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Introduction to the Review 
of Psychiatry Series
John M. Oldham, M.D.
Michelle B. Riba, M.D., Series Editors

2000 REVIEW OF PSYCHIATRY SERIES TITLES

• Learning Disabilities: Implications for Psychiatric Treatment
EDITED BY LAURENCE L. GREENHILL, M.D.

• Psychotherapy for Personality Disorders
EDITED BY JOHN G. GUNDERSON, M.D., AND GLEN O. 
GABBARD, M.D.

• Ethnicity and Psychopharmacology
EDITED BY PEDRO RUIZ, M.D.

• Complementary and Alternative Medicine and Psychiatry
EDITED BY PHILIP R. MUSKIN, M.D.

• Pain: What Psychiatrists Need to Know
EDITED BY MARY JANE MASSIE, M.D.

The advances in knowledge in the field of psychiatry and the
neurosciences in the last century can easily be described as breath-
taking. As we embark on a new century and a new millennium,
we felt that it would be appropriate for the 2000 Review of Psy-
chiatry Series monographs to take stock of the state of that knowl-
edge at the interface between normality and pathology. Although
there may be nothing new under the sun, we are learning more
about not-so-new things, such as how we grow and develop; who
we are; how to differentiate between just being different from one
another and being ill; how to recognize, treat, and perhaps prevent
illness; how to identify our unique vulnerabilities; and how to
deal with the inevitable stress and pain that await each of us.

In the early years of life, for example, how can we tell whether
a particular child is just rowdier, less intelligent, or more adven-
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turesome than another child—or is, instead, a child with a learning
or behavior disorder? Clearly, the distinction is crucial, because
newer and better treatments that now exist for early-onset disor-
ders can smooth the path and enhance the chances for a solid fu-
ture for children with such disorders. Yet, inappropriately labeling
and treating a rambunctious but normal child can create problems
rather than solve them. Greenhill and colleagues guide us through
these waters, illustrating that a highly sophisticated methodology
has been developed to make this distinction with accuracy, and
that effective treatments and interventions are now at hand.

Once we have successfully navigated our way into early adult-
hood, we are supposed to have a pretty good idea (so the advice
books say) of who we are. Of course, this stage of development
does not come easy, nor at the same time, for all. Again, a challenge
presents itself—that is, to differentiate between widely disparate
varieties of temperament and character and when extremes of per-
sonality traits and styles should be recognized as disorders. And
even when traits are so extreme that little dispute exists that a
disorder is present, does that disorder represent who the person
is, or is it something the individual either inherited or developed
and might be able to overcome? In the fifth century B.C., Hippo-
crates described different personality types that he proposed were
correlated with specific “body humors”; this ancient principle re-
mains quite relevant, though the body humors of today are neu-
rotransmitters. How low CNS serotonin levels need to be, for
example, to produce disordered impulsivity is still being deter-
mined, yet new symptom-targeted treatment of such conditions
with SSRIs is now well accepted. What has been at risk as the
neurobiology of personality disorders has become increasingly
understood is the continued recognition of the importance of psy-
chosocial treatments for these disorders. Gunderson and Gabbard
and their colleagues review the surprisingly robust evidence for
the effectiveness of these approaches, including new uses and
types of cognitive-behavioral and psychoeducational methods.

It is not just differences in personality that distinguish us from
one another. Particularly in our new world of global communica-
tion and population migration, ethnic and cultural differences are
more often part of life in our own neighborhoods than just exotic
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and unfamiliar aspects of faraway lands. Despite great strides
overcoming fears and prejudices, much work remains to be done.
At the same time, we must learn more about ways that we are
different (not better or worse) genetically and biologically, because
uninformed ignorance of these differences leads to unacceptable
risks. Ruiz and colleagues carefully present what we now know
and do not know about ethnicity and its effects on pharmacoki-
netics and pharmacodynamics.

An explosion of interest in and information about wellness—
not just illness—surrounds us. How to achieve and sustain a
healthy lifestyle, how to enhance successful aging, and how to
benefit from “natural” remedies saturate the media. Ironically, al-
though this seems to be a new phenomenon, the principles of com-
plementary or alternative medicine are ancient. Some of our oldest
and most widely used medications are derived from plants and
herbs, and Eastern medicine has for centuries relied on concepts
of harmony, relaxation, and meditation. Again, as the world
shrinks, we are obligated to be open to ideas that may be new to
us but not to others and to carefully evaluate their utility. Muskin
and colleagues present a careful analysis of the most familiar and
important components of complementary and alternative medi-
cine, presenting a substantial database of information, along with
tutorials on non-Western (hence nontraditional to us) concepts
and beliefs.

Like it or not, life presents us with stress and pain. Pain man-
agement has not typically figured into mainstream psychiatric
training or practice (with the exception of consultation-liaison
psychiatry), yet it figures prominently in the lives of us all. Massie
and colleagues provide us with a primer on what psychiatrists
should know about the subject, and there is a great deal indeed
that we should know.

Many other interfaces exist between psychiatry as a field of
medicine, defining and treating psychiatric illnesses, and the rest
of medicine—and between psychiatry and the many paths of the
life cycle. These considerations are, we believe, among our top
priorities as we begin the new millennium, and these volumes
provide an in-depth review of some of the most important ones.
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Foreword
Laurence L. Greenhill, M.D.

Approximately 5% of all public school students are identified as
having a learning disability. Learning disability is not a single dis-
order, but includes disabilities in any of seven areas related to
reading, language, and mathematics, including receptive lan-
guage (listening), expressive language (speaking), basic reading
skills, reading comprehension, written expression, mathematics
calculation, and mathematical reasoning. Although the preva-
lence of learning disability has increased in the past 20 years, no
consensus about the “real” prevalence of learning disability has
been reached because no agreed-on definition of learning disabil-
ity with objective criteria has been identified. As Lyon (1996) not-
ed, the “field continues to be beset by pervasive, and occasionally
contentious, disagreements about the definition of the disorder,
diagnostic criteria, assessment practices, treatment procedures,
and educational policies.” It is into this arena that the authors of
these chapters have taken their stand.

Rachel G. Klein, Ph.D., and Salvatore Mannuzza, Ph.D., exam-
ine the adult psychiatric status of children with reading disorders
(n = 104) without evidence of significant psychiatric problems,
referred to as uncomplicated reading disorders. A comparison group
(n = 129) of age-matched control subjects also was followed up
and evaluated. Evaluations at the 16-year follow-up were con-
ducted with raters blind as to the knowledge of childhood history.
This prospective, longitudinal, double-blind study found that
children who had uncomplicated reading disorders at age 10
years, but assessed as adults, had lower IQ scores, lower educa-
tional attainment, lower occupational attainment, and more psy-
chiatric diagnoses. Thus, learning disabilities in childhood confer
a risk for a wide range of morbidity in adult life.

Betty B. Osman, Ph.D., reviews the co-occurrence of learning
disabilities and mental health problems in children and adoles-
cents. The rate of learning disabilities in children referred to men-
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tal health centers for behavior problems in school is much higher,
about 30%, than is found in the general population. Dr. Osman
carefully details the definition of learning disability and its use by
the Individuals With Disabilities Education Act (IDEA), the fed-
eral law (1990) that reauthorized and encompassed the Education
for All Handicapped Children Act (1975). She carefully explores
the strengths and weakness of the discrepancy formula and illus-
trates how the formula can vary from state to state. She then re-
views the various theories pertaining to the etiology of learning
disabilities, followed by a discussion of the decision to list the
learning disabilities under Axis I in DSM-IV (American Psychiat-
ric Association 1994). She explores the epidemiology of learning
disability, showing that boys have higher rates of learning disabil-
ity than do girls. Dr. Osman also introduces the subject of non-
verbal learning disabilities and how they worsen over time. She
details the effect of learning disabilities on the social-emotional
development and how learning disabilities play a role in intensi-
fying the symptoms of a wide variety of child and adolescent psy-
chiatric disorders.

Sally E. Shaywitz, M.D., and her colleagues focus on the cogni-
tive and neurobiological advances in dyslexia and their clinical
implications for children and, particularly, young adults with this
common disorder. Dr. Shaywitz masterfully reviews the epidemi-
ology, cognitive basis, and neural basis for dyslexia. She then uses
state-of-the-art technology to explain how functional magnetic
resonance imaging (fMRI) accurately locates the brain areas that
show changes in metabolic activity during reading tasks. This
noninvasive technique uses no ionizing radiation. This safety fac-
tor allows fMRI to be used repeatedly during a reading task. Dr.
Shaywitz was able to discern differences between men and wom-
en in brain activation during phonological processing. Error pat-
terns on the fMRI tasks revealed that dyslexic persons differed
from nonimpaired adult readers most on the nonword rhyme task
in key anatomical areas of the postcortical system, including Wer-
nicke’s area, the angular gyrus, the extrastriate cortex, and the
striate cortex. This provides a neuroanatomical locus unique to
phonological processing. Dyslexic readers failed to show system-
atic modulation in brain activation patterns at that anatomical lo-
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cus seen in nondyslexic readers. In addition, the fMRI revealed
hemispheric differences during reading tasks. Dr. Shaywitz con-
cludes that the brain activation patterns in dyslexic adults provide
evidence of an imperfectly functioning system for segmenting
words into their phonological constituents. Finally, Dr. Shaywitz
provides translational applications of these fMRI findings to help
clinicians use educational history as the most sensitive and most
accurate indicator of dyslexia. In treating adolescents and young
adults in college who have dyslexia, Dr. Shaywitz illustrates how
the principle of accommodation (provide extra time on examina-
tions, allow the use of tape recorders) works better than remedi-
ation.

James M. Swanson, Ph.D., and colleagues address the short-
comings of the discrepancy definition of learning disabilities.
They show how different definitions of learning disability—
specifically, contrasting those definitions that include an IQ–
achievement test discrepancy with those that do not—select dif-
ferent types of students. If the discrepancy model is used, it biases
toward those with higher IQs. If pure achievement score on
achievement tests of reading is used, then a much wider range of
students is included, specifically, minorities and those whose fam-
ilies have less prestigious occupations. Dr. Swanson and his co-
authors use data from the National Institute of Mental Health
Multimodal Treatment Study for Attention-Deficit/Hyperactivi-
ty Disorder (MTA Study) of 579 children.

Rosemary Tannock, Ph.D., begins her chapter with the observa-
tion that problems in various neurodevelopmental domains, such
as speech, language, motor skills, and academic functioning (those
skills that are disrupted in learning disabilities), in addition to the
core behavioral symptoms of inattention and/or hyperactivity-
impulsivity, often occur together. The frequent co-occurrence of
deficits in attention, motor control, and perception have led to a
commonly recognized pattern termed DAMP. Related to these are
a series of disabilities that disrupt language function, often found in
children with attention-deficit/hyperactivity disorder (ADHD)—
pragmatic deficits, including excessive verbal output and timing
problems in terms of initiating conversation, taking turns, and
maintaining or changing topics during conversation. Picking up
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a topic in Dr. Shaywitz’s chapter, Dr. Tannock describes that chil-
dren with reading disability have core deficits in the oral language
skills of phonemic awareness (which refers to the ability to recog-
nize and manipulate the phonemic constituents of speech), nam-
ing speed, and motor coordination. These deficits have variable
responses to the effects of psychostimulants. Dr. Tannock con-
cludes that stimulant medication has no systematic or robust ef-
fects on the type of language, reading, or motor skill problems
that accompany ADHD. Dr. Tannock then reviews the evidence
for the involvement of the cerebellum in various learning disabil-
ities associated with ADHD. She concludes by stating the impor-
tance of including an evaluation of language, reading, and motor
skills and inattention/hyperactivity routinely in the assessment
of children referred to specialty clinics with this constellation
of symptoms. She cautions that these language issues complicate
the known effective treatments—stimulants and behavior modi-
fication.

In these five chapters, the authors present clear and incontro-
vertible evidence that learning disabilities create significant im-
pairments in occupational success, educational attainment, and
peer relationships that extend across the age span. Early identifi-
cation and intervention are essential to prevent long-term failure
and demoralization.
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Chapter 1

Children With 
Uncomplicated Reading 
Disorders Grown Up
A Prospective Follow-Up Into Adulthood

Rachel G. Klein, Ph.D.
Salvatore Mannuzza, Ph.D.

Learning disorders, as defined in DSM-IV (American Psychiatric
Association 1994), include deficits in the development of academic
skills, specifically, reading and arithmetic. Both require achieve-
ment below that expected for age and intelligence on standardized
individual tests, as well as functional impairment associated with
these performance decrements. Reading disorders are the most
common learning disorders, and it is self-evident that they incur
highly significant functional liability because reading skills are a
ubiquitous requirement for successful performance in school and
other settings.

DSM-IV reports that the estimated prevalence of reading disor-
der is 4% in U.S. school-age children, but rates vary in population
studies. Thus, epidemiological studies report rates from 4% to 9%
(Lewis et al. 1994; Malmgren et al. 1999; Rutter et al. 1970; Silva et
al. 1985), depending on the definition applied and the geographic
area, with lower rates in rural settings. Yet, as many as 15% of a
New Zealand birth cohort of 8-year-olds were classified as having
reading disabilities based on a common definition of reading dis-

The study was supported, in part, by USPH Grant MH18579 and by Mental
Health Clinical Research Center Grant MH30908. The authors gratefully ac-
knowledge the contribution of Suzanne Vosburg who conducted the data anal-
yses.
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ability (i.e., reading performance in excess of one standard devia-
tion below the level expected from performance IQ) (Fergusson
and Lynskey 1997). These inconsistencies are puzzling, but there
is no instance of extremely low frequencies of reading disorder,
and it is generally agreed that reading disorders are not rare.

A large literature attests to the relative stability of reading dis-
orders through childhood (e.g., Maughan et al. 1985, and reviewed
in Beitchman and Young 1997). As with any prevalent and chronic
disorder, the long-term costs are a public health concern. These
include the effect of reading disorders on educational and occu-
pational attainment, social function, and future psychiatric prob-
lems. Understandably, knowledge about the longitudinal course
of learning disorders has been deemed a high priority (Raskind
et al. 1998).

No controversy exists over the seriousness of dysfunctions as-
sociated with reading deficits, and society’s concern is well doc-
umented through the numerous remedial educational resources
that have been developed to address them both in and out of ac-
ademic centers. However, there has been controversy concerning
the effect of reading disorders on the emotional and behavioral
adjustment of affected children. The fact that reading disorders
are relatively stable through childhood (Maughan et al. 1985)
makes it all the more credible that they are likely to have negative
consequences on various aspects of children’s adjustment through
multiple pathways, such as hampering the acquisition of cognitive
skills, or through constraints placed on life opportunities because
of limited reading skills (Maughan et al. 1985; Stanovich 1994).

Interest in the relation between learning disorders and psy-
chiatric problems has a long history, originally prompted by the
observed relation between childhood reading disorders and
aggressive behavior (i.e., Berger et al. 1975; Rutter et al. 1970).
A common view has held that learning disorders, especially read-
ing disorders, place children at risk for the development of con-
duct disorder. The co-occurrence of poor academic skills and
conduct problems has fostered several explanatory developmen-
tal theories (Rutter et al. 1970).

One theory is that behavior problems, with their concomitant
interference with school performance, may lead to reading deficits
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(DeBaryshe et al. 1993). Another influential hypothesis is that chil-
dren with learning disorders are at high risk for conduct problems
because of their negative school experience. In the face of repeated
academic failure, children develop low self-esteem and disengage
from a school milieu that brings them only defeat and disappoint-
ment. As a result of their disaffection toward the mainstream cul-
ture of school, they turn to negative behaviors as a substitute for
school-related activities. The pattern represents a concrete ex-
ample of the proverb that the devil makes work for idle hands.
Peer relationships with troubled young people who also devalue
school are sought out, setting a cycle of social experience that
fosters conduct problems and eventually conduct disorders. Al-
ternatively, neurobiological factors that may influence the devel-
opment of learning disorders may be related to other childhood
disorders. Therefore, biological factors might represent a liability
for both learning and conduct disorders. However, if so, risks as-
sociated with learning disorders probably would not be limited
to antisocial disorders; instead, they would likely be manifest
through a variety of psychiatric disorders. In keeping with this
model, children with other disorders, such as attention-deficit hy-
peractivity disorder (ADHD), have been reported to have elevated
rates of learning disorders (Semrud-Clikeman et al. 1992).

Because of the noted coexistence of poor school performance
and aggression, much of the longitudinal research on the behav-
ioral outcome of children with reading disorders has focused on
conduct disorder and delinquency. Relatively elevated rates of
delinquency in adolescents with childhood reading disabilities
have been reported; however, these were accounted for by socio-
economic and other demographic factors (Keilitz and Dunivant
1986; Wadsworth 1979, in Williams and McGee 1994). In New
Zealand, Williams and McGee (1994) found that among boys,
reading disability at age 9 years had a modest but significant in-
fluence on conduct disorder at age 15 years, even after controlling
for other potential influences, including behavioral status at age
9. A strength of this study was the inclusion of psychiatric evalu-
ations and the application of DSM-III (American Psychiatric As-
sociation 1980) standards for assessing conduct disorder at ages
9 and 15. Despite the relatively elevated rate of DSM-III diagnoses
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of conduct disorder, the boys who had reading disorders at age 9
did not have more subsequent police contacts. In addition, their
reading disability at age 9 was not related to ratings of antisocial
behavior completed by their parents and by the adolescents about
themselves. Thus, early reading disability was predictive of the
diagnosis of conduct disorder but not of other measures of behav-
ioral conflicts in adolescent boys. The results are even more strik-
ing because other studies of antisocial behavior have examined
rates of delinquency, such as police involvement, or behavioral
ratings but have not relied on clinical psychiatric diagnoses as
outcome measures.

In contrast to the New Zealand study, another epidemiological
study found that childhood reading disability posed a risk for
conduct problems, as rated by teachers, but only in girls (Maughan
et al. 1996). The results of both studies have been called into ques-
tion (Fergusson and Lynskey 1997) for failure to take into consid-
eration confounding factors that, when controlled for, remove a
straightforward relation between early reading disorders and lat-
er conduct problems. These authors correctly noted that inconsis-
tent patterns of results, such as different pathways in girls and
boys, can be expected when confounding variables are not taken
into consideration.

Despite the emphasis placed on the deleterious consequences
of reading disability, few studies of long-term adjustment other
than antisocial behavior have been conducted. For example, low
“academic” self-esteem, trait anxiety, and depression have been
reported as concurrent features of reading disorders in adoles-
cents (Huntington and Bender 1993). However, because these ob-
servations do not derive from systematic diagnostic evaluations,
their clinical significance is unclear. At the same time, self-ratings
of low academic self-esteem and anxiety may reflect a realistic
appreciation of the limitations experienced by academically com-
promised adolescents.

Longitudinal studies that track function over time are key to
an understanding of the influence of learning disorders on later
function. However, as noted in literature reviews (Cornwall and
Bawden 1992; Levine and Nourse 1998), most follow-up studies
extend their assessment into childhood or adolescence, and very
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little information has been reported on the functional status of
adults who had reading disorders as children. Also, several follow-
up studies have focused on learning disabled high school stu-
dents. These older groups consist of chronic, stable forms of learn-
ing disorders since those who improved sufficiently so that they
no longer qualified for the disorder were excluded; consequently,
reports of learning disabled adolescents are not directly relevant
to an understanding of the course of children identified in child-
hood. Indeed, they may paint an unduly dark picture of adult
outcome.

Another diagnostic limitation is that several longitudinal stud-
ies have selected children in special educational settings as a def-
initional proxy for learning disorders. This approach samples a
heterogeneous population of academically compromised children
whose dysfunctions are unknown. The inferences that can be
drawn from studies of children in special education are compli-
cated further by secular changes in educational policy that have
led to changes in the population of children served by special ed-
ucational resources. Thus, a major interpretive handicap is the
lack of systematic diagnostic information at the time learning dis-
order was diagnosed.

Although most long-term studies have methodological limita-
tions (see Cornwall and Bawden 1992; Maughan 1995), several
well-designed longitudinal studies of the behavioral adjustment
of children with reading disorders have been done. Unfortunately,
they either span a very brief follow-up interval or do not extend
into adulthood (McGee et al. 1986, 1988; Sanson et al. 1996; Smart
et al. 1996; Spreen 1981). Only a few relevant studies have been
reported on the adult adjustment of children with reading dis-
abilities.

To assess the independent and combined influence of reading
disorder and conduct problems on school history, as well as on
educational attainment and occupational status, a British study
examined four groups of carefully identified white 10-year-olds
in an inner London population: children with and without well-
defined reading disorders and children with and without conduct
problems (Maughan et al. 1985). One year after they left school,
at ages 17–19 years, those with early childhood reading disorders
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(regardless of conduct status at age 10 years) were more likely to
be unemployed and, if working, to have unskilled jobs. Those with
both reading and conduct problems in childhood fared significant-
ly worse in both aspects of employment. Those with conduct prob-
lems showed the worst outcome after leaving school, but those
with prior retarded reading skills were still worse than control
subjects. The results highlight the liability imposed on children
with early reading disorder, even when conduct problems are not
present. Quality of adjustment and psychiatric status at follow-
up were not a focus of study.

Another study, drawing from the same population as the above
study, examined adjustment in adults (at mean age of nearly 28
years) who had reading disorders at age 10 and in control subjects
(Maughan et al. 1996). Adults were assessed for a history of anti-
social behavior and criminality, alcoholism, and personality dis-
orders (antisocial or withdrawn). Reading disorders were not
associated with elevated rates of any of these dysfunctions. How-
ever, despite sampling from a large pool of children, and a remark-
ably high retrieval rate of 81% 17 years later, few persons had
reading disorders in childhood. Because rates of antisocial out-
comes were very low in girls, comparisons were restricted to boys:
48 in the reading disorder group and 29 in the control group.
Therefore, it is difficult to rule out type II errors in concluding that
reading disorders are not associated with later antisocial behavior
or alcoholism. However, any relationship is likely to be weak,
based on this study’s findings.

As noted, limited attention has been given to risks for multiple
aspects of clinically assessed psychiatric disorders. A 13-year fol-
low-up Canadian study is the only one to have examined multiple
clinical aspects of early adult adjustment in children with specific
reading disabilities (Bruck 1985). Of all the children with at least
average IQs who were 5 to 10 years old and who had no primary
behavior problems when referred to a specialized clinic, 101 were
evaluated between ages 17 and 29 (mean age 21 years). Compar-
ison subjects were recruited through the acquaintanceship meth-
od, by requesting nominations from participants for relatives and
friends of similar ages and social circumstances with no learning
disorders. Many control subjects had attained exceptional accom-
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plishments. Therefore, to provide a closer match to the reading
disabled individuals, their siblings who had no learning disability
in childhood were added to the study. A clinical interview was
conducted with the individuals who had reading disabilities, the
control subjects, and a parent, but siblings were not clinically as-
sessed. Based on detailed clinical narratives of the interviews, an
overall rating of well-being was formulated.

At follow-up, compared with control subjects, those with child-
hood reading disability had worse reading performance and had
received less schooling. Employment status could not be com-
pared because a large proportion of the control subjects were stu-
dents, but among those employed, occupational status was worse
in the disabled group. In contrast, the educational and occupa-
tional attainment of the siblings was not better than that of their
disabled brothers and sisters. With regard to clinical aspects of
adjustment, the reading disabled group was significantly worse
than the control subjects, but at follow-up, the individuals with a
childhood history of reading problems were not severely im-
paired, and fewer than 5% were judged to have serious psychiatric
disturbance—in general, these young adults were managing well,
and even though their peers were better, the two groups did not
specifically differ in rates of conduct problems.

Contrary to other findings (Williams and McGee 1994), the girls
were reported to have worse outcomes than the boys; however,
conclusions about sex differences in adjustment at follow-up are
not justified because appropriate analyses were not performed.
Unfortunately, the study did not include a definition of reading
disability. Also problematic is the comment that 85% of the group
with reading disabilities had adjustment problems in childhood,
the nature of which was not specified.

The study found, in effect, that the adjustment of most children
with reading disabilities improves over time if they had problems
in childhood. However, these early problems make it difficult to
interpret what accounted for a worse outcome in the clinic chil-
dren: reading disability or problem behaviors? Other method-
ological issues include the fact that fewer than 60% of the original
group were followed up, that clinical interviews were not con-
ducted blindly (i.e., without knowledge of childhood status), that
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IQ measures were not obtained in control subjects or siblings, and
that a considerable proportion were still of school age at reevalu-
ation, so that information about adult outcome is incomplete.

Yet, the study (Bruck 1985) has drawn serious attention, and its
failure to obtain elevated rates of maladjustment in the young
adulthood of children with reading disorders has been influential.
The study’s importance has stemmed from its comprehensive,
systematic assessment of educational and occupational attainment
and its ascertainment of clinical status from multiple sources.

