criteria: 1) no history of significant behavioral or emotional problems to warrant a DSM-IV 

diagnosis, as determined from parental interview and scores below the cut-off on the Child 

Behavior Checklist (CBCL) and DSM-IV symptom checklist. In addition, the same inclusion 

criteria used for the clinical groups were also applied for the selection of cases included in the 

comparison group. 

 

Screening Measures 

The DSM-IV symptom checklist (Barkley & Murphy, 1998; DuPaul et al., 1997; Lahey, 

Pelham, Stein, et al., 1998) was utilized to obtain both parent and teacher ratings of symptoms of 

ADHD. Each symptom on this checklist was identical to that listed in the DSM-IV criteria for the 

disorder. Parents and teachers were instructed to circle the number next to each question that best 

describes the child (i.e., 0-not at all, 1-just a little, 2-pretty much, 3-very much). Items endorsed 

as 2 or 3 were scored as positive symptoms of ADHD. Symptoms endorsed by both parents and 

teachers were counted as positive symptoms for the diagnosis. Children with six or more 

symptoms of IA or HI, or both, were included in the study as participants.  Parents were also 
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administered the CBCL, created by Achenbach and Craig Ebelbrock (1991) and designed to 

empirically assess behavior problems in children between the ages of 4-18 years old. The 

development of this instrument was based on a careful review of the literature and empirical 

studies and was designed to assess in a standardized format the behavioral problems and social 

competencies of children as reported by parents. The CBCL consists of 118 items related to 

behavior problems, which are scored on a three-point scale ranging from “not true” to “often 

true.” There are 20 social competency items used to obtain parents’ reports of the amount and 

quality of the their child’s participation in sports, hobbies, games, activities, organizations, jobs, 

chores, and school functioning, and also friendships and how well the child gets along with 

others and plays and works by himself or herself. There are several cross-informant syndromes 

derived from factor analyses, including Anxious/Depressed, Withdrawn/Depressed, Somatic 

Complaints, Social Problems, Thought Problems, Attention Problems, Rule-Breaking Behavior, 

and Aggressive Behavior. All forms are parallel regarding the three primary scales (Internalizing, 

Externalizing, Total Problems). In addition, six DSM-IV-oriented scales are derived which 

include Affective Problems, Attention-Deficit/Hyperactivity Problems, Anxiety Problems, 

Oppositional Defiant Problems, Somatic Problems, and Conduct Problems. Children who scored 

above the cut-off point (T= 65) on the Attention-Deficit/Hyperactivity Problems scale, but not on 

any other scale, were included in the clinical group of the study, but placement for the specific 

subtype groups was done using the DSM-IV symptom scale. 

 

Assessment Measures 

CPT-II 

The CPT-II was developed by Keith Conners (1994, 2000). Although it has many clinical 
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purposes, the most traditional use is as a measure of attention and learning disorders. It should 

also be noted that the test is sensitive to drug treatment in hyperactive children. The program is 

designed for children six years of age and up. The layout of the test requires subjects to either 

press the space bar or click the mouse button when any letter except the target letter “X” appears. 

The inter-stimulus intervals are broken up into 1, 2, and 4 seconds, respectively, with a display 

time of 250 milliseconds. There are six blocks, with three sub-blocks, each containing 20 letter 

presentations. The order of the inter-stimulus intervals is varied, and the expected running time is 

14 minutes. 

 

NEPSY 

The NEPSY is a comprehensive instrument designed to assess neuropsychological 

development in preschool- and school age children (Korkman, 1987). This instrument consists of 

a series of neuropsychological subtests that can be used in various combinations, according to 

the needs of the child and the orientation of the examiner. A broad range of subtests is included 

in order to assess neuropsychological development in five functional domains: (a) 

Attention/Executive Functions, (b) Language, (c) Sensorimotor Functions, (d) Visuospatial 

Processing, and (e) Memory and Learning. The NEPSY is based on the theories of brain created 

by Luria based on assessment of adults with brain damage (Cristensen, 1984; Luria, 1973, 1980). 

The Lurian model describes cognitive functions as composed of three flexible and interactive 

units, which are hierarchically arranged based on complexity. The first unit is responsible for the 

basic physiological functions that support life, such as respiration and heartbeat, and for the 

arousal of attention that is necessary for higher levels of cognitive functioning. The second unit 

refers to the posterior cortex: the occipital, parietal, and temporal lobes. These areas process the 
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primary intake of sensory information and associate it with other information and experience. 

The third unit is responsible for higher cognitive functioning and is thought to regulate the 

executive functions of planning, strategizing, and monitoring performance necessary for efficient 

problem solving through rich connections to all areas of the brain. The third unit uses 

information processed in the second unit; it is affected by and modulates basic arousal and 

attention functions.  In summary, the Lurian model seeks to identify the primary deficits 

underlying impaired performance in one functional domain that would subsequently affect other 

higher cognitive domains (Korkman, 1995). 

