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The effect of comorbid reading or arithmetic learning disabilities (LDs) on neuropsycholog-
ical function in attention-deficitthyperactivity disorder (ADHD) was studied. Participants
were young males diagnosed with ADHD, with and without LD, and non-ADHD, non-LD
male controls of similar age. LD was defined by combined regression-based and low-
achievement classifications. Analyses adjusted for the effect of psychiatric comorbidity, age,
and socioeconomic status on neuropsychological function. Children who had both ADHD and
LD were significantly more impaired on both executive and nonexecutive functions than
ADHD children without LD. Neuropsychological performance was most impaired in ADHD
with combined arithmetic and reading disability. These data indicate that comorbid LD,
especially arithmetic disability, significantly increases the severity of executive function

impairment in ADHD.

Cognitive deficits, particularly impairments in attention
and executive functions, are considered to be a core part of
attention-deficit/hyperactivity disorder (ADHD) (Barkley,
1997; Douglas, 1972) and are thought to play a major role
in the difficult adaptation of ADHD children. Many studies
have demonstrated that children with ADHD exhibit sub-
average or relatively weak performance on various tasks of
vigilance, verbal learning, memory, and executive functions
such as set shifting, planning and organization, complex
problem solving and response inhibition (Barkley, 1997;
Barkley, Grodzinsky, & DuPaul, 1992; Denckla, 1991;
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Grodzinsky & Diamond, 1992; Pennington, Groisser, &
Welsh, 1993; Pennington & Ozonoff, 1996; Seidman, 1997;
Seidman, Benedict, et al., 1995; Seidman, Biederman, et al.,
1995; Seidman, Biederman, Faraone, Weber, Mennin, &
Jones, 1997; Seidman, Biederman, Faraone, Weber, &
Ouellette, 1997). These dysfunctions have been demon-
strated to persist into late adolescence (Fischer, Barkley,
Edelbrock, & Smallish, 1990; Seidman et al., 1997) and
adulthood (Seidman, Biederman, Weber, Hatch, & Faraone,
1998) and have been found in nonreferred siblings of
ADHD patients who have been diagnosed with ADHD
(Seidman, Biederman, Monuteaux, Weber, & Faraone,
2000). Of note, the executive function deficits have been
shown to be independent of psychiatric comorbidity asso-
ciated with ADHD (Seidman, Biederman, Faraone, Weber,
& OQuellette, 1997; Seidman et al., 1998, 2000).

A major obstacle, however, in identifying the underlying
neuropsychology of ADHD pertains to the overlap between
ADHD and various kinds of learning disabilities (I.Ds). The
literature on ADHD has consistently documented that a
substantial minority of children with ADHD also have LDs,
such as reading or arithmetic disability (Cantwell & Satter-
field, 1978; Lambert & Sandoval, 1980; Levine, Busch, &
Aufseeser, 1982). Rates vary depending on the definition
and type of LD, with estimates ranging from 10% to more
than 90% (Semrud-Clikeman et al., 1992), although a rate of
approximately 30% using both reading and arithmetic as
comorbid LDs has been more realistically suggested (Fara-
one, Biederman, Monuteaux, & Seidman, 2001). Learning
disabilities, when combined with ADHD, have a specific
role in school failure (Faraone et al., 2001). Because LDs
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(without ADHD) can also manifest neuropsychological def-
icits in attention and in components of memory (Benezra &
Douglas, 1988), more work is needed to further evaluate
whether neuropsychological deficits in ADHD children with
comorbid LDs are due to ADHD or to LD.

Learning disabilities are neuropsychological disorders
characterized by specific processing problems. For example,
dyslexia (reading disability) is particularly characterized by
specific impairments in single word reading, reading flu-
ency, and reading comprehension, usually resulting from
deficient phonological processing (Pennington et al., 1993).
Although in our work, we documented that executive func-
tion deficits in ADHD youth remained significant after
statistically controlling for the presence of LD (Seidman,
1997), questions remain as to the nature of the association
between ADHD, 1.D, and executive deficits. For example,
in a pilot study of ADHD boys, we found that youth
diagnosed with ADHD and LD (ADHD-LD) performed
significantly worse than those with ADHD but without LD
(ADHD—LD) on the Rey—Osterrieth Complex Figure Or-
ganization score (a measure of executive functions) and on
rapid naming on the Stroop test (Seidman, Biederman, et al.,
1995). However, because our results were based on a small
sample we could not address specific types of LDs, such as
those associated with arithmetic or reading, which were
lumped together. Therefore, an understanding of the role of
the specific LDs combined with ADHD will be important
for clarifying the nature of neuropsychological dysfunction
in ADHD.

In conceptualizing the complex relationship between
ADHD and LD in ADHD children, one can formulate
several hypotheses. One possibility is that the comorbidity
of LD within ADHD represents a qualitatively distinct
condition, as suggested by family studies relevant to genetic
transmission of the disorders (Faraone, Biederman, Krifcher
Lehman, Keenan, et al., 1993). There is also support for this
model from a number of studies that demonstrate that read-
ing disability and ADHD are characterized by separate
deficits, namely phonological processing deficits in the
former and executive function deficits in the latter (Pen-
nington et al., 1993; Shaywitz et al., 1995). This leads to the
hypothesis that persons with ADHD+LD would not have
worse executive function deficits than persons with
ADHD-LD.

An alternative hypothesis is that persons with ADHD and
comorbid LD have more severe executive deficits than
persons with ADHD without LD (Seidman, Biederman, et
al., 1995), because of the additive effect of combining two
cognitive disorders that both include attentional and mem-
ory dysfunctions. There is some support for this hypothesis.
A number of studies have compared ADHD children with
and without accompanying reading disabilities (RD) on a
range of neuropsychological measures. August and Gar-
finkel (1990) reported that their combined ADHD+RD
group performed significantly worse than the ADHD group
(which was also impaired relative to normal controls) on a
range of measures in the areas of attention, vocabulary,
degraded word recognition, and memory for letter se-
quences. A similar pattern of findings emerged in a study of

memory functioning (Katarina, Hall, Wong, & Keys, 1992),
in which both ADHD and ADHD+LD groups displayed
subaverage recall of sequential, ordered auditory and visual
information, with the comorbid group showing greater dif-
ficulty. Tarnowski, Prinz, and Nay (1986) found that the
ADHD+LD group was significantly worse on perceptual
discrimination on the Continuous Performance Test (CPT;
Weintraub & Mesulam, 1985). In a large recent study,
Willcutt and colleagues (2001) found that ADHD+RD in-
dividuals were more impaired on virtually all measures of
neuropsychological function compared with persons with
ADHD without RD. However, not all studies have found
ADHD children with learning problems to be more im-
paired on measures of memory, attention, and visual-motor
functioning (Halperin, Gittelman, Klein, & Rudel, 1984).