In contrast to the findings from the above Canadian study, a
large systematic 7-year prospective study of a whole first-grade
population in Chicago, Illinois, found that teacher ratings of learn-
ing disorders, defined as the teacher’s judgment that the child was
not learning up to capacity in first grade, predicted relatively high-
er levels of self-rated depression, anxiety, and overall distress in
the teenage boys. Learning disorders in first grade did not predict
these outcomes in the girls (Kellam et al. 1983).

As far as we know, no other prospective follow-up studies of
clinical outcomes have been done in children with reading disor-
ders. To investigate the course of childhood reading disorders into
adulthood, we undertook a prospective longitudinal study of the
educational, occupational, and psychiatric status of elementary
school–age children with reading disorders but no other psychi-
atric disorder.

Study Background

In the 1970s, we were interested in testing the then-popular view
that the attention-enhancing and “quieting” effects of stimulant
medications were specific to children with ADHD (i.e., the notion
that these compounds had a paradoxical effect on hyperactive
children). The ideal design for a test of this hypothesis would have
been to study the effects of psychostimulants in nonhyperactive
children. However, this strategy was deemed ethically unsound.
One research team was able to conduct such a study by limiting
stimulant administration (dextroamphetamine) to a single dose
(Rapoport et al. 1978). Although informative, the study of acute
doses may not illuminate outcomes associated with chronic drug
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exposure. To study the response to sustained stimulant treatment
in nonhyperactive school-age children, in whom stimulant med-
ication was a reasonable therapeutic intervention, we selected
children with learning disorders who showed no evidence of hy-
peractivity or any other significant psychiatric symptomatology.
Stimulant treatment in this population was justifiable because,
should the paradoxical effect model be erroneous, the children’s
attentional capacity might be enhanced, and academic perfor-
mance might in turn be improved.

Two randomized, placebo-controlled trials of methylphenidate
were conducted in children with what we refer to as uncomplicated
reading disorders (Gittelman et al. 1983; Gittelman-Klein and Klein
1976). The study children with reading disorders constituted the
sample followed up into adulthood. Concurrently with the follow-
up study of children with reading disorder, our research group
was examining the longitudinal course into adulthood of similarly
aged children with ADHD, as well as children with separation
anxiety disorder, who had been referred by schools to the same
clinic. The a priori design was to use the comparison individuals
recruited for these parallel follow-up studies as the control sub-
jects for the present longitudinal study of reading disorders.

The clinic where children were referred was located in an outer
borough of greater New York with mostly Caucasian residents.
Few children from other ethnic groups were referred, so non-
Caucasian children were too scarce to represent a meaningful
follow-up sample. The same restriction applies to the present in-
vestigation of uncomplicated reading disorder.

Study Goals

The study was designed to test the hypothesis that as adults, chil-
dren with uncomplicated learning disorders, relative to compar-
isons, would have a significant excess of psychiatric disorder. In
addition, the follow-up study included a comprehensive func-
tional assessment that encompassed educational and occupation-
al status to describe outcome in these related functional domains.
Some studies have reported contrasting developmental trajecto-
ries in boys and girls, with inconsistency in the nature of the sex



10 LEARNING DISABILITIES

differences. Although the issue is important, we do not examine
sex differences because the number of girls among the children
with reading disorder has been deemed too small (n = 27) to gen-
erate meaningful results.

Methods

Subjects

All subjects—those with uncomplicated reading disorders and
control subjects—resided in the same geographic area. Because
procedures for identifying male and female control subjects di-
verged, they are described separately.

Uncomplicated Reading Disorders

The selection process was aimed at the identification of nonre-
tarded children with no psychopathology but with documented
reading disorders that interfered with school performance. Read-
ing disorder was defined with a discrepancy method that re-
quired decrements between intellectual (IQ) and reading ability.
Between 1970 and 1978, the Child Development Clinic of Long
Island Jewish Medical Center solicited referrals of children, ages
7 through 12 years, whose teachers judged them as having signif-
icant academic but no behavior problems. More than 450 children
were screened, of whom 111 Caucasian children (82 boys, 29 girls)
met the following criteria:

1. Were referred by their primary school teacher because of ac-
ademic problems

2. Described through telephone contact with the teacher as pre-
senting no behavior problems in school

3. Rated as not hyperactive by the teacher, defined as a score of
less than 1.5 on the Hyperactivity Factor of the Conners Teach-
er Rating Scale (Conners 1969)

4. Had a Verbal or Performance Wechsler Intelligence Scale for
Children—Revised (WISC-R; Wechsler 1974) IQ of at least 85
and a Full-Scale IQ of at least 80 (the Full-Scale IQ requirement
was aimed at excluding children who had a very low Verbal
or Performance IQ, possibly in the retarded range)
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5. Had a reading lag relative to IQ (described later in this chapter)
6. Had no significant psychiatric problems as assessed through

a psychiatric evaluation
7. Attended a regular class (children in special education classes

were not considered because, at the time, these pupils typi-
cally had complex multifaceted difficulties)

8. Had a history of adequate exposure to academic instruction
to rule out the possibility that reading problems were, even
if only in part, the result of limited environmental opportunity
for skill acquisition

9. Had no sensory impairment
10. Had no chronic serious medical illness or neurological dis-

order
11. Spoke English at home
12. Had a telephone in the home

The latter requirement has been standard in our treatment stud-
ies because ready access and communication between the clinic
staff and the family is necessary.

As stated earlier in this chapter, the children were evaluated for
one of two treatment studies of reading disorders: 1) a placebo-
controlled study of methylphenidate (Gittelman-Klein and Klein
1976) and 2) a study of the effects of methylphenidate and reading
remediation (Gittelman and Feingold 1983; Gittelman et al. 1983).
Both studies required a significant lag in reading, but criteria for
this lag differed. The first study required 2 years below grade level
on either the Wide Range Achievement Test (WRAT; Jastak and
Jastak 1968) or the Gray Oral Reading Test (Gray 1963). The second
study required reading below grade level on the WRAT and the
Gray Oral Reading Test, depending on IQ, as follows: 1) if Verbal
IQ was 85–90, 2.0 years or more; 2) if Verbal IQ was 91–95, 1.5
years or more; 3) if Verbal IQ was 96 or greater, 1.0 year or more.

A clinical social worker obtained detailed histories of the chil-
dren and of family function. A report of findings and the forms
completed by the social worker, parent, and teacher were given
to the child psychiatrist before a clinical examination with the
child and parent. The psychiatric evaluation was standardized to
elicit specific information about motor activity, conduct problems,
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affect, mood, anxiety, psychotic symptoms, and developmental
history. The psychiatrist completed a Children’s Psychiatric Rat-
ing Scale (National Institute of Mental Health 1973). Only children
without clinical disorders, except for specific developmental dis-
orders, were considered for study. In addition, children received
a medical examination that included a medical history and a stan-
dardized clinical neurological examination.

At the time the children with uncomplicated reading disorders
were identified, they were age 10.2 years, on average, and had a
mean Full-Scale IQ of 96 (Verbal IQ 96; Performance IQ 97). Their
average socioeconomic status (SES) score (range of 1 through 5)
(Hollingshead and Redlich 1958) was 3.0 ± 0.9, indicating that, on
average, children came from middle- to lower-middle-class back-
grounds. Behavioral ratings during childhood on parent and
teacher rating scales have been reported (Gittelman and Feingold
1983; Gittelman et al. 1983; Gittelman-Klein and Klein 1976). They
indicate very low levels of hyperactivity, conduct problems, or
anxiety (i.e., mean scores below 1.0 on factors with score ranges
of 0–3). The teacher ratings documented that troublesome behav-
ior was absent at the time their pupils were given a diagnosis of
uncomplicated reading disorder.

Male Control Subjects

Male control subjects were identified for a prospective follow-up
of children with ADHD, which was conducted concurrently with
the current study of children with uncomplicated reading disor-
ders (Gittelman et al. 1985). Because the follow-up of children
with ADHD included mostly boys, only male control subjects
were identified. The ADHD follow-up study included two waves,
the first during the subjects’ adolescence and the second in adult-
hood (Mannuzza et al. 1993). Male control subjects were recruited
during the first wave, when they were adolescents. Medical charts
from the adolescent medicine outpatient clinic of Long Island
Jewish Medical Center were reviewed to identify boys with no
recorded behavior problems before age 13 years who were seen
at the clinic for routine physical examinations or acute illnesses
(e.g., the flu). Individuals treated for accidental injuries or chronic,
serious illnesses, or those for whom behavior problems before age
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13 were noted in their medical chart, were not pursued. For others,
parents were called and asked whether elementary school teach-
ers had ever complained about their child’s behavior. If parents
reported no teacher complaints before age 13, the boy was recruit-
ed if the family fit the SES range that was targeted to correspond
to the SES of the children with ADHD. As it happened, the chil-
dren with ADHD and those with uncomplicated reading disorder
had similar SES; therefore, the procedure implemented led to
analogous SES in the uncomplicated reading disorder and the
male comparison groups.

The 100 male control subjects were white and ages 16–23 years
at wave 1 of the follow-up study of the ADHD children (mean ±
SD: age, 18.9 ± 1.5; SES, 3.1 ± 1.0).

Female Control Subjects

Female control subjects, who were adults at the time of the study,
were recruited for a prospective longitudinal study of children
with separation anxiety disorder who had been referred because
of school refusal (Gittelman-Klein and Klein 1971, 1973). Control
subjects were recruited through random-digit dialing in the areas
where schools that had referred children to the clinic were located.
Homes were called, the study was explained briefly to the respon-
dent, and the respondent was asked about the presence of a wom-
an within the appropriate age range. When someone in the
household met the age criterion, sociodemographic information,
such as race and parental SES, was obtained. If a match was made,
the respondent was asked if she had ever had school difficulties
during elementary school. If not, the person was recruited. A total
of 34 female control subjects were enrolled.

Adult Follow-Up Assessment

Letters were sent to potential participants informing them of the
study and to anticipate a call. The recruiting social worker ex-
plained the study to participants over the telephone and obtained
verbal consent. Interviewers obtained written informed consent
before the evaluation. Efforts were made to interview all subjects
directly; when this was not possible, we interviewed an infor-
mant, regularly the mother. Subjects were given a semistructured
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clinical psychiatric interview that elicited DSM-III-R (American
Psychiatric Association 1987) lifetime histories for diagnoses of
antisocial personality, attention-deficit, anxiety, mood, substance
use, and psychotic disorders (Mannuzza and Klein 1987). Because
interviewers were instructed and trained to pursue any clinical
leads, some diagnoses were made that were not part of the sched-
ule. Blind assessments were conducted by clinical psychologists
and a psychiatric social worker, who received extensive training
in differential diagnosis and who achieved good to excellent reli-
ability on major disorders (Mannuzza et al. 1993). The interview
schedule also included systematic inquiry about academic, occu-
pational, and social history and functioning. If a subject was not
available, efforts were made to obtain an informant interview
with a parent. The procedures applied were identical to self and
informant clinical interviews.

Interviewers wrote clinical narratives that included general in-
formation (e.g., marital status, living circumstances, job history)
and that documented all diagnoses, specifying their age at onset
and offset and level of diagnostic certainty. Blindly, narratives
were checked (by S.M.) for diagnostic accuracy and completeness,
and diagnostic dilemmas were reviewed by the authors.

Adult Psychiatric Status

Probable and definite DSM-III-R diagnoses were made. Probable
diagnoses consisted of conditions that did not meet the full com-
plement of diagnostic criteria required to qualify for a diagnosis,
but symptoms were associated with clear functional impairment
or distress. Definite diagnoses met full symptom criteria with im-
pairment. Probable and definite diagnoses are combined in this
report because this procedure is consistent with clinical practice
in that functional disruption was required regularly for any diag-
nosis.

The focus of this chapter is on mental disorders. These were
classified as current if they had been active up to 2 months prior
to the follow-up. The only exceptions were personality and sub-
stance use disorders, which were considered ongoing if they had
occurred within the antecedent 6 months. For completeness sake,
we report on current and previous mental disorders; namely, those
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that had occurred at any time during the person’s life but that
were no longer present at follow-up. Having a full picture of the
children’s psychiatric history is potentially informative because a
multiwave longitudinal study of children with reading disorders
found that, in contrast to control subjects, they had significantly
higher rates of dysfunction at midpoint and in late childhood than
in adolescence (McGee et al. 1992).

In addition to eliciting information about symptoms, inquiry
extended to general aspects of the person’s life, and the clinical
interviewers formulated ratings of overall adjustment and effec-
tiveness in school-related activities, in the workplace, and in social
and marital relationships. These ratings were completed for ado-
lescence (defined as up to age 18) and for adulthood.

Data Analyses

Student t tests for independent groups were applied to contrasts
of continuous measures, and χ2 was applied to dichotomous vari-
ables. Because of IQ differences between the uncomplicated read-
ing disorder and comparison groups reported below in the
“Results” section, we examined whether IQ at follow-up was re-
lated to the presence of a mental disorder, other than a specific
learning disorder. None of the IQs at follow-up (Verbal, Per-
formance, or Full-Scale) was significantly associated with the
presence of a diagnosis (P = 0.41–0.92). As a result, contrasts for
mental disorders were not adjusted for IQ. In contrast, it is well
established that intellectual (IQ) and academic skills are not inde-
pendent. Therefore, the group comparisons for reading and arith-
metic test performance controlled for IQ by means of analysis of
covariance (ANCOVA). P values reported are all two-tailed prob-
ability tests.

Results

Length of Follow-Up and Retrieval Rate

The follow-up interval was 16 years. Information was obtained
from 105 of the 111 children with uncomplicated reading disor-
ders (94.6%). Three could not be located (2 males, 1 female),
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2 refused (1 male, 1 female), and 1 jailed subject could not be eval-
uated. One of the males in the uncomplicated reading disorder
group was deceased, and an informant interview was obtained.
Interview data were lost for 1 male, so we report on 104 of the
original 111 cases (93.7%). Of 100 male control subjects recruited
in adolescence, 95 (95%) were followed up into adulthood. Be-
cause the female control subjects were obtained at the adult fol-
low-up, retrieval rate is not an issue. Informant diagnostic
interviews were obtained in 40 of the 104 individuals in the un-
complicated reading disorder group (38.5%) and in 34 of the 129
control subjects (26.4%).

Subject Characteristics at Follow-Up

Table 1–1 shows demographic characteristics at 16-year follow-
up.

Table 1–1. Demographic characteristics of reading disorder and 
comparison groups in adulthood at 16-year follow-up

Reading disorder 
(n = 104)

Comparison 
(n = 129) t or χ2 P*

Sex Male Female Male Female
77 (74%) 27 (26%) 95 (74%) 34 (26%) 0.01 0.95

Age [years; 
mean (SD)]

26.1 (2.4) 27.0 (2.5) –2.98 0.003

Age range 
(years)

20–31 23–34

Socioeconomic 
statusa [mean 
(SD)]

3.08 (0.84) 2.70 (0.90) 3.29 0.001

Marital status
Single (never 

married)
71 (68%) 71 (55%) 4.84 0.09

Married 27 (26%) 51 (40%)
Divorced or 

separated
6 (6%) 7 (5%)

*Two-tailed P values.
aHollingshead and Redlich (1958) two-factor scale.
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The group with reading disorders was significantly younger
than the comparison group (P = 0.003); however, the difference
was less than 1 year. No significant group difference in marital
status was found, but the reading disorder group tended to have
married less often than the comparison group (27% vs. 40%) (P =
0.09). Divorce rates were low in both groups (see Table 1–1). At
follow-up, at the average age of 26, the uncomplicated reading
disorder group had a mean SES level (3.08 ± 0.84) virtually identical
to their parents’ SES when they were referred by their elementary
school teachers. At follow-up, the control subjects’ SES (2.70 ± 0.90,
P = 0.001) was significantly better than the SES of their reading
disabled peers. Because the groups originally came from similar
socioeconomic levels, the disadvantage at follow-up in the former
clinic children reflects that, relative to parental status, the reading
disordered subjects had remained stagnant, whereas the male con-
trol subjects had moved forward. As expected, IQ was significantly
lower in the group with childhood reading disorders (P = 0.000).
The group’s IQ had declined over time since childhood when, as
noted above, the group’s average WISC-R Full-Scale IQ was 96.

Educational Attainment and 
Academic Test Performance

As anticipated based on the literature, educational attainment
was much worse in the adults with early reading disorders rela-
tive to control subjects (see Table 1–2). Even controlling for IQ, the
uncomplicated reading disorder subjects had significantly worse
performance in reading and arithmetic (P = 0.000). Their low at-
tainment indicates clinically significant functional impairment in
reading ability. The WRAT reading level of the uncomplicated
reading disorder group was 12 points below IQ, whereas this was
not the case for the comparison group.

Occupational Status

Employment rates were high in both groups. Although a similar
proportion of the uncomplicated reading disorder and comparison
groups was employed at follow-up (78% and 88%, respectively),
the difference reached statistical significance (P = 0.05) (Table 1–3).
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Significantly more uncomplicated reading disorder subjects than
control subjects were temporarily unemployed at follow-up (about
one in nine; P = 0.02), but few (4%) were on public assistance.

Although employment rates were similar in the two groups,
occupational level was not. As expected, the children with

Table 1–2. Educational status of reading disorder and comparison 
groups in adulthood at 16-year follow-up

Reading 
disorder 
(n = 104)

N (%)

Comparison 
(n = 129)

N (%)
t, F, or 

χ2 P*

Education
No high school 

diploma or general 
equivalency diploma

28 (27) 5 (4) 53.66 0.000

General equivalency 
diploma

9 (9) 8 (6)

High school graduate 60 (58) 59 (46)
College graduate 7 (7) 47 (36)
Advanced degree 0 (0) 10 (8)

WAIS-R IQa [mean (SD)]
Full-Scale IQ 87.2 (8.5) 109.9 (14.9) –11.70 0.000

Range 73–112 75–137
Verbal IQ 86.4 (7.7) 110.0 (14.2) –12.84 0.000

Range 73–106 77–137
Performance IQ 91.2 (11.5) 108.5 (15.7) –8.10 0.000

Range 68–121 74–138

WRAT-Rb [mean (SD)]
Reading Standard score 75.2 (14.5) 108.9 (15.5) 53.56 0.000

Range 46–104 64–138
Arithmetic Standard

score
76.8 (14.2) 98.4 (14.4) 4.08 0.05

Range 50–112 67–128

*Two-tailed P values.
aWechsler Adult Intelligence Scale—Revised (Wechsler 1981).
bWide Range Achievement Test—Revised (Jastak and Jastak 1983). Analyses of
covariance were carried out with Full-Scale IQ as the covariate.
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Table 1–3. Occupational status of reading disorder and comparison 
groups in adulthood at 16-year follow-up

Reading 
disorder 
(n = 104)

N (%)

Comparison 
(n = 129)

N (%) χ2 P*

Current job status
Full-time 77 (74) 101 (78) 0.58 0.45
Part-time 4 (4) 12 (9) 2.68 0.10
Student 3 (3) 5 (4) 0.17 0.68
Housewife 5 (5) 4 (3) 0.45 0.50
Supported by someone 

(e.g., alimony)
0 (0) 1 (1) 0.81 0.37

Unemployed 
(temporarily)

11 (11) 4 (3) 5.34 0.02

Unemployed (welfare) 4 (4) 2 (2) 1.21 0.27

Overall χ2 10.22 0.12

Occupational levela

Higher executive, 
owner of large or 
medium concern, 
major or lesser 
professional

4 (4) 40 (31) 27.73 0.001

Administrative, owner 
of small business, 
minor professional, 
clerical or sales 
worker, technician

42 (40) 55 (43) 0.12 0.73

Skilled manual, 
semiskilled, 
machine operator

51 (49) 30 (23) 16.88 0.001

Unskilled 5 (5) 4 (3) 0.45 0.50
Not relevant 

(never employed)
2 (2) 0 (0) 2.50 0.11

Overall χ2 36.49 0.001

*Two-tailed P values.
aHollingshead and Redlich (1958) occupational categories.
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uncomplicated reading disorder, as adults, held lower-level posi-
tions (P = 0.001) and were more often in semiskilled jobs, relative
to the comparison group (P = 0.001).

As evident from Table 1–4, despite clear disadvantage in occu-
pational attainment, the children with reading disorders were not
significantly worse than control subjects with regard to job prob-
lems or being fired.

Psychiatric Status at Follow-Up

Table 1–5 presents the rate of current mental disorders at follow-
up. The poor readers had significantly more mood and substance

Table 1–4. Characteristics of histories of reading disorder and 
comparison groups in adulthood at 16-year follow-up

Reading 
disorder (n = 104)

N (%)

Comparison 
(n = 129)

N (%) χ2 P*

Currently employed 81 (78) 113 (88) 3.90 0.05

Job problems since 
age 18

Not applicable 3 (3) 0 (0) 6.93 0.07
None 83 (80) 99 (77)
Occasionally 16 (15) 21 (16)
Frequently 2 (2) 9 (7)

Quit a job since 
age 18

Not applicable 3 (3) 0 (0) 4.48 0.21
Never 71 (68) 97 (75)
Once 22 (21) 24 (19)
At least twice 8 (8) 8 (6)

Fired since age 18
Not applicable 3 (3) 0 (0) 5.62 0.13
Never 84 (81) 102 (79)
Once 15 (14) 20 (16)
At least twice 2 (2) 7 (5)

*Two-tailed P values.
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use disorders (P = 0.02). There was only a trend for drug use dis-
orders (other than alcohol) to be higher in the uncomplicated
reading disorder group (9% vs. 3%, P = 0.07), but rates of alcohol-
related disorders were significantly more prevalent in the former
clinic children (16% vs. 8%, P = 0.04). In addition, specific devel-
opmental disorders were significantly more frequent at follow-up

Table 1–5. Current diagnosesa in reading disorder and comparison 
groups at 16-year follow-up

Reading 
disorder 
(n = 104)

N (%)

Comparison 
(n = 129)

N (%) χ2 P*

Antisocial personality 
disorder

4 (4) 2 (2) 1.21 0.27

Mood disordersb 6 (6) 1 (1) 4.93 0.03
Substance use disorders 21 (20) 12 (9) 5.62 0.02

Alcohol 17 (16) 10 (8) 4.15 0.04
Drugc 9 (9) 4 (3) 3.37 0.07

Anxiety disordersd 5 (5) 3 (2) 1.07 0.30
Attention-deficit/

hyperactivity disorder
0 (0) 0 (0)     — —

Developmental 
disorders

13 (13) 1 (1) 14.02 0.000

Reading 11 (11) 1 (1) 11.32 0.001
Arithmetic 4 (4) 0 (0) 5.05 0.03

Schizotypal personality 
disorder

1 (1) 0 (0) 1.25 0.26

Any diagnosis 34 (33) 18 (14) 11.66 0.001
Any diagnosis other 

than developmental 
disorders

27 (26) 17 (13) 6.14 0.01

*Two-tailed P values.
aProbable and definite DSM-III-R diagnoses.
bMood disorders at follow-up include major depression, dysthymia, and 
bipolar disorder, not otherwise specified.
cDrug use disorders other than alcohol-related disorders.
dAnxiety disorders at follow-up include panic disorder, social phobia, simple
phobia, obsessive-compulsive disorder, and anxiety disorder not otherwise
specified.
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among the reading disorder subjects (13% vs. 1%), but the abso-
lute rate was not high.

Table 1–6 presents the relative frequencies of disorders that
were not current (i.e., had not been present in the past 2 months)
but that had previously occurred. A different picture emerges
when these data are compared with current status. Mood disor-
ders were significantly more frequent among the comparison
group than the uncomplicated reading disorder group (25% vs.
9%, P = 0.001). No other diagnosis differed between the two
groups. By definition, all adults in the uncomplicated reading dis-
order group had a prior reading disorder, and 13% were so diag-
nosed at follow-up compared with 1% of the control subjects. In
contrast, no single individual in the comparison group was con-
sidered to have had a prior reading disorder.

Table 1–6. Previous diagnosesa excluding current disorders among 
reading disorder and comparison groups at 16-year follow-up

Reading disorder 
(n = 104)

N (%)

Comparison 
(n = 129)

N (%) χ2 P*

Antisocial personality 
disorder

0 (0) 2 (2) 1.63 0.20

Mood disordersb 9 (9) 32 (25) 10.36 0.001
Substance use disorders 30 (29) 44 (34) 0.74 0.39

Alcohol 15 (14) 25 (19) 1.00 0.32
Drugc 25 (24) 31 (24) 0.00 1.00

Anxiety disordersd 8 (8) 8 (6) 0.20 0.66
Attention-deficit/

hyperactivity disorder
0 (0) 0 (0) — —

Any diagnosis other 
than developmental 
disorders

41 (39) 63 (49) 2.07 0.15

*Two-tailed P values.
aLifetime probable and definite DSM-III-R diagnoses that were no longer 
current at follow-up.
bMood disorders at follow-up included major depression and dysthymia.
cDrug use disorders other than alcohol-related disorders.
dAnxiety disorders before the follow-up include social phobia, separation 
anxiety disorder, and posttraumatic stress disorder.
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Global Clinician Ratings of Academic, 
Occupational, and Social Functioning

Global ratings of academic, occupational, and social functioning,
made by the clinician on the basis of all information obtained, are
shown in Table 1–7. The blind ratings of adjustment in adoles-
cence and adulthood show significant deficits across the board in
the uncomplicated reading disorder individuals (all P = 0.000).