 

Standardization Sample 

 The standardization was based on a sample of 1000 children, 100 children for each age 

group ranging from 3-12 years. Each group included 50 males and 50 females. A stratified 

random sampling of children was used based on the 1995 statistical information from the US 

Census Bureau. 

 

Reliability 

 Test reliability is an indication of the degree with which a test provides a precise and 

stable measure of the construct it is supposed to measure. Reliability coefficients for the NEPSY 

were calculated through split-half, test-retest, and generalizability procedures, depending on the 

nature of the subtest (Korkman et al., 1998). Reliability coefficients for all subtests indicated that 

most of the NEPSY subtests had moderate to high internal consistency. The subtest with the 

lowest overall reliability coefficient from the executive functions and attention subtests was on 

the Design Fluency Subtest (0.59). The other subtests had the following overall reliability 
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coefficients: Tower (0.82), Auditory Attention and Response Set (0.82), Visual Attention (0.81), 

and Statue (0.71). 

 

Validity 

Validation of the NEPSY was extensive with regard to construct, content, and criterion-

related validity. In reference to criterion related validity, several of the NEPSY subtests 

correlated significantly with several diagnoses such as LD and ADHD. Content validity was 

ensured by using a panel of experts and a review of related research studies. Children diagnosed 

with ADHD performed lower when compared to matched controls on the Attention/Executive 

Functions Core Domain Score. Performance was also lower on the following individual subtests: 

Tower, Auditory Attention and Response Set, Statue, and Knock and Tap. Discrepancies were 

also identified in NEPSY language measures; impaired performance was observed on all 

language subtests except Speeded Naming. In addition, the Sensorimotor Functions Core 

Domain Score was lower in the ADHD group than the control group. In the Memory and 

Learning Domains, the ADHD group demonstrated decreased List Learning, Sentence 

Repetition, and Narrative Memory (story recall). It should be noted, however, that the clinical 

group exhibited poorer cognitive overall functioning, a factor that could have contributed to 

decreased overall performance. In addition, ADHD subtypes were not studied separately. 

Finally, children were not screened for other comorbid conditions that could negatively affect 

performance in other cognitive domains not related to attention and executive functions. 

 

Description of NEPSY Attention and Executive Function Subtests 

 For the purpose of this study only the NEPSY Attention and Executive Functions subtests 
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were used. In addition, due to the highly subjective nature of the Qualitative Observations, scores 

based on those factors were not used in this study. 

 

Tower 

 This subtest is considered to be similar to the Tower of London subtest (Shallice, 1982). 

The NEPSY Tower subtest, like the Tower of London, is thought to assess the executive 

functions: planning, strategy formation, monitoring, self-regulation, and problem solving within 

a set of rule. The task involves the execution of a long sequence of moves that cannot be changed 

once executed; a correct solution depends on how successfully the child planned the initial 

sequence. More specifically, the child moves three colored balls to target positions on three pegs 

in a prescribed number of moves. There are rules to which the child must adhere while being 

timed.  Poor performance may indicate problems in planning and generating a solution, lack of 

monitoring, poor response inhibition, and deficits in working memory. The Total Raw Score is 

obtained by summing the points for items 1-20 and then converting it into a Scaled Score. The 

mean of this subtest is 10, with a standard deviation of 3. 

 

Auditory Attention and Response Set (AARS) 

This continuous performance test assesses a child’s ability to be vigilant and to maintain 

selective auditory attention, as well as the child’s ability to shift set, maintain a complex mental 

set, and regulate responses to contrasting and matching stimuli. This subtest is presented on an 

audiotape at the rate of one word per second. A two-point response is given for each correct 

response that occurs on the target word within one second (before the next word is said), and 

one-point credit is given if a correct response is given within a subsequent two-second time 
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window (within the two next words said). Responses outside the three-second-time period, as 

well as incorrect responses performed during that time, are considered commission errors. There 

are two conditions for this subtest. On Part A of the AARS, the child is asked to place a red 

square in a box lid only when he or she hears the word “red.” This condition assesses the 

capacity to attend selectively to simple auditory stimuli. On Part B of the AARS, the child is 

asked to place a yellow square in the box at the word red, a red square in the box at the word 

yellow, and a blue square at the word blue. This part assesses the ability to shift set, to maintain a 

complex cognitive set, and regulate motor responses based the matching or contrasting rules 

within a specified time window. Scores can be obtained individually for each part of this test. In 

addition, the number of commission and omission errors can be scored for each part. The score 

for each part is calculated by adding all the correct responses and subtracting all the commission 

errors. For the purpose of this study, only the Total Raw Score (scores for both Part A and Part B 

were added together) was used and then converted to a Scaled Score based on the normative 

sample. The mean Scaled Score for that test is 10, and the standard deviation is 3. 