Because these results were obtained in studies composed
mainly of preadolescent, elementary school boys (ages
6-12), questions remain regarding the relationship of
ADHD and LD in adolescents. Moreover, almost all re-
search attention has been devoted to studying the impact of
comorbid RD, whereas the relevance of comorbid arith-
metic disability (AD) has been neglected. We could find no
published articles addressing the specific role of AD and
ADHD on neuropsychological function, nor had prior stud-
ies evaluated the neuropsychological consequences associ-
ated with combined RD, AD, and ADHD. These results
strongly suggest that further analysis of specific LDs asso-
ciated with ADHD is an important aim.

An additional issue has to do with the definition of LD.
There are no strategies for defining LD accepted by all
investigators, and definitions vary, at least in part, in relation
to educational criteria, state regulations, and neuroscientific
models (Fletcher et al., 1994). In our previous work on LD
and ADHD (Faraone, Biederman, Krifcher Lehman,
Keenan, et al., 1993; Faraone et al., 2001; Seidman, Bied-
erman, et al., 1995; Seidman, Biederman, Faraone, Weber,
& Ouellette, 1997; Seidman et al., 2000; Seidman et al.,
1998; Semrud-Clikeman et al., 1992) we have used a re-
gression-based approach correcting for the correlation of IQ
and achievement as recommended by Reynolds (1984) and
others (Frick et al., 1991) to define LDs. We recognize that
there is evidence suggesting that low achievement is an
equally valid method of classifying persons with LD
(Fletcher, Francis, Rourke, Shaywitz, & Shaywitz, 1992;
Fletcher et al., 1994) and that alternative methods of clas-
sification need to be compared.

We tested a number of hypotheses regarding the relation-
ship of ADHD and LD to neuropsychological dysfunctions.
First, we hypothesized that comorbid LDs contributed to a
general increase in neuropsychological dysfunction, includ-
ing executive dysfunction. Second, we predicted that the
more severe neuropsychological dysfunction in the comor-
bid groups would be independent of psychiatric comorbid-
ity. Third, we evaluated the role of the specific type of LD
on neuropsychological dysfunctions in ADHD (RD alone,
AD alone, AD+RD). Fourth, we predicted that results
would be comparable using a regression-based classification
for LD and using a classification combining regression-
based formulas and low achievement.
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Method

Participants

We analyzed data from a longitudinal, family-genetic study of
ADHD that have been presented in previous publications (Bied-
erman et al., 1992; Biederman et al., 1996; Faraone, Biederman,
Krifcher Lehman, Spencer, et al., 1993). We included male pro-
bands and their male siblings who were assessed with the neuro-
psychological battery at the four-year follow-up. This sample
consisted of 123 ADHD probands and 86 non-ADHD control
probands, along with 25 ADHD siblings of ADHD probands
and 41 non-ADHD, non-LD siblings of non-ADHD control pro-
bands (i.e., 148 participants with ADHD and 127 control partici-
pants without ADHD or LD). In a preliminary study of ADHD,
family history, comorbidity, and neuropsychological function, we
had reported briefly on the role of overall LD defined by a
regression-based classification of LD (without subgrouping into
RD or AD) in a sample of 65 participants with ADHD and 45
contro} participants without ADHD (Seidman, Biederman, et al.,
1995).

We obtained informed consent for all participants prior to their
enrollment in the protocol and again prior to the follow-up assess-
ments. All probands were Caucasian, non-Hispanic males between
the ages of 6 and 17 at the time of enroliment. Potential probands
were excluded if they had been adopted or if their nuclear family
was not available for study. We excluded children if they had
major sensory-motor handicaps (e.g., paralysis, deafness, blind-
ness), psychosis, autism, or an estimated full-scale 1Q of less
than 80. To minimize the potential confounds of social adversity,
we excluded children from the lowest socioeconomic class (SES
V; Hollingshead, 1975). Each of the ADHD probands met diag-
nostic criteria for current ADHD at the time of the clinical referral;
at the time of recruitment each had active symptoms of the disor-
der. Although probands and their siblings were clinically assessed
at baseline and then again at the four-year follow-up, neuropsy-
chological testing was performed only at the four-year follow-up
(Seidman, Biederman, Faraone, Weber, & Ouellette, 1997).

Psychiatric Assessments

All diagnostic assessments used structured interviews based on
the criteria of the Diagnostic and Statistical Manual of Mental
Disorders (3rd ed., rev.; DSM-III-R; American Psychiatric Asso-
ciation, 1987). Psychiatric assessments of probands and siblings
relied on the epidemiologic version of the Schedule for Affective
Disorder and Schizophrenia for Children (Orvaschel, 1985). Di-
agnoses were based on independent interviews with the mothers
and direct interviews of probands and siblings, except for children
younger than 12 years of age, who were not directly interviewed.
The structured interviews assessed lifetime history of psychopa-
thology. ADHD symptoms, based on DSM-/II-R criteria, were
those measured at Year 4.

The assessment personnel were blind to proband diagnosis
(ADHD or control) and ascertainment site (psychiatric or pediat-
ric). All efforts were made to (a) sequence the mothers’ interviews
about their children after interviews with the mothers about them-
selves had been completed and (b) have different interviewers
conduct the direct interviews of siblings and the interviews with
mothers about their children. All follow-up assessments were
made blind to prior assessments of the same participants and their
family members. Thus, all neuropsychological function assess-
ments were administered and scored by examiners who were
unaware of all other data on the participants.

The interviewers/testers had undergraduate degrees in psychol-
ogy; they were trained to high levels of interrater reliability for the
assessment of psychiatric diagnosis by Joseph Biederman. We
computed kappa coefficients of agreement by having three expe-
rienced, board-certified child and adult psychiatrists diagnose par-
ticipants from audiotaped interviews made by the assessment staff.
On the basis of 173 interviews from a mixed pediatric and adult
data set, the median kappa for all diagnoses was .86 and the kappa
for ADHD was .98.