Discussion

The study examined the adult psychiatric status of children with
reading disorders who did not show significant psychiatric dis-
orders of any type, referred to as uncomplicated reading disorder.
The children were judged free of conduct problems, including hy-
peractivity, based on parent and teacher rating scales. The study
had the unique feature of conducting psychiatric examinations to
confirm the absence of any mental disorder in the children with
a specific reading disorder diagnosis. Evaluations at the 16-year
follow-up were conducted without knowledge of childhood his-
tory. Moreover, the retrieval rate of almost 95% was high, so that
results are not distorted by missing subjects whose outcome is

Table 1–7. Mean global clinical ratings of academic, occupational, and 
social functioning in reading disorder and comparison groups

Reading disorder
(n = 104)

Comparison 
(n = 129) t P*

Adolescence
Academic 4.56 (1.09) 3.27 (1.37) 7.74 0.000
Occupational 4.28 (0.52) 3.31 (0.86) 9.82 0.000
Social 4.15 (0.65) 3.43 (0.98) 6.46 0.000

Adulthood
Occupational 4.23 (0.61) 3.16 (1.06) 9.02 0.000
Social 4.11 (0.68) 3.40 (0.98) 6.18 0.000

Note. Ratings: 1 = superior, 2 = very good, 3 = good, 4 = average, 5 = fair, 
6 = poor. Standard deviations appear in parentheses.
*Two-tailed P values.
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unknown and may differ from that of the participants.
Limitations of longitudinal studies have been reviewed exten-

sively, most recently by Maughan (1995). These include imprecise
characterizations of subjects and of definitions of reading disor-
ders, lack of appropriate comparisons, and high attrition rates.

The present study had well-characterized subjects with regard
to their early behavioral status, IQ, and reading attainment; how-
ever, the control subjects, although evaluated at the same time as
the subjects with reading disorders, were derived for other inves-
tigative purposes, were not recruited at the same time as the chil-
dren with reading delays, and were not screened to be exact
matches to the clinic patients. However, as children, the subjects
with reading disorders and control subjects attended the same
neighborhood schools and had equivalent family SES. Never-
theless, the question arises whether standards for enrolling the
control subjects could have affected the group contrasts system-
atically. The control subjects were recruited if they had no evidence
of school-related behavior problems, but no attempt was made to
exclude those who had reading disorders. To the extent that these
occurred, they would have worked against finding a worse out-
come for the group with reading disorders. It seems unlikely that
this situation occurred because this study’s results with regard to
academic, occupational, and social outcomes are completely con-
sistent with previous reports. Among the individuals who had
reading disorders in childhood, we found disadvantaged educa-
tional and occupational attainment, as others have reported. The
unique aspect of this study, the determination of psychiatric status
of children with well-established pure reading disorders, is not
likely to have been compromised because findings from other do-
mains are valid.

The study was not designed to address several issues pertinent
to the course of reading disorders. For example, we did not exam-
ine the cognitive impairments associated with adult status or the
exact nature of the reading disorders in adulthood (although we
did so at the time of initial assessment). From a methodological
viewpoint, the study’s follow-up evaluations were designed to
protect the blind and therefore had to match what was being done
in the concurrent longitudinal study of children with ADHD. At
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the same time, the major goal of determining psychiatric history
was well served because the focus of the evaluations was on a
comprehensive clinical assessment to determine the risks for men-
tal disorders in children whose reading disorders had functional
consequences significant enough to warrant teacher referrals. This
process is time-consuming for school personnel and is not imple-
mented typically for trivial or transient academic problems.

At follow-up, 16 years after the reading disorders were iden-
tified, more than 25% of the children had failed to obtain the min-
imal academic accomplishment of a high school diploma. In
comparison, only 4% of the control subjects had this negative out-
come. Fewer than 10% of the children with reading problems
obtained a bachelor’s degree, and none went on to graduate ed-
ucation. These educational limitations are understandable given
the unsatisfactory reading ability of the clinic group. An average
standardized reading score of 75 on an untimed word recognition
test (WRAT) represents a major handicap for successful educa-
tional progress. In view of these poor reading scores, one wonders
why more of the reading disorders did not meet DSM-III-R criteria
in the adults. There is no clear answer, but it seems likely that the
early reading problems posed obstacles to intellectual develop-
ment so that the adults’ IQs were relatively low: on average, only
87.2. It is likely that, in many reading-impaired individuals, the
discrepancy between IQ and reading scores probably fell just short
of meeting criteria. The issue of what standards to apply to define
reading disability in children has been extensively debated, with
many arguing against using discrepancy criteria. Because adult
IQ is in part affected by a lifetime of reading, determining the
sensible means of defining reading disorders becomes even more
complex with age. The criteria for diagnosing reading disorders
do not appear to do justice to reading handicaps in adults.

The employment history of the children with reading disorders
is more optimistic. Although significantly fewer were employed,
the difference in employment rate was relatively trivial—only 10%
(P = 0.05). Also, although more were temporarily unemployed at
follow-up, the absolute rate was not strikingly elevated—only
11% as compared with 3% among the control subjects (P = 0.02).
Temporary unemployment seems more probable in occupations
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requiring low-level skills. Because the adults with reading disor-
der were overrepresented in this type of employment, they prob-
ably were more likely to have job instability than were the control
subjects in higher-level employment. On the whole, however,
reading disorders did not lead to failure to be gainfully employed,
although less remunerative jobs ensued. As a result, the reading-
disabled group failed to follow the generational upward drift in
SES characteristic of the U.S. population at the time of the study,
especially in the New York area.

Our findings on adjustment are consistent with the expectation
that there is a toll exacted in multiple areas of life for children who
start out with reading problems. They not only have less academic
and occupational success, as can be anticipated, but their social
relationships are also less satisfactory as judged by clinicians. The
mechanisms that may be responsible for this disadvantage are not
clear. They may be related to lower self-esteem, which we did not
assess systematically and which is difficult to quantify satisfac-
torily.

This study’s findings are consistent with those reported by
Bruck (1985) in her 13-year follow-up, but the early behavioral
status of the sample with reading disorders is unclear, except for
the absence of primary behavior disorders. In the present study,
we found no evidence that pure reading disorders portend anti-
social outcomes. In adulthood, current antisocial disorder in the
reading disorder group was infrequent (4%) and no different from
that in control subjects (2%) or what would be expected in the
general population. However, mood disorders were more fre-
quent at follow-up among the clinic patients (6% vs. 1%, P = 0.03,
Table 1–5). It is difficult to make sense of this finding because the
reverse was true for past mood disorders that were reported to
have occurred, but these had desisted by the time of follow-up in
25% of the control subjects as compared with 9% of the reading
disorder subjects. These counterintuitive results require replica-
tion before they can be interpreted with any confidence. No single
case of ADHD was diagnosed in either group at any time; never-
theless, we report on this disorder because the result highlights
the success of the study’s selection process that aimed to exclude
children with ADHD. We obtained very different lifetime rates of
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ADHD in our follow-up of adults who had ADHD in childhood
(Mannuzza et al. 1993).

Despite the absence of antisocial personality disorders that are
regularly linked to substance use disorders, the children with
reading disorders had twice the rate of alcohol use than the non-
reading group at follow-up (16% vs. 8%, P = 0.04, Table 1–5).
A similar trend occurred for drugs other than alcohol (9% vs. 3%,
P = 0.07). In our follow-up of children with ADHD, we found in
two independent samples that the maintenance of childhood
ADHD into adolescence, coupled with the development of con-
duct disorders in adolescence, mediated and accounted for the
onset of substance use disorders. The developmental trajectory in
the reading disorder group was clearly different. It is clear that
antisocial disorder is not a necessary condition for developing
substance abuse. As far as we know, the present sample is the only
one in which an excess of these disorders has been found in chil-
dren with reading disorders. However, Bruck’s (1985) follow-up
study, which did not report an excess of drug use or abuse, was
in a different geographic area (Canada) at a different time—two
factors that influence the prevalence of drug use and abuse. The
same considerations apply to the comprehensive British study in
London that failed to find elevated rates of alcohol problems
among retarded readers at age 28 years compared with nonretard-
ed peers (Maughan et al. 1996). We examined whether alcohol
problems in our sample were related to the subjects being more
commonly single because single individuals may be more prone
to use bars as social vehicles than those in conjugal homes would
(this possibility was suggested to us by Lee N. Robins, Ph.D.). We
found no relation between marital status and alcohol problems.
Kellam and associates’ (1983) 7-year follow-up of first graders in
inner Chicago, an area in which drug use is to be expected, found
no relation between teacher-rated early learning problems and
later substance abuse. However, the young people may not have
been old enough to provide a full opportunity for examining their
ultimate pattern of drug use.

This study does not support the hypothesis that childhood read-
ing disorders presage antisocial adjustment at all. However, we
found risks for other psychiatric liability. Their exact nature may
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vary from sample to sample because group differences, even when
significant, do not indicate major excesses of dysfunction in the
adults with early reading disorder. In many ways, the adult ad-
justment of these individuals has been compromised, but whether
the pathway to dysfunction is through the educational limitations
and chronic academic disadvantage that are the usual concomi-
tants of reading disorders is unclear. If so, it would become all
the more critical to implement systematic means of identifying
children with reading disorders within schools and to institute
remedial programs. These likely would have to stretch into late
adolescence, at least for a sizable proportion. Of course, any treat-
ment approach, no matter how well intentioned, requires system-
atic efficacy testing through randomized controlled trials, with
blind independent assessments.
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Chapter 2

Learning Disabilities and 
the Risk of Psychiatric 
Disorders in Children and 
Adolescents
Betty B. Osman, Ph.D.

The co-occurrence of learning disabilities and mental health
problems has been well documented in the past decade (Boetsch
et al. 1996; Fergusson and Lynskey; Prior 1996). Although the two
kinds of problems can exist independently, the overlap between
them has been estimated at 40%–50%, depending on the specific
problems considered and the criteria used for assessment
(Cantwell and Baker 1991; Maag and Reid 1994). Although esti-
mates vary, it has been suggested that as many as one-third of
children and adolescents referred to mental health centers for be-
havior problems in school have undiagnosed learning disabilities
(Cohen et al. 1993; Kauffman 1997; Little 1993).

Both clinical and epidemiological data suggest that various
types of learning disabilities are likely to co-occur (Hallahan and
Kauffman 1997) and also that they are frequently comorbid with
Axis I psychiatric syndromes (i.e., attention-deficit disorders, ad-
justment disorders, anxiety, and depression) (Cantwell and Baker
1991). Even when the criteria for an Axis I diagnosis are not met,
however, performance anxiety, social skills deficits, low self-
esteem, and learned helplessness are likely to co-occur (Kauffman
1997; Kavale and Forness 1995). Furthermore, in children who do
have psychiatric disorders, the presence of comorbid learning dis-
abilities predicts the continued presence, rather than the remis-
sion, of the psychiatric disorder.

The nature of the relation between emotional and learning dis-
orders has not been emphasized in research. Studies on the devel-
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opment of learning disabilities tend to focus on cognitive and
perceptual aspects, whereas research on psychological problems
centers on interactional family and social precursors.

Elucidation of the learning-emotional connection is important
both for the theoretical understanding of the etiology of learning
and behavioral disorders and for the practical development of the
most effective educational and clinical interventions.

Yet despite the evidence of co-occurrence, federal regulations
and state guidelines discourage comorbid diagnoses. Although
the use of multiple diagnoses is not explicitly prohibited, federal
reimbursements to state and local agencies are based on the num-
ber of students identified, not on the total number of handicapping
conditions identified (Rothstein 1990). The original intent of this
ruling was fiscal control, but its effect has been a reluctance by
states and school districts to acknowledge multiple diagnoses,
thereby restricting educational programs.

In this chapter, I review the current understanding of learning
disabilities and their status as risk factors for psychiatric disorders.

Learning Disabilities

Learning disabilities are among the most commonly identified
developmental problems of childhood today, occurring in ap-
proximately 4%–5% of the school-age population in the United
States (Beitchman and Young 1997). In spite of this prevalence,
and in spite of the federal laws in place to address these disorders
in schools, the definitions and the diagnostic criteria used to clas-
sify these disabilities continue to be controversial (Beitchman and
Young 1997; Kavale and Forness 1995; Prior 1996). This lack of
consensus has obvious implications for both identification and
treatment of learning disabilities in children and adolescents.

Several definitions of learning disabilities exist. The 1987 defini-
tion proposed by the National Joint Committee on Learning Dis-
abilities (1987) is frequently cited:

Learning disabilities is a general term that refers to a heteroge-
neous group of disorders manifested by significant difficulties
in the acquisition and use of listening, speaking, reading, writ-
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ing, reasoning, or mathematical abilities. These disorders are
intrinsic to the individual, presumed to be due to central nervous
system dysfunction, and may occur across the life span. Prob-
lems in self-regulatory behaviors, social perception, and social
interaction may exist with learning disabilities, but do not by
themselves constitute a learning disability. (p. 1)

A more important definition today, however, is the one included
in the Individuals With Disabilities Education Act (IDEA; 1997),
the federal law that reauthorized and encompassed the Education
for All Handicapped Children Act (1975). Under this landmark
legislation, all children and youth with disabilities, ages 3–21
years, have the right to a free and appropriate public education.
IDEA was subsequently amended with a provision mandating
services for infants and toddlers with disabilities and their fami-
lies. This extended the ages served from birth through 21 years.
All states must have a plan that complies with the federal law.

The IDEA defines learning disabilities as

A disorder in one or more of the basic psychological processes
involved in understanding or in using language, spoken or writ-
ten, which may manifest itself in an imperfect ability to listen,
read, write, spell, or do mathematical calculations.

Several features of the IDEA have implications specifically for
the identification of, assessment of, and services provided for chil-
dren and adolescents with learning disabilities. Among them are
a mandated individualized education program (IEP), some pro-
cedural safeguards, and regulations concerning educational
placement.

The law, as it pertains to learning disabilities, stipulates that the
difficulties in academic skills be the result of “processing disor-
ders” that cause a significant discrepancy between a student’s po-
tential and the acquisition of academic skills. IDEA defines
processing as the sets of mental operations mediated by the central
nervous system that access, manipulate, and transform informa-
tion. These operations include a range of functions that influence
the perception, association, storage, and retrieval of information
as it is accumulated by the various senses—sight, hearing, and so
on. Developmental problems, as other disorders of the central ner-
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vous system, may interfere with these operations, resulting in
“processing deficits.” To be considered learning disabled, both a
central processing deficit and the discrepancy criteria must be
present.

The extent to which a discrepancy in any given individual is
considered significant (i.e., statistically) is open to interpretation
(Hallahan and Kauffman 1997; Kavale et al. 1994; B. A. Shaywitz
et al. 1992). Under the law, each state is free to establish its own
interpretation of the clinical cutoff that defines a processing dis-
order, as well as its own discrepancy formula. This results in con-
siderable variability from state to state (Coutinho 1995). In
addition, to be classified as learning disabled, an individual must
have symptoms that meet the DSM-IV criteria (American Psychi-
atric Association 1994). Although there has been controversy
about the inclusion of learning disorders in the classification of
mental disorders in DSM-IV, they are similar insofar as they
present “a clinically significant behavioral or psychological syn-
drome or pattern that occurs in an individual and that is associated
with present distress…or disability…or with a significantly in-
creased risk of suffering” (American Psychiatric Association 1994,
p. xxi).

DSM-IV divides learning disorders into areas of specific aca-
demic skills and a not otherwise specified (NOS) category for
those not meeting criteria for any specific academic deficit. For
designation as learning disabled, an individual’s achievement in
a particular skill must be substantially below the level of his or
her ability as measured and predicated by a standardized IQ test.
However, research over the past decade has challenged the advis-
ability of this IQ–achievement discrepancy as a criterion because
bright children tend to be overidentified, whereas low achievers
are underidentified (Fletcher et al. 1994; S. E. Shaywitz 1996).

Current research supports domain-specific assessment of learn-
ing disabilities. This approach promises earlier identification and
remediation, in contrast to approaches that are based on the IQ–
achievement discrepancy, which require a child to fall behind
academically before becoming eligible for treatment.

Learning disorders are diverse in nature and extent and may
produce subtle or marked impairments. Some learning disabilities
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are easily observable on clinical assessment, whereas others are
diagnosable only on comprehensive standardized evaluations.
Although learning problems for many children are apparent early
in life, reading disorders, the most common learning disability,
are frequently identified only after the child enters school. Ac-
quired learning disabilities may have their onset at any time (Bie-
derman et al. 1998), resulting from physical trauma, the central
nervous system damage of certain infections, or even environ-
mental toxins (Shepherd and Uhry 1993).

Etiology

The specific etiology of learning disabilities usually is difficult to
determine, but family, genetic, cognitive, and neuroanatomical
factors have been suggested (Hallahan et al. 1996; Love and Webb
1992). The strongest evidence to date supports the heritability of
learning disabilities (Pennington 1995). Across family studies, the
familial risk to first-degree relatives has been found to be between
35% and 40%, compared with the general population risk of 3%–
10%. That is, children of parents with learning disabilities are at
least four times more likely to have these problems than children
in families without a history of these disorders.

Poor academic performance also may be secondary to emotional
problems, psychiatric disorders, or inadequate instruction (Beitch-
man and Young 1997). Because learning difficulties have multiple
etiologies, it is important to define subtypes that reflect the differ-
ences that exist among them. These differences may be apparent
in etiology, symptoms, and performance, and they also may have
implications for treatment. Several subtyping systems have been
proposed to identify the distinctive characteristics and antecedents
of the various learning disabilities. At present, two general types
are commonly recognized: 1) language-based disorders, which are
associated primarily with difficulties in reading, spelling, and spo-
ken language, and 2) nonverbal learning disabilities, which affect
arithmetic, spatial organization, eye-hand coordination, and, fre-
quently, social-emotional functioning. Unlike the language-based
learning disabilities, the nonverbal learning disabilities are asso-
ciated with the deficits in neurocognitive and adaptive functions
that are most often attributed to the right hemisphere of the brain.
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Classification

DSM-IV classifies learning disorders on Axis I and categorizes
them by specific academic subject area as reading disorder, math-
ematics disorder, and disorder of written expression. To meet the
criteria for a reading disorder, a child’s “reading achievement, as
measured by individually administered standardized tests of
reading accuracy or comprehension,” must be “substantially be-
low that expected given the person’s chronological age, measured
intelligence, and age-appropriate education” (American Psychi-
atric Association 1994, p. 50). In addition, the disturbance must
be sufficiently handicapping to interfere with academic achieve-
ment or with the activities of daily life that require reading. If a
sensory deficit is present (deafness or visual impairment, for in-
stance), the reading difficulties are in excess of those usually as-
sociated with it.

The criteria for mathematics disorder are similar; they test for
significant deficits in mathematical ability that impair functioning
in school or in the daily activities that require mathematical ability.
As in reading, if a sensory deficit is present, the difficulties in math-
ematics are in excess of those usually associated with it.

For disorder of written expression, the same three criteria must
be met for the designation of learning disabled, but this time with
the stipulation that the disturbance must interfere with activities
“that require the composition of written texts (e.g., writing gram-
matically correct sentences and organized paragraphs)” (Ameri-
can Psychiatric Association 1994, p. 53).

Learning disorder not otherwise specified covers learning dis-
orders that do not meet the criteria for any specific academic dif-
ficulty. Under this diagnosis, any or all of the three subject areas
may be affected to a degree that significantly interferes with aca-
demic achievement, even if the individual skill does not by itself
meet the discrepancy criteria.

Although communication disorders are not included among
the DSM-IV learning disorders, delayed or impaired language de-
velopment is frequently a precursor to later academic and behav-
ioral difficulties (Beitchman et al. 1996). Reading and writing
disabilities are most commonly affected by early language disor-
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ders (Majsterek and Ellenwood 1995; Torgesen et al. 1994). For
example, a young child who has phonological delays, a limited
vocabulary, and/or receptive or expressive language disorder is
likely to have future difficulties interpreting written symbols and
understanding the meaning of print. Similarly, encoding the sym-
bols necessary for written expression and spelling may prove chal-
lenging. The data suggest that children with concurrent learning
and language disability are at significantly greater risk for a co-
morbid Axis I disorder (Cantwell and Baker 1991). (Some dyslexic
children do have particularly well-developed oral language skills,
however.)

Epidemiology

Reading disorders are the most commonly identified learning dis-
ability. Estimates of their prevalence vary (Kavale and Forness
1995) depending on the assessment procedures and the cutoff
points used (B. A. Shaywitz et al. 1992). Although figures range
from 2% to 10%, most estimates indicate that about 4% of school-
age children and more than 60% of those with a learning disability
classification are affected. Although reading disabilities were his-
torically considered discrete disorders (Rutter and Yule 1975),
more recent research supports the view that reading problems are
found on a normally distributed continuum (B. A. Shaywitz et
al. 1992).

Clinical and school-based studies have typically reported sig-
nificantly higher rates of reading disorders among boys than
among girls (Flynn and Rahbar 1994; Shaywitz et al. 1990). Epi-
demiological studies have found no significant differences be-
tween the sexes (Prior et al. 1999; Shaywitz et al. 1990). Boys with
reading disabilities are more likely than girls to be noticed in the
school setting, however, because of their associated behavioral
symptoms. Previously reported differences may be a result of bi-
ased referral practices by teachers and the overrepresentation of
boys identified. Therefore, it has been suggested that reading-
disabled girls need to have serious difficulties before they are re-
ferred for diagnosis (Smart et al. 1996).

Nonverbal learning disabilities, which are thought to stem from
a disorder in the white matter connections in the right hemisphere
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of the brain (Cleaver and Whitman 1998; Rourke 1989), occur less
frequently than language-based learning disorders. Studies show
that among children referred to learning disability clinics, fewer
than 10% have nonverbal learning disorders (Denckla 1991; In-
gersoll and Goldstein 1993). The presence of nonverbal learning
disabilities is sometimes indicated by a significant interscale
discrepancy on the Wechsler Intelligence Scale for Children
(WISC-III; Wechsler 1991), showing that verbal abilities are clearly
superior to performance skills.

The major problems for children with this group of disorders
are 1) motoric (lack of coordination, difficulty with handwriting),
2) visual-spatial-organizational (poor visual recall, difficulties
with spatial relationships, poor visual-motor coordination), and
3) social (lack of comprehension of nonverbal communication, dif-
ficulty adjusting to novel situations, trouble with transitions).
Children with nonverbal disabilities, then, are likely to have dif-
ficulties with arithmetic and handwriting that may occur with or
without associated reading disorders. Deficits in social perception
and social judgment are also commonly experienced because non-
verbal signals and cues (i.e., body language and facial expressions)
are so important in communication.

Rather than improving with age, nonverbal learning disabilities
have been shown to worsen over time (Cleaver and Whitman
1998) and to place the individual at risk for social or emotional
disturbance, especially anxiety and depression, the internalizing
disorders (Beitchman and Young 1997; Casey et al. 1991; Denckla
1991). Girls with mathematics difficulties appear to be at greater
risk for adjustment problems than girls with reading problems
(Prior et al. 1999).

Diagnosis

The assessment of learning disabilities requires several bases: his-
torical, cognitive, academic, and social. The data in each of these
areas are derived from parental and school history, observation
of the child, and direct assessment with both informal and stan-
dardized measures. Evaluation of cognitive ability (using instru-
ments such as the WISC-III), academic achievement, perceptual
and organization skills, and individual learning styles is impor-
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tant to understand the nature of the problem. In addition, exam-
iners must have knowledge of the child’s ethnic and cultural
environment and the contribution of any relevant psychological
factors in order to interpret this information correctly. Too often,
the child’s motivation and emotional status are not explored in
school-based educational evaluations. When a child is referred for
assessment, the professionals involved must consider, and try to
discern, to what extent learning problems are primary, with sec-
ondary effects on the child’s mental health, and to what extent
primary emotional problems may be affecting his or her academic
performance.

For some children and adolescents with learning disabilities,
emotional and behavioral issues may be a reflection of a dysfunc-
tional nervous system. Neurobiological study results suggest a
continuity between early temperament and later development of
psychiatric disorders that may be genetically influenced. Re-
searchers have noted that some infants have difficulty from the
earliest stages of development, whereas other learning disabled
children and adolescents are unable to move as expected through
critical developmental stages (Silver 1998). Parents and pediatri-
cians frequently report that children with learning disabilities
have chronic histories, beginning in infancy, of difficulty main-
taining neurological equilibrium. The irritability of such infants,
and their difficulties in sleeping and eating, although not predic-
tive, seem to presage their future problems.

