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ABSTRACT
CRYSTAL L. BEADLE
ATTENTIONAL IMPAIRMENT AND PROCESSING SPEED

IN CHILDREN DIAGNOSED WITH ATTENTION
DEFICIT HYPERACTIVITY DISORDER

AUGUST 2009

The behavioral and cognitive symptomology that children with ADHD typically
show can have a widespread impact on their overall functioning in everyday life.
Children with ADHD may show poor short term memory, poor organizational skills,
difficulty with goal directed behavior, difficulty regulating emotions, and difficulty
shifting from one task to another. Children with ADHD have shown a higher risk for
learning problems, substance abuse, psychopathology, and difficulty with social
situations. Children with ADHD are at a significantly increased risk for school failure,
and are more likely to repeat at least one school grade, and are at-risk for dropping out of
school in adolescence.

The present study compared children diagnosed with ADHD Primarily Inattentive
Type to children diagnosed with ADHD Combined Type and to children without a
diagnosis of ADHD. Additionally, this study examined the Attentional Impairment Index
for use in the diagnosis of ADHD in children and the differentiation of its subtype.

Furthermore, the impact of processing speed and working memory as predictors of



ADHD subtype was studied. Participants in the current study were approximately 283
children between the ages of 7 and 19 years of age. Separate MANOV As were conducted
to see if there were differences between Processing Speed and Working Memory Index
scores, and scores from a battery of neuropsychological assessments. Results indicated
that neither index score was a significant predictor of ADHD subtype in children.
However, it was found that children without ADHD performed better on the
neuropsychological assessments than did the children with ADHD. Finally, an ANOVA
was conducted to see if there were differences between the Attentional Impairment Index
score among diagnostic groups. No statistically significant d;fferences were found. The
results provides evidence that the neuropsychological profile of children diagnosed with
ADHD differs from that of children without a diagnosis of ADHD, and that the profiles
of children diagnosed with ADHD-I differ from that of children diagnosed with ADHD-
C. The current study demonstrated that the battery of assessment instruments used has

the potential to differentiate between ADHD subtypes in an objective way, as opposed to

the rather subjective method of diagnosis currently in use.
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CHAPTER 1
INTRODUCTION

Attention Deficit Hyperactivity Disorder (ADHD) is characterized by symptoms
such as inattention, distractibility, impulsivity, and hyperactivity (Simon, 2006). It can be
classified into one of three subtypes: Predominately Inattentive Type, Predominately
Hyperactive Type, or Combined Type. Although the exact cause of ADHD is unknown, it
is often thought to be a manifestation of deficits in one or more of the child’s executive
functions. Executive functions impairments may include poor short term memory, poor
organizational or planning skills, difficulty with goal directed behavior and self-
monitoring of behavior, difficulty regulating emotions, and difficulty shifting from one
task to another.

Characteristics of ADHD

According to the DSM-IV-TR (APA, 2000), children with ADHD may present
with a low frustration tolerance, frequent outbursts of temper, bossiness, stubbornness,
insistence that demands be met, lability of mood, demoralization, dysphoria, peer
rejection, and low self-esteem. Children with ADHD commonly have lowered academic
achievement that is often devalued by the individual, creating conflict between the
children and school authorities. Delays in social skills and strained parent-child
relationships are also common in children with ADHD. The DSM-IV-TR cites the

prevalence rate of ADHD at 3-7% of school children. (APA, 2000)