A committee of at least two board-certified child and adult
psychiatrists resolved all diagnostic uncertainties. The committee
members were blind to the participants’ ascertainment group,
ascertainment site, all data collected from other family members,
and all nondiagnostic data (e.g., neuropsychological tests). Diag-
noses were considered positive if, on the basis of the interview
results, DSM—{II-R criteria were unequivocally met to a clinically
meaningful degree. Rates of psychiatric disorders reported here are
lifetime prevalences. Psychiatric comorbidity was operationally
defined by presence of anxiety or depressive or conduct disorders.

Neuropsychological Tests

We used the identical test battery that we have used in previous
reports of probands with ADHD, including children, adolescents,
and adults (Seidman, Benedict, et al., 1995; Seidman, Biederman,
et al., 1995; Seidman, Biederman, Faraone, Weber, Mennin, &
Jones, 1997; Seidman, Biederman, Faraone, Weber, & Ouellette,
1997, Seidman et al., 1998) and their nonreferred siblings (Seid-
man et al., 2000). On the basis of our review of the literature and
our previous neuropsychological work we chose to assess certain
domains of cognitive functioning thought to be important in
ADHD and to be indices of the integrity of fronto-subcortical brain
systems hypothesized to be abnormal in ADHD (Mattes, 1980).
These include measures of vigilance, planning and organization,
response inhibition, set shifting and categorization, selective atten-
tion and visual scanning, verbal and visual learning, and memory.
The tests used are considered estimates of the hypothesized cog-
nitive functions.

The central theoretical construct guiding our choice of many of
the tests in the battery is that key neuropsychological deficits in
ADHD are associated with frontal lobe, frontal “network™ (to
indicate impairment in a widespread cerebral network underlying
attention and executive functions), or executive dysfunctions. The
hypothesis that the neuropsychological underpinnings of ADHD
are characterized by executive dysfunction was proposed by in-
vestigators who recognized similarities in clinical presentation
between persons with hyperactivity and adult patients with frontal
lobe damage (Mattes, 1980; Shue & Douglas, 1992). They ob-
served that lesions in the frontal lobe (and especially prefrontal
cortex) in experimental animals and human neurological patients
are often associated with impulsivity, distractibility, and hyperac-
tivity, in combination or as isolated deficits (Fuster, 1989). This
cluster of symptoms, which is used to define ADHD, may reflect
a core failure of inhibitory mechanisms (Barkley, 1997; Denckla,
1991; Pennington & Ozonoff, 1996). Increasingly, the neurocog-
nitive construct used to describe this inhibitory failure is that of a
failure of executive functions. Executive functions are distinct from
other mental functions such as sensation, perception, or memory
per se. There is, however, considerable overlap with domains such
as attention, reasoning, and problem solving and with certain
components of learning and memory, such as those involved with
encoding and retrieval mechanisms (Pennington & Ozonoff,
1996).

All tests were administered and scored by examiners who were
supervised by Larry J. Seidman. We administered five subtests
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from the Wechsler intelligence scales. However, some of these
data were reported previously (Faraone, Biederman, Krifcher
Lehman, Spencer, et al., 1993; Faraone, Biederman, Mennin, Ger-
shon, & Tsuang, 1996); thus we report here only estimated full-
scale 1Q (Brooker & Cyr, 1986) based on the vocabulary and block
design subtests of the Wechsler Intelligence Scale for Children—
Revised (WISC-R; Wechsler, 1974) or Wechsler Aduit Intelli-
gence Scale—Revised (WAIS-R; Wechsler, 1981). These two
subtests are frequently used for an 1Q estimate because their
estimate of IQ correlates .90 with full-scale 1Q based on all of the
subtests (Sattler, 1988). Academic achievement was assessed with
the Reading and Arithmetic subtests of the Wide Range Achieve-
ment Test—Revised (WRAT-R; Jastak & Jastak, 1985) in order to
define forms of LD. Participants with ADHD and LDs were
grouped into ADHD+RD (with reading LD), ADHD+AD (with
arithmetic disability), and ADHD+RD+AD (with both reading
and arithmetic LDs). For our analyses, we combined two defini-
tions of LD. First, we used the procedure recommended by Reyn-
olds (1984) and others (Frick et al., 1991) to define learning
disabilities. Full-scale 1Q and achievement scores are initially
converted to the z scores z;, and z, respectively. Expected
achievement score, zg 4, i then estimated by the regression equa-
tion zgs = Fpa X Zig» Where riq, is the correlation between the
1Q and achievement tests. Values from the control sample were
used. Then, the discrepancy score is zg4 — Za, and its standard
deviation is (1 — rjoa)'">. We defined as LD any participant who
had a value greater than 1.65 on the standardized discrePancy score
(41% of the ADHD sample): (zga — za)/(1 — riga)"

Second, for the purpose of studying the effects of low achieve-
ment definitions of LD, we reclassified any remaining participant
with a score of 85 or lower on the WRAT-R Arithmetic or
Reading subtests as having an LD, while retaining the regression-
based classification for the other participants. This reclassified 10
participants who had not previously been considered to have LD (1
from the control group and 9 from the ADHD—LD group). We
dropped the one “low achievement” participant from the normal
control group to maintain a comparison group without ADHD or
LD. The other 9 ADHD participants were reclassified into the
ADHD +RD+AD group (n = 4), the ADHD+AD group (n = 4),
and the ADHD+RD group (n = 1), for a total of 47% of the
ADHD sample. Analyses reported in this article reflect the sample
of ADHD+LD participants classified on the basis of the combined
regression-based and low-achievement definitions.

As in previous studies, tests were administered in a fixed order:
(a) the Rey—Osterrieth Complex Figure Copy (ROCF; Osterrieth,
1944; Rey, 1941); (b) the WISC-R/WAIS-R vocabulary and digit
span; (c) the Rey-Osterrieth recall; (d) the WISC-R/WAIS-R
block design, arithmetic, and coding/digit symbol subtests; (¢) the
finger tapping test (Reitan & Wolfson, 1985); (f) the auditory CPT
(Weintraub & Mesulam, 1985); (g) the Wide Range Achievement
Test of Memory and Learning (WRAML) list-learning test for
children younger than 17 (Adams & Sheslow, 1990) or the Cali-
fornia Verbal Learning Test (CVLT) in children 17 or older (Delis,
Kramer, Kaplan, & Ober, 1987); (h) the computerized Wisconsin
Card Sorting (WCST) Test (Heaton, Chelune, Talley, Kay, &
Curtiss, 1993); (i) the Stroop Color and Word Test (Golden, 1978);
and (j) the scattered letter version of the Visual Cancellations test
(Weintraub & Mesulam, 1985).