In a study of preschool children (Thompson and Kronenberger
1990), nonreferred children at risk for developmental and learning
problems had higher frequencies of behavior problems than chil-
dren who were not at risk. Although some children do seem to
“outgrow” their difficulties (McGee and Share 1988), many devel-
op low frustration tolerance, explosive outbursts, or aggressive
behavior. However, the research suggests that the sense of support
and efficacy that good family functioning can provide are protec-
tive and reduce the effect of risk.

Social-Emotional Development

The experience of being learning disabled affects psychological
development in children and adolescents. Parents and educators
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have long known that the psychological and social difficulties that
characterize children with learning disabilities are often as prob-
lematic as the disability itself (Osman 1995). These psychosocial
problems further complicate learning, schoolwork, relationships,
and the process of development. Learning disabilities adversely
affect children’s sense of mastery and competence and contribute
to the frustration and feelings of inadequacy in those who live and
work with the children who have them.

Much has been written in the past decade about the social prob-
lems of children and adolescents with learning disabilities (Bender
and Wall 1994; Osman 1995). The deficits in cognitive processing
that affect learning in academic areas are likely to cause difficulties
in other aspects of life as well—for example, in the interpretation
of social situations and interpersonal interactions. The ability to
function well socially has important implications for a child’s self-
esteem and for his or her mental health in adolescence and adult-
hood (Bender and Wall 1994; Mellard and Hazel 1992). It has been
well documented that young people with learning disabilities
may lack social competence and have difficulty understanding
their own or others’ affective states, especially in complex or am-
biguous situations (Bryan 1991; Osman 1995). Deficits in socially
acceptable behavior and social skills, and therefore diminished
social acceptance, have been observed in children and adolescents
of all ages (Bender and Wall 1994; Osman 1995; Vaughn and
LaGreca 1993). Specifically, these children may have more prob-
lems in interpersonal relationships and be less accepted socially
than their nonhandicapped peers. Research also has shown that
some of these deficits may become more acute during the pre-
adolescent and adolescent years (Mellard and Hazel 1992).

The development of social skills within the school setting is an
important and salient task for all young people. Studies have
reported that students with learning disabilities are rated by
teachers, parents, and peers as lacking in social competence as
compared with age mates (Bender and Wall 1994; Sabornie 1994;
Tur-Kaspa and Bryan 1995). Children with learning disabilities
have been found to be less assertive, more dependent, and shy
(Wiener et al. 1990) or more aggressive and less cooperative than
their nonhandicapped peers, resulting in a lack of acceptance.
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The pervasiveness of social difficulties in the learning disorder
population became so apparent in the 1980s that the Interagency
Committee on Learning Disabilities (ICLD; 1987) recommended
that social skills be included in a revised definition of learning
disability. This recommendation evoked criticism, however, on
the basis that it blurred the boundaries between learning, behav-
ioral, and emotional disorders (Forness and Kavale 1991). In the
end, social skills were not included in the federal regulations.

In addition to lacking social acceptance, young people with
learning disabilities tend to have low self-esteem and negative
attributions for success. They show more external than internal
orientations and are likely to perceive social and academic out-
comes as being controlled by others or simply by “luck.” More-
over, the lower their self-concept, the more likely they are to
attribute failure to their inability and incompetence (Cooley and
Ayres 1988; Grolnick and Ryan 1990).

After repeated failures, real or imagined, some children develop
a sense of what Seligman (1975) has called learned helplessness. Ac-
cording to this theory, students develop the perception that out-
comes are unrelated to their actions. Thus, they believe that events
are uncontrollable, which, in turn, encourages passive or negative
behavior. Young people who imagine an external locus of control
do not persist in difficult tasks or expect to succeed on future at-
tempts, which bodes ill for achievement. As adolescents, they are
afraid to take age-appropriate responsibilities or to venture out
on their own. Instead, they remain dependent on adults for deci-
sion making and companionship.

Although not coded as Axis I disorders, the consequences of
low self-concept and lack of social competence in many children
and adolescents with learning disabilities need attention in both
research and practice. Increasing evidence indicates that these
problems persist over time, leading to adjustment problems, vo-
cational instability, and psychiatric disorders in later life.

Attention-Deficit/Hyperactivity Disorder

The psychiatric disorder most frequently diagnosed in associ-
ation with learning disabilities is attention-deficit/hyperactivity
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disorder (ADHD). It is well known that children and adolescents
with ADHD tend to underachieve academically; furthermore,
underachieving children have significantly increased rates of
ADHD. Estimates of the concordance range from 20% to 80%
(Hinshaw 1992; Osman 1997; Silver 1998). Although the literature
on sustained and selective attention, as well as that on distracti-
bility, in children with learning disabilities clearly demonstrates
the overlap (Shaywitz and Shaywitz 1991), the specific nature of
the relationship has not been defined.

Some researchers have suggested that inattentiveness, the car-
dinal construct of ADHD, may be the result of learning difficulties
over time (Silver 1998; Weinberg and Emslie 1991), whereas others
have hypothesized that the symptoms of ADHD precede and im-
pede academic performance (August and Garfinkel 1990; Smart
et al. 1996). It has been shown that early behavioral difficulties,
especially those involving deficits in impulse-control and self-
regulation skills, predict the development of learning disabilities
rather than the reverse (Fergusson and Horwood 1992; Smart et
al. 1996). A third view is that ADHD and learning disabilities are
separate disorders with a common underlying neurological dys-
function (Spreen 1989) that co-occur in some children (August and
Garfinkel 1990; Torgesen 1988).

Neuroimaging studies have found that children with learning
disabilities or ADHD do not have the frontal asymmetry typically
found in control subjects without these disorders (Hynd et al. 1990;
Light et al. 1995). It has also been suggested that because attention
and vigilance are functions principally located in the right cerebral
hemisphere, the absence of these functions would be consistent
with nonverbal (right hemisphere) learning disabilities. Addition-
al research is needed, however, to resolve the question of a shared
underlying neurological basis for learning disabilities and ADHD.

Although children with learning disabilities and ADHD have
been reported to have problems of attentional performance (Au-
gust and Garfinkel 1990), some clinicians have found that children
with learning disabilities have more difficulty with selective at-
tention, whereas those with ADHD have more problems with sus-
tained attention (Richards et al. 1990). This is controversial,
however, because many children and adolescents with learning
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disabilities and ADHD can selectively sustain their attention to
tasks of interest that are within their ability level (Barkley 1990;
Osman 1997). Additional investigation is needed with regard to
both conditions to formulate appropriate intervention programs
for children whose learning disabilities co-occur with ADHD.

Anxiety and Depression

Children and adolescents with learning disabilities frequently re-
act emotionally to their ongoing stress, both intrapersonally and
in the school environment. Most young people with learning dis-
abilities are well aware of their deficits from an early age. Even
when they possess superior potential, they are likely to become
frustrated, knowing that they cannot meet their own standards
for achievement or their parents’ and teachers’ expectations.

The connection between learning disabilities, anxiety, and de-
pression has only recently become a focus of attention in the lit-
erature. This may be in part because research has tended to
emphasize the reading and language disorders, which are most
prevalent. However, the nonverbal (especially mathematical) dis-
abilities are associated with a significantly higher risk for the de-
velopment of internalized problems, including withdrawal,
anxiety and depression, and suicide (Rourke and Fuerst 1992). 

Whether learning and internalizing problems (anxiety and de-
pression) are causally connected or merely co-occur is unclear.
However, several hypotheses have been suggested (Smart et al.
1996): 1) anxiety and/or depression disrupt the learning process,
leading to reading and other disabilities; 2) reading difficulties
and the experience of failure engender anxiety and other prob-
lems; and 3) common precursors, such as cognitive abilities or
social disadvantage, contribute to both learning and internalizing
disorders. The possibility of bidirectional paths between both dis-
orders also has been proposed (Hinshaw 1992).

Anxiety is part of the innate human neurobiological system and
serves an important protective function, despite its subjective dis-
comfort. It is also a universal experience, inherent in the growth
process as children move through early developmental stages into
new, more advanced ones. Fears of the dark, of monsters, and of
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separation from parents are typical in the life of the young child,
but over time these normal anxieties generally fade as the child
begins to understand the difference between fantasy and reality.
Similarly, graduating from school or beginning a new job may
provoke anxiety in adolescence but usually is handled without
intolerable stress.

Anxiety is considered problematic when it interferes with the
normal functioning of the child or adolescent—that is, when it
persists beyond normative developmental stages, occurs in inap-
propriate situations, or becomes overgeneralized. Although some
of the research on anxiety strongly suggests the existence of a bi-
ological vulnerability in children and adolescents with learning
disabilities, learning theorists point to an experiential or learned
basis for anxiety. Nonetheless, evidence supports a high rate of
familial concordance, whether this occurs by a genetic transmis-
sion or as the result of an anxious parenting style.

Children and adolescents with learning disabilities are partic-
ularly vulnerable to anxiety disorders, which may be related to
genetic endowment, their individual neurobiological systems, im-
mature social or emotional development, or environmental deter-
minants. Empirical research reports higher anxiety levels and
lower autonomy levels in both children and adolescents with
learning disabilities as compared with their non–learning dis-
abled peers (Stein and Hoover 1989).

From the earliest school years, if not before, children with learn-
ing disabilities are likely to experience frustrations in their at-
tempts to learn and stress in the school environment. Some try to
avoid the stress, withdrawing to avoid any potentially frustrating
or uncertain situation. Others regress to earlier stages of psycho-
logical and social development, and their interactions with peers
and adults tend to appear immature or infantile as a result (Silver
1993).

An anxious child’s symptoms can range from mild restlessness
and discomfort to panic attacks. Some children with learning dis-
abilities develop nervous habits or somatic symptoms, and some
may be overly concerned about bodily harm or injury. They may
be subject to sleep disturbances or eating disorders or be afraid to
separate from parents or caregivers. These anxieties tend to esca-
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late over time and may result in symptoms of a generalized anxiety
disorder as the child matures into school age. For children and
adolescents with learning disabilities, the fear of going to school
or doing school assignments and homework can be the catalyst
for this disorder.

However, at some point, most children with learning disabili-
ties are likely to feel demoralized or transiently depressed when
they compare their accomplishments with those of their peers.
Academic failures and poor social interactions typically faced by
children with learning disabilities cause them to feel helpless, de-
valued, and angry. This is almost inherent in the challenge of hav-
ing a learning disability, but it is not pathological and must be
carefully distinguished from childhood depression, which is a
clinical disorder with emotional, cognitive, and physical symp-
toms. Some children become defiant, but others react predomi-
nantly with depressed mood or symptoms of clinical depression.
Because children and adolescents with learning disabilities are
subject to a high risk of stress through the school years, some re-
searchers have suggested that the heightened stress may lead to
depression and even suicide (Geisthardt and Munsch 1996; Maag
and Reid 1994; McBride and Seigel 1997).

The association of depression with learning disabilities has re-
cently attracted attention in the educational and the psychiatric
literature. In part, this reflects the universal concern about the
prevalence of depression in children and the increasing number
of adolescent suicides. Recognition that even young children can
have depressive disorders is now well documented (Ferro et al.
1994; McCauley and Myers 1992).

Most of the research in the area today suggests that children
and adolescents with learning disabilities have higher rates of de-
pression than students without these disabilities (Bender and Wall
1994; Mokros et al. 1989; Wright-Strawderman and Watson 1992).
Similarly, many children referred for depressive disorders have
been found to have cognitive and achievement scores that would
qualify them for a learning disorder classification (Weinberg and
Emslie 1991). In one study, nearly one of every four depressed or
dysthymic children appeared to have a learning disability, sug-
gesting a substantial area of common interest between profession-



48 LEARNING DISABILITIES

als and parents in both of these areas (Forness and Kavale 1991).
It seems likely, therefore, that depression may induce or exacer-
bate learning difficulties, whereas learning disabilities place chil-
dren at risk for depression.

Rourke and Fuerst (1992) claimed that nonverbal learning dis-
abilities in particular put children and adolescents at significant
risk for depression and possibly even suicide. Cognitive and per-
sonality factors such as impulsivity, low self-esteem, and a cogni-
tive weakness in relating cause and effect may increase suicide
risk above the risk of depression alone. In other words, some of
the very characteristics specifically associated with learning dis-
orders may predispose children and adolescents to suicide (Hun-
tington and Bender et al. 1993; Rourke and Fuerst 1996).

The diagnosis of depression in children is not simple. Although
the DSM-IV criteria for depression are the same for children and
adults (lethargy, vegetative functions, morbid ideation, and so on),
children may tend to express these symptoms differently. Chil-
dren are much less able to verbalize their feelings than adults,
particularly if they have language-based learning disorders. A de-
cline in school performance coupled with social withdrawal, so-
matic complaints, irritability, or age-inappropriate temper
tantrums should alert parents and teachers to the possibility of
depression.

However, dysthymia and symptoms of subclinical depression
are more common than major depressive disorders among stu-
dents with learning disabilities. A low level of chronic depression
in learning-disabled children may be a psychological response to
the perceived disparity between what one “is” and what one
“ought to be”; that is, to the loss of the ideal self (Cohen 1985).
Children with learning disabilities, especially in highly educated
or achievement-oriented families, may feel inadequate for having
failed to satisfy their (or their parents’) ego ideal.

The child’s history as given by parents and by the school can
help to differentiate a primary depression with cognitive effects
from depressive feelings secondary to learning difficulties, but
confusion of symptom and syndrome is not uncommon in chil-
dren and adolescents with learning disabilities and depression.
The consequences of depression are so serious, however, that pro-
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fessionals must be extremely alert to signs of either and must make
every effort to diagnose the situation accurately and address it
comprehensively.

Acting-Out Behaviors

Some children and adolescents with learning disabilities internal-
ize their problems, but others externalize them, becoming so frus-
trated and angry over their learning, social, and family difficulties
that they act out their frustrations and emotional conflicts. They
misbehave, disrupt the classroom, and get into conflicts with
teachers, parents, and peers. A child often may appear initially as
anxious or depressed, may appear later as oppositional and defi-
ant, and finally may act in adolescence in ways that meet the cri-
teria for a conduct disorder.

Children with disruptive behavior disorders are more likely
than anxious or depressed children to be identified in school (Hin-
shaw 1992; Sanson et al. 1996). A high incidence of aggressive and
antisocial behaviors have been reported in children with learning
disabilities. However, behavior problems in children and adoles-
cents with learning disabilities are not necessarily an indication of
emotional disorders. These behaviors may be part of the underlying
neurodevelopmental delays associated with the learning disabil-
ities. Cognitive deficits and speech or language problems have
been shown to be risk factors for conduct disorders (Benasich et
al. 1993; Cantwell and Baker 1991; Hinshaw 1992). Whether the
accompanying deficits in academic performance represent ante-
cedents or consequences of the disorder is unclear (Hinshaw
1992).

Indications are, however, that moderate to severe behavior
problems at any age persist unless treated (Benasich et al. 1993).
They set in motion a series of ongoing psychological processes
that are destructive to the development of the child and frequently
to society as well. Adolescents with unremediated learning dis-
abilities appear to be particularly vulnerable to drug and alcohol
abuse as well as to behaviors that violate the rights of others. They
are more likely to leave school prematurely and to have vocational
difficulties as a result of their educational disadvantage. Preven-
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tive interventions clearly are needed to reduce the number of risk
factors for learning disabilities in children and to increase the
number of protective factors in their environment.

Treatment

Effective treatment and support for children with learning dis-
abilities are especially important when their problems are viewed
from a long-term perspective. It is well known that these learning
disorders are persistent and increase the risk of being held back
in school, dropping out prematurely, and developing co-occur-
ring personality and emotional disorders (Spreen 1989). The risks
are further elevated when a disadvantaged background is fac-
tored in.

The keystone of intervention for children and adolescents is the
provision within the school of special education services, as man-
dated by law. Today, most children with learning disabilities are
educated in general education classes, which are considered to be
“the least restrictive environment” (IDEA), with additional sup-
ports (Zigmond 1995). Whereas in the past, approaches to reme-
diation focused on underlying academic deficits, efforts now are
centered on direct instruction of component skills. An important
corollary for successful outcomes is an accurate assessment of the
severity of the learning disabilities and the contexts in which they
arise.

Current wisdom dictates that whenever a concurrent beha-
vioral or emotional disorder is contributing to academic under-
achievement, intervention is warranted. Recent findings regarding
the sequelae of learning disabilities emphasize the importance of
comprehensive multidisciplinary assessment and follow-up of
children at risk. If treatment for comorbid disorders is indicated,
the clinician can be pivotal in helping the child and family address
the problems.

Multimodal treatment based on assessment of all clinical factors
has been shown to improve children’s academic, behavioral, and
emotional adjustment (Hammill 1990; Osman 1997; Silver 1993).
Direct treatment is warranted for concurrent psychiatric and other
secondary emotional and social problems (Forness and Kavale
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1996; Kauffman 1997). Individual, family, and/or group psycho-
therapy may be recommended, and medical intervention may be
indicated. However, any psychotherapeutic approach must be tai-
lored to the child’s specific learning disabilities. For the child with
language problems, interventions that include nonverbal ap-
proaches (e.g., games and computers) are likely to have better re-
sults than an exclusively language-based treatment. Mental health
professionals must understand the learning disabled child’s un-
derlying neurological difficulties and the effects that these have
on his or her social development. The clinician also must be aware
to what extent the learning disabilities may interfere with the ther-
apeutic process and make the necessary adaptations (Silver 1993).

Because attention-deficit disorders and learning disabilities co-
occur frequently, the use of stimulant medications is common.
Improvement in attention and concentration can help the child
participate in the learning environment and lead to an increase in
work completed (Osman 1999). However, the possible side effects,
such as decreased appetite and insomnia, as well as the therapeu-
tic benefits, must be considered. The efficacy of psychopharmaco-
logical intervention for learning disabilities alone in the absence
of ADHD, however, is questionable, unless, of course, comorbid
psychiatric symptoms must be addressed.

Today, increasing numbers of psychotropic medications are
used for children and adolescents, with positive results. They
should not be used in isolation, however, but rather as part of a
coordinated treatment plan. Psychiatrists, psychopharmacolo-
gists, and other mental health professionals should contribute
their particular skills and expertise to provide the appropriate
treatment for any given child. Moreover, they also may have to
assume an educational role while treating learning disabilities in
children and adolescents (Forness and Kavale 1989). In collabo-
ration with school personnel, they are frequently the professionals
who can help parents, and perhaps most important, the young
people themselves understand the nature of their disorders and
their own characteristic styles of coping (Osman 1997).

Whatever approaches to treatment are adopted, the most pos-
itive outcomes for children and adolescents with learning disabil-
ities have consistently emerged from studies in which the children
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received specialized attention at school, support at home, and
mental health services when warranted. Young people with learn-
ing disabilities represent a diverse group with a broad range of
needs. To serve them appropriately and effectively, educational
services and clinical care must be coordinated and individualized.
The need for interaction between family, school personnel, and
physicians is no different from that for children with other medical
problems. The aim in all cases is to provide interventions that are
realistic and beneficial to the child, the family, and the school.
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Developmental dyslexia is characterized by an unexpected diffi-
culty in reading in children and adults who otherwise have the
intelligence, motivation, and schooling considered necessary for
accurate and fluent reading. Dyslexia (or specific reading disabil-
ity) is the most common and most carefully studied of the learning
disabilities and affects 80% of all individuals identified as learning
disabled (Lerner 1989). Although in the past the diagnosis and im-
plications of dyslexia often were uncertain, recent advances in our
knowledge of the epidemiology, the cognitive influences, the ge-
netics, and the neurobiology now allow the disorder to be ap-
proached within a more secure framework. In this chapter, we focus
on the cognitive and neurobiological advances in dyslexia and their

Portions of this chapter are substantially similar to other works by us that ap-
peared in Shaywitz BA, Shaywitz SE, Pugh KR, et al.: “The Functional Organi-
zation of Brain for Reading and Reading Disability (Dyslexia).” The Neuroscientist
2:245–255, 1996; Shaywitz SE, Shaywitz BA: “Dyslexia,” in Pediatric Neurology.
Edited by Swaiman K (in press); Shaywitz BA, Pugh KR, Jenner AR, et al.: “The
Neurobiology of Reading and Reading Disability (Dyslexia),” in Handbook of
Reading Research, Vol. III. Edited by Kamil ML, Mosenthal PB, Pearson PD, et al.
Mahwah, NJ, Lawrence Erlbaum (in press); Shaywitz SE: “Current Concepts:
Dyslexia.” New England Journal of Medicine 338:307–312, 1998.
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clinical implications for children and, particularly, young adults
with this most common and often underrecognized disorder. The
reader is referred elsewhere for information about the history, eti-
ology, and genetics of the disorder (S. E. Shaywitz 1996, 1998).

Epidemiology of Dyslexia

Recent epidemiological data indicate that, like hypertension, dys-
lexia fits a dimensional model. In other words, within the popu-
lation, reading and reading disability occur along a continuum,
with reading disability representing the lower tail of a normal
distribution of reading ability (Gilger et al. 1996; S. E. Shaywitz et
al. 1992). Dyslexia is perhaps the most common neurobehavioral
disorder affecting children, with prevalence rates varying from
5%–10% (Interagency Committee on Learning Disabilities 1987)
to 17.5% (S. E. Shaywitz et al. 1994).

Previously, it was believed that dyslexia affected primarily
males (Finucci and Childs 1981); however, more recent data (Flynn
and Rahbar 1994; S. E. Shaywitz et al. 1990; Wadsworth et al. 1992)
indicate comparable numbers of affected males and females. Data
derived from the Connecticut Longitudinal Study (S. E. Shaywitz
et al. 1990) provided evidence that the presumed increase in prev-
alence in males found in some studies may reflect sampling bias.
This study was based on a sample survey of Connecticut school-
children followed longitudinally from kindergarten to third grade
and is unique in that all 445 children in the sample received com-
plete ability and reading achievement tests. In this population-
based study, numbers of reading-disabled males (8.7%) and fe-
males (6.9%) were comparable. Sampling bias inherent in school
identification procedures may result in reports of an increased
prevalence of reading disability in males in school-identified sam-
ples. In contrast, when results are based on test scores in studies
in which all children in a population are individually tested, no
significant differences in prevalence between males and females
are observed.

Longitudinal studies, both prospective (Francis et al. 1996; B. A.
Shaywitz et al. 1995c) and retrospective (Bruck 1992; Felton et al.
1990; Scarborough 1984), indicate that dyslexia is a persistent,



Cognitive and Neurobiological Studies and Dyslexia 61

chronic condition; it does not represent a transient “developmen-
tal lag.” Over time, poor readers and good readers tend to main-
tain their relative positions along the reading spectrum (B. A.
Shaywitz et al. 1995a).

Cognitive Basis of Dyslexia

Reading, the process of extracting meaning from print, involves
both visual-perceptual and linguistic processes. Theories of dys-
lexia based on the visual system (Stein 1993; Stein and Walsh 1997),
on the language system (Shankweiler et al. 1979), on the cerebel-
lum (Nicolson et al. 1995), and on other factors such as temporal
processing of stimuli within these systems (Stein and Walsh 1997;
Tallal and Stark 1982) have each been proposed. Whatever the con-
tributions of other systems and processes, the current strong con-
sensus among investigators in the field is that the core difficulty
in dyslexia reflects a deficiency within the language system.

The evidence that writing systems are, in fact, “merely a way
of recording language by visible marks” (Bloomfield 1933, p. 21)
seems incontrovertible. In essence, both reading and writing rep-
resent the language system. To understand reading, one must first
understand the language system and, in particular, the relation
between language and reading. Language is served by specific
neural systems, an apparatus or language module that evolved
in humans and first allowed the emergence of speech some 100,000
to several million years ago (Pinker 1991). Within a modular
framework, the language system is conceptualized as a hierarchi-
cal series of components: at higher levels are neural systems
engaged in processing, for example, semantics, syntax, and dis-
course; at the lowest level is the phonological module dedicated
to processing the distinctive sound elements that constitute lan-
guage. The functional unit of the phonological module is the pho-
neme, defined as the smallest discernible segment of speech.
Phonemes serve as the basic building blocks of all spoken and
written language. For example, the word bat is composed of three
separate phonemes: buh, aah, tuh.

Within this context, it may be helpful to recall that written lan-
guage is considered a communication system based on two essen-
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tial features: 1) phonemes, representing the basic linguistic units,
and 2) symbols or written elements used to represent the inventory
of phonemes. In the English language, letters of the alphabet serve
this symbolic function, so that the 26 letters of the alphabet, singly
or in combination, represent the 44 phonemes composing the lan-
guage. On a representational level, these letter groupings, or
graphemes, serve as the written proxys for phonemes and thus
function as the operational units of our writing system. Conse-
quently, in addition to developing an awareness of the segmental
nature of speech, the beginning reader must come to the realiza-
tion that written words, too, have an internal phonological struc-
ture, that the orthography represents this sound structure, and
that the printed word is represented by the same underlying
sound or phonological structure as the spoken word.