According to the DSM-IV-TR, a child can be diagnosed with Attention Deficit
Hyperactivity Disorder if he or she meets the following criteria: Either six or more
maladaptive symptoms of inattention, or six or more maladaptive symptoms of
hyperactivity and/or impulsivity. These symptoms must not be consistent with what one
would expect for the child’s developmental level and continue for six months or more.
Symptoms of inattention include: (a) failing to pay close attention to details and/or
making careless errors in schoolwork, work or other activities; (b) difficulty remaining
attentive in play activities or work tasks; (c) often appears as though not listening when
directly spoken to; (d) frequently leaves tasks unfinished or doesn’t follow through on
instructions, but not out of willful disobedience; (e) difficulty organizing work or play
activities; (f) has an aversion to, or is unwilling to participate in tasks that require mental
effort for a prolonged time, such as schoolwork and homework; (g) frequently misplaces
required objects such as toys, school supplies and homework; (h) easily distracted by
outside movement and noise; and (i) is generally forgetful in everyday activities.
Symptoms of hyperactivity include (a) excessive movement of the hands and feet or
moving around when seated; (b) leaves his or her seat in the classroom or other situations
at inappropriate times; (c¢) runs or climbs excessively in inappropriate situations, or feels
restless; (d) has difficulty participating in quiet activities; (€) seems to be constantly in
motion; and (f) excessive talking. Symptoms of impulsivity include: (a) answering
questions before they have been completely asked; (b) difficulty with waiting for his or

her turn; and (c) frequently interrupts or intrudes on others such as during a conversation.



In order for the diagnosis to be made, some of the impairing symptoms must have been
present prior to age 7, and some of the symptoms must be present in at least two different
settings, such as at home and at school. The symptoms must cause clear and significant
impairment to the child’s social, academic or occupational performance. The symptoms
must also not occur solely within another psychiatric disorder, or be explained better by
another disorder. If a child shows six or more inattentive symptoms for more than six
months or more, but less than six hyperactive-impulsive symptoms, the diagnosis given
will be Attention Deficit Hyperactivity Disorder, Predominately Inattentive. If a child
shows six or more hyperactive-impulsive symptoms for more than six months or more,
but less than six inattentive symptoms, the diagnosis given will be Attention Deficit
Hyperactivity Disorder, Predominately Hyperactive-Impulsive. If a child shows six or
more inattentive symptoms and six or more hyperactive-impulsive symptoms for six
months or more, a diagnosis of Attention Deficit Hyperactivity Disorder, Combined Type
will be given. (APA, 2000)

ADHD is thought to be more common in males than in females, with ratios
between 2:1 and 9:1, depending on subtype (APA, 2000). This disorder is found across
various cultures, though more prevalent in Western cultures due to diagnostic practices
(APA, 2000).

Subtyping of ADHD
ADHD can be parceled out into three distinct subtypes, which include

Predominately Inattentive Type, Predominately Hyperactive-Impulsive Type, or



Combined Type. ADHD Predominately Inattentive Type (ADHD-I) is the most
frequently diagnosed subtype of ADHD, followed by Combined Type (ADHD-C), with
significantly fewer cases of Hyperactive-Impulsive Type (ADHD-HI). Though ADHD-I
is the most commonly diagnosed subtype, ADHD-C is more prevalent among those who
seek pharmacological treatment, perhaps because ADHD-C is correlated more highly
with pervasive impairment across domains and are frequently diagnosed at a younger age
(Carlson, Shin, & Booth, 1999). ADHD-C is more often seen comorbidly with
externalizing disorders such as Oppositional Defiant Disorder and Conduct Disorder
(Carlson et al., 1999).

Barkley (1997) proposed that ADHD-I is attributable to a deficit in selective or
focused attention, whereas ADHD-C is attributable to a deficit in inhibition and sustained
attention. Additionally, some have suggested that ADHD-C is characterized by social
performance deficits and aggressive behavior, whereas ADHD-I is characterized by both
social performance and knowledge deficits (Carlson et al., 1999). Children with ADHD-
HI are thought to be significantly less impaired than those with ADHD-I or ADHD-C in
academic and social performance, though children with ADHD-HI do exhibit more
impaired externalizing behaviors than controls but to a lesser degree than do those with
ADHD-C (Carlson et al., 1999). Neuropsychologically, children with ADHD-I and
ADHD-C show worse performance on instruments such as the Wisconsin Card Sort Test,
Stroop Test and the Digit Span test, while children with ADHD-HI showed no

neuropsychological impairment (Schmitz et al., 2002).