 

Visual Attention 

This subtest assesses the speed and accuracy with which the child can scan an array of 

visual stimuli and locate a specified target. The child scans the array of pictures and marks the 

targets as quickly and accurately as possible. There are two visual arrays administered for each 

child. On the simpler condition, the child must search and locate target pictures (cats) quickly. In 

the second condition, the child must locate and compare two target faces with a set of faces with 

similar features. The Total Score for this subtest is determined by using both the time-to-

completion score (speed) and the accuracy score, the latter of which is computed by subtracting 
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the number of commission errors from the number of correct targets. The Total Raw score is 

then converted to a Scaled Score. The mean Scaled Score for that test is 10, and the standard 

deviation is 3.  Only the Total Score from both conditions was used in this study. Total time and 

the number of omission errors made can each scored individually for each item. 

 

Statue 

This subtest assesses impulse control/inhibition and motor persistence. The child stands 

still in a set position over a 75-second period, while inhibiting a response (e.g., eyes opening, 

body movement, vocalization) to distractors. A two-point score is attained for each error-free 

time interval. If during the interval only one error is made, then one point is awarded.  If two or 

three errors occur within a time interval, no points are awarded.  The Total Raw Score is then 

converted to Smoothed Percentile Ranks and classifications are as follows:  ≤ 2%, 3-10%, 11-

25%, 26-75%, > 75%. 

 

Design Fluency 

This subtest assesses a child’s ability to generate novel designs as quickly as possible on 

structured and unstructured arrays of dots within a 60-second period. The child makes as many 

different designs as possible by connecting two or more dots. Like the Tower task, this subtest is 

believed to be a measure of planning and an indicator of abstract thinking abilities. The number 

of correct designs is counted. The total Raw Score is the number of correct unique designs on 

both arrays, which is then converted to Smoothed Percentile Ranks (≤ 2%, 3-10%, 11-25%, 26-

75%, > 75%). 
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Knock and Tap 

This subtest assesses self-regulation and the ability to inhibit immediate impulses evoked 

by visual stimuli that conflict with a verbal direction. The child learns a pattern of motor 

responses (“When I tap, you knock”) and then must maintain that cognitive set and inhibit the 

impulse to imitate the examiner’s action. Having learned that set, the child must shift set, 

maintain a complex set, and regulate responses to contrasting stimuli. Poor performance may 

indicate difficulties with inhibition of impulses or with difficulties with mental control (keeping 

complex rules in working memory or maintaining cognitive set). Raw scores are converted to 

Smooth Percentile Ranks (≤ 2%, 3-10%, 11-25%, 26-75%, > 75%). 

 

Data Analyses 

A one-way multivariate analyses of variance (MANOVA) was conducted with the 

diagnostic group (ADHD-HI, ADHD-IA, ADHD-C) as the between-subjects variable and task 

(Tower, Auditory and Response Set, Visual Attention, Statue, Design Fluency, Knock and Tap, 

CPT- Omission Errors, CPT- Commission Errors) as the criterion variables.  Because there were 

a priori predictions regarding how the subtypes would differ on each measure, if this overall test 

showed a significant group effect, multiple pair-wise post hoc tests were conducted using the 

Tukey’s honestly significant difference (HSD) correction for the degrees of freedom. 
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CHAPTER 4 

RESULTS 

A demographic profile of the cases included in the current study (N = 138) is presented in 

Table 1. The sample consisted of 60.9 % male subjects (n = 84) and 39.1% female subjects. Of 

the sample, 66.7% were Caucasian (n = 92), 21.7% African American (n = 30), 10.1% Hispanic 

(n = 14), and 1.4% Asian (n = 2). In the sample, 72.5% were right-handed (n = 100), 23.2% left-

handed (n = 32), and 4.3% ambidextrous (n = 6).  Regarding subtype subject distribution, 25.4% 

subjects were included in the ADHD-I group (n = 35), 29% in the ADHD-HII group (n = 40), 

26.1% in the ADHD-C (n = 35) group, and 19.6% in the comparison group (n = 27).  

 
Table 1 

Demographic Characteristics of the Participants 

 Demographic n Percent 
Male 84 60.9 

Gender 
Female 54 39.1 
Caucasian 92 66.7 
African American 30 21.7 
Hispanic 14 10.1 

Ethnicity 

Asian 2 1.4 
6  28 20.3 
7 42 30.4 
8 22 15.9 
9 16 11.6 
10 11 8.0 
11 11 8.0 

Age 

12 8 5.8 
Right 100 72.5 
Left 32 23.2 Handedness 

Ambidextrous 6 4.3 
(table continues) 
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Table 1 (continued). 