Phonemes and their graphic symbols thus represent the func-
tional units of language, both spoken and written. In speaking, the
phonological units are coarticulated, that is, they are automatically
merged and blended, so that there is no overt clue to the underlying
segmental nature of speech, and, as a result, spoken language ap-
pears seamless. But the phonological specialization performs both
speech and listening effortlessly, automatically coarticulating the
phonological gestures for the speaker, while also carrying out the
reverse process for the listener—that is, automatically parsing or
segmenting the coarticulated utterances into their underlying pho-
nological elements. This is no mean feat, for during normal speech,
10–12 phonemes are presented each second, and during rapid
speech, this may rise to 25 phonemes/second. The language ap-
paratus assembles the phonology for the speaker and recovers the
phonology for the listener. Because both the coarticulation and the
parsing functions are performed automatically and unconsciously
for speaker and listener, respectively, neither has to develop an
awareness of the basic sound structure of language.

Now we can understand the task facing the beginning reader.
Speaking is automatic but reading is not. To read, one must realize
that the orthography is related to and, indeed, represents the pho-
nology of spoken language; that is, the reader must enter the lan-
guage system. Operationally, this means that the reader must
develop an awareness of the internal phonological structure of
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words and discover that the orthography represents this basic
sound structure. This awareness allows the reader to connect the
letter strings (the orthography) to the corresponding units of
speech (phonological constituents) they represent. As numerous
studies have shown, however, such awareness is largely missing
in dyslexic children and adults (Brady and Shankweiler 1991;
Bruck 1992; Fletcher et al. 1994; Rieben and Perfetti 1991; Shank-
weiler et al. 1995; Stanovich and Siegel 1994). As for why dyslexic
readers should have exceptional difficulty developing phonolog-
ical awareness, there is support for the notion that the difficulty
resides in the phonological component of the larger specialization
for language (A. M. Liberman 1996, 1998; I. Y. Liberman et al.
1989). If that component is imperfect, its representations will be
less than ideally distinct and therefore harder to bring to conscious
awareness. Now overwhelming evidence indicates that phono-
logical awareness is characteristically deficient in dyslexic readers
who, therefore, have difficulty mapping the alphabetic characters
onto the spoken word. Abundant evidence relates a deficit in pho-
nological analysis to difficulties in learning to read: phonological
measures predict later reading achievement (Bradley and Bryant
1983; Stanovich et al. 1984; Torgesen et al. 1994); deficits in pho-
nological awareness (i.e., awareness that words can be broken
down into smaller segments of sound) consistently separate dys-
lexic and nondisabled children (Fletcher et al. 1994; Stanovich and
Siegel 1994); phonological deficits persist into adulthood (Bruck
1992; Felton et al. 1990); and instruction in phonological awareness
promotes the acquisition of reading skills (Ball and Blachman
1991; Bradley and Bryant 1983; Foorman et al. 1997; Torgesen et
al. 1992; B. W. Wise and Olson 1995). Additional findings of strong
heritability for phonological awareness suggest “that it may be
the main proximal cause of most genetically-based deficits in
word recognition, and thus it may be the most appropriate focus
for diagnosis and remediation” (Olson et al. 1994, p. 61).

Neural Basis for Dyslexia

With the elucidation of the cognitive deficit in dyslexia, the stage
was set to delineate the neural mechanisms underlying the deficit
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in phonological analysis. In the next section, we review the evi-
dence that now allows investigators to begin to understand the
neurobiological underpinnings of dyslexia. We have chosen to
emphasize functional imaging studies, that is, those studies di-
rected at understanding the functional organization of the brain
as dyslexic readers engage in tasks tapping the component pro-
cesses of reading.

Neuroanatomical and Morphometric 
Studies in Dyslexia

Only in recent years have systematic neuroanatomical studies,
which used postmortem anatomical measures and structural
morphometric techniques, attempted to relate abnormalities in
brain structure to reading and dyslexia (Galaburda and Kemper
1979; Galaburda et al. 1985; Humphreys et al. 1990). Significant
methodological limitations (Hynd and Semrud-Clikeman 1989)
are imposed on such postmortem studies, but fortunately the
development of neuroimaging procedures offers an attractive al-
ternative strategy with which to examine neuroanatomical corre-
lates of dyslexia. Early computed tomography (CT) studies
seemed to confirm a reversed or lack of the normal asymmetry in
dyslexic individuals (Hier et al. 1978; Leisman and Ashkenazi
1980; LeMay 1981; Rosenberger and Hier 1980), but later reports
failed to confirm any differences (Denckla et al. 1985; Haslam et
al. 1981; Parkins et al. 1987; Rumsey et al. 1986). More recent mag-
netic resonance imaging (MRI) reports have not clarified the con-
troversy (Duara et al. 1991; Hynd et al. 1990; Jernigan et al. 1991;
Larsen et al. 1990; Leonard et al. 1993) (Table 3–1). Review of these
previous studies indicates wide variations in subjects’ age, sex,
and handedness and in the diagnostic criteria used to define dys-
lexia. Lack of consistent results among studies might be explained
by these factors.

Much has been learned from studies of cerebral localization of
cognitive function based on studies of individuals with brain dam-
age, and such studies continue to provide important information,
particularly with the emergence of modern imaging methods that
allow very fine-grained anatomical resolution (Damasio and
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Damasio 1992). However, studies localizing cerebral function with
morphometric measures provide a static picture of brain anatomy
rather than a dynamic view of brain function while individuals
are performing a cognitive task. The ability to image and then to
identify the functional units of the working nervous system, the
neural networks that are engaged by specific cognitive functions,
is necessary.

Functional imaging, the ability to measure brain function dur-
ing performance of a cognitive task, meets such a requirement and
became possible in the early 1980s. For the first time, rather than
being limited to examining the brain in an autopsy specimen, or
measuring the size of brain regions with static morphometric in-
dices based on CT or MRI, scientists were able to think of studying
brain metabolism while individuals were performing specific cog-
nitive tasks.

Table 3–1. Tasks and subtractions

Task Stimuli Processes engaged

Line / / \ / Visuospatial
/ / \ /

Case bbBb Visuospatial + orthographic

Single-letter rhyme T
V

Visuospatial + orthographic + 
phonological

Nonword rhyme LEAT
JETE

Visuospatial + orthographic + 
phonological

Category CORN Visuospatial + orthographic + 
phonological + semantic

Subtractions Processes isolated
Case–line Orthographic
Rhyme–line Orthographic + phonological
Rhyme–case Phonological
Category–line Orthographic + phonological + 

semantic
Category–rhyme Semantic
Category–case Phonological + semantic
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Functional Brain Imaging

One approach uses electrophysiological methods (e.g., event-
related potentials). Older studies were detailed by Hughes (1977),
and more recent ones were reviewed by Dool et al. (1993). Meth-
odological reviews of progress and newer electrographic technol-
ogies are provided in reviews by Swick et al. (1994), Thatcher
(1996), and Wood et al. (1996). A recent study of this kind (Salme-
lin et al. 1996) used magnetoencephalography and found that in
contrast to nonimpaired readers, dyslexic readers failed to acti-
vate the left inferior temporo-occipital region (including Wer-
nicke’s area) while reading real words.

General principles of functional brain imaging. Although mag-
netoencephalography is useful for determining the time course
of cognitive processes, it is not nearly as precise as the imaging
modalities for localizing where in the brain these processes occur.
In principle, functional imaging is quite simple. When an individ-
ual is asked to perform a discrete cognitive task, that task places
processing demands on particular neural systems in the brain. To
meet those demands requires activation of neural systems in spe-
cific brain regions, and those changes in neural activity are reflect-
ed by changes in brain metabolic activity, which, in turn, are
reflected by cerebral blood flow and in the cerebral use of meta-
bolic substrates such as glucose. Functional imaging makes it pos-
sible to measure those changes in metabolic activity and blood
flow in specific brain regions while subjects are engaged in cog-
nitive tasks.

Xenon and positron-emission tomography. The first studies
of this kind used xenon 133 single photon emission computed
tomography (SPECT) to measure cerebral blood flow at baseline
rather than during any reading task (Flowers et al. 1991; Lou et
al. 1984, 1990; Wood et al. 1991). Several studies have used
positron-emission tomography (PET). In practice, PET requires
intra-arterial or intravenous administration of a radioactive iso-
tope so that either cerebral blood flow using oxygen 15 (15O) or
cerebral utilization of glucose using fluorine 18 (18F) fluorodeoxy-
glucose (FDG) can be determined while the subject is performing
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a task. Positron-emitting isotopes of nuclei of biological interest
have very short biological half-lives and are synthesized in a cy-
clotron immediately prior to testing, a factor that mandates that
the time course of the experiment conform to the short half-life of
the radioisotope.

Rumsey et al. (1992) used PET and measured cerebral blood
flow using 15O in dyslexic readers listening to determine whether
real words rhymed. Dyslexic readers failed to activate the left pa-
rietal and left middle temporal regions. In a second report, Rum-
sey et al. (1994) again used 15O PET during a semantic judgment:
that is, to determine whether the meaning of two sentence pairs
was the same. Both nonimpaired and dyslexic readers increased
cerebral blood flow in the middle temporal regions during the
task; no significant differences were observed between nonim-
paired and dyslexic readers.

Paulesu et al. (1996) used 15O PET to compare university stu-
dents with histories of reading problems but who were currently
reading in the average range with similarly aged subjects without
histories of reading problems; one task required subjects to rhyme
single letters, and a companion task involved short-term memory
for single letters. Dyslexic readers activated Broca’s area during
the single-letter rhyme task and Wernicke’s area during the mem-
ory task, but, in contrast to control subjects, both language regions
were not activated in concert in either task. The authors attributed
the problem to a disconnection between the anterior and posterior
language regions, a theory supported by their finding of under-
activation in the insula in this group of dyslexic adults.

In a recent report, Rumsey et al. (1997) used 15O PET to study
dyslexic men while they performed two pronunciation tasks (low-
frequency real words and pseudowords) and two lexical decision
tasks (orthographic and phonological). Compared with control
subjects, dyslexic readers had reduced blood flow in the temporal
cortex and inferior parietal cortex, especially on the left, during
both pronunciation and decision making.

Functional magnetic resonance imaging. Functional magnetic
resonance imaging (fMRI) promises to surpass other methods for
its ability to map the individual brain’s response to specific cog-
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nitive stimuli. Because it is noninvasive and safe, it can be used
repeatedly, properties that make it ideal for human cognitive
studies, especially in children. In principle, the signal used to con-
struct MRIs changes, by a small amount (typically on the order of
1%–5%), in regions that are activated by a stimulus or task. The
increase in signal results from the combined effects of increases
in the tissue blood flow, volume, and oxygenation, although the
precise contributions of each of these are still somewhat uncer-
tain. MRI intensity increases when deoxygenated blood is re-
placed by oxygenated blood. Various methods can be used to
record the changes that occur, but one preferred approach makes
use of ultrafast imaging, such as echo planar imaging, in which
complete images are acquired in times substantially shorter than
a second. Echo planar imaging can provide images at a rate fast
enough to capture the time course of the hemodynamic response
to neural activation and to permit a wide variety of imaging par-
adigms over large volumes of the brain. Details of fMRI are re-
viewed in Anderson and Gore (1997).

Recent progress using fMRI to study reading. Most function-
al imaging studies, whether PET or fMRI, use a subtraction meth-
odology in attempting to isolate brain and cognitive function
relations (Friston et al. 1993; Sergent 1994). Reading can be con-
sidered as involving three component processes: orthographic,
phonological, and lexical semantic processing. Accordingly, the
tasks should be able to isolate orthographic, phonological, and
lexical semantic foci. In addition, we use a variety of subtractions
in order to converge on a conclusion about the relative function
of a given cortical region.

A typical series of tasks is illustrated in Table 3–1. Both the
decision and the response components of the tasks are compara-
ble; in each instance, the subject views two simultaneously pre-
sented stimulus displays, one above the other, and is asked to
judge them as the same or different by pressing a response button
if the displays match on a given cognitive dimension: line orien-
tation judgment, letter case judgment, single-letter rhyme, non-
word rhyme, and category judgment. The five tasks are ordered
hierarchically:
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1. The line orientation judgment task (e.g., Do [\\\/] and [\\\/]
match?) taps visuospatial processing but makes no ortho-
graphic demands.

2. The letter case judgment task (e.g., Do [bbBb] and [bbBb]
match in the pattern of upper- and lowercase letters?) adds
an orthographic processing demand but makes no phonolog-
ical demands because the stimulus items, which consist en-
tirely of consonant strings, are therefore phonotactically
impermissible.

3. The single-letter rhyme (e.g., Do the letters [T] and [V]
rhyme?) is orthographically more simple than letter case
judgment but adds a phonological processing demand, re-
quiring the transcoding of the letters (orthography) into pho-
nological structures and then a phonological analysis of those
structures sufficient to determine that they do or do not
rhyme.

4. Nonword rhyme (e.g., Do [leat] and [jete] rhyme?) requires
analysis of more complex structures.

5. Semantic category judgment (e.g., Are [corn] and [rice] in the
same category?) also makes substantial demands on trans-
coding from print to phonology (Lukatela and Turvey 1994;
Van Orden et al. 1990) but also requires that the printed stim-
ulus items activate particular word representations in the
reader’s lexicon to arrive at the word’s meaning.

A common baseline subtraction condition is used in analysis:
letter case, single-letter rhyme, nonword rhyme, and semantic cat-
egory tasks contrasted with the nonlanguage line orientation
judgment baseline condition.

Our initial series of investigations examined nonimpaired read-
ers, 19 neurologically normal right-handed men, and 19 women.
Figure 3–1 illustrates activations in three subtraction conditions
(representing orthographic, phonological, and semantic processing)
in two regions of interest (inferior frontal gyrus and extrastriate).
In the inferior frontal gyrus, activations during phonological pro-
cessing were significantly greater than activations during either
orthographic or semantic processing. These findings are conso-
nant with those of previous functional imaging studies that show
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activation in this region in speech production tasks (Petersen et
al. 1989), in complex discriminations of speech tokens (Demonet
et al. 1992, 1994; Zatorre et al. 1992), in phonological judgments
on visually presented single-letter displays (Sergent et al. 1992),
and in word/nonword discriminations on visual stimuli (Price et
al. 1993). Our findings also are consonant with those of studies of
patients with lesions in this region who show evidence of prob-
lems with phonetic discriminations (Blumstein et al. 1977). In con-
trast, in extrastriate regions, activations during orthographic
subtractions were significantly greater than activations during ei-
ther phonological or semantic processing. This finding, that or-
thographic processing makes maximum demands on extrastriate
sites, is consistent with claims made by Petersen and colleagues
(Petersen and Fiez 1993; Petersen et al. 1989) after using different

Figure 3–1. Ordinate represents mean activations for letter case judg-
ment, single-letter rhyme, and semantic category judgment subtractions
in the inferior frontal gyrus (IFG) and extrastriate (ES) regions, respec-
tively. In the IFG region, rhyme significantly differed from both case and
semantic. In the ES region, case significantly differed from both rhyme
and semantic. * = statistically significant difference.
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tasks in several PET studies. Activations during phonological pro-
cessing also were observed at sites in both the superior temporal
gyrus and the middle temporal gyrus, areas that fall within
traditional language regions. However, semantic processing acti-
vated both of these areas significantly more strongly than did pho-
nological processing, suggesting that these regions subserved
both phonological and lexical semantic processing. The most natural
conclusion is that the temporal sites examined are multifunctional,
relevant for both phonological and lexical semantic processing,
an interpretation supported by previous PET studies (Demonet
et al. 1992; Petersen et al. 1989; R. Wise et al. 1991) and our previous
fMRI study (B. A. Shaywitz et al. 1995b). Furthermore, lesion stud-
ies have suggested that damage to temporal and temporoparietal
sites results in semantic deficits (Hart and Gordon 1990).

In this study, we also observed differences in brain activation
during phonological processing between men and women. This
is illustrated in Figure 3–2, which shows activations during pho-
nological processing for each hemisphere and sex. For compari-
son, two regions of interest are shown. In the extrastriate region,
no significant hemisphere differences in activations are seen for
either men or women. In contrast, in the inferior frontal gyrus,
activations are similar for right and left hemispheres in women,
but phonological processing results in significantly more activa-
tion in the left hemisphere in men. This pattern of activation is
further illustrated in Figure 3–3, which shows that activation dur-
ing phonological processing in men was more lateralized to the
left inferior frontal gyrus; in contrast, activation during this same
task in women resulted in a more bilateral pattern of activation
of this region. These findings provided the first clear evidence of
sex differences in the functional organization of the brain for lan-
guage and indicated that these differences exist primarily at the
level of phonological processing. At one level, they support and
extend a long-held hypothesis that suggested that language func-
tions are more likely to be highly lateralized in men but represent-
ed in both cerebral hemispheres in women (Halpern 1992; Witelson
and Kigar 1992). Because of this initial finding of sex differences
in functional activation within the inferior frontal gyrus, we have
obtained three replications of the same basic sex by hemisphere
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pattern. In summary, the evidence from several imaging experi-
ments seems clear—the modal pattern at the inferior frontal gyrus
indicates relatively greater right-hemisphere involvement for
women than for men at the inferior frontal gyrus.

As reviewed earlier in this chapter, previous efforts using func-
tional imaging methods to examine brain organization in dyslexia
have been inconclusive (Eden et al. 1996; Flowers et al. 1991; Gross-
Glenn et al. 1991; Paulesu et al. 1996; Rumsey et al. 1992, 1997;
Salmelin et al. 1996) largely, we think, because the experimental
tasks tapped several aspects of the reading process in somewhat
unsystematic ways. Our aim, therefore, was to develop a set of
hierarchically structured tasks that control the kind of language-

Figure 3–2. Ordinate represents mean activations for men and women,
across tasks, in the inferior frontal gyrus (IFG) and extrastriate (ES) re-
gions. In the ES region, no significant hemisphere differences in activa-
tions are seen for either men or women. In contrast, in the IFG,
activations are similar for right and left hemispheres in women, but pho-
nological processing results in significantly more activation in the left
hemisphere in men. * = statistically significant difference.
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relevant coding required, including especially the demand on
phonological analysis, and then to compare the performance and
brain activation patterns (as measured by fMRI) of dyslexic and
nonimpaired readers. Thus, proceeding from the base of the hier-
archy to the top, the tasks made demands on visuospatial process-
ing, orthographic processing, simple phonological analysis,
complex phonological analysis, and lexical semantic judgment.
We hypothesized that differences in brain activation patterns
would emerge as dyslexic and nonimpaired readers were asked
to perform tasks that made progressively greater demands on
phonological analysis. These tasks, which were described earlier
in this chapter, are shown in Table 3–1.

We studied 29 dyslexic and 32 nonimpaired men and women,
all in the average range for IQ. Reading performance in the dys-
lexic subjects was significantly impaired: the mean standard score
on a measure of nonword reading was 81 in dyslexic and 114 in
nonimpaired readers, with no overlap between groups. Error pat-
terns on the fMRI tasks revealed that dyslexic differed from non-

Figure 3–3. Composite brain activations in 19 men (left) and 19 women
(right). During rhyming, men activated the left inferior frontal gyrus. In
contrast, women activated both left and right inferior frontal gyrus dur-
ing the same task. Both men and women performed the task equally
accurately.



74 LEARNING DISABILITIES

impaired readers most strikingly on the nonword rhyme task.
Nonword reading is perhaps the clearest indication of decoding
ability because familiarity with the letter pattern cannot influence
the individual’s response.

We focused on brain regions of interest that previous research
had implicated in reading and language (Demonet et al. 1994;
Henderson 1986; Petersen et al. 1990; Pugh et al. 1996) and exam-
ined these for evidence of differences between the two reading
groups in patterns of activation across the series of tasks. Previous
investigators have assumed the existence of a posterior cortical
system adapted for reading, a system including Wernicke’s area,
the angular gyrus, the extrastriate cortex, and the striate cortex
(Benson 1994; Black and Behrmann 1994; Geschwind 1965). As
shown in Figure 3–4 (top panels) and Figure 3–5, we found dif-
ferences between dyslexic and nonimpaired readers in the pat-
terns of activation in several critical components of this system:
posterior superior temporal gyrus (Wernicke’s area), BA 39 (an-
gular gyrus), and BA 17 (striate cortex). The pattern of group dif-
ferences was similar at each of these sites: nonimpaired readers
showed a systematic increase in activation in going from letter
case judgment to single-letter rhyme to nonword rhyme (i.e., as
orthographic to phonological coding demands increased), where-
as dyslexic readers failed to show such systematic modulation in
their activation patterns in response to the same task demands. In
addition, an anterior region, inferior frontal gyrus, showed sig-
nificant differences in the pattern of activation between nonim-
paired and dyslexic readers (Figure 3–4, bottom panel, and Figure
3–5). However, here, in contrast to findings in the posterior system,
dyslexic readers had greater activation than nonimpaired readers
in response to increasing phonological decoding demands.

Hemispheric differences between nonimpaired and dyslexic
readers have long been suspected (Galaburda et al. 1985; Ge-
schwind 1985; Rumsey et al. 1992; Salmelin et al. 1996) and were
found in two regions: the angular gyrus and the parietotemporo-
occipital region. In each case, activations in these regions in non-
impaired readers were greater in the left hemisphere, and in
contrast, activations in these regions in dyslexic readers were
greater in the right hemisphere. This pattern was observed across
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all tasks. Based on our earlier work (B. A. Shaywitz et al. 1995c),
we examined for hemispheric differences between men and wom-
en. In the inferior frontal gyrus, a significant sex difference was
found: during nonword rhyme, men showed significantly greater
activation in the left hemisphere than in the right hemisphere,
whereas women showed relatively greater right-hemisphere ac-
tivation than did men, which is consistent with previous obser-
vations.

In this study, we found significant differences in brain activa-
tion patterns between dyslexic and nonimpaired readers, differ-
ences that emerged during tasks that made progressive demands
on phonological analysis. These findings relate the cognitive-
behavioral deficit characterizing dyslexic readers to anomalous
activation patterns in both posterior and anterior brain regions
(Figure 3–5). Thus, within a large posterior cortical system, in-
cluding Wernicke’s area, the angular gyrus, the extrastriate, and
the striate cortex, dyslexic readers failed to systematically in-
crease activation as the difficulty of mapping print onto phono-
logical structures increased. In contrast, in anterior regions,
including the inferior frontal gyrus and prefrontal regions, dys-
lexic readers showed a pattern of overactivation in response to
even the simplest phonological task (single-letter rhyme) (Figure
3–4). For nonimpaired readers, these data provide functional ev-
idence of a widely distributed computational system for reading
characterized by specialization and reciprocity: within the system,
task-specific responses vary from region to region. For example,
in the inferior frontal gyrus, only the complex phonological task
(nonword rhyme) produced a significant increase in activation
relative to the orthographic (case judgment) task, suggesting that
this region is engaged in letter to sound transcoding; in Wer-
nicke’s area, both simple (single-letter rhyme) and more complex
(nonword rhyme) phonological tasks produced significant in-
creases in activation relative to the orthographic task, implying
that this region processes information in a more abstract phono-
logical form.

What is particularly interesting is that the findings from this
most recent functional imaging study of dyslexia now help rec-
oncile the seemingly contradictory findings of previous imaging
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Figure 3–4. Mean number of activated pixels for brain regions where activation patterns across tasks differed significantly
between nonimpaired and dyslexic readers. Mean activations ± SEM are shown on ordinate; tasks are shown on abscissa.
We found differences between dyslexic and nonimpaired readers in the patterns of activation in several critical components
of this system: posterior superior temporal gyrus (Wernicke’s area), Brodmann area (BA) 39 (angular gyrus), and BA 17
(striate cortex). The pattern of group differences was similar at each of these sites: nonimpaired subjects showed a system-
atic increase in activation in going from letter case judgment to single-letter rhyme to nonword rhyme (i.e., as orthographic
to phonological coding demands increase), whereas dyslexic readers failed to show such systematic modulation in their
activation patterns in response to the same task demands. In addition, an anterior region, inferior frontal gyrus, showed
significant differences in the pattern of activation between nonimpaired and dyslexic readers. However, here, in contrast
to findings in the posterior system, dyslexic readers had greater activation than nonimpaired readers in response to in-
creasing phonological decoding demands.
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studies of dyslexia, some of which involved anomalous findings
in the visual system (Demb 1998; Eden et al. 1996), but others in-
dicated abnormal activation within components of the language
system (Flowers et al. 1991; Gross-Glenn et al. 1991; Paulesu et al.
1996; Rumsey et al. 1992, 1997; Salmelin et al. 1996). These data
indicate that dyslexic readers have a functional disruption in an
extensive system in the posterior cortex, encompassing both tra-
ditional visual and traditional language regions as well as a por-
tion of association cortex. The involvement of this latter region
centered about the angular gyrus is of particular interest because
this portion of association cortex is considered pivotal in carrying
out those cross-modal integrations necessary for reading (i.e.,
mapping the visual percept of the print onto the phonological
structures of the language [Benson 1994; Black and Behrmann
1994; Geschwind 1965]). Consistent with this study of develop-
mental dyslexia, a large literature on acquired inability to read
(alexia) describes neuroanatomical lesions most prominently cen-
tered about the angular gyrus (Damasio 1983; Dejerine 1891; Fried-
man et al. 1993). It should not be surprising that both the acquired

Figure 3–5. Composite activation maps in dyslexic (right panel) and
nonimpaired (left panel) readers during phonological processing. Dur-
ing phonological processing, dyslexic readers showed more activation
than nonimpaired readers anteriorly in the inferior frontal gyrus bilater-
ally (a) and in the middle frontal gyrus (b). In contrast, nonimpaired read-
ers activated a large area in the posterior region, the angular gyrus (1).
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and the developmental disorders affecting reading have in com-
mon a disruption within the neural systems serving to link the
visual representations of the letters to the phonological structures
they represent. Although reading difficulty is the primary symp-
tom in both acquired alexia and developmental dyslexia, associat-
ed symptoms and findings in the two disorders would be expected
to differ somewhat, reflecting the differences between an acquired
and a developmental disorder. In acquired alexia, a structural le-
sion resulting from an insult (e.g., stroke, tumor) disrupts a com-
ponent of an already functioning neural system, and the lesion
may extend to involve other brain regions and systems. In devel-
opmental dyslexia, as a result of a constitutionally based function-
al disruption, the system never develops normally so that the
symptoms reflect the emanative effects of an early disruption to
the phonological system. In either case, the disruption is within
the same neuroanatomical system.