Comorbidity with Other Disorders

Children with ADHD have lower intellectual development as measured by
standard IQ instruments than do children in the general population; though the difference
is on average only 7 to 15 points (Barkley, 1998). Conduct Disorder, Oppositional
Defiant Disorder, and Tourette’s syndrome have a very high co-morbidity rate with
ADHD (APA, 2000). Learning disabilities are seen in higher proportions of ADHD
children than in children without ADHD, though research is unclear as to whether the
ADHD or the learning disability came first and caused the symptoms of the other
disorder (Barkley, 1998; Fergusson & Horwood, 1992; McGee & Share, 1988). Working
memory deficits are also common in children with ADHD (Barkley, 1998). Children with
ADHD frequently show an increased likelihood of accidental injury, up to 57% greater
than children in the general population (Barkley, 1998).

Incidence Rates

The United States has seen ADHD prevalence rates near 3-5% for school-aged
children and adolescents in recent years (Burd, Klug, Coumbe, & Kerbeshian, 2003).
This rate is nearly double that seen in European nations. Other studies applying only the
DSM-IV criteria to school children have seen prevalence rates between 11-16%
(Rowland, Lesesne, & Abramowitz, 2002). Between the ages of 3 and 17, the number of
boys diagnosed with ADHD exceeds the number of girls diagnosed by three to four
times. Incidence rates are higher for urban children than for rural children. No difference

has been seen between the incidence rates for Caucasian and African American children.



However, Caucasian parents are more likely to seek medication as a treatment for their
children with ADHD (Rowland et al., 2002). Annually, the estimated cost of caring for a
child’s ADHD is nearly $479. With the current United States child population near 85
million, approximately 3.3 million children diagnosed and treated for ADHD each year,
for an annual health care cost of $2.15 billion. In 2003 (Pastor & Reuben), the Centers for
Disease Control (CDC) examined data from the National Survey of Children's Health
(NSCH). This survey questions families about both the physical and emotional wellbeing
of non-institutionalized children less than 17 years of age in the United States. Results
revealed that approximately 7.8% of children in the United States between the ages of 4
and 17 had or have a diagnosis of ADHD. This percentage is equivalent to between
4,234,000 and 4,602,000 children. Males were 2.5 times more likely to respond yes to
statements asking if they have ever had a diagnosis of ADHD. As age increased, so did
the prevalence of ADHD. Children from a non-Hispanic heritage, those who spoke
primarily English, and those with insurance were diagnosed with ADHD more
frequently. Additionally, males living below the poverty line were significantly more
likely to have received an ADHD diagnosis than children in families with higher income
levels. Study results indicated that approximately 56.3% of the children with an ADHD
diagnosis were medicated for the condition. Medication was more common among
children in the 9 to 12 year-old range. There was no significant difference among the

percentage of females and males medicated for ADHD (Visser & Lesesne, 2005).



Risk Factors and Long-term Effects

Research has shown that children who are born with birth weights between 1500
and 2500 grams are at an increased risk for a later diagnosis of ADHD, though more
studies are needed before the risk is more clearly defined (Rowland et al., 2002). Other
studies have shown that an early exposure to lead may increase a child’s risk of
developing ADHD, even if the lead exposure does not reach the lead poisoning level
(Needleman et al., 1979).

Children with ADHD have shown a higher risk for learning problems, substance
abuse, psychopathology, and difficulty with social situations. Those with early signs of
aggression along with ADHD are at an increased risk for school failure, criminal
behaviors, and severe psychopathology such as personality disorders. Furthermore,
adolescents with ADHD are more likely to engage in unhealthy behaviors such as
smoking, having unprotected sexual relationships with multiple partners, as well as
alcohol and substance abuse. Teenagers with ADHD have been found to receive 50%
more moving traffic violations than teens without a diagnosis of ADHD (Rowland et al.,
2002).

Up to 70% of adults who were diagnosed with ADHD in childhood continue to
show symptoms as adults (Reid, 2007). These adults often struggle with tasks in the
workplace, have difficulty tolerating boredom, have difficulty taking orders from

supervisors, and frequently move from job to job with little or no success (Reid, 2007).