 Demographic n Percent 
1st 31 22.5 
2nd 43 31.2 
3rd 30 21.7 
4th 17 12.3 
5th 10 7.2 

Grade 

6th 7 5.1 
 

Table 2 

One-way Multivariate Analysis of Variance (Group X Task) 

NEPSY Subtest 
F (3,134) 

CPT-II Measures 
F (3,134) 

 T. A.A. V.A. D.F. S. K.T. C - C C- O 
Group  16.3** 7.3** 4.9** 1.7 15.4** 4.4** 6.1** 13.0** 
Note. T. stands for Tower; A. A. stands for the NEPSY Auditory Attention and Response Set Test; V.A. stands for 
the NEPSY Visual Attention Test; D. F. stands for the NEPSY Design Fluency Test; S stands for the Statue NEPSY 
test; K.T. stands for the Knock and Tap Test of the NEPSY; C- C stands for the CPT-II commission errors score; C- 
O stands for the CPT-omission errors score; * p < .05, two tailed; ** p < .001. 
 

Table 3 

Group Means and Standard Deviation on the NEPSY and CPT-II Subtests 

ADHD-H 
n = 40 

ADHD-IA 
n = 35 

ADHD-C 
n = 36 

Comparison 
n = 27 Subtest 

M SD M SD M SD M SD 
T.* 8.15 1.57 7.42 1.86 5.90 2.22 9.03 1.67 
A.A* 8.88 1.77 8.29 1.96 7.28 1.77 9.26 1.87 
V.A.* 8.30 1.60 8.06 1.89 7.28 1.94 8.96 1.58 
D.F.*** 2.10 .78 3.31 1.02 2.25 1.00 3.26 1.10 
S.* 8.95 1.50 8.31 1.56 8.50 1.81 9.11 1.52 
K.T*** 2.60 .90 2.57 .85 2.50 .87 3.25 .98 
C - C** 59.40 10.16 49.11 6.50 59.41 8.91 52.14 7.87 
C - O** 58.12 10.99 61 12.80 65.80 10.65 55.25 8.10 
Note. T. stands for Tower; A. A. stands for the NEPSY Auditory Attention and Response Set Test; V.A. stands for 
the NEPSY Visual Attention Test; D. F. stands for the NEPSY Design Fluency Test; S. stands for the Statue NEPSY 
Test; K.T. stands for the Knock and Tap Test of the NEPSY; C- C stands for the CPT-II commission errors score; C- 
O stands for the CPT-omission errors score. * Scaled Scores with a M (Mean) of 10 and SD (Standard Deviation) of 
3 were used for these subtest; ** Soft Percentile Scores were used for these subtests; ** T-score with a M score of 
50 and a SD = 15; *** Classification of Soft Percentiles were: 1 = ≤ 2%; 2 = 3-10%; 3 = 11-25%; 4 =26-75%; 5 = > 
75%. 
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Table 4 

Post Hoc Analyses for Group X Task 

 ADHD-HI (A) ADHD-IA (B) ADHD-C (C) Comparison (D) 
T. - B < A* C < A** C < D** 
A.A. - - C < A** C < D** 
V.A. - - - C < D* 
D.F. - - - - 
S. A < B** N.S. C < B** A < C < D** 
K.T. A < D** B < D* C < D** C < A < B < D 
C-O   C < A** C < D** 
C-C A < B**  C < D** A < C < B < D 
Note. T. stands for Tower; A. A. stands for the NEPSY Auditory Attention and Response Set Test; V.A. stands for 
the NEPSY Visual Attention Test; D. F. stands for the NEPSY Design Fluency Test; S. stands for the NEPSY Statue 
Test; K.T. stands for the Knock and Tap Test of the NEPSY; C-C stands for the CPT-II commission errors score; C-
O stands for the CPT-omission errors score. A stands for the ADHD - HI group; B stands for ADHD-IA group; C 
stands for the ADHD - C group; D stands for the Comparison group; * p < .05, ** p < .001. 

 

Hypothesis 1 predicted that there would be significant group main effect for overall 

performance on the Executive Function Core Domain subtests of the NEPSY. This hypothesis 

was tested by conducting a MANOVA using all six NEPSY Executive Function subtest scores 

and the CPT-II omission and commission errors as dependent variables. Using the Wilk’s Lamba 

criteria, there was a significant main effect for group (F (3, 134) = 6.79, p < .001).  Refer to 

Table 2. 

Analysis revealed that groups actually differed significantly on all executive function 

subtests with the exception of the Design Fluency test. In order to determine which dependent 

variables differed between different subgroups, multiple post-hoc pair-wise comparisons were 

conducted using Tukey's HSD correction for the degrees of freedom. Please refer to Table 3 for 

subtest means of all groups investigated and Table 4 for Post Hoc comparisons results. 