For dyslexic readers, these brain activation patterns provide
evidence of an imperfectly functioning system for segmenting
words into their phonological constituents; accordingly, this dis-
ruption is evident when dyslexic readers are asked to respond to
increasing demands on phonological analysis. These findings add
neurobiological support for previous cognitive-behavioral data
pointing to the critical role of phonological analysis, and its im-
pairment, in dyslexia. The pattern of relative underactivation in
posterior brain regions contrasted with relative overactivation in
anterior regions may provide a neural signature for the phono-
logical difficulties characterizing dyslexia.

Diagnosis and Evaluation of Dyslexia

The advances in the understanding of the cognitive and neurobio-
logical basis of dyslexia significantly influence how we diagnose
and, ultimately, how we most effectively treat dyslexia in children
and young adults. Guided by this knowledge of the presumed un-
derlying pathophysiology, the clinician seeks to determine through
history, observation, and psychometric assessment 1) whether the
patient has difficulties in reading that are unexpected, given the
person’s age, intelligence, or level of education, and 2) whether the
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patient has associated linguistic problems at the level of phonolog-
ical processing. How reading and language are assessed depends
on the age and educational level of the patient. As in most diag-
noses in medicine, the history is critical. Clues to the diagnosis of
dyslexia in the school-age child include a history of delayed lan-
guage; problems with the sounds of words, such as trouble rhym-
ing words and difficulty learning to associate the sounds with the
letters; and, of particular importance, a history of reading and
spelling difficulties in the parents and siblings. Current reading
performance in school provides additional clues: difficulty de-
coding single words, the difficulty most apparent when decoding
nonsense words or unfamiliar words; slow reading; comprehen-
sion often superior to isolated decoding skills; and problems in
spelling. Reading ability is assessed by the measurement of de-
coding skills and comprehension. In the school-age child, the
most important element of the psychometric evaluation is how
accurately the child can decode words—that is, read single words
in isolation. Reading passages allows bright children with dyslex-
ia to use the context to guess the meaning of a word they might
otherwise have trouble decoding. As a result, readers with dys-
lexia often perform better on measures of comprehension and
worse on measures of the ability to decode isolated single words.
In practice, the reliance on context makes tests such as multiple-
choice examinations, which typically provide scanty context, es-
pecially burdensome for readers with dyslexia. Residents often
ask us whether they, as practicing physicians, should test the chil-
dren themselves. In our experience, it is far more reasonable for
physicians to know how to interpret the reading measures than
to administer them.

The role of intelligence tests in the diagnosis of dyslexia is con-
troversial (Fletcher et al. 1996; Shankweiler et al. 1995). Tradition-
ally, the concept of dyslexia as an unexpected difficulty in reading
has been interpreted as underachievement in reading relative to
ability (IQ)—that is, a discrepancy between the level of reading
achievement predicted on the basis of IQ and the actual level of
reading achievement. Consequently, IQ tests are generally used
to assess dyslexia in school-age children, and, in fact, eligibility
for special education programs in public schools usually is based
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on the identification of an ability–achievement discrepancy. More
recently, many have questioned the requirement of such a discrep-
ancy (Bruck 1992; Stanovich and Siegel 1994). The issue is com-
plex. In certain respects, children with dyslexia identified on the
basis of an ability–achievement discrepancy do not seem different
from those of average intelligence whose dyslexia is identified
solely on the basis of low reading achievement for chronological
age; both have a deficit in phonological processing (Bruck 1992;
Stanovich and Siegel 1994) and follow the same developmental
trajectory in reading. At the same time, it should be recognized
that the use of an approach based on such a discrepancy in the
diagnosis of dyslexia is important for the identification of very
bright children who have dyslexia.

Approximately 75% of the children whose dyslexia meets the
criteria for a discrepancy between ability and achievement also
have low reading achievement (S. E. Shaywitz et al. 1992); how-
ever, the remaining 25% of the children meeting discrepancy cri-
teria—most of whom are extremely bright and also manifest a
phonological deficit—do not meet low-achievement criteria and
would be excluded from special education services if the low-
achievement criterion were the only one used. Thus, a consensus
is developing that in school-age children, the criterion of “unex-
pected” reading difficulties may be met by children of at least
average intelligence who meet either discrepancy criteria relative
to IQ or low-achievement criteria relative to chronological age
(Brown et al. 1993; S. E. Shaywitz 1996).

Currently, most children’s reading disability is not diagnosed
until they are in third grade, or about 9 years old (Lyon et al. 1997).
The application of what has been learned about the acquisition of
reading and the availability of tests of phonological skills now
make it possible, first, to identify children with dyslexia even be-
fore they fail in reading (Torgesen 1995) and, second, to provide
appropriate early interventions. A history of language delay or of
not attending to the sounds of words (trouble playing rhyming
games with words or confusing words that sound alike), along
with a family history, are important risk factors for dyslexia. The
most helpful measures in predicting difficulties are phonemic
awareness and letter knowledge.



82 LEARNING DISABILITIES

Special Considerations: Diagnosis and 
Evaluation of Dyslexia in Young Adults

Given the considerable number of psychiatrists who see adoles-
cence and adults, we emphasize the implications of what we have
learned about dyslexia on the diagnosis and management of dys-
lexia in a frequently overlooked group of individuals—bright
young adults. The developmental course of dyslexia now has
been characterized. First, dyslexia is persistent; it does not go
away (Francis et al. 1996; Shaywitz et al. 1995a). On a practical
level, this means that once a person is given a diagnosis of dys-
lexia, reexamination after high school to confirm the diagnosis is
unnecessary. Second, over the course of development, the ability
to decode words becomes more accurate and automatic in skilled
readers; they do not need to rely on context for word identifica-
tion. Readers with dyslexia, too, become more accurate over time,
but they do not become automatic. Residua of the phonological
deficit persist (Bruck 1992; Felton et al. 1990) so that reading re-
mains effortful, even for the brightest people with childhood his-
tories of dyslexia (Lefly and Pennington 1991). The failure either
to recognize or to measure the lack of automaticity in reading is,
perhaps, the most common error in the diagnosis of dyslexia in
accomplished young adults. It is often not understood that tests
measuring word accuracy may be inadequate for the diagnosis of
dyslexia in young adults at the level of college or graduate or
professional school and that for these people, timed measures of
reading must be used to make the diagnosis. However, very few
standardized tests for adult readers are administered under timed
and untimed conditions; the Nelson-Denny Reading Test (Brown
et al. 1993) is an exception. The reading measures (Woodcock and
Johnson 1989) commonly used for school-age children may pro-
vide misleading data on some adolescents and young adults be-
cause they assess reading accuracy but not automaticity (speed).

For bright young adults especially, the history is perhaps the
most sensitive and accurate indicator of dyslexia. A history of pho-
nologically based language difficulties (e.g., mispronouncing
words, speech punctuated by hesitations and dysfluencies), of
trouble reading new or unfamiliar words, of spelling difficulties,
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and of requiring additional time for reading and taking tests rel-
ative to the level of education achieved represents the distinct di-
agnostic signature of dyslexia.

Tests of reading, spelling, language, and cognitive abilities (for
school-age children) represent a core battery for the diagnosis of
dyslexia; additional tests of academic achievement (in mathemat-
ics, for example) or memory may be administered as part of a more
comprehensive evaluation of academic, linguistic, or cognitive
function. No single test score is pathognomonic of dyslexia. As
with any other medical diagnosis, the diagnosis of dyslexia should
reflect a thoughtful synthesis of all the clinical data available, in-
cluding the history, observations, and testing data (Table 3–2). The

Table 3–2. Clues to dyslexia in school-age children

History
Delayed language
Problems with the sounds of words (trouble rhyming words, confusion 

of words that sound alike)
Expressive language difficulties (mispronunciations, hesitations, word-

finding difficulties)
Difficulty naming (difficulty learning the letters of the alphabet and the 

names of numbers)
Difficulty learning to associate sounds with letters 
History of reading and spelling difficulties in parents and siblings

Reading
Difficulty decoding single words
Particular difficulty reading nonsense or unfamiliar words
Inaccurate and labored oral reading
Slow reading
Comprehension often superior to isolated decoding skills 
Poor spelling

Language
Relatively poor performance on tests of word retrieval (name the pic-

tured item)
Relatively superior performance on tests of word recognition (point to 

the pictured item)
Poor performance on tests of phonological awareness
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clinician is seeking converging evidence of a phonologically based
reading disability, as indicated by a disparity between the person’s
reading and phonological skills and his or her intellectual capa-
bilities, age, or level of education. Dyslexia is distinguished from
other disorders that may feature reading difficulties prominently
by the unique, circumscribed nature of the phonological deficit,
one that does not intrude into other linguistic or cognitive domains
(Table 3–3). Primary sensory impairments should be ruled out,
particularly in young children; other laboratory measures, such
as imaging studies, electroencephalography, or genetic tests, are
ordered only if there are specific clinical indications. Although
there have been important advances in the use of imaging to study
cognitive function, such technology is still reserved for investiga-
tional purposes.

Attention-deficit/hyperactivity disorder also may affect learn-
ing in both children and adults. It is an entirely different disorder
from dyslexia; they differ in their proposed mechanisms, symp-
toms, assessments, and interventions (B. A. Shaywitz et al. 1995).
A proportion of patients with dyslexia (12%–24%) (S. E. Shaywitz
et al. 1994) also will have attention-deficit/hyperactivity disorder,
and if there is any suggestion that inattention may be a problem,
the patient should be examined for specific symptoms that meet
the DSM-IV (American Psychiatric Association 1994) criteria for
attention-deficit/hyperactivity disorder.

Management of Dyslexia

The management of dyslexia demands a life-span perspective;
early on, the focus is on remediation. As a child matures and en-
ters the more time-demanding setting of secondary school, the
emphasis shifts to the important role of providing accommoda-
tions. Because physicians are frequently asked about various
reading programs for dyslexia, they should understand the key
elements of an effective training program.

To learn to read, all children must discover that spoken words
can be broken down into smaller units of sound, that letters on
the page represent these sounds, and that written words have the
same number and sequence of sounds heard in the spoken word.
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When children have made these associations, usually by the end
of first grade, they have discovered the alphabetic principle and
have essentially broken the reading code. Children with dyslexia

Table 3–3. Some disorders that may present with reading difficulties

Developmental dyslexia
Phonological deficit primary
Reading impairment at the level of single-word decoding
Other components of language system intact (e.g., syntax, semantics)
Intelligence not affected and may be in superior or gifted range

Language-learning disabilitya

Primary deficit involves all aspects of language, both phonological and 
semantic syntactic

Reading difficulty at the level of both decoding and comprehension
Prominent language difficulties
Measures of verbal intelligence significantly affected by language 

deficit; may be in subaverage range

Acquired alexiab

Loss or diminution of reading ability
Result of trauma, tumor, or stroke (e.g., occlusion of posterior cerebral 

artery)
Several forms reflecting specific loci of neuroanatomical lesions (e.g., 

alexia with or without agraphia)
May be accompanied by other features reflecting locus and extent of the 

lesion

Hyperlexiac

Word-recognition ability substantially better than reading 
comprehension

Early intense interest in words and letters
Exceptional word-recognition ability, apparent by age 5 years
Very poor reading comprehension
Disordered language development, especially affecting aural 

comprehension
Deficits in reasoning and abstract problem-solving
Behavioral atypicalities affecting interpersonal relationships

aDiscussed in Catts and Kamhi (in press).
bDiscussed in Damasio and Damasio (1983).
cDiscussed in Aram and Healy (1988).
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do not easily acquire the basic phonological skills that are a pre-
requisite to reading; consequently, concepts such as phoneme
awareness must be taught explicitly. Operationally, this is accom-
plished with systematic and highly structured training exercises,
such as identifying rhyming and nonrhyming word pairs, blend-
ing isolated sounds to form a word, or conversely, segmenting a
spoken word into its individual sounds. Furthermore, it is now
recognized that awareness of phonemes is necessary but not suf-
ficient for learning to read (Gough and Tunmer 1986). In addition
to learning that words can be segmented into smaller units of
sound (phoneme awareness) and that these sounds are linked to
specific letters and letter patterns (phonics), children with dyslexia
require practice in reading stories, both to allow them to apply
their newly acquired decoding skills to reading words in context
and to experience reading for meaning (Lyon et al. 1997).

Several protocols differing in method, format, intensity, and du-
ration of the reading intervention are being tested in large-scale
studies; data from these trials should provide important informa-
tion to clarify further which specific programs are most effective
for particular groups of children with dyslexia (Lyon and Moats
1997). Large-scale studies to date have focused on younger chil-
dren; as yet, few or no data are available on the effect of these
training programs on older children. People with dyslexia and
their families frequently consult their physicians about unconven-
tional approaches to the remediation of reading difficulties; in gen-
eral, very few credible data support the claims made for these
treatments (e.g., optometric training, medication for vestibular
dysfunction, chiropractic manipulation, and dietary supplemen-
tation) (Silver 1995).

The management of dyslexia in students in secondary school,
and especially college and graduate school, is based on accom-
modation rather than remediation. College students with a history
of childhood dyslexia often present a paradoxical picture; they are
similar to their nonimpaired peers on measures of word recogni-
tion yet continue to have the phonological deficit that makes read-
ing less automatic, more effortful, and slow (Bruck 1992; Felton
et al. 1990). For these readers with dyslexia, the provision of extra
time is an essential accommodation; this time allows them to de-
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code each word and to apply their unimpaired higher-order cog-
nitive and linguistic skills to the surrounding context to grasp the
meaning of words that they cannot entirely or rapidly decode.
Although providing extra time for reading is by far the most com-
mon accommodation for people with dyslexia, other helpful ac-
commodations include allowing the use of laptop computers with
spelling checkers, tape recorders in the classroom, and recorded
books (materials are available from Recording for the Blind and
Dyslexic, 800-221-4792) and providing access to syllabi and lecture
notes, tutors to “talk through” and review the content of reading
material, alternatives to multiple-choice tests (e.g., reports or oral-
ly administered tests), and a separate, quiet room for taking tests.
With such accommodations, many students with dyslexia are now
successfully completing studies in a range of disciplines, includ-
ing medicine.

Conclusions and Implications

Within the last two decades, overwhelming evidence from many
laboratories has converged to indicate the cognitive basis for dys-
lexia: dyslexia represents a disorder within the language system
and, more specifically, within a particular subcomponent of that
system—phonological processing. Recent advances in imaging
technology and the development of tasks that sharply isolate the
subcomponent processes of reading now allow phonological pro-
cessing to be localized in the brain and, as a result, provide for the
first time the potential for elucidating a biological signature for
reading and reading disability.

The discovery of a neuroanatomical locus unique to phonolog-
ical processing has significant implications. At the most funda-
mental level, it is now possible to investigate specific hypotheses
regarding the neural substrate of dyslexia and to verify, reject, or
modify suggested cognitive models. From a more clinical perspec-
tive, the isolation of phonological processing in the brain and, with
it, a potential biological signature for dyslexia offers the promise
for more precise identification and diagnosis of dyslexia and ul-
timately a more successful treatment of this most common disor-
der in children, adolescents, and adults.
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The isolated nature of the phonological deficit in dyslexia has
important clinical implications. It means that other higher-order
cognitive functions such as vocabulary, reasoning, and conceptu-
alization and analytic abilities are not only intact but also often
highly developed. Many leaders in medicine and science, includ-
ing Loretta Bender, Carl Jung, Harvey Cushing, Helen Taussig,
Ron David, and Nobel Laureates Barry Benacerref and Niels Bohr,
have been dyslexic.
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Attention-deficit/hyperactivity disorder (ADHD) and learning
disorders (LD) are described in DSM-IV (American Psychiatric
Association 1994; pp. 46–63 and 78–85). Similar but not identical
conditions (see Arnold 1990) are described in the Individuals With
Disabilities Education Act (IDEA) statute, amendments, and reg-
ulations, which are reviewed in the 19th Annual Report to Con-
gress (U.S. Department of Education 1998, pp. 36-37). There, the
term disability (rather than disorder) is used, and the category labels
are “Other Health Impaired (OHI)” and “Specific Learning Dis-
abilities (SLD).”
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By either approach, these are probably separate conditions (Far-
aone et al. 1993; Felton and Wood 1989) that often co-occur in some
individuals (Cantwell and Baker 1992; Shaywitz et al. 1995), but
in some cases one may masquerade as the other (Pennington et al.
1993). To determine whether an individual has comorbid ADHD
and LD, evaluations of both are required (Fletcher et al. 1999).

The reported prevalence of the co-occurrence of ADHD and LD
(see Semrud-Clikeman et al. 1992) varies widely in the literature
(e.g., from 10% [Forness et al. 1992] to 90% [Silver 1981]). This wide
variation is probably the result of referral patterns to practitioners
with specialties that attract different types of complicated (comor-
bid) or uncomplicated (pure) cases. Clearly, another source of vari-
ation is the definition used for each disorder, which also produces
wide variation in the estimated prevalence of separate disorders—
from 1% to 20% for ADHD (see Swanson et al. 1998) and from 1%
to 30% for LD (see Kavale and Forness 1996; Lerner 1993).

Some guidelines for the assessment of ADHD are provided in
the practice parameters published by the American Academy of
Child and Adolescent Psychiatry (AACAP) in 1991 and revised
in 1997. Some guidelines for the assessment of LD are provided
in the practice parameters published by the AACAP in 1998. The
assessment of ADHD and LD differs in fundamental ways. The
assessment battery of the Multimodal Treatment Study for ADHD
(MTA Study; Hinshaw et al. 1997) provides an excellent example
to highlight these differences.

The assessment of ADHD is based on psychiatric interviews
and symptom rating scales. In the MTA battery, the instruments
used were the Diagnostic Interview Schedule for Children (DISC-
IV; Shaffer et al. 1993), which was administered to the parent, and
the Swanson, Nolan, and Pelham (SNAP-IV) rating scale (Swanson
1992), which was completed by both teacher and parent. Thus, the
basis for the diagnosis of ADHD is subjective assessment of be-
havior reported by caregivers, and no psychometric or psycholog-
ical tests are generally accepted for diagnosis (Baren and Swanson
1996). In contrast, the assessment of LD does use psychometric
tests of potential and achievement (American Academy of Child
and Adolescent Psychiatry 1998). In the MTA battery, the assess-
ment instruments used were the Wechsler Intelligence Scale for
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Children (WISC-III; Wechsler 1991) and the Wechsler Individual
Achievement Test-Screener (WIAT-S 1992). In this chapter, we de-
scribe how these specific assessment procedures for ADHD and
LD were applied to evaluate the large (N = 579) MTA sample of 7-
to 9-year-old children referred for ADHD. In particular, in this
chapter we will illustrate one component of the assessment of
LD—namely, the estimation of a discrepancy in ability and
achievement. Two methods are commonly discussed and used (see
Reynolds 1992): the simple difference method and the predicted
achievement method. The simple difference method is based on
the subtraction of achievement tests scores (e.g., reading, math rea-
soning, and spelling from the WIAT-S) from a measure of ability
(e.g., full-scale [FS] IQ from the WISC-III). In the predicted achieve-
ment method, the IQ scores are replaced by the estimated achieve-
ment test scores predicted by the IQ scores. These predictions are
based on the correlation between the ability–achievement mea-
sures and are presented in a table in the WIAT-S manual.

There are many controversies surrounding the use of discrep-
ancy scores in the assessment of LD. First, there are questions
about the validity of the discrepancy approach (see Fletcher et al.
1999; Lyon 1989; Stanovich and Segal 1994), so there is some con-
troversy whether any discrepancy method should be used. Sec-
ond, if a discrepancy approach is used, there is no consensus about
which of these two methods should be adopted. The choice of one
method over the other carries a bias that favors individuals with
low or high IQ. Third, for both methods different statistical as-
sumptions and formulas have been used to establish cutoffs for
“significant discrepancy,” and for a given statistical significance
level the number of cases identified by the two methods may be
very different. Therefore, we will point out at the beginning that
no specific discrepancy method is endorsed here. Instead, we are
providing examples of multiple methods used to characterize the
baseline assessment of LD in the MTA sample, and we propose
to evaluate these different approaches in the next stage of this
prospective follow-up study of ADHD children.

Also, our emphasis on discrepancy methods should not be mis-
construed as a primer for performing an assessment of LD or SLD.
Although a discrepancy between achievement and intellectual
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ability may be a reasonable place to begin, a comprehensive as-
sessment of deficits should include additional tests that measure
the underlying skill deficits that cause the disorder or disability
in the first place (see Lyon 1996 for a review). For example, specific
tests of phonological processing can reveal skill deficits that are
not revealed by common achievement tests. These skills deficits
are targets for interventions in programs designed to improve
reading proficiency (see Lovett et al., in press).

Current Guidelines for Educational Services

Because access to services in medicine and in education often is
based on diagnosis or labeling, operational definitions have been
proposed in medical manuals (e.g., DSM-IV; ICD-10 [World
Health Organization 1992]) and in federal law (e.g., IDEA) and
regulations (see U.S. Department of Education 1998). The histo-
ries of the definitions of ADHD and LD have been discussed in
the practice parameters (American Academy of Child and Ado-
lescent Psychiatry 1991, 1997, 1998), so only a short review is nec-
essary here.

The current definition of ADHD in DSM-IV evolved from the
definition of hyperkinetic reaction to childhood listed in DSM-II
(American Psychiatric Association 1968), which was renamed at-
tention deficit disorder (ADD) in DSM-III (American Psychiatric
Association 1980) and attention-deficit hyperactivity disorder
(ADHD) in DSM-III-R (American Psychiatric Association 1987).
An important advance occurred in the early 1990s: after decades
of differences, the specific symptoms listed in the two primary
psychiatric manuals (ICD-10 and DSM-IV) converged, so now the
same set of 18 are used around the world. The ADHD label was
retained in DSM-IV, but some changes were made in the criteria
to allow for three subtypes (inattentive, hyperactive/impulsive,
and combined). In ICD-10 (World Health Organization 1992), a
different label was used (hyperkinetic disorder [HKD], distur-
bance of activity and attention). Despite the use of the same symp-
toms for diagnosing ADHD and HKD, there are still differences
in decision rules for making a diagnosis in the areas of subtypes
and comorbid conditions, which are discouraged or not allowed
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by IDC-10 criteria and guidelines (see Swanson et al. 1998). The
criteria in both manuals include a cutoff in terms of a “symptom
count,” which in DSM-IV is set at 6 (or more) of the 9 symptoms
listed in either (or both) of the two domains of inattention and
hyperactivity/impulsivity. However, meeting this criterion alone
is not sufficient for a diagnosis. In addition, early onset (by age 7
years), impairment (in multiple settings), and long duration
(chronic not episodic presence) are specified as part of the complex
criteria for making a diagnosis of ADHD. Also, clinical experience
and expertise is required for sophisticated evaluation of comorbid
conditions and use of exclusion criteria (see Pliszka et al., in press).
There are many published discussions on diagnosis of ADHD (see
American Academy of Child and Adolescent Psychiatry 1998),
including a detailed discussion of the diagnostic methods of the
MTA study (see Hinshaw et al. 1997), so only an example (rather
than another discussion) will be presented here.