Adults with ADHD also frequently have poor handwriting skills, are disorganized at
home and at work, and struggle with feelings of inferiority and depression (Lamb, 2006)
ADHD in the Schools

Children with ADHD are at a significantly increased risk for school failure
(McKinley & Stormont, 2008). Such children are likely to perform more poorly in
academic subjects and have lower scores on standardized tests of math and reading
subject areas. Students with ADHD are more likely to repeat at least one school grade,
and are at-risk for dropping out of school in adolescence. Children with ADHD can
qualify for modifications and accommodations in the school setting through Section 504
of the Rehabilitation Act or the Individuals with Disabilities Education Improvement Act
of 2004 (McKinley & Stormont, 2008). School psychologists are often called upon to
assess children showing symptoms of ADHD to determine educational need for special
education services, accommodations and modifications. Demaray, Schaefer, and DeLong
(2003) examined the training and assessment practices for ADHD by school
psychologists and found that on average, school psychologists receive approximately 17
referrals for ADHD assessment yearly. ADHD is a diagnosis that the practicing school
psychologist will encounter frequently, whether it is for assessment, consultation or
intervention.

Purpose Statement
The present study compared children diagnosed with ADHD Predominately

Inattentive Type to children diagnosed with ADHD Combined Type and to children



referred for evaluation but who did not meet diagnostic criteria for a diagnosis of ADHD
on several neuropsychological measures of attentional abilities, as well as processing
speed. In addition, this study examined the utility of a revised version of the Attentional
Impairment Index (Al) for use in the diagnosis of ADHD in children and the
differentiation of its subtype. Furthermore, the impact of processing speed and working
memory as predictors of ADHD subtype was studied. Various neuropsychological
instruments were utilized to examine the neuropsychological implications of ADHD in
children.
Assumptions and Limitations

As this study examined archival data, it was assumed that the children were
accurately diagnosed as having or not having ADHD, and that the subtype with which
they were diagnosed was correct. Furthermore, it was assumed that the diagnosis was
made after a comprehensive evaluation by a licensed professional. Participants were
selected from archival data collected at the ADD Treatment and Research Center in
Dallas, Texas. Selection of participants was made by limiting participation to children
between the ages of 7 and 19 years of age and to those who had been administered the
instruments that comprise the Attentional Impairment Index and the Wechsler
Intelligence Scale for Children, Fourth Edition (WISC-IV) or the Wechsler Adult
Intelligence Scale, Third Edition (WAIS-III) Processing Speed and Working Memory
Indices. All children and adolescents in the sample were referred for testing for either

attention concerns, learning difficulties or emotional concerns. It is likely that the



children who were not given a diagnosis of ADHD were exhibiting sub-clinical
symptoms of the disorder, or had another psychiatric or learning problem that might

confound the results of the present study.

Because the data is archival, there was no control over the demographics of the
participants. There was no way to ensure that the demographics of the sample population
approximated the demographics of the total population. The majority of this data set’s
participants were middle class Caucasian children. Though the evaluations were
completed by one or more examiners, all evaluations were completed at the ADD

Treatment and Research Center using a standard protocol and assessment procedures.
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CHAPTER 11
REVIEW OF LITERATURE
History of ADHD

Attention-Deficit Disorder (ADD) first appeared in the Diagnostic and Statistical
Manual, Third Edition (DSM-III), published in 1980 (Barkley, 1998). Prior to this time,
hyperactive or impulsive children were thought to suffer from minimal brain damage
syndrome or Hyperkinetic Reaction of Childhood Disorder in the DSM-II (Barkley,
1998). With the advent of ADD also came subtyping of the disorder based on the
presence or absence of hyperactivity. In 1989, the DSM-III became the DMS-III-R and
ADD was replaced with Attention Deficit Hyperactivity Disorder (ADHD), which could
be differentiated by level of severity: mild, moderate or severe based on the level of
impairment in the home and school environments (Barkley, 1998). In 1994, the DSM-III-
R was replaced with the DSM-IV, which again included ADHD, but with the revision
once again added sub-typing, differentiating between ADHD Combined Type, ADHD
Predominately Inattentive Type, and ADHD Predominately Hyperactive-Impulsive Type
(Barkley, 1998). This three type model of ADHD is the current diagnostic model of

ADHD found in the DSM-IV-TR (American Psychiatric Association: APA, 2000).
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ADHD is believed to have a genetic component, and though no specific gene has
been identified at this time, genes that control monoaminergic neuromodulation have
been found (Castellanos, Sonuga-Barke, Milham, & Tannock, 2006). Additionally,
differences in neuroanatomy, neurotransmitter levels and function of specific brain
regions have been found. In ADHD, deficient levels of the neurotransmitters dopamine
and norephinephrine are thought to lead to executive dysfunction (Hesse, Ballaschke,
Barthel, & Sabri, in press; Pliszka, 2005).