We administered a simple measure of motor speed, the finger
tapping test, because we found support in our pilot study (Seid-
man, Biederman, et al., 1995) for the idea that boys with comorbid
LD had significantly different motor speed than did those without
LD. This suggested the possibility of a specific deficit in boys with
ADHD+LD, in contrast to the absence of observed motor speed

deficits on the finger tapping test in our studies of ADHD boys
without accounting for LD (Seidman, 1997; Seidman et al., 2000).
We also created a dominance ratio, to look at motor expressions of
possible abnormal cerebral lateralization in participants with LDs,
which we constructed by averaging the taps in each of five trials of
each hand in the following formula: preferred hand minus nonpre-
ferred hand divided by the preferred hand (Andrew, 1981). We
chose an auditory CPT to measure sustained attention because an
auditory CPT elicited cerebral metabolic abnormalities in ADHD
(Zametkin et al., 1990) and because our prior data indicated that
this brief, 5-min measure of simple vigilance (Weintraub & Me-
sulam, 1985) was a useful task. We measured omission, commis-
sion, and late errors, which were summed to a “total errors” score.
We chose the WRAML list-learning test for children under 17
because the CVLT—child version was not available at the time the
study began and it allowed a roughly comparable measure of
verbal learning. To make the WRAML list-learning test more
comparable to the CVLT we added a fifth learning trial.

The ROCF was administered and scored according to the meth-
ods described by Waber and Holmes (1985). This method was
chosen because we hypothesized that participants with ADHD
would have organization deficits in contrast to simple visual spatial
deficits; the developmental scoring of Waber and Holmes is at-
tuned to assessing such strategies. We specifically used the Orga-
nization score of the ROCF because it reflects planning, decision
making, and strategy in constructing a figure (from copy and
memory). Thus, the Organization score distinguishes executive
functions from visual-spatial processes, which are codified by the
Accuracy score. The analysis of the process by which a person
constructs a figure is considered to be a good index of executive
functioning (Kaplan, 1990). Further administration and scoring
details on the ROCF are provided in Seidman, Benedict, et al.
(1995).

Scoring of the ROCF was done blind to all characteristics of the
participants, including diagnosis, by one Ph.D. clinical psycholo-
gist using the Waber—Holmes scoring system (Waber & Holmes,
1985). She was trained and supervised in this method by one of
this system’s originators (Jane Holmes Bernstein). Interrater reli-
ability with Dr. Bernstein was achieved for all variables (copy and
recall organization and accuracy), ranging from 94 to 100% agree-
ment. Scoring of the WCST was done by computer. The other tests
used in the study conventionally have interrater reliabilities in the
90s (Lezak, 1995; Wechsler, 1981).

To determine whether the effects of ADHD on neuropsycho-
logical function are generalized or have their greatest effect on
executive function measures, we grouped tests into two clusters of
variables reflecting executive and nonexecutive components of
each of the tests. The executive function variables included the
Stroop Color-Word score, WCST Perseverative Errors, WCST
Loss of Set, Verbal Learning, CPT Total Errors (the sum of
omission and comission errors, and late responses), Letter Cancel-
lation Strategy, ROCF Copy Organization, and ROCF Delay Or-
ganization. The nonexecutive variables included measures of mo-
tor speed, rapid naming, and visual-spatial ability; finger tapping
preferred and nonpreferred number of taps; finger tapping domi-
nance ratio; Stroop Color score; Stroop Word score; ROCF Copy
Accuracy; and ROCF Delay Accuracy.

Plan of Analysis

As noted in the introduction, there is controversy over the best
method for determining forms of LD. It is likely that the 1Q-
achievement, regression-based LD definition will not capture all of
the LD cases in the ADHD group, because participants could have
low achievement scores (i.e., be poor readers) and low IQ and not
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Table 1
Demographic Characteristics of Attention-Deficit/Hyperactivity Disorder (ADHD) Boys With and
Without Learning Disability (LD) and Control Participants

Participants with ADHD with and without LD

Control
Combined participants
arithmetic (without LD
and reading LD Arithmetic LD Reading LD Without LD or ADHD)
(n =21 (n = 32) (n=16) (n=179) (n =127)
Demographic Mor% SDorn Mor% SDorn Mor% SDorn Mor% SDorn Mor% SDorn p
Age 14.3 2.7 13.8" 29 15.2 1.8 15.1 39 15.1 45 .19
Grade 7.9%4 2.6 8.1 2.6 9.1 2.1 9.4 34 9.6 42 .04
Socioeconomic status 2,724 1.0 1.8 1.0 2.14 1.2 1.7 09 14 06 <.01
Psychiatric comorbidity
(% and n) 714 15 59¢ 19 75¢ 12 61¢ 48 10 13 <.01
Medication status
(% and n) 574 12 50¢ 16 507 8 514 40 1 1 <.01
ADHD symptom total 9.49 3.8 9.8¢ 33 8.6 33 8.84 4.1 1.3 1.8 <.01
2 Differs from arithmetic LD at p < .05. " Differs from reading LD at p < .05. © Differs from ADHD without LD atp < .05. ¢ Differs

from controls at p < .05.

be classified as having an LD. As noted earlier, to address this
possible misclassification we redefined our LD groups by classi-
fying ADHD participants as LD if they (a) met the discrepancy-
based definition described earlier or (b) had WRAT scores of 85 or
lower. ADHD participants were stratified into four groups: without
any LD (n = 79), with reading LD only (n = 16), with arithmetic
LD only (n = 32), and with both reading and arithmetic LD (n =
21). These participants were compared with control participants
without ADHD or LD (n = 127) on selected demographic, aca-
demic functioning, and achievement variables using logistic and
linear regression. The four ADHD subgroups were also compared
directly with each other. We then compared the five groups with
each other on neuropsychological outcomes using regression mod-
els, controlling for age, socioeconomic status (SES), and psychi-
atric comorbidity, to determine whether these covariates accounted
for any differences in the participants’ performance. Because the
size of the ADHD+LD subgroups was relatively small, we used
effect sizes to determine the magnitude of effects and their poten-
tial implications for future work. Effect sizes were calculated using
Cohen’s (1988) formula: d = Mean Group 1 minus Mean Group 2
divided by the pooled standard deviation.