Hypotheses 2 and 3 were both supported. More specifically, on the Tower subtest, both 

the ADHD-IA (p < 0.001) and ADHD-C (p < 0.001) groups scored significantly lower than the 
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comparison group. There were not significant differences between the ADHD-HI (p = 0.36) and 

the comparison group. There were not significant differences between the ADHD-IA and the 

ADHD-C groups (p = 0.08). 

Hypothesis 4 was rejected. The ADHD-IA did not score significantly lower than the 

comparison group on the NEPSY Auditory Attention and Response Set subtest (AARS) (p < 

0.17).  

Hypothesis 5 was supported on the Auditory Attention Response Set subtest (AARS). 

The ADHD-C group scored significantly lower than the ADHD-HI and comparison groups. 

Hypothesis 6 was supported. On the Visual Attention subtest, the ADHD-C (p < 0.001) 

group scored significantly lower than the comparison group. There were no significant 

differences among the rest of the clinical groups. 

Hypothesis 7 was not supported. On the Visual Attention subtest, the ADHD-IA did not 

score significantly lower than the comparison group (p < .19). 

 Hypotheses 8 and 9 were not supported. On the Design Fluency subtest, the ADHD-IA 

group did not score significantly lower than the comparison group (p < 0.21); the same applied 

for the ADHD-C group (p < 0.94). 

Hypotheses 10 and 11 were both verified. On the Statue subtest, both groups scored 

significantly lower compared to the comparison group (ADHD- HI, p < 0.01; ADHD-C, p < 

0.01). In addition, it was found that both the ADHD-HI (p < 0.001) and ADHD-C (p < 0.001) 

groups scored significantly lower than the ADHD-IA group. 

Hypotheses 12 and 13 were verified. On the Knock and Tap subtest the ADHD-HI (p < 

0.05) group scored significantly lower than the comparison group.The ADHD-C (p < 0.01) group 
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also scored significantly lower than the comparison group, as did the ADHD-IA (p < 0.01) 

group. 

Hypothesis 14 was rejected. The ADHD-IA (p < 0.17) group did not make a significantly 

higher number of omission errors compared to the comparison group. 

Hypothesis 15 was verified. The ADHD-C group made a significantly higher number of 

CPT-II omission errors compared to the comparison group. In addition, the ADHD-C made a 

significantly higher amount of CPT- II omission errors compared to the ADHD-HI (p < 0.004).  

There was not a significant difference found in the number of omission errors between the 

ADHD-IA and ADHD-C groups or between the ADHD-HI and comparison groups. 

Hypothesis 16 was verified. Regarding CPT-II commission errors, the ADHD-HI group 

made a statistically significant higher number of commission errors compared to the ADHD- IA 

(p < 0.001) and comparison (p < 0.005) groups. 

Hypothesis 17 was verified. The ADHD-C group also made a statistically significant 

higher number of commission errors compared to the comparison group (p < 0.005). In addition, 

the ADHD-C group made a significantly higher number of errors compared to the ADHD-IA (p 

< 0.001) and comparison (p < 0.005) groups. 
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Table 5 

Correlations Among NEPSY  and CPT- II Subtests 

 T. A.A. V.A. D.F. S. K.T. C-O C-C 
T  .35** .26** .14 .15 .21** -.27** -.05 
A.A   .27** .06 .25** .22** .24** .25 
V.A    .16 .25** .29** -.25** .01 
D.F.     .14 .18** .05 .07 
S.      .34** -.08 -.17* 
K.T.       -.14 -.00 
Note. T. stands for Tower; A. A. stands for the NEPSY Auditory Attention and Response Set Test; V.A. stands for 
the NEPSY Visual Attention Test; D. F. stands for the NEPSY Design Fluency Test; S. stands for NEPSY Statute 
Test; K.T. stands for the Knock and Tap Test of the NEPSY; C-C stands for the CPT-II commission errors score; C-
O stands for the CPT-omission errors score. * p <.05, **, p < .001.  
 

Research, though limited, has suggested that there may be some differences in profiles of 

girls and boys diagnosed with ADHD (Biederman et al., 1999; Castellanos, 2002; Seidman et al., 

2006). To ensure that there were no effects of gender in our groups, a two-way MANOVA 

(Gender X Diagnostic Group) was performed to examine interaction effects in relation to the 

different dependent variables (NEPSY subtests and CPT-omission and CPT-commission errors). 

This analysis revealed no main effect for gender. 