Attention

Attention has long been an ill-defined, vague construct with no clear definition.
Though various models of attention have been proposed, attention is often considered to
be comprised of four basic components: selective attention, divided attention, sustained
attention, and shifting attention. Selective attention is focusing on relevant information
while simultaneously ignoring extraneous information. Divided attention is the act of
attending to two or more stimuli concurrently. Sustained attention is prolonged focus on a
stimulus. Shifting attention is moving ones focus from one object or stimulus to another.
Children with ADHD may have deficiencies in one or more components of attention, or
they may have widespread attentional difficulties that span all the components (Barkley,
1998).

In a study of children with and without ADHD, researchers attempted to examine
the efficiency of executive processes including inhibition, shifting attention and sustained

attention (Cepeda, Cepeda, & Kramer, 2000). Participants were asked to complete a
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single task repeatedly during the first trial for a set duration of time. In the second trial,
participants were asked to switch between two tasks rapidly and accurately. Children
with ADHD who were not medicated showed significantly poorer performance on the
trial requiring shifting attention. However, children with ADHD who were medicated at
the time of the study performed as well as children without a diagnosis of ADHD.
Children on medication also performed better than those not taking medication at
inhibiting incorrect responses.
Neuroanatomy of ADHD

ADHD has long been thought of as a neurological disorder, evidenced by its
origination as minimal brain damage or organic brain dysfunction. Primary regions of the
brain implicated in ADHD include the brainstem, amygdala, hippocampus, temporal
lobe, frontal lobe, basal ganglia, limbic system, cerebellum, and motor cortex (Barkley,
1998; Sergeant, Geurts, Huijbregts, Scheres, & Oosterlaan, 2003; Tucker & Williamson,
1984). Recent studies have identified 18 genes involved in ADHD, some of which have
known associations with structural differences within the prefrontal cortex (Curatolo,
Paloscia, D’Agati, Moavero, & Pasini, in press).

Recent imaging studies conducted by Rothenberger and Banaschewski (2007)
have shown smaller than normal frontal lobes and cerebellar regions in the brains of
children with ADHD as compared to normal controls, and to a lesser degree, smaller
temporal and parietal lobes. ADHD symptomology is thought to be attributed to deficient

information processing in these smaller than normal brain regions. Additionally, these
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researchers have encountered lower than expected levels of dopamine in children with
ADHD, theoretically lessening the effectiveness of rewards in response to desired
behaviors, either intrinsically or extrinsically applied (Rothenberger & Banaschewski,
2007).

In a similar study, Prince (2008) also found individuals with ADHD to have low
levels of dopamine as well as norepinephrine. He further stated that the efficacy of
stimulant medication in the treatment of ADHD further confirms his findings of deficient
neurotransmitter levels in ADHD individuals.

Neurophysiologic studies of the brain have pointed towards at least four
mechanisms that comprise what we call attention (Wagner, 2000). Attending to the
spatial location of an object is accomplished with the help of the parietal cortex.
Deciphering the object and determining which of its features are important is
accomplished with the help of the visual and posterior temporal cortices. The inferior
temporal region is responsible for the selection of, or attention to, a specific object among
all of the available objects one might encounter. Additionally, selecting a response and
dividing attention among two or more objects simultaneously is accomplished by the
frontal lobes, specifically the anterior cingulate cortex. The reticular activating system
plays an important role in ADHD, as it modulates arousal. The two most prevalent
neurotransmitters found in the reticular activating system, dopamine and

norephinephrine, are the neurotransmitters most affected by stimulant medications used