When considering the role of IQ, we reasoned that this variable
is commonly found to be impaired in ADHD and in persons with
LD and should not be conceptualized as a potential confounder of
the association of neuropsychological deficits with LD comorbid-
ity. Nevertheless, it is important to determine whether the execu-
tive function deficits in ADHD are observed over and above IQ
deficits. Therefore, we reanalyzed the outcomes again, controlling
for 1Q (using two methods) as well as age, SES, and psychiatric
comorbidity. The first method of statistical control entered con-
founding variables as covariates in the model. The second method
used regression models to predict the outcome with the confound-
ers as the independent variables. The difference between the pre-
dicted outcome score and the actual outcome score (the error or the
residual) can be defined as the variation in the outcome not
accounted for by the confounders. This residual score was then
used as the dependent variable in the model used to assess differ-
ences between the groups. The results from both methods were
virtually identical. We report statistical tests using the second
method.

Because the nonindependence of siblings from the same family
leads to inaccurate estimates of statistical significance, we adjusted

our analyses by using Huber’s (1967) formula as implemented in
Stata (Stata Corporation, 1992) to produce robust statistical tests
for both linear and logistic regression. Levels of significance were
two tailed, and an alpha level of .05 was used. For graphic
comparisons of participants with and without ADHD, using the
two clusters of executive and nonexecutive functions, we trans-
formed raw scores on selected variables to z scores (M = O;
SD = 1).

Results

Demographic Characteristics and Academic
Functioning

There were no significant overall differences between
ADHD nparticipants with and without LD and control par-
ticipants on age (see Table 1). However, the participants
with ADHD+AD were significantly younger than partici-
pants with ADHD+RD. There was a significant difference
in grade level achieved. The participants with ADHD+AD
and ADHD+RD+AD had significantly less education than
those with ADHD—LD and the controls. There were statis-
tically significant differences between the ADHD subgroups
and control participants on SES. As expected, all ADHD
subgroups had significantly more psychiatric comorbidity
than controls. There were no significant differences between
the four ADHD subgroups on psychiatric comorbidity,
medication status, or ADHD symptom total. To test our first
two hypotheses regarding an increase in neuropsychological
dysfunction in comorbid groups and to determine whether
the results were independent of psychiatric comorbidity, we
statistically adjusted for age, psychiatric comorbidity, and
SES in combination in all subsequent analyses. We adjusted
for age rather than grade level, because they are highly
correlated, and grade level is directly influenced by LD
status, whereas age is not. All statistical tests in Tables 3
and 4 reflect adjustments by the combination of potential
confounders.
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Academic Functioning and Achievement Scores in Attention-Deficit/Hyperactivity Disorder (ADHD) Boys With
and Without Learning Disability (LD} and Control Participants

Participants with ADHD with and without LD

Control
Combined participants
arithmetic and (without LD or
reading LD Arithmetic LD Reading LD Without LD ADHD)
Academic functioning and (n =21 (n = 32) (n=16) (n =79 n = 127)
achievement Mor% SDorn Mor% SDorn Mor% SDorn Mor% SDorn Mor% SDorn p
1Q estimate 96.174 143 105.4°¢ 13.6 10224 128 1133¢ 116 1180 99 <01
Extra help (% and n) 959 20 94¢¢ 30 944 15 73¢ 58 25 32 <01
Special class (% and n) 71204 15 41>¢ 13 699 11 307 24 1 1 <0l
Repeated grade (% and n) 7174 15 34> 11 68 11 18 14 10 13 <.01
WRAT Arithmetic Scale score 74.4*>¢¢ 140 8259 154  96.1°° 88 103.8% 132 112.6 144 <01
WRAT Reading Scale score  79.0>%¢ 147 104.1°<% 107 8584 88 1107 104 113.8 104 <01
Note. WRAT = Wide Range Achievement Test (Jastak & Jastak; 1985).
a Differs from arithmetic LD at p < .05. " Differs from reading LD at p < .05. ¢ Differs from ADHD without LD at p < .05. 9 Differs

from controls at p < .05.

As expected, statistically significant differences were
found between the groups for estimated IQ, rates of reme-
dial tutoring, placement in special classes, repeating a grade,
and arithmetic and reading achievement (see Table 2).
Among the ADHD participants, those without LD had the
lowest rates of these difficulties and the highest scores on
academic achievement scores and IQ estimate, whereas
those with ADHD+RD-+AD had the highest rates of these
difficulties and the lowest performance. Among the ADHD
subgroups, the WRAT-R arithmetic score tended to be the
lowest performance measure, except, of course, in the
ADHD+RD group. The achievement test scores clearly
indicated significant impairments in reading and math, in
the context of solidly average IQ in the ADHD subgroups
with LD comorbidity. IQ was significantly lower in the
ADHD+RD+AD, ADHD+AD, and ADHD+RD sub-
groups compared with that of controls and ADHD partici-
pants without LD.

Neuropsychological Performance

The groups differed significantly on the Stroop Word,
Color, and Color Word 7 scores. These differences re-
mained significant when adjusting for IQ, in addition to a
combination of age, SES, and psychiatric comorbidity (see
Table 3). There was a significant difference on the WCST
Perseverative Error score, which was attenuated by IQ
adjustment.

On the WRAML verbal list-learning scaled score, which
is based on the age corrected sum of Trials 1 through 4,
there was a significant difference between the groups, which
was significantly attenuated by covarying IQ. This pattern
was also observed on the raw sum of words recalled on
Trials 1 through S. There were no significant differences on
the CVLT.

On the auditory CPT, there was a significant effect of
total errors, which remained significant after adjusting for
IQ. On the Letter Cancellation test, there were no significant

differences when adjusting for the confounders, but the
commission error score became significant after adjusting
for 1IQ.

On the ROCF, the Copy Organization score was signifi-
cant, but adjustment by 1Q attenuated the significant results.
There were no significant differences on the Visual-Spatial
Accuracy scores of the ROCF. There were no significant
differences on finger tapping speed.

Subgroup Comparisons

The ADHD—LD subgroup was significantly impaired
compared with controls on the Stroop Word and Color
Word T scores and the ROCF Copy Organization score.
After correction by IQ, the Copy Organization score re-
mained significant. This subgroup performed significantly
better than the ADHD+RD+AD and the ADHD+AD sub-
groups on the Stroop Word, Color, and Color Word T
scores. The ADHD—LD subgroup performed significantly
better than the ADHD+AD subgroup on the WRAML
Verbal Learning test. The ADHD—LD subgroup performed
significantly better than the ADHD+AD subgroup on the
WCST Perseverative Error score and on the ROCF Delay
Organization score. The ADHD—LD subgroup was signif-
icantly worse than the ADHD+RD subgroup on auditory
CPT total errors.