Additional analyses conducted revealed no significant effects for age, handedness or IQ.  
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CHAPTER 5 

DISCUSSION 

 The overall goal of this study was to examine whether the dimensions of attention-deficit 

disorder (ADHD) subtypes inattentive (-IA), hyperactive-impulsive (-HI), and combined (-C) 

based on the DSM-IV, were associated with differential neuropsychological profiles on the 

Developmental Assessment of Neuropsychological Functioning (NEPSY) . It was predicted that 

the dimensions of the ADHD-HI would be associated with deficits in response inhibition and self 

regulation, whereas ADHD-IA would be associated with lower scores in tasks that involve 

planning, problem-solving, attention, and vigilance. Finally, it was hypothesized that children in 

the ADHD-C group would exhibit a mixed profile consisting of neuropsychological deficits 

found in both ADHD-IA and ADHD-HI subtypes. 

In accordance with predictions, the ADHD-HI group scored significantly lower than the 

comparison and ADHD-IA groups on tests that involved motor inhibition, motor persistence, and 

self-regulation processes (Statue and Knock and Tap). In addition, this group made a 

significantly increased number of CPT-II commission errors, which is a measure of impulsivity, 

when compared to the ADHD-IA and comparison groups. There was convergent evidence that 

the ADHD-C group scored significantly lower in almost all the NEPSY Attention and Executive 

function domain subtests (Tower, Auditory Attention Response Set, Visual Memory, Statue, and 

Knock and Tap) with the exception of the Design Fluency test. This group also made a 

significantly increased number of commission and omission errors on the CPT-II when 

compared to the control group. In regards to the profile produced by children in the ADHD-IA 

group, it was noted that this group exhibited depressed scores in planning and problem-solving 

as assessed by the Tower and the Knock and Tap subtests, but did not exhibit a distinct profile in 
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attention processes as measured by the NEPSY subtests or CPT-II omission or commission 

scores. 

 All three groups had decreased scores on the NEPSY Knock and Tap subtest, which 

have been considered to be a measure of inhibitory control. In addition, two of the clinical 

groups obtained high scores on the CPT-II in terms of commission errors, which has been 

associated with impulsivity and disinhibition (Conners, 2000). This result is consistent with 

theories supporting an underlying inhibitory dysfunction in ADHD. Multiple literature reviews 

suggest that abnormal behavioral inhibition processes are consistent with findings in the ADHD 

literature and actually may be the cause of hyperactive and impulsive symptomatology (Barkley, 

1981, 1997, 1998, 2000; Booth, 2005; Carte, Nigg, & Hinshaw, 1996; Durston, 2002, 2003; 

Pennington, & Ozonoff, 1996; Seidman, Biederman, Faraone, Weber, & Ouellette, 1997; Shue & 

Douglas, 1992; Tamm et al., 2002; Tamm et al., 2004). 

The aforementioned theories are based on the belief that inhibition of responses is 

integral to nearly all behavioral regulation and, thus, complex higher order behavior and 

cognition, including social behavior, planning, skilled motor behavior, and even language 

production, all depend on purposeful inhibitory control (Logan, 1994). Consequently, when 

inhibition is non-optimal, then other, more complex behaviors will be carried inappropriately. 

Support for an executive (goal-based) inhibitory deficit comes from experimental studies 

using the basic GNG task, which is somewhat similar to the Knock and Tap subtest of the 

NEPSY. This task establishes a dominant response set by making most trials “go” trials, and 

response must be withheld on a relatively rare “no-go” task. There is extensive neuroimaging 

data supporting involvement of inferior regions of dorsolateral prefrontal cortex on the no-go 

versus the go trials (Casey et al., 1997; Vaidya et al., 1998; Yong et al., 2000). In addition, 
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greater activation has been observed in the orbitoprefrontal cortex (but not the anterior cingulate) 

for those making the fewest false alarm errors, suggesting that this brain area is involved in 

inhibiting the inappropriate responses. Compilation of imaging data supports the notion of a 

separate, inhibitory process involved in the behavioral suppression required for the no-go trials, 

and success at inhibiting on those trials depends on specific regional activation in the prefrontal 

cortex. Meta-analytic studies also support an ADHD inhibition deficit (excess no-go errors) on 

this task (Barkley, 1997; Booth et al., 2005; Pennington & Ozonoff, 1996; Sergeant et al., 1999). 

In a carefully designed study that featured case matching, paired matched trials, MRI 

measurement of brain volume, and statistical control of age and IQ effects, errors on the 

inhibition trials were associated with smaller size of structures in the right prefrontal cortex and 

associated basal ganglia structures for boys without, but not with, ADHD (Casey et al., 1997), 

implying that abnormality in these structures is related to performance deficits in ADHD. 

 Even though the results obtained in this study are favorable to the theoretical point of 

view that an underlying abnormal inhibitory control deficit is a crucial factor in differentiating 

between children diagnosed with ADHD and those not, it is difficult to differentiate between 

different subtypes when using tasks such as the NEPSY Knock and Tap. 