in the treatment of ADHD.
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Also important to the study of the ADHD brain and symptomology is the visual-
motor pathway (Wager, 2000). This area of the brain plays an important role in selective
attention, or the ability to pay attention to a particular stimulus while at the same time
ignoring extraneous stimuli. Children with ADHD who have deficits in the visual-motor
pathway are often described as not seeing or not being aware of visual stimuli. The
parietal-temporal-frontal pathway is another critical brain region that influences children
with ADHD. This pathway is responsible for identifying important information,
processing and sorting through it, and selecting an appropriate behavioral response.
Deficits in the parietal-temporal-frontal pathway can manifest as difficulty with selective
attention or deficient processing of information. The dorsolateral pre-frontal cortex is
believed to be a critical structure to the executive functions and attention processing, as
well as working memory capacity (Kane & Engle, 2002).

Anatomic differences in the brains of children with ADHD have also been
reported (Hill et al., 2003; Kieling, Goncalves, Tannock, & Castellanos, 2008). One
study examined the brain volumes of children with and without an ADHD diagnosis
using MRI scans (Hill et al.). Overall brain volume was found to be significantly less in
children with ADHD than in children without a diagnosis, especially in the right superior
prefrontal region. In addition, smaller corpus callosum and cerebellum sizes were seen in
children with ADHD than in control group children.

The basal ganglia, which impacts the sequencing and inhibition of motor

movements, has been reported to be approximately the same size in both hemispheres,
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whereas in children without ADHD, the basal ganglia in the right hemisphere is often
slightly larger than in the left hemisphere (Wager, 2000). In a study by Castellanos et al.
(2006) the caudate nucleus was found to be symmetrical in children with ADHD,
contrary to the asymmetry typically seen in children without ADHD. The study also
showed a reduction in the size of the globus pallidus on the right side for children with
ADHD. These changes are correlated with symptoms of impulsivity, impaired fine motor
control, and an increased desire for sensory stimulation. The corpus callosum was shown
to be smaller in the posterior portions of children with ADHD, which correlates with
deficient selective attention abilities (Semrud-Clikeman et al., 1994).

Researchers have been seeking the implication of anatomical differences in the
brains of children with ADHD as compared to children without the diagnosis since the
late 1950’s. In 1957, Laufer, Denhoff and Solomons conducted an electroencephalogram
(EEG) study of 50 children from a psychiatric hospital for emotional disturbed children
examining children who displayed behaviors characteristic of hyperkinetic impulse
disorder, the term for ADHD at the time. Laufer and his colleagues found that the EEGs
of the children with symptoms of hyperkinetic impulse disorder could be altered by using
amphetamines, and concluded that the symptoms of hyperkinetic impulse disorder were
due to damage in the diencephalon, possibly sustained during the prenatal period, during
birth, or during early childhood. In a similar study (Knobel, Wolman, & Mason, 1959) of
40 children with behavioral difficulties, the EEG response was again examined as a way

to differentiate between those children with hyperkinesis and those without. Researchers
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concluded that the syndrome characterized by hyperactive behavior could be attributed to
poor filtering by the thalamus of stimuli entering into the brain, which lead to what they
termed cortical over-functioning.

By the 1970’s, researchers had begun to examine the implication of the
hyperactivity syndrome on sustained attention and impulsivity (Barkley, 2002).
Satterfield and Dawson (1971) tested the electrodermal skin conductance of 24 children
with hyperkinesis and 12 without, and found that children with the hyperkinetic
syndrome had lower skin conductance levels, fewer nonspecific electrodermal responses
and smaller specific electrodermal responses. Additionally, it was found that
administering amphetamines to the children with the hyperkinetic syndrome raised the
skin conductance levels and increased the electrodermal responses to levels near that of
the children without hyperkinesis. Satterfield and Dawson concluded that the symptoms
of the hyperkinetic syndrome could be attributed to a decrease in the activity of the
reticular activating system, as it is the reticular activating system that regulates
electrodermal activity. Dykman, Ackerman, Clements, and Peters (1971) viewed ADHD
as a type of specific learning disability with the primary symptoms being defective
attentional abilities. They attributed the learning disability to a developmental lag or
neurological immaturity, which was correlated with a deficit in the forebrain inhibitory
system and an underactive diencephalon.