The current definition of LD in DSM-IV evolved from the def-
initions of specific developmental disorders (DSM-III) and aca-
demic skills disorders (DSM-III-R) (see Arnold 1990). In the
description of diagnostic features, the DSM-IV manual (p. 46) pre-
sents a clear position on the first controversy mentioned earlier
(i.e., whether the discrepancy approach should be used or not).
The manual states that learning disorders (i.e., reading disorder,
mathematics disorder, and disorder of written expression) are di-
agnosed when achievement is “. . . substantially below that ex-
pected for age, schooling, and level of intelligence,” and this
produces significant interference with daily activities. The critical
term “substantially below” is defined as “. . . a discrepancy of
more than 2 standard deviations between achievement and IQ.”
Thus, the DSM-IV manual recommends the simple difference
method of estimating ability–achievement discrepancy. In contrast,
ICD-10 (p. 244) recommends the predicted achievement method
by suggesting a comparison of actual achievement to “. . . the
average expected level of achievement for any given IQ level.”
This is even clearer in the companion manual for diagnostic cri-
teria for research (World Health Organization 1993, pp. 144–146),
in which the guidelines specify a discrepancy cutoff  “. . . that is
at least 2 standard errors of prediction below the level expected
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on the basis of the child’s chronological age and general intelli-
gence.” This DSM–ICD difference highlights the second contro-
versy mentioned earlier in this chapter—the lack of consensus
about which method should be used for estimating ability–
achievement discrepancy. However, both manuals provide lee-
way in the application of cutoffs. DSM-IV acknowledges that a
smaller discrepancy (“between 1 and 2 standard deviations”) is
often used when another disorder may compromise IQ and thus
make it more difficult to meet the stated cutoff of 2 standard de-
viations. ICD-10 acknowledges that the discrepancy requirements
are unlikely to be met “in routine clinical practice.” So, the third
controversy (i.e., the specification of cutoffs) is also reflected in
clinical assessment of LD. These three controversies will be ad-
dressed in the example presented in this chapter.

As reviewed briefly in the beginning of this chapter, the IDEA
uses disability categories to qualify students for services, rather
than disorder categories as in DSM-IV. The disability categories
that are relevant to this chapter are specific learning disability
(SLD) and other health impairment (OHI). However, qualifying
for the SLD or OHI disability category is not sufficient to qualify
for special education services under the IDEA. Also, the severity
of the disability must be evaluated to help determine whether the
disability adversely affects educational performance. Carefully
worded guidelines for specifying which students qualify for spe-
cial education and related services are based on laws (e.g., the
IDEA) and implementing regulations in the Code of Federal Reg-
ulations (CFR) (see U.S. Department of Education 1998).

The current definitions of SLD evolved from the federal defini-
tions of handicapping conditions (National Advisory Committee
on Handicapped Children 1968) that were incorporated into Public
Law 91-230 (Children With Specific Learning Disabilities Act 1969).
These definitions remained in the well-known Public Law 94-142
(Education for All Handicapped Children Act 1975), which was
renamed the Individuals With Disabilities Education Act in 1990
and recently was reauthorized by Public Law 105-17 (IDEA Amend-
ments 1997; Yell and Shriner 1997). The core features stated in the
CFR (Title 34 §300.7(c)(10)) are essentially the same as when they
were formulated in 1968: SLD is defined as “a disorder in one or
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more of the basic psychological processes involved in understand-
ing or in using language, spoken or written, that may manifest itself
in an imperfect ability to listen, think, speak, read, write, spell, or
to do mathematical calculations, including conditions such as per-
ceptual disabilities, brain injury, minimal brain dysfunction, dys-
lexia, and developmental aphasia. . . .” Two additional federal
statutes cover a broader range of disabilities: the Rehabilitation Act
of 1973 (section 504), a civil rights law that prohibits discrimination
on the basis of disability, and the Americans With Disabilities Act
of 1990 (Title II), which extends this prohibition to public entities,
including school districts.

The U.S. Department of Education offers guidance about the
statutes and regulations through letters and memoranda. The fed-
eral guidelines (e.g., Assistance to the States for Education of Chil-
dren With Disabilities; CFR, Title 34, Part 200) specify that the
assessment and review be performed by a qualified team, consist-
ing of professionals from the school (including the teachers who
know the child) as well as the parents of the child. If a disability
(e.g., SLD or OHI) is verified, then this team must develop an
individualized educational plan (IEP) tailored to meet the specific
needs of the child. These guidelines make it clear that the label
SLD refers to a complex condition that is not just one entity and
that comprehensive assessment and review of each child is re-
quired to determine if a disability exists.

The interpretation of the relationship of ADHD to the disability
categories in the educational statutes and regulations has been
controversial. Almost a decade ago, this was clarified by a mem-
orandum from the U.S. Department of Education (Davila et al.
1991). This memorandum was based on broad input generated by
a Notice of Inquiry on ADHD (Federal Register 1990) and provid-
ed guidance on how children with ADHD could be determined
eligible for services under two laws (i.e., part B of the IDEA and
section 504 of the Rehabilitation Act of 1973). As specified in the
1991 memorandum, if ADHD produced “limited alertness” that
seriously impaired school performance, then qualification under
part B of IDEA was possible in the OHI category. In the latest
statement of the regulations for IDEA (Code of Federal Regula-
tions, March 12, 1999), “limited alertness” was defined to include
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a heightened alertness to environmental stimuli resulting in lim-
ited alertness to relevant stimuli in the educational setting. If the
severity of impairment due to ADHD is not sufficient to qualify
for SED, SLD, OHI status under educational laws, then “504” ac-
commodations for ADHD in the regular classroom are directed
by the civil rights laws.

Even though official definitions exist in psychiatric manuals for
ADHD and LD, and in educational laws and regulations for OHI,
SED, and SLD, the methods to identify individuals with these dis-
orders or disabilities are controversial. Critical scientific issues
have been identified in the literature. With respect to ADHD/OHI,
a critical topic is the use of subjective impressions of symptoms
to establish severity of disorder (National Institute of Health 1998).
With respect to LD/SLD, a critical topic is the use of the ability–
achievement discrepancy approach to identify these conditions
and to recommend treatment (see Lyon 1989, 1996). We will ad-
dress these two topics in an example based on the MTA sample
of children with ADHD, and we will discuss some controversies
about statistical methods that have been applied for these diag-
nostic purposes. SED assessment of children is not addressed here.

Methods Used in the MTA to 
Evaluate ADHD and LD

In the MTA, the diagnosis of ADHD was based on a broad assess-
ment that included a structured psychiatric interview (the DISC-
IV) with the child’s parents. Among other criteria, the DISC-IV
evaluates each of the symptoms of ADHD according to the par-
ents’ judgment about its presence or absence and provides a
symptom count to determine whether DSM-IV criteria are met
(i.e., the presence of at least six of the nine symptoms of inat-
tention and at least six of the nine symptoms of hyperactivity-
impulsivity). In the MTA assessment, the parent interview pro-
vided information about the child’s behavior at home and at
school, but the teacher was not interviewed to provide direct di-
agnostic information. To supplement the DISC-IV interview, the
SNAP-IV was used to obtain directly from the teacher (as well as
from the parent) ratings of the 18 DSM-IV symptoms of ADHD.
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As shown in Table 4–1, the first 18 items on the SNAP-IV are the
specific DSM-IV criteria for ADHD, and the rating categories ask
for a judgment of degree of presence (not at all, just a little, pretty
much, or very much). If fewer than six symptoms were endorsed
on either domain on the parent DISC-IV, then a score of 2 (pretty
much) or 3 (very much) on the teacher-completed SNAP-IV rating
scale was taken as evidence of symptom presence for up to two
additional ADHD symptoms in either domain.

Controversy exists regarding the combination of information
from rating scales and structured interviews to make psychiatric
diagnoses. A primary purpose of a structured interview (such as
the DISC-IV) is to provide qualitative information for a categorical
diagnosis (e.g., for ADHD, presence of at least six of nine symp-
toms of inattention and/or hyperactivity-impulsivity as stated in
DSM-IV). Typically, the interview is with the parent, who conveys
information about the child in the home and school setting. In
contrast, a primary purpose of a rating scale is to provide quan-
titative information about severity of symptoms in a domain (e.g.,
the average rating per item on a 0–3 scale). Typically, ratings are
obtained directly from two sources (parents and teachers), but
there is no consensus about the rating category that denotes “pres-
ence” (see Gaub and Carlson 1997; Pelham et al. 1993; Wolraich
et al. 1996) or how to combine these two sources (see Swanson et
al. 1999). Despite similar content (i.e., the ADHD symptoms), the
information obtained using these two methods (interviews and
ratings) is not always consistent.

Even when the same method or instrument is used, information
from different sources is not always consistent. This results in low
parent–teacher correlation (e.g., about 0.30) of ratings of problem
behaviors (see Achenbach 1987). The source differences may be
partially due to situational differences in behavior rather than to
deficiencies in rating scales. However, different levels of tolerance
for disruptive behavior, different ulterior motives for adjusting
ratings to be lower or higher, and other factors certainly contribute
to low correlation of parent and teacher ratings. A brief interview
with both sources about disagreements at the item level is recom-
mended to clarify and understand the expected source differences
in subjective ratings of psychopathology (see Swanson et al. 1999).
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Table 4–1. Swanson, Nolan, and Pelham (SNAP-IV) rating scale

Name: _________________________________________________________________ Gender: _________ Age: _________ Grade: _________
Ethnicity: ❏ African American ❏ Asian ❏ Caucasian ❏ Hispanic ❏ Other___________________________________
For Teacher: Completed by: _______________________________________ Type of class: __________________________ Class size: _______ 
Telephone # at school: ___________________ Recommended times for follow-up call: ____________________________________________
For Parent: Completed by: ________________________________________  # Parents living in home: __________  Family size: ________
Period of time covered by rating: ❏ Past week ❏ Past month ❏ Past year ❏ Lifetime ❏ Other _____________________________

For each item, check the column that best describes this child: Not At 
All

Just A 
Little

Pretty 
Much

Very 
Much

1. Fails to give close attention to details or makes careless mistakes in schoolwork or tasks ____ ____ ____ ____
2. Has difficulty sustaining attention in tasks or play activities ____ ____ ____ ____
3. Does not seem to listen when spoken to directly ____ ____ ____ ____
4. Does not follow through on instructions and fails to finish schoolwork, chores, or duties ____ ____ ____ ____
5. Has difficulty organizing tasks and activities ____ ____ ____ ____
6. Avoids, dislikes, or reluctantly engages in tasks requiring sustained mental effort ____ ____ ____ ____
7. Loses things necessary for activities (e.g., toys, school assignments, pencils, or books) ____ ____ ____ ____
8. Is distracted by extraneous stimuli ____ ____ ____ ____
9. Is forgetful in daily activities ____ ____ ____ ____
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Not At 
All

Just A 
Little

Pretty 
Much

Very 
Much

10. Fidgets with hands or feet or squirms in seat ____ ____ ____ ____
11. Leaves seat in classroom or in other situations in which remaining seated is expected ____ ____ ____ ____
12. Runs about or climbs excessively in situations in which it is inappropriate ____ ____ ____ ____
13. Has difficulty playing or engaging in leisure activities quietly ____ ____ ____ ____
14. Is “on the go” or often acts as if “driven by a motor” ____ ____ ____ ____
15. Talks excessively ____ ____ ____ ____
16. Blurts out answers before questions have been completed ____ ____ ____ ____
17. Has difficulty awaiting turn ____ ____ ____ ____
18. Interrupts or intrudes on others (e.g., butts into conversations/games) ____ ____ ____ ____

For the MTA, the four-point response on the SNAP-IV was scored 0–3 (not at all = 0, just a little = 1, pretty much = 2, and very much =
3). Subscale scores were calculated by summing the scores on the items in each domain (i.e., items 1–9 for inattention and items 10–18
for hyperactivity/impulsivity) and dividing by the number of items (i.e., 9). In a local normative control group (LNCG) recruited from
classmates of the MTA subjects, the 95th percentile cutoff for teacher ratings were 2.6 for inattention and 1.9 for hyperactivity/impas-
sivity. For parent ratings, the 95th percentile cutoffs were 1.8 for inattention and 1.3 for hyperactivity/impulsivity. In subsequent use of
the SNAP-IV, the rating category “pretty much” was replaced by “quite a bit” and the word “often” was added to items to create an
identical match with the DSM-IV symptom list (see Pliszka et al. 1999; Swanson et al. 1999). These changes had little impact on school-
wide norms derived from teacher ratings.

Table 4–1. Swanson, Nolan, and Pelham (SNAP-IV) rating scale (continued)
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For a psychiatric diagnosis of ADHD, in addition to presence,
severity and impairment in at least two settings must be verified.
The data from the MTA study reveal some potential problems
with ratings of ADHD symptoms used for this purpose. Figures
4–1A (teacher ratings) and Figure 4–1B (parent ratings) show the
distributions of ADHD symptom-severity scores in an LNCG re-
cruited from classmates of the MTA subjects. For this control
group, instead of the normal distribution (a symmetric, bell-
shaped curve) the negative binomial (or “contagious poisson”)
distribution (a skewed, J-shaped curve) provides the best fit (see
McCleary et al., unpublished observations, 2000).

As shown in Figure 4–1, almost all control children have scores
less than 1.0 (i.e., ratings less than “just a little”) on the SNAP-IV
rating scale. This distribution of scores should be expected for any
rating scale of psychopathology, in which the items are defined
as problem behaviors that are not present in the vast majority of
children in the general population. As a consequence, the use of
usual statistics to identify the extreme upper end of the distribu-
tion (e.g., the mean ± 1.65 SD, represented by a z-score of 1.65 or
the equivalent T score of 66.5) will identify more than the expected
number of students with extreme scores. An evaluation of the
LNCG demonstrates the impact of this in the MTA example: in-
stead of the expected 5%, the mean ± 1.65 SD cutoff for overall
severity of the 18 symptoms identified almost 10% of this sample
of the 7- to 9-year-old school population in the extreme range. It
is likely that the psychometric properties of any rating scale of
psychopathology would have the same bias toward overidentifi-
cation by statistical cutoffs. To guard against this, percentile cut-
offs are recommended (see Swanson et al. 1999).

In addition to this complication about severity estimates based
on norms, the use of rating scales is complicated by low correlation
between parent and teacher ratings of clinical cases (see above).
The differences between parents’ and teachers’ subjective reports
of behavior contribute to a “disconnect” in the assessment of
ADHD children (National Institute of Health 1998). The use of
interviews to ask both sources about discrepancies has been rec-
ommended as one way to reduce this type of disconnect between
home and school sources (see Swanson et al. 1999), but even then
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Figure 4–1. Distribution of Swanson, Nolan, and Pelham (SNAP-IV) ratings for the Multimodal Treatment Study for
ADHD (MTA Study) Local Normative Control Group (LNCG). Inatt = inattention; Hyp/Imp = hyperactivity-impulsivity.
These data are for 169 of the 288 LNCG subjects for whom parent and teacher ratings were available.
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complete agreement is not expected due to situational differences
in behavior. This is a problem because DSM-IV criteria require
confirmation of symptoms in more than one setting (usually the
home and school). However, no consensus exists about how to
reconcile the expected differences in parent and teacher ratings.
For example, use of the “and” rule (to accept as symptoms only
those items with high ratings by both sources) reduces the number
of cases meeting severity criteria to a very low percentage of the
school-aged population (see Leung et al. 1996, 1998), whereas use
of the “or” rule (to accept as symptoms all items with high ratings
by either source) might increase the number of cases to an unac-
ceptably high percentage.

In the MTA procedure, a combination of the parent interview
and a partial “or” rule was used (see MTA Cooperative Group
1999a): if the DISC-IV interview identified at least 10 but fewer than
12 symptoms (because 6 are needed in each subtype: inattention or
hyperactivity-impulsivity), then high teacher ratings on the SNAP-
IV (“pretty much” = 2 or “very much” = 3) on up to two items not
endorsed by the parents were allowed to contribute to meeting the
inclusions criteria for a diagnosis of ADHD, combined type.

The use of psychometric test data to characterize the MTA sample
has not been discussed in detail elsewhere, so a preview of the issues
and problems is presented here. The MTA investigators decided
not to engage in a formal evaluation of SLD, which is rightfully the
role of a qualified team and requires the interpretation of compre-
hensive assessments and a review of the school history of the child.
Instead, we performed one component of the assessment by apply-
ing several methods to obtain ability–achievement discrepancies
that are specified in educational regulations (for SLD) and psychi-
atric manuals (for LD). As discussed above, a significant discrepancy
alone certainly does not identify LD or SLD. For example, a clinical
evaluation may override the absence of an ability–achievement dis-
crepancy based on the impact of a comorbid condition on estimates
of IQ (see DSM-IV). Also, a team evaluating a child’s need for spe-
cial education services may override ineligibility based on the lack
of a significant discrepancy (see U.S. Department of Education
1998). In fact, this often occurs (see Gresham and Witt 1997; Mac-
Millian and Speece, in press; MacMillian et al. 1996, 1998).
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So, we should repeat that our example of using different ability–
achievement discrepancy methods is not an endorsement of these
procedures. Instead, we adopted a strategy of applying different
discrepancy approaches to the MTA sample at baseline to identify
subgroups that can be followed over time to evaluate the useful-
ness of these measures for predicting outcome or identifying mod-
erators of treatment effects. We are aware that some critics of the
discrepancy approach (e.g., see Fletcher et al. 1999) have recom-
mended the use of low achievement alone to identifying children
in need of special education services. This approach has been used
alone or in combination with a discrepancy approach (see Barkley
1998; B. S. G. Molina and W. E. Pelham, unpublished observations,
2000). In follow-up investigations of the MTA sample, we will eval-
uate some of these alternative and/or hybrid approaches as well.

In the MTA assessment battery, we used the WISC-III to provide
measures of full-scale IQ as well as subscales of verbal IQ and
performance IQ. We used the WIAT-S to provide three subscales
as measures of achievement (reading, math reasoning, and spell-
ing). One reason that WISC-III and the WIAT-S were chosen for
the MTA assessment battery was that their norms were collected
on the same sample of cases (n = 1,888), which provided estimates
of the correlation (r) between any two IQ and achievement mea-
sures. As discussed below, these correlations are necessary for
some methods of calculating ability–achievement discrepancies.

We do realize that other achievement tests may be used more
widely than the WIAT-S, as suggested by the practice parameters
for learning disorders (American Academy of Child and Adoles-
cent Psychiatry 1998). For example, the Woodcock-Johnson
Psycho-Educational Battery (Woodcock and Johnson 1989) is
more commonly used by schools to assess students. Also, it is
perplexing that some other tests of achievement (e.g., the Wide
Range Achievement Test [WRAT]) may yield substantially more
cases with a significant discrepancy than the WIAT (see Bocian et
al. 1999). Thus, the selection of a particular achievement test is
likely to affect the magnitude of IQ–achievement discrepancies
measured by the test.

After selecting the psychometric instruments, it is necessary to
make another decision to select a discrepancy method. The two
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primary methods for calculating ability–achievement discrepan-
cy are the simple difference method and the predicted achieve-
ment method described previously. In the WIAT-S manual, tables
are provided to help the user implement either method. As amply
discussed in the literature (see Reynolds 1992), the predicted
achievement method and the simple difference method are based
on different assumptions and expected to yield different results.
In this chapter, we provide examples for both methods to show
how they differ when applied to the large MTA sample.

In our example of the simple difference method, we used the
standard scores for full-scale IQ and the standard scores for read-
ing, math reasoning, and spelling from the WISC-III and WIAT-
S. For both of these instruments, the scores are standardized so
that the norm sample has a mean of 100 and a standard deviation
of 15. According to this method, a WIAT standard score is sub-
tracted from a WISC standard score to obtain the simple difference
discrepancy. This is the method recommended in DSM-IV.

The predicted achievement method makes adjustments based
on the correlation of the IQ and achievement test score, which
takes into account the concept of “regression to the mean.” In the
WIAT-S manual, Table C.1 (p. 164) provides the predicted achieve-
ment test scores for WISC full-scale IQ values from 40 to 160. In-
spection of the tabled values shows that predicted achievement
is lower than IQ for above-average ability (i.e., for IQ = 115, the
predicted reading achievement is 109) and higher than IQ for
below-average ability (i.e., for IQ = 85, the predicted reading
achievement is 91). The magnitude of the adjustment is inversely
related to the correlation between IQ and the specific achievement
tests, so for a given IQ smaller adjustments are made for the math
reasoning subtest (r = 0.72) than for the reading (r = 0.60) or spell-
ing (r = 0.52) subtests of the WIAT-S.

After an ability–achievement discrepancy is calculated, either
by the simple difference method (IQ minus actual achievement)
or by the predicted achievement method (predicted achievement
minus actual achievement), it is compared with a cutoff value. In
the WIAT-S manual, cutoff values are provided in Table C.4 (for
the predicted achievement method) and Table C.6 (for the simple
difference method). The statistical assumptions and formulas
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used to establish the cutoffs in Tables C.4 and C.6 are different for
the two methods (see pp. 80–81 of the WIAT-S manual). Because
these procedures are complex and have been discussed elsewhere
(Reynolds 1992) and in the WIAT manual, only the results (in
terms of relative magnitude of the cutoffs for the two methods)
are discussed here.

The entries in Tables C.4 and C.6 provide the magnitude of dis-
crepancies that are required for statistical significance for P values
of 0.05 and 0.01. The cutoffs vary somewhat across age (due to
slightly different correlations in the norm sample), but each table
provides an average cutoff summarizing the effects across age.
The two methods have very different cutoffs for the reading and
spelling subtests, but not for the math reasoning subtest. For ex-
ample, the P = 0.01 cutoffs for the predicted achievement method
(see WIAT-S, Table C.4) are 20.60 for reading, 20.74 for spelling,
and only 13.59 for math reasoning. In contrast, for the simple dif-
ference method (see WIAT-S, Table C.6) the cutoffs for significant
discrepancies are lower for reading (13.78) and spelling (15.09)
but higher for math reasoning (15.56).

In our example, we noticed several peculiarities in the WIAT-S
manual and procedures that deserve mention but not detailed dis-
cussion in this chapter. First, we noticed that the headings of the
two crucial tables (C.4 and C.6) mistakenly included a reference
to a “composite score.” This apparently was a mistake made when
the heading from the complete WIAT manual was duplicated in
the WIAT-S manual, but the naïve user should be warned to avoid
confusion. Second, we noticed that the relationship among the
WIAT subtests was different for the two methods, primarily due
to the math reasoning subtest (which for the predicted achieve-
ment method had lower cutoff values than reading or spelling but
for the simple difference method had higher values). We investi-
gated this and decided it was due to the combination of two psy-
chometric properties of the WIAT, both of which are incorporated
into the formula for calculating a cutoff for the predicted achieve-
ment method: the correlation with IQ (which for math reasoning
was the highest correlation of the three WIAT subtests) and the
test–retest reliability (which for math reasoning was the lowest).
Both of these relationships operated to reduce the relative size of
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the math reasoning cutoff when applying the formula for the pre-
dicted achievement method but not for the simple difference
method. This is an interesting statistical-methodological point
about the predicted achievement method, which we plan to dis-
cuss in more detail elsewhere.

An Example From the MTA Study

The assessment of the MTA sample provided IQ and achievement
scores for more than 500 children with ADHD, combined type.
We use this sample to provide examples of the simple difference
and the predicted achievement methods for estimating ability–
achievement discrepancies. In Figure 4–2, we present the distri-
butions of scores from the WISC IQ tests (on the left) and the
WIAT-S achievement tests scores (on the right) for the MTA sam-
ple. These data are for 7- to 9-year-old children with ADHD, com-
bined type, and scores were available on 525 of the 579 individuals
in the sample.

The three graphs on the left show that the distributions of IQ
scores for the MTA sample are approximately normal. The slight
rightward skewness was most likely due to an exclusion criterion
that set the lower bound of 80 on at least one of the IQ measures,
unless overridden by a higher score on the Scales of Independent
Behavior (SIB) (Bruininks et al. 1985). Full-scale, verbal, and per-
formance IQ all were slightly (but not significantly) above the ex-
pected mean (about 100) with the expected SD (about 15). Thus,
the MTA sample provides a large group of children with normal
ability for this example on discrepancy analysis.

The three graphs on the right show the distributions for the
three WIAT subtests. In the MTA sample, these distributions had
slightly lower means than the IQ distributions and slightly greater
rightward skewness. In the graphs, the cases identified by low
achievement (85 or less) are shaded: about 20% (n = 104) had low
reading scores, about 17% (n = 88) had low math scores, and about
23% (n = 124) had low spelling scores. When all three tests were
considered, 32.8% of the sample had a low achievement test score
on at least one subtest of the WIAT. These are the cases that would
be identified for special services by the “low achievement” criteria
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that have been recommended for use instead of the discrepancy
approach (see Fletcher et al. 1999).

In Figure 4–3, we present the distributions of the discrepancies
for the predicted achievement method (on the left) and the simple
difference method (on the right). These distributions are quite sim-
ilar for the two methods, which is expected. For both methods the
mean discrepancy is positive (from 2.74 to 9.92 points), indicating
slight underachievement for the overall group.