In addition, it could be argued that the Statue subtest, which also requires motor 

inhibition, can actually better differentiate ADHD subtype groups and, according to the test 

developers, it is also a test of motor inhibition.  As reported before, only the ADHD- HI and 

ADHD-C subtype groups obtained lower scores on that subtest. This assumption, however, can 

be challenged given the nature of this subtest. More specifically, even though the Statue test 

requires inhibition/suppression of motor responses, it is believed to be different from the Knock 

and Tap task.  In detail, on the Knock and Tap test, after the child is taught a set of movements of 
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increasing difficulty, he or she is then required to apply a higher degree of self-regulation as well 

as inhibitory processes (similar to the GNG task) in order to obtain credit. During that task, the 

child must respond to stimuli in the environment in a specific manner and must adjust 

appropriately to conflict produced by interference of a competing learned response (respond with 

a motor action or inhibit a motor action). In contrast, on the Statue task, the child is instructed to 

keep his or her eyes closed and suppress all motor activity for a specified amount of time rather 

than self-regulate or inhibit a conflict motor response based on external stimuli. In other words, 

the Knock and Tap task seems to require higher level of mental control processes and self-

regulation than the Statue subtest due to interference by a conflict motor response. In addition, 

scoring for the Statue subtest appears to be quite subjective in regards to what is considered an 

inappropriate movement. Finally, assumptions made by the examiner about the child’s sensory 

processing are gross inferences based on behaviors rather than objective neurophysiological data, 

which at times may result in inaccurate diagnostic assumptions or be attributed to faulty 

underlying processes. For example, response to external auditory stimuli may be due to 

differences in auditory processing and sensory thresholds rather than to an inhibitory deficit. This 

hypothesis could be supported by research suggesting that ADHD children have a problem in 

arousal or becoming alert to stimuli, and the main difficulty is in responding to attended stimuli 

rather than ignoring non-target stimuli (Satterfield et al., 1994). Furthermore, in support of an 

arousal deficit, several studies have found slow and variable response output in children with 

ADHD rather than an inhibition problem (Nigg, 1999; Oosterlann et al., 1998). Thus, response to 

an external stimulus could actually be due to an underlying arousal deficit rather than solely to an 

inhibitory one or even a combination of both. Another possibility along those lines could be that 

if ADHD children indeed have a non-optimal arousal system, excessive movement generation 
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may be an attempt to self-regulate arousal or may be a means to normalize an underlying faulty 

dopaminergic system. 

Another overall concern is whether NEPSY tasks or CPT–commission errors truly 

measure inhibition. Validating the inhibitory nature of experimental cognitive tasks is 

challenging. Behavioral responses are complex and dynamic; therefore, an inhibition task will 

also require such capacities as perceptual processing, attention, motivation, alertness, vigilance, 

response planning, and speed. Nevertheless, hopefully these questions could be further clarified 

in the future using careful experimental design along with evidence provided by 

neurophysiological and neuroimaging studies. 

Based on the original hypotheses, it was also expected to find significant differences 

among the groups in tasks that tap attention processes. The only group that exhibited decreased 

performance for both primary attention measures (Auditory Attention and Response Set and 

Visual Attention) of the NEPSY was the ADHD-C group. Again, this result may be attributed to 

different factors, one of which was the nature of the tasks. More specifically, the Auditory 

Attention and Response subtest requires both executive functioning and attention. Part A of the 

subtest requires placing a colored square in a box as instructed, which mainly requires attention. 

However, Part B requires consciously overriding the instructions of Part A to perform a new 

task, which involves more mental control and executive functioning. The score of the Auditory 

Attention and Response Set was a combination of scores from both Part A and Part B, so perhaps 

the fact that the ADHD-C was the only group that exhibited difficulties on that test may be due 

to significant underlying problems in both areas of functioning (attention and executive control) 

whereas the other two groups may not exhibit the same pattern or degree of deficits in those 

areas and therefore fail to score lower when compared with the comparison group.  Analysis on 
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performance of the two separate Parts of the test may prove helpful in determining the nature of 

deficits, if any, in the different subtypes. 

The same concerns may apply in regards to the Visual Attention task where performance 

on the two parts of the test is calculated in order to derive a scaled score also.  Even though both 

parts require visual scanning, selective and sustained attention, the level of difficulty is 

significantly different. On the second part of the test, due to heightened similarities among visual 

stimuli, in addition to attention processes, a higher degree of mental control and self-regulation is 

required in order to perform optimally.  As mentioned above, decreased performance may be 

noticed only when underlying processes required for that task are compromised significantly in 

one or both attention and executive functioning. Analysis of scores on the separate parts of this 

task may shed more light on the nature and degree of problems each of the subtypes may 

experience on this task. 