The study of attention difficulties in the 1980s and 1990s shifted towards an

examination of motivation, reaction to rewards, self-control of behavior, and information
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processing (Barkley, 2002). Gorenstein and Newman (1980) examined the connection
between humans with attentional difficulties and studies that examined the behavior of
animals with lesions to specific brain regions. It was suggested that these animal studies
could produce research theories to examine the disinhibitory psychopathology in humans.
Gorenstein and Newman theorized from the animal studies that symptoms of behavioral
disinhibition in children and adolescents may be due to dysfunction of the medial septum.
After comparing those with hyperkinesis to those with frontal lobe injuries and
discovering similarities, Mattes (1980) theorized that the hyperkinetic behavior was due
to frontal lobe dysfunction. In 1984, Lou, Henriksen, and Bruhn conducted a study of the
regional cerebral blood flow in 13 children diagnosed with dysphasia and Attention
Deficit Disorder (ADD). All 11 of the children diagnosed with ADD showed
hypoperfusion in the frontal lobes, and 7 also showed hypoperfusion in the caudate
nuclei, leading to the conclusion that ADD symptoms were caused by this hypoperfusion
in the frontal lobes and/or caudate nuclei. Hunt, Minderra, and Cohen (1985) studied the
effects of the medication clonidine when taken by ten children between the ages of 8 and
13 years diagnosed with ADD with hyperactivity for eight weeks, followed by a placebo
medication for four weeks. Due to the favorable response and symptom reduction in these
children, Hunt et al. concluded that the dysfunction in the locus coerulens leading to

fluctuation in the levels of norepinephrine being released may be implicated in the cause

of the ADD symptoms.
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In a study of the neuropsychological performance of children with ADD as
compared to children without the diagnosis, Chelune, Ferguson, Koon, and Dickey
(1986) found a pattern of weaknesses among the children with ADD on instruments
measuring frontal lobe inhibitory control. These deficits were noted to lessen with age,
reinforcing the developmental lag hypothesis of researchers past. Chelune et al. also
concluded that ADD was at least in part caused by frontal lobe dysfunction. Voeller and
Heilman (1988) set the stage for future neuropsychological research of ADHD with a
study examining children with and without attentional difficulties, using a letter
cancellation task. They concluded that the performance of the children with ADD
resembled adults with right hemisphere dysfunction, which implicated dysfunction in the
right frontal lobes as a possible cause for ADD symptomology. In 1989, Schaughency
and Hynd conducted a study in which they hypothesized that there were
neuropsychological structure and biochemical systems responsible for the symptoms of
hyperactivity and inattention in children diagnosed with ADD. Results from the study
suggested that for children diagnosed with ADD with hyperactivity, the right frontal lobe
appeared to function differently than in non-ADD controls. Results also suggested that
for children diagnosed with ADD without hyperactivity, the right parietal lobe seemed to
function differently than in non-ADD controls. For all children diagnosed with ADD,
whether with hyperactivity or without, levels of dopamine and norepinephrine appeared

to be deficient as compared to children without the ADD diagnosis.
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Hynd, Semrud-Clikeman, Lorys, Novey, and Eliopulos (1990) utilized magnetic
resonance imaging (MRI) scans to examine the anatomical differences in brain structure
in ten children diagnosed with ADD with hyperactivity, ten children diagnosed with
dyslexia, and ten children without any diagnosis. Hynd et al. noted that the children with
dyslexia and the children with ADD showed significantly smaller right anterior width
measurements than did children without a diagnosis. The hypothesis is also presented that
right frontal lobe dysfunction may be a cause of the symptoms of inattention and

hyperactivity in children with ADD.

In a review of studies of adults and children with ADHD and related conditions,
Heilman, Voeller, and Nadeau (1991) compared children with ADHD to adults with
Dysexecutive Syndrome, a disorder characterized by difficulty with initiation, self-
monitoring behavior, and responding to environmental cues by changing behaviors. In
this comparison, Heilman et al. suggested that because children with ADHD show similar
symptoms as adults with Dysexecutive Syndrome, these children likely have the same
right frontal-striatal dysfunction as adults with Dysexecutive Syndrome. Furthermore,
symptoms of restlessness and hyperactivity are attributed to a possible impairment in the
dopamine system.