Visual inspection of Figures 1 and 2 suggests that ADHD
participants with AD and especially AD+RD generally
performed less well on executive function tests than those
with RD alone (see also Table 3). This was most notable
on the Stroop test and the auditory CPT, where the
ADHD+RD+AD group was significantly worse than the
ADHD+RD group even after IQ adjustment. Not surpris-
ingly, the ADHD+RD+AD group performed at a lower
level on nonexecutive function tests including motor speed,
which was significantly slower, especially with the pre-
ferred hand. The ADHD+RD+AD group was significantly
slower on the Stroop Word score compared with the
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Figure 1. Executive functions in attention-deficit/hyperactivity disorder (ADHD) boys with and
without learning disability (LD) and control participants. RD = reading disability; AD = arithmetic
disability; WCST = Wisconsin Card Sorting Test; CPT = Continuous Performance Test.

ADHD+AD group. Effect sizes were also used to quantify
the differences between groups (see Table 4). The AD
subgroup showed a large effect size difference, compared
with the RD subgroup, on auditory CPT total errors (d =
.81). The combined (AD+RD) LD group had more impair-
ment (positive effect sizes) on 14 of 15 comparisons with
the RD group, including large effect sizes on executive
functions (auditory CPT total errors, d = .85) and nonex-
ecutive functions (preferred hand finger tapping, d = .85;
Stroop Color score, d = .86; Stroop Word score, d = .84).
The combined (AD+RD) LD group had more impairment

(positive effect sizes) on 11 of 15 comparisons with the AD
group, including a large effect size on the Stroop Word
score (d = .78).

Discussion

Consistent with prior work in a subset of this sampie
(Seidman, Biederman, et al., 1995) and with other studies in
the literature, boys with ADHD performed worse than con-
trols on a number of neuropsychological measures of exec-
utive and nonexecutive functions: on the Stroop, the WCST,
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05 4 ADHD+AD -- ADHD+RD+AD
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Figure 2. Nonexecutive functions in attention-deficithyperactivity disorder (ADHD) boys with
and without learning disability (LD) and control participants. RD = reading disability; AD =
arithmetic disability; WCST = Wisconsin Card Sorting Test; CPT = Continuous Performance Test.
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Table 4

Effect Size Comparisons Berween Subgroups of Learning Disability (LD) Participants
Diagnosed With Attention-Deficit/Hyperactivity Disorder (ADHD)

Pairwise comparisons

Reading Reading Arithmetic
(n = 16) vs. (n = 16) vs. (n = 32) vs.
arithmetic combined combined
(n = 32)? (n = 21)® (n =21)°
Neuropsychological performance n ES n ES n ES
Executive functions
Stroop Color Word raw score 46 —.08 36 31 52 .36
WCST Perseverative Errors 47 37 36 .29 51 .16
WCST Failure to Maintain Set 47 .09 36 .09 51 -.02
Verbal Learning® 48 .15 37 A1 53 -.06
Auditory CPT total errors 48 .81 37 .85 53 23
Letter Cancellation Strategy 48 —.10 37 02 53 07
Rey-Osterrieth Copy
Organization 45 39 34 53 51 13
Rey-Osterrieth Delay
Organization 43 .30 31 18 48 -.13
Nonexecutive functions
Finger Tapping preferred hand 31 22 25 .85 38 47
Finger Tapping nonpreferred hand 31 18 25 1 38 31
Finger Tapping Dominance ratio 31 —-.01 25 .36 38 .36
Stroop Color raw score 46 49 36 .86 52 33
Stroop Word raw score 47 -.12 37 .84 52 78
Rey-Osterrieth Copy Accuracy 45 —.04 34 11 51 .15
Rey-Osterrieth Delay Accuracy 43 15 31 —.37 48 —.46
Note. ES = effect size; WCST = Wisconsin Card Sorting Test; CPT = Continuous Performance

Test.

# If the reading group has a worse performance than either the arithmetic or combined group, then

the effect size sign is negative.

combined group, then the effect size sign is negative.

If the arithmetic group has a worse performance than the

¢ Percentage of words learned on the Wide

Range Memory and Learning Test (for participants less than 17 years of age) or the California
Verbal Learning Test (for participants = 17 years of age).

the WRAML list-learning test, the auditory CPT, and on
Organization scores of the ROCF. These impairments could
not be accounted for by age, SES, or psychiatric comorbid-
ity, which were controlled in the analyses.

Supporting our first hypothesis, we found that boys diag-
nosed with ADHD+AD, ADHD+RD, or ADHD+RD+
AD had significantly more impairment than ADHD boys
without any LD on both executive and nonexecutive func-
tion tests. Boys with ADHD without any LD were mildly
impaired on a small number of measures of executive func-
tions and were unimpaired on nonexecutive functions com-
pared with controls. ADHD children with any of the LDs
were significantly more impaired than those without LDs on
both executive and nonexecutive function measures, even
though they did not differ on rates of psychiatric comorbid-
ity, ADHD symptoms, or medication use. This supports our
second hypothesis: The more severe neuropsychological
dysfunctions in the comorbid groups could not be accounted
for by psychiatric comorbidity (or symptom level). Neuro-
psychological performance was most impaired in ADHD
boys who had combined arithmetic and reading difficulty.
These results provide support for the hypothesis that more

severe neuropsychological dysfunctions are associated with
comorbid LDs in ADHD children, especially when arith-
metic difficulty is present.

Our results are consistent with a number of other studies
that compared neuropsychological functions in ADHD chil-
dren with and without comorbid LDs (August & Garfinkel,
1990; Katarina et al., 1992; Tarnowski et al., 1986). In those
studies, both subgroups performed worse on measures of
sequential memory and attentional tasks; however, the par-
ticipants with comorbid LD performed worse. One study,
however, did not demonstrate this pattern (Pennington et al.,
1993). In this study, the children (7-10-year-old boys) with
ADHD+RD performed similarly on executive function
measures compared with children with RD alone and were
not different from those with ADHD—RD. In our analyses,
participants with ADHD+RD performed significantly
worse than control participants and ADHD—RD partici-
pants on the Stroop and on WRAML list learning were
better on the auditory CPT. One possible explanation for the
contrasting results has to do with differences in sample
characteristics. Pennington et al. (1993) recruited young
children from a university-based clinic specializing in LD,
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whereas our sample was recruited from pediatric and psy-
chiatric referrals for ADHD. It is also possible that our
participants, who were on average 8 years older, demon-
strate a more persistent form of ADHD. Moreover, a recent
study from the same research team (Willcutt et al,, 2001),
with a somewhat older sample (age 8-16), found that a new
ADHD+RD sample was significantly impaired on virtually
all executive function measures administered. Thus, there is
a growing trend among studies demonstrating that comorbid
LD significantly increases the severity of executive function
impairment in ADHD.