In regards to performance on the CPT-II measures, similar performance analysis should 

be conducted in the future to better delineate the pattern of deficits in each of the subtypes. Even 

though CPT-II commission errors are indeed a measure of impulsivity, and were increased in 

both the ADHD-HI and ADHD-C groups, the errors could also be due to decreased reaction 

times (Blondis, 1999) and delayed responding to previous stimuli rather than due to heightened 

impulsivity (Conners, 2000). It would, therefore, be helpful to analyze the profiles of all the 

subtypes in relation to reaction times in order to better determine the factors that may contribute 

to a specific result.  Several studies actually have found that ADHD children exhibited slowed 

reaction times (Denckla, 1978), and they seem to have trouble maintaining vigilance over time 

(Conners, 2000). It would be interesting to see if, when reaction times are taken into 

consideration or performance by block of time is also studied, a different pattern arises. 
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Omission and commission errors, even though they are indeed helpful measures, they do not 

seem sensitive enough to determine the underlying processes in different subtypes. 

Another interesting result was obtained in regards to the Tower subtest of the NEPSY. 

Both the ADHD-IA and ADHD-C groups seems to experience difficulties on that test which, 

based on the test developers, could be an indicator of planning difficulties or problem-solving 

difficulties (Korkman, 1998; Morris et al., 1993; Todd et al., 2004; Owens et al., 1990). A point 

that must be made, however, is that this subtest is timed and an item is considered failed if the 

child exceeds the time limit, if he or she makes an incorrect number of moves, or if the end 

position does not match the target. Even though this task indeed requires problem-solving and 

planning, it also requires visuomotor processing in addition to working memory. If the child has 

slow processing speed, then results will be depressed due to that underlying deficit rather than to 

an executive function dysfunction. The original Tower of Hanoi was not a speeded test. In 

general, taking speed into account in planning tasks remains a controversial issue that still has to 

be resolved (Bishop et al., 2001). 

 Overall, despite the limitations of the NEPSY as an instrument and the methodological 

issues of this study, it seems that the NEPSY is able to differentiate the ADHD children (in 

general) from the comparison group. Taking into consideration the expressed concerns, the 

results revealed that children in the ADHD-HI and ADHD-C subtypes exhibited consistent 

difficulty with behavioral inhibition (Nigg, 2001, 2005; Tamm et al., 2002, 2004) and self-

regulation of motor behaviors. In addition, the ADHD-C and ADHD-IA groups experienced 

deficits associated with problem-solving, planning, and executive functioning in general. Finally, 

it was evident that the ADHD-C experienced more difficulty in both attention and the executive 

functioning domain. 
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Limitations of the Study 

The following could be noted regarding limitations in this research: participants were 

assessed in a single outpatient location, so it is highly unlikely that the population was diverse 

enough to make the derived results generalizable or representative of all the individuals who fell 

within the attention-deficit diagnosis and its clinical subtypes. 

Even though the comparison group did not exhibit any clinical features in regards to 

attention problems and inclusion was based on strict selection criteria, the fact that these children 

were referred for an evaluation makes it doubtful that they are a representative sample of the 

normative population. 

Despite the fact that the NEPSY has been based on sound theoretical concepts and has 

included several modified and well-studied neuropsychological instruments, NEPSY subtests 

were not based on factor analytic principles since Luria’s premise is that cognitive functions are 

generated by complex interactions of multiple neurological systems. So in regards to construct 

validity there has not been an extensive body of research using the NEPSY; therefore, it is 

unclear that assumptions about cognitive constructs based on the NEPSY would be as accurate 

and valid as it would be desired. This could be the reason for the significant intra-domain 

variance and inadequate correlations between individual subtests and the core domain scores, 

which, reflect an area of overall functioning.  In other words, the authors believe that the global 

scores do not provide the most valuable information for understanding intra-individual 

differences (Kemp, Kirk, & Korkman, 2001). For this reason, only individual subtest scores were 

used. 

Not all available supplemental subtest scores were used in the statistical analysis, which 

could help, differentiate further basic underlying factors in a certain profile. 
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Future Research 

 Given the above discussion, future research should focus on further examination of the 

NEPSY subtests and their construct validity. 

 Analysis of supplemental scores may prove helpful in reducing confounding factors that 

may lead to faulty conclusions in regards to underlying cognitive processes in ADHD. 

 ADHD is a complex disorder that plagues many children and adults and has life-long 

implications. Studies based on a multidisciplinary approach that takes into account genetic, 

environmental, cognitive, neuropsychological, neurophysiological, neuroimaging, and 

neurochemical factors has a better chance of coming up with a unified theory of mind for ADHD 

that could explain the complexity and expressions of this disorder. 

 Furthermore, more studies should attempt to include all ADHD subtypes. To date, only a 

handful of studies have studied the ADHD-HI subtype.  In addition, a more diversified sample, 

with regard parental income, level of education, and ethnicity should be utilized more 

systematically and whenever possible. 
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