A recent meta-analysis of 16 neuroimaging studies conducted with participants
with ADHD and participants without a diagnosis revealed significant patterns of frontal
lobe hypoactivity in participants with ADHD (Dickstein, Bannon, Castellanos, &

Milham, 2006). This hypoactivity had neural implications in the anterior cingulate,
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dorsolateral prefrontal area, inferior prefrontal cortices, basal ganglia, thalamus and
parietal cortex, indicating that the executive dysfunction typically seen in children with
ADHD is not localized in one portion of the brain, but rather widespread, though the
most significant impairment most likely originates from the frontal region of the brain.

A study of 120 children examined electroencephalogram readings of children
between the ages of 8 and 12 years with ADHD- Combined Type, ADHD-Inattentive, or
no diagnosis (Clarke, Barry, McCarthy, & Selikowitz, 2001). Children with ADHD were
significantly different than control group children, as were the subtypes of ADHD.
Children with ADHD- Combined Type showed higher levels of theta waves than children
with ADHD- Inattentive Type, which showed higher levels of theta waves than control
group children. Results from this study point towards a developmental divergence in
central nervous system functioning.

Though no causal link exists, it has been noted that ADHD is characterized by
frontal-striatal abnormalities and that children and adults with the disorder are also often
characterized by deficits in inhibitory control, regulation of attention, difficulties with
sensory-motor skills, and problems with executive functioning which includes working
memory and processing speed (Hale et al., in press; Sonuga-Barke, Sergeant, Nigg, &
Willcutt, 2008). A meta-analysis of 83 studies examining executive functions in 3,734
children with ADHD and 2,969 children without a diagnosis found that overall, children

with ADHD show significant impairment on measures of executive function, with the
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most impairment in the areas of response inhibition, vigilance, working memory, and
planning (Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005).

In an attempt to further clarify the types of neurocognitive impairment seen in
children with different ADHD subtypes, 50 boys with ADHD and 44 boys without an
ADHD diagnosis were given a psychological and neuropsychological battery of tests
(Pasini, Paloscia, Alessandrelli, Porfirio, & Curatolo, 2007). The battery of test
instruments used assessed executive functioning in the areas of inhibition, divided
attention, phonological working memory, visual object working memory, and variability
of reaction times. Results indicated that children with ADHD had a general impairment in
executive function and attention, and that inhibition served as a predictor for working
memory performance.

A group of researchers in South Africa proposed a vastly different explanation for
the deficits typically seen in children and adolescents with ADHD, especially on tasks
requiring continual responses to rapid, externally presented stimuli (Russell et al., 2006).
They hypothesized that astrocyte function insufficiency leading to an insufficient
production of lactate is the primary cause for the deficient skills and development of
ADHD. Furthermore, they believe that deficient adenosine triphosphate (ATP)
production leads to overall delayed neuronal firing, and an insufficient lactate supply
leads to reduced myelination of axons during critical developmental periods. The
researchers concluded by stating that such a hypothesis could provide implications into

interventions designed for ADHD students, in that breaking complex tasks into smaller,
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more manageable chunks and allowing self-paced work would alleviate the problem of
delayed neuronal firing and decreased myelination and call for less neuronal energy.
ADHD and Processing Speed

Processing speed has also been implicated in the deficits and symptoms often seen
in children with ADHD (Calhoun & Mayes, 2005; Kaufman, 1994;Mayes & Calhoun,
2007a; Mayes & Calhoun, 2007b; Rucklidge, 2006; Sergeant, 1988 Shanahan et al.,
2006;). Although processing speed is a term that appears frequently in research and in
evaluation materials, there is not a universally accepted definition for processing speed.
Some view it as the quickness with which one performs a cognitive task over a sustained
period of time (Mather & Wendling, 2005). McGrew and Flanagan (1998) define
processing speed as the ability to automatically perform cognitive tasks while
simultaneously maintaining focus and concentration. A detailed operational definition
can be found in an article by Shanahan et al. (2006).