For our third goal, we performed analyses to evaluate the
role of specific types of LD on neuropsychological dysfunc-
tions in ADHD. Our results indicate that the subgroups that
have AD (alone, and especially when combined with RD)
have the most severe impairments. These results are an
important addition to the literature because previous studies
did not distinguish between LD subgroups or focused only
on ADHD+RD. There is substantial evidence that ADHD
and LDs, especially RD, which has been the most well
studied, are distinct disorders (Shaywitz et al., 1995), iden-
tified by separate executive impairments and specific pro-
cessing skills. Further research is needed to understand the
underlying basis of arithmetic disorder and its etiological
relationship to ADHD.

There are also data suggesting that although LD and
ADHD may share some genes, they also have independent
genetic influences. To date, four twin studies (Gilger, Pen-
nington, & DeFries, 1992; Light, Pennington, Gilger, &
DeFries, 1995; Stevenson, Pennington, Gilger, DeFries, &
Gillis, 1993; Willcutt, Pennington, & DeFries, 2000) have
examined the comorbidity of ADHD and LD. One of these
supported the hypothesis that ADHD and LD are genetically
distinct conditions (Gilger et al., 1992). But three others
suggest the relationship might be more complex (Light et
al., 1995; Stevenson et al., 1993; Willcutt et al., 2000). They
found significant bivariate heritability between the two dis-
orders. The magnitude of this effect suggested that the two
conditions have some genes in common but also have
independent genetic influences. A further indication that
this relationship may be complex is suggested by Willcutt et
al. (2000), who reported genetic overlap between LD and
inattention but not between LD and hyperactive impulsive
symptoms.

Although we cannot be certain that our comorbid sub-
groups reflect independent sources of neuropsychological
deficit, rather than just more severe forms of ADHD, the
fact that there were no significant differences between the
four ADHD subgroups on psychiatric comorbidity, ADHD
symptoms, or medication use argues against this contention.
Moreover, there are also data suggesting that reading dis-
ability and ADHD have different structural brain abnormal-
ities (Castellanos et al., 1996).

Questions often arise as to whether attention, executive
function and memory deficits observed by us and others in
ADHD are a function of IQ. In previous research, we
(Faraone, Biederman, Krifcher Lehman, Spencer, et al.,
1993) and others (Werry, Reeves, & Elkind, 1987) have
shown that IQ is affected by ADHD. Not surprisingly, IQ

level was correlated with the presence of LD. Caution must
be exercised in matching for IQ (Meehl, 1970), because
controlling for IQ may remove a portion of the variance
directly attributable to the independent variable of interest
(e.g., ADHD). Moreover, analysis of covariance results
should be viewed very cautiously when, as in this case (of
1Q), the covariate shares variance with both independent
and dependent variables (Miller & Chapman, 2001). When
we used IQ as a covariate, although there was some atten-
uation of results, most impairments on the Stroop, auditory
CPT, and ROCF remained significant. These results support
the conclusion that some of the executive impairments in
ADHD children go beyond generalized intellectual deficits
assessed by IQ.

Our results support the idea that there are at least three
different neuropsychological subgroups of individuals with
ADHD. As we have shown elsewhere (Doyle, Biederman,
Seidman, Weber, & Faraone, 2000) using conditional prob-
ability analyses, approximately 50% of boys with ADHD
(using a slightly smaller subset of this sample) can be
considered neuropsychologically unimpaired. Apparently,
the other 50% (i.e., the neuropsychologically impaired per-
sons) can be distinguished on the basis of whether they have
LD or not. Those ADHD boys with comorbid LD, particu-
larly when they have combined arithmetic and reading
disabilities, have more severe executive and nonexecutive
dysfunctions than those without LD. They are also more
likely to require extra academic help (e.g., tutoring), place-
ment in special classes, and grade retention. Moreover,
identification of an LD predicts more severe school diffi-
culties four years later (Faraone et al., 2001). Thus, it is
clear that the subgroup of ADHD+LD boys is at risk for a
variety of difficulties over and above the typical conse-
quences of ADHD, namely, school failure.

The results of this study must be interpreted in light of
some possible methodological limitations. First, we had
limited power to definitively test for distinctions between
the subgroups of LD participants, and thus our results re-
quire replication with larger samples. Second, because we
used typical clinical tests that are multifactorial, we cannot
identify distinctive components of executive function defi-
cit. Third, we used many test scores, and this could have
resulted in inflation of the Type 1 error rate.

Another limitation is that we did not evaluate AD or RD
groups without ADHD. Thus, we cannot determine what
would be impaired in an LD-alone group. It is possible that
some of the impairments in the ADHD-LD group, such as
on executive function tests of rapid naming like the Stroop,
would be impaired in an RD-alone group. Nevertheless, the
significant impairments in the ADHD+AD group, and the
greater impairment in the ADHD+AD group compared
with the ADHD+RD group, suggest the deficits cannot be
accounted for solely by RD. Future research should attempt
to measure executive functions that are not confounded by
processes such as rapid naming, auditory processing, or
verbal memory.

An additional issue has to do with the definition of LD.
As noted in the introduction, there are no strategies for
defining LD accepted by all investigators. The technique we
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used (combining low achievement and a regression-based
approach) originates both from an educational and psycho-
metric definition of LD and from growing research on
neurocognitive consequences of different LD classification
strategies (Fletcher et al., 1992; Fletcher et al., 1994). The
method is straightforward and offers the opportunity for
replication and criterion validation. Moreover, its use iden-
tified a group of very neuropsychologically impaired
ADHD boys who may require distinct and perhaps more
intensive educational remediation than those ADHD boys
without comorbid LD. In addition, we also analyzed the
data using a regression-based definition of LD alone (Frick
et al., 1991; Reynolds, 1984; Semrud-Clikeman et al.,
1992). This resulted in a small number of participants being
reclassified (9 of 148 ADHD participants) and did not lead
to a significant change in the results (data available on
request from Larry J. Seidman). The consistency across the
two definitions of LD supports the finding that executive
dysfunction is increased in ADHD with LD.

Finally, the study results should not be generalized to
females with ADHD. We have now completed data collec-
tion of a comparable sample of girls with and without
ADHD, and we expect to test the same hypotheses regard-
ing the role of LD and executive functioning in that sample.

In summary, our results indicate that boys with ADHD
suffer from neuropsychological impairments in attentional
and executive functions that are accounted for by ADHD
and not by psychiatric comorbidity and that they are most
severe when comorbid LD is also present, especially arith-
metic disability. The particularly impaired neuropsycholog-
ical performance of ADHD+LD children suggests that cli-
nicians must attend to this distinction in order to develop
appropriate treatment.

References

Adams, W., & Sheslow, D. (1990). The wide range assessment of
memory and learning. Wilmington, DE: Jastak Assessments.
American Psychiatric Association. (1987). Diagnostic and statis-
tical manual of mental disorders (3rd ed., rev.). Washington,

DC: Author.

Andrew, J. M. (1981). Optimal lateralization on the tapping test.
International Journal of Neuroscience, 13, 75-79.

August, G. J., & Garfinkel, B. D. (1990). Comorbidity of ADHD
and reading disability among clinic-referred children. Journal of
Abnormal Child Psychology, 18, 29-45.

Barkley, R. (1997). Behavioral inhibition, sustained attention, and
executive functions: Constructing a unifying theory of ADHD.
Psychological Bulletin, 121, 65-94.

Barkley, R. A., Grodzinsky, G., & DuPaul, G. J. (1992). Frontal
lobe functions in attention deficit disorder with and without
hyperactivity: A review and research report. Journal of Abnor-
mal Child Psychology, 20, 163-188.

Benezra, E., & Douglas, V. 1. (1988). Short-term serial recall in
ADDH, normal, and reading-disabled boys. Journal of Abnor-
mal Child Psychology, 16, 511-525.

Biederman, J., Faraone, S. V., Keenan, K., Benjamin, J., Krifcher,
B., Moore, C., Sprich-Buckminster, S., Ugaglia, K., Jellinek,
M. S., Steingard, R., Spencer, T., Norman, D., Kolodny, R.,
Kraus, 1., Perrin, J., Keller, M. B., & Tsuang, M. T. (1992).
Further evidence for family-genetic risk factors in attention

deficit hyperactivity disorder. Patterns of comorbidity in pro-
bands and relatives in psychiatrically and pediatrically referred
samples. Archives of General Psychiatry, 49, 728-738.

Biederman, J., Faraone, S., Milberger, S., Guite, J., Mick, E.,
Chen, L., Mennin, D., Marrs, A., Ouellette, C., Moore, P.,
Spencer, T., Norman, D., Wilens, T., Kraus, L., & Perrin, J.
(1996). A prospective 4-year follow-up study of attention-deficit
hyperactivity and related disorders. Archives of General Psychi-
atry, 53, 437-446.

Brooker, B. H., & Cyr, J. J. (1986). Tables for clinicians to use to
convert WAIS-R short forms. Journal of Clinical Psychol-
ogy, 42, 983-986.

Cantwell, D. P., & Satterfield, J. H. (1978). The prevalence of
academic underachievement in hyperactive children. Journal of
Pediatric Psychology, 3, 168-171.

Castellanos, F., Giedd, J., Marsh, W., Hamburger, S., Vaituzis, A.,
Dickstein, D., Sarfatti, S., Vauss, Y., Snell, J., Rajapakse, I., &
Rapoport, J. (1996). Quantitative brain magnetic resonance im-
aging in attention deficit hyperactivity disorder. Archives of
General Psychiatry, 53, 607-616.

Cohen, J. (1988). Statistical power analysis for the behavioral
sciences (2nd ed.). New York: Academic Press.

Delis, D. C., Kramer, J. H., Kaplan, E., & Ober, B. A. (1987).
California Verbal Learning Test—adult version. New York:
Psychological Corporation.

Denckla, M. B. (1991). Attention deficit hyperactivity disorder,
residual type. Journal of Child Neurology, 6, S44—~S50.

Douglas, V. I. (1972). Stop, look and listen: The problem of
sustained attention and impulse control in hyperactive and nor-
mal children. Canadian Journal of Behavioral Science, 4, 259—
282.

Doyle, A., Biederman, J., Seidman, L., Weber, W., & Faraone, S.
(2000). Diagnostic efficiency of neuropsychological test scores
for discriminating boys with and without attention deficit hy-
peractivity disorder. Journal of Consulting and Clinical Psy-
chology, 68, 477—-488.

Faraone, S., Biederman, J., Krifcher Lehman, B., Keenan, K.,
Norman, D., Seidman, L., Kolodny, R., Kraus, I., Perrin, J., &
Chen, W. (1993). Evidence for the independent familial trans-
mission of attention deficit hyperactivity disorder and learning
disabilities: Results from a family genetic study. American
Journal of Psychiatry, 150, 891-895.

Faraone, S. V., Biederman, J., Krifcher Lehman, B., Spencer, T.,
Norman, D., Seidman, L., Kraus, I., Perrin, J., Chen, W., &
Tsuang, M. T. (1993). Intellectual performance and school
failure in children with attention deficit hyperactivity disorder
and in their siblings. Journal of Abnormal Psychology, 102,
616-623.

Faraone, S. V., Biederman, J., Mennin, D., Gershon, J., & Tsuang,
M. (1996). A prospective four year follow-up study of children
at risk for attention deficit hyperactivity disorder: Psychiatric,
neuropsychological and psychosocial outcome. Journal of the
American Academy of Child and Adolescent Psychiatry, 35,
1449 -1459.

Faraone, S. V., Biederman, J., Monuteaux, M. C., & Seidman, L. J.
(2001). A psychometric measure of learning disability predicts
educational failure four years later in boys with attention deficit
hyperactivity disorder. Journal of Attention Disorders, 4, 220-
230.

Fischer, M., Barkley, R. A., Edelbrock, C. S., & Smallish, L.
(1990). The adolescent outcome of hyperactive children diag-
nosed by research criteria: II. Academic, attentional, and neu-
ropsychological status. Journal of Consuiting and Clinical Psy-
chology, 58, 580-588.