For both methods, the P = 0.05 and P = 0.01 cutoff values (taken
from Tables C.4 and C.6) are shown in the graphs for reading, math
reasoning, and spelling. Despite the similarity of the distributions
of discrepancies for the two methods, the percentages of the MTA
sample with “significant discrepancies” are very different for the
reading and spelling subtests of the WIAT-S. For these two
achievement tests, the simple difference method identifies about
twice as many children with significant discrepancies as the pre-
dicted achievement method. The relative difference is larger for
the strict (P = 0.01) cutoffs (close to 28% vs. 11% for both reading
and spelling) than for the P = 0.05 cutoffs (close to 36% vs. 19%).
These large differences are due to different magnitudes of the cut-
offs, not to differences in the distributions of discrepancies. On the
math reasoning test, the percentages of the MTA sample exceeding
the cutoffs are about the same for the two methods (22% vs. 18%
for the P = 0.05 cutoffs and 14% vs. 13% for the P = 0.01 cutoffs).

To relate these groups of ADHD cases with “significant discrep-
ancies” to the group with low achievement, we calculated the
number of cases with low achievement (using 85 as the cutoff) that
also had significant discrepancies with low or high achievement.
Surprisingly, more low-achievement cases were identified by the
simple difference method than the predicted achievement method
for the reading and spelling subtests. For the P = 0.05 cutoffs, out
of the 104 cases with low reading achievement, the simple differ-
ence method identified 58 and the predicted achievement method
identified 45; for the 124 cases with low spelling achievement,
the simple difference method identified 65 and the predicted
achievement method identified 60. In contrast, for the 88 cases
with low math reasoning achievement, the simple difference
method identified only 27, whereas the predicted achievement
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Figure 4–2. Distributions of WISC-III IQ scores (left) and WIAT-S 
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achievement test scores (right) for the MTA sample.
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Figure 4–3. Distributions of the predicted achievement discrepancies and
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simple difference discrepancies in the MTA sample.
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method identified 41. The number of low achievement cases iden-
tified by these cutoffs depended on the placement of the cutoffs
by the assumptions and formula by the two methods (as discussed
above) as well as by the adjustments based on predicted achieve-
ment (which depended on the correlation of IQ with the different
subtests).

The use of the WIAT spelling subtest is problematic (Kavale
and Forness 1996), because a discrepancy in spelling alone does
not meet the IDEA eligibility criteria for SLD. Often, just the read-
ing and math reasoning are considered to see how many children
in a sample would have a significant discrepancy in either of these
two tests. We calculated the percentage of cases exceeding the
cutoff on either the reading or math reasoning discrepancy for
both ability–achievement discrepancy methods. The percentages
were higher for the simple difference method than for predicted
achievement method for the P = 0.05 cutoffs (28.8% vs. 41.1%) and
the P = 0.01 cutoffs (32.6% vs. 18.5%).

The cutoffs for the predicted achievement method and the sim-
ple difference method are based on very different assumptions,
and this makes it difficult to compare the overall number or per-
centage of cases identified by these methods. To put these methods
on an equal footing, the percentile cutoffs shown in Tables C.5 and
C.7 in the WIAT-S manual can be used. The magnitude of the cutoff
values provided for these two tables is similar (for 1% of the pop-
ulation, standard score differences of 23, 21, and 25 for the pre-
dicted achievement method and 29, 24, and 31 for the simple
difference method; for 5% of the population, 16, 15, and 17 for the
predicted achievement method and 18, 17, and 21 for the simple
difference method). A comparison of Tables C.5 and C.7 indicates
that the percentile cutoffs for the simple difference method are
larger than for the predicted achievement method—the opposite
of the comparison of the two methods based on the statistical cut-
off values given in Tables C.4 and C.6.

Discussion
This example from the MTA study provides some information
that might be relevant for the psychiatrist performing an assess-
ment of ADHD and LD according to the criteria in DSM-IV. The
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results have implications for the use of both rating scales and psy-
chometric tests in the assessment of children with ADHD and LD.

First, the assessment of the MTA control group (the LNCG) pro-
vided norms for assessing the severity of ADHD symptoms. In the
MTA example, we demonstrated that the ratings of symptom se-
verity (by parents and teachers) in the LNCG were not normally
distributed. If statistical applications assuming a normal distribu-
tion were used with these norms, the severity of ADHD relative to
the control population would be overestimated. Thus, this example
from the MTA demonstrates how the use of rating scales alone
could result in overidentification of extreme cases, and we recom-
mended the use of percentile cutoffs to avoid this statistical artifact.
Of course, the MTA assessment procedure did not rely on ratings
of symptoms alone. We used other methods in addition to a symp-
tom rating scale (e.g., telephone screening, the DISC-IV interview,
a clinical review) to assess symptoms of ADHD. The broad and
rigorous assessment clearly prevented overidentification in this
sample: in the assessment of the MTA cases at baseline on the
SNAP-IV, the average severity was well beyond the 95th percentiles
established for the LNCG. However, our example stands as a warn-
ing against the use of a rapid, limited assessment based on rating
scales alone, which may seem attractive in the climate of managed
care that drives the search for efficiency. Such a limited assessment
could produce false efficiency due to overidentification.

Second, the MTA example presented here provides some needed
information about the percentage of ADHD children with signifi-
cant ability–achievement discrepancies. The sparseness of data on
this topic is shown in the WIAT-S manual, which presents infor-
mation on an extremely small and not-well-documented sample
of 22 children with ADHD who were evaluated with the WISC-III
and WIAT-S. Based on the use of the predicted achievement meth-
od and the P = 0.05 cutoffs, half of this sample (11/22 = 50%) had
at least one significant discrepancy on the WIAT-S subtests. When
the same procedures were used with the MTA sample, only a third
of this larger and well-characterized sample (178/529 = 33.9%) had
at least one significant discrepancy. This lower percentage is con-
sistent with a recent report by Molina and Pelham (B. S. G. Molina
and W. E. Pelham, unpublished observations, 2000) of assessment
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of LD in a clinical sample of 109 ADHD children being followed
to track substance abuse. Of course, multiple factors could account
for differences across these ADHD samples, including the subtypes
of ADHD in the sample, the referral sources that contributed cases
to the sample, and other factors (see Semrud-Clikeman et al. 1992).
However, the characteristics of the MTA sample (e.g., operational
definitions of ADHD and LD, a broad recruitment strategy, large
size) provide an improved estimate of comorbidity of these two
conditions. This may have some practical significance for predict-
ing the percentage of follow-up assessments of LD that may be
required in a clinical sample of ADHD children.

Third, the application of different ability–achievement discrep-
ancy methods in the large MTA sample provides an empirical
basis for demonstrating differences between the methods. The
simple difference method (which is recommended in DSM-IV)
yielded a higher percentage of cases with significant discrepancies
than the predicted achievement method (which is recommended
in ICD-10). The difference was large: when all three subtests of
the WIAT-S were considered using the P = 0.05 cutoffs (as in the
example above), 46.5% of the MTA sample had at least one signif-
icant discrepancy by the simple difference method compared with
33.9% for the predicted achievement method. Thus, a psychiatrist
should be aware that the diagnosis of comorbid LD might be in-
creased by over 30% if the simple difference method is used in-
stead of the predicted achievement method. This difference may
contribute to the lower rates of comorbidity of disorders expected
from ICD-10 criteria than from DSM-IV criteria (see Swanson et
al. 1998). In addition, the choice of method sets a policy that affects
which ADHD cases may receive a comorbid diagnosis of LD: the
predicted achievement method carries a bias in favor of the low
IQ cases and the simple difference method carries a bias in favor
of the high IQ cases. When used in the assessment of SLD for
access to special education services, both of these “method biases”
should be recognized by a sophisticated child assessment team,
so recommendations to the schools based on a clinical assessment
of psychiatric disorders should take these factors into account.

Fourth, as discussed in the literature (Fletcher et al. 1999; Lyon
1989; Stanovich and Segal 1994), the validity of discrepancy anal-
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ysis to identify LD/SLD has not been established, despite its prom-
inent place in psychiatric manuals for evaluation of LD and
educational regulations for identification of SLD. In the MTA ex-
ample, about 33% of the sample had at least one low-achievement
test score (defined by a cutoff of 85)—about the same percentage
of the MTA sample with at least one significant discrepancy using
the predicted achievement method with a P = 0.05 cutoff. However,
the children identified by these two approaches were not the same.
The prospective nature of the MTA study will provide a way to
perform a rigorous test of usefulness of the low achievement meth-
od, as well as different ability–achievement discrepancy methods
when applied to assess ADHD and LD in a large sample of children
with ADHD. The evaluation of the MTA sample over time may
prove to be a rich source of information about the school-based
identification of disabilities in children with ADHD. We plan to
collect information on eligibility classifications (SLD, OHI, or other
categories) determined by the schools, the nature of special edu-
cation services received, and the successes and difficulties in aca-
demic and social domains and to use this information to evaluate
the different methods for defining comorbid ADHD and LD.

Fifth, the MTA example can provide some information on treat-
ment effects on academic achievement as well as LD status. For
example, the primary analyses (MTA Cooperative Group 1999a)
revealed that on measures of WIAT-S reading, combined treat-
ment was significantly better than either unimodal treatment over
the 14-month phase of intensive intervention. However, in the
companion moderator analyses (MTA Cooperative Group 1999b),
there was no evidence that this treatment response was different
for subgroups defined by LD status at baseline. Because the full
MTA assessment battery was repeated at the end of treatment, the
impact of interventions on LD status could be evaluated. L. Hecht-
man and colleagues (unpublished observations, 2000) reported
that the systematic MTA treatments reduced ability–achievement
discrepancies more than the varied and unsupervised interven-
tions provided in the community. Further follow-up is planned,
which could provide some crucial information about the long-
term impact of comorbid LD on pharmacological, psychosocial,
or combined treatment of children with ADHD.
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Chapter 5

Language, Reading, and 
Motor Control Problems in 
ADHD
A Potential Behavioral Phenotype

Rosemary Tannock, Ph.D.

Attention-deficit/hyperactivity disorder (ADHD) frequently is
associated with problems in various neurodevelopmental
domains, such as speech, language, motor skills, and academic
functioning (e.g., reading, spelling, arithmetic) in addition to the
core behavioral symptoms of inattention and/or hyperactivity-
impulsivity (Cantwell and Baker 1991; Denckla et al. 1985; Hin-
shaw 1992; Landgren et al. 1996; Piek et al. 1999; Tannock and
Brown, in press; Tannock and Schachar 1996). These problems
may be sufficiently severe and impairing to meet the diagnostic
criteria for one or more of the following disorders differentiated
by DSM-IV (American Psychiatric Association 1994) or the equiv-
alent category in ICD-10 (World Health Organization 1992): com-
munication disorders, learning disorders, or motor skills disorder.
How are we to account for the complex interrelationships among
all of these domains of difficulty, which are conceptualized cur-
rently as distinct disorders with implied differences in etiology
and treatment requirements?

Historically, these various developmental problems, including
attention and behavior problems, were grouped under the um-

This work was supported in part by a Medical Research Council of Canada Sci-
entist Salary Award and project grants from the Medical Research Council of
Canada (MT 13366) and National Institutes of Health (HD31714).
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brella term minimal brain dysfunction (MBD) (Clements 1966). Be-
cause of the lack of empirical evidence of central nervous system
(CNS) dysfunction, the concept of MBD fell into disrepute, and
the various domains of dysfunction were identified and given sep-
arate diagnostic definitions (reviewed by Kalverboer 1993;
Rispens and Yperen 1997; Schachar 1986). Four major areas of dys-
function previously subsumed under the term MBD have been
investigated: 1) disruptive behavior problems, such as ADHD,
oppositional defiant disorder (ODD), and conduct disorder;
2) communication problems, such as receptive and/or expressive
language disorder; 3) learning problems, including dyslexia (read-
ing disorder), dyscalculia (mathematics disorder), and disorder
of written expression; and 4) motor control problems, such as de-
velopmental coordination disorder.

Several critical findings have emerged from empirical investi-
gation of the four separate areas. First, epidemiological and clin-
ical studies indicate that each of these clinical entities is prevalent
and causes marked impairment (e.g., Bird et al. 1988; C. Gillberg
et al. 1982; Landgren et al. 1996; Lewis et al. 1994; S. E. Shaywitz
et al. 1990; Szatmari et al. 1989). Second, each of the clinical con-
ditions shows marked heterogeneity, with marked overlap of
problems both within and across each of these domains. For ex-
ample, children with ADHD frequently have comorbid ODD or
conduct disorder; reading disorder frequently co-occurs with
mathematics disorder and disorder of written expression; ADHD
frequently co-occurs with learning disorders and communication
disorders; and developmental coordination disorder is often as-
sociated with specific language-learning disorders, attention and
behavior problems, and visuoperceptual problems (e.g., Cantwell
and Baker 1991; Denckla et al. 1985; Fletcher-Flinn et al. 1997;
Kadesjo and Gillberg 1998, 1999; Ludlow et al. 1983; Wolff et al.
1995, 1996). Third, each domain of dysfunction has been found to
persist into adolescence and adulthood (albeit with age-related
changes in its manifestation) and to continue to show marked co-
occurrence with the other domains (e.g., Bruck 1992; Caspi et al.
1996; Hellgren et al. 1994; Losse et al. 1991; Wagner et al. 1994;
Weiss and Hechtman 1993). Finally, each domain of dysfunction
exhibits overlapping patterns of familiality (e.g., Landgren et al.
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1998; Wolff et al. 1995, 1996) with at least preliminary evidence of
heritability and an association with genetic factors (e.g., Bishop et
al. 1995; Cardon et al. 1994; Cook et al. 1995; Grigorenko et al. 1997;
LaHoste et al. 1996; Smith et al. 1994; Swanson et al. 1998; Wolff
and Melngailis 1994).

In this chapter, I focus on the complex interrelationships among
ADHD, communication disorders, reading disorder, and devel-
opmental coordination disorder. I also address the considerable
overlap between ADHD and the combination of deficits in atten-
tion, motor control, and perception (termed DAMP) that is recog-
nized in Nordic countries. A comprehensive review of each of
these domains and their overlap with ADHD is beyond the scope
of this chapter; readers are referred to existing reviews (e.g., Bish-
op 1992; Cantwell and Baker 1991; Rasmussen and Gillberg 1999;
Tannock and Schachar 1996). Rather, following a comment on sev-
eral critical characteristics of ADHD and possible explanations
for the observed co-occurrence of ADHD and these developmen-
tal problems, I summarize the extent and nature of the overlap of
language, reading, and motor control impairments in ADHD.
Next, the effect of stimulants on these associated problems is re-
viewed. Finally, in this chapter, I consider whether cerebellar dys-
function could be a possible explanation for the overlap of
inattention/hyperactivity, speech/language problems, reading
difficulties, and motor control problems and whether this constel-
lation of problems reflects a behavioral phenotype.

Reflection on Two Critical Characteristics of 
ADHD: Variability and Comorbidity

The defining behavioral characteristics of inattention and
hyperactivity-impulsivity in ADHD have been well documented
(e.g., American Psychiatric Association 1994; World Health Orga-
nization 1992). By contrast, the most salient characteristic of vari-
ability or rapid fluctuation of these behavioral symptoms over
time and across situations has received scant attention. For exam-
ple, the most hyperactive child can be transformed suddenly into
a lethargic, silent, hypoactive youngster when confronted with
tasks requiring sustained concentration and effort, but he or she
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then races noisily out of the room when given permission to go
to the washroom or watch television. Ironically, the critical thresh-
olds for determining symptom presence and severity have been
criticized because they are expressed by imprecise terms such as
often, frequently, or pretty much, without further specification. Yet
these terms capture precisely the essence of ADHD—variability
in symptom expression.

In addition to the behavior problems, a wide range of neuro-
psychological deficits have been documented in ADHD, particu-
larly in higher-order executive functions associated with control
of motor responses (planning, inhibition) and working memory
(e.g., Oosterlaan et al. 1998; Pennington and Ozonoff 1996; see also
Purvis and Tannock 2000). Impairments are evident on tasks that
require seemingly very different types of processing: those that
require fast and accurate processing of information (e.g., Contin-
uous Performance Test, stop-signal paradigm) and those that re-
quire slow and careful processing (e.g., paired associative learning
tasks). Moreover, the terms impairment and deficit typically refer
to inefficient performance, not to an incapacity. Inefficient perfor-
mance, as reflected by slow, highly variable, and inaccurate response
latencies, is one of the most robust findings in cognitive studies of
ADHD across different tasks, laboratories, and cultures (Tannock,
in press [NIH Consensus]). This cognitive profile is inconsistent
with the common clinical assumption that ADHD is associated
with a fast, careless, and impulsive style of responding.

A comment on the prevalence of comorbidity in ADHD also is
warranted. The phenomenon of comorbidity raises concerns about
possible weaknesses in the current nosological systems (Caron and
Rutter 1991; Nottelman and Jensen 1995). Several competing hy-
potheses have been proposed as general explanations for comor-
bidity between disorders (e.g., Caron and Rutter 1991; Rutter 1994)
and also as specific explanations for mechanisms linking language
or reading disorder and behavior disorders (e.g., Prizant et al. 1990;
Rutter and Lord 1987; Stevenson 1996). Various approaches can
be used to test these competing hypotheses for comorbidity and
determine whether some “comorbid patterns” in fact reflect a new
diagnostic entity, heretofore unrecognized (for further discussion
of this issue, see Jensen et al. 1997; Caron and Rutter 1991).



Language, Reading, and Motor Control Problems in ADHD 133

High rates of comorbidity with both internalizing and ex-
ternalizing disorders are observed in community-derived and
population-based samples of individuals with ADHD, as well as
in clinical samples (reviewed by Biederman et al. 1991; Jensen et
al. 1997). Based on a systematic review of the literature and appli-
cation of specified validational criteria, Jensen and colleagues
(1997) concluded that two new subclassifications of ADHD were
warranted: ADHD, aggressive type, and ADHD, anxious type. In
contrast, this approach could not be applied to the comorbidity
between ADHD and language-learning disorders because of a
lack of data (Biederman et al. 1991; Jensen et al. 1997). Moreover,
although the “validation approach” may work well for evaluation
of comorbid patterns with two disorders (e.g., ADHD and conduct
disorder, ADHD and anxiety), its application to complex comor-
bid patterns (e.g., inattention/hyperactivity, language impair-
ment, reading disorder, motor control problems) presents a
challenge.

As a first step toward addressing this complex comorbidity be-
tween ADHD, language impairment, reading disorder, and de-
velopmental coordination disorder, in the following section,
I review the prevalence and nature of the overlap between and
among these various clinical conditions and their response to stim-
ulant treatment.

Language Impairments Associated 
With ADHD

Communication disorder (also known as speech/language impair-
ments) is an umbrella term that refers to a failure of normal speech
and/or language development that cannot be explained in terms
of mental or physical handicap, hearing loss, emotional disorder,
or environmental deprivation (Bishop 1992). Several epidemio-
logical and clinical studies of children with psychiatric disorders
and children with language impairments have suggested an as-
sociation between ADHD and language impairments (Beitchman
et al. 1986; Cantwell and Baker 1987, 1991; Gualtieri et al. 1983).
Results from these studies not only indicate a high degree of over-
lap between psychiatric disorders and moderate to severe lan-
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guage impairments but also suggest a specific link between
ADHD and language impairment (Beitchman et al. 1986;
Cantwell and Baker 1991; Cohen et al. 1993). Estimates of the over-
lap vary from 8% to 90%, depending on the precise definitions of
each disorder, the methods used to diagnose them, and the nature
of the communication problems (reviewed by Baker and Cantwell
1992; Tannock and Schachar 1996). One criticism levied at the
prevalence estimates of language impairment in ADHD is that
poor test performance may reflect problems in attention and be-
havior. The argument is that language tests implicate other cog-
nitive abilities (e.g., attention, working memory, long-term
memory) as well as receptive and expressive language. However,
evidence that a substantial proportion of children with confirmed
diagnosis of ADHD had test scores in the normal range mitigates
this explanation (e.g., Oram et al. 1999).

Traditionally, two broad categories of communication disorders
have been distinguished—speech disorders and language disorders,
although more recently, another set of language-related problems
have been recognized—pragmatic language disorders. Speech dis-
orders refer to problems with the motor production of speech
sounds (e.g., articulation, dysfluency that serves to interrupt the
normal rhythm of speech, speech rate [too fast or too slow] that
renders speech uninterpretable, and altered voice quality). In con-
trast, language disorders refer to problems with understanding
and/or producing the conventional system of arbitrary signals
and rules used for communication. Receptive language disorders
may manifest as difficulties in understanding the meaning of
words or sentence structure, following directions, and making in-
ferences; typically, these difficulties also are accompanied by dif-
ficulties in expressive language. Expressive language disorders
may be manifested by an extremely limited vocabulary, difficul-
ties in word finding, use of immature or incorrect grammatical
markers, difficulty with pronoun case marking or marking or
maintaining tense, problems in ordering the words grammatically
to convey a meaningful message, or omission of critical parts of
sentences. By contrast, pragmatic language disorders are not lan-
guage specific because they do not necessarily involve phonolog-
ical, lexical, or syntactic problems. They refer to inappropriate use
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of language as a cognitive and social tool to convey information
and to participate in the community and to learn. Pragmatic dis-
orders may manifest as failure to understand or use social con-
ventions, such as taking turns and other conversational rules, or
failure to modulate tone, volume, or gestural accompaniments
when expressing affect.

Speech Disorders in ADHD

In general, speech problems are less strongly related to ADHD
than are language problems and, when they do exist, tend to co-
occur with broader-band language problems (Beitchman et al.
1989; Cantwell and Baker 1991). On the other hand, some clinical
and empirical reports indicated unmodulated volume, dysfluen-
cies, and fast rate, suggesting some minor motor control problems
in the speech of children with ADHD (Hamlett et al. 1987; Tan-
nock et al. 1993; Zentall 1988).

Language Disorders in ADHD

A history of delayed onset of language, as assessed by the appear-
ance of first words and short sentences, is more common in chil-
dren with ADHD relative to their peers without ADHD. Delayed
onset is reported in 6%–35% of children with ADHD compared
with 2%–6% of non-ADHD children (Gross-Tsur et al. 1991; Hart-
sough and Lambert 1985; Ornoy et al. 1993; Szatmari et al. 1989).
Findings apply to both DSM-IV ADHD and ICD-10 hyperkinetic
disorder (e.g., Tripp et al. 1999).

The co-occurrence of receptive-expressive language impair-
ments and ADHD symptoms emerges in the preschool years and
continues through childhood into adolescence (e.g., Beitchman et
al. 1987; Benasich et al. 1993; McGee et al. 1991; Ornoy et al. 1993).
For example, Ornoy and colleagues (1993) found that 80% of the
preschoolers who had the triad of language impairments, inatten-
tiveness/hyperactivity, and soft neurological signs at age 3 years
met the diagnosis for ADHD in middle childhood, and most had
learning disabilities, particularly reading disorder. Community
and clinical studies have documented language impairment in a
substantial proportion (20%–60%) of school-age children with
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ADHD (Beitchman et al. 1989; Cantwell and Baker 1991; Cohen
et al. 1989; Oram et al. 1999; Tirosh and Cohen 1998).

Expressive language is particularly impaired (Baker and
Cantwell 1992; Beitchman et al. 1987; Oram et al. 1999). Word re-
trieval problems and impairments in the basic language systems,
such as phonology, semantics, and syntax, are seen (Cantwell and
Baker 1991; Javorsky 1996; Oram et al. 1999; Purvis and Tannock
1997; Tannock et al. 1993). Word retrieval problems may be man-
ifest by the use of nonspecific words (e.g., “that thing”), circum-
locutions (e.g., “the thing you hit the um…nails with”), or
reformulations (e.g., “the…um…thing—the water…uh…the
puddle”). These difficulties are particularly apparent in situations
that impose a continuous demand for specific vocabulary items
and have time limitations, which are specified by the language
test or activity or imposed by societal norms and expectations (e.g.,
when asked to name pictures on demand, retell stories, or describe
past events). Impairments in expressive semantics, expressive
syntax, and grammatical morphology are even more marked in
those youngsters with concurrent phonological processing prob-
lems that underlie reading disorder (Javorsky 1996; Purvis and
Tannock 1997). However, broad-based language impairment is
evident in ADHD even in the presence of strong phonological
skills.

Pragmatic Dysfunction in ADHD

Pragmatic deficits are highly associated with ADHD and occur
even in those individuals with adequate phonological, morpho-
logical, syntactic, and semantic abilities (Humphries et al. 1994;
Ludlow et al. 1978; Tannock and Schachar 1996). Moreover, they
appear to be more strongly associated with ADHD than with
learning disabilities (Humphries et al. 1994; Lapadat 1991). For
example, Humphries and colleagues (1994) found that 60% of
the boys with attention problems had pragmatic deficits, com-
pared with 15% of those with learning disabilities and 7% of
normally developing children. The high rate of pragmatic dis-
orders in ADHD is not surprising because the defining features
of ADHD include difficulties in the appropriate timing and quan-
tity of language within social and learning contexts. For exam-
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ple, DSM-IV proposes that in social situations, 1) inattention
may be expressed as frequent shifts in conversation, not listen-
ing to others, and not keeping one’s mind on conversations;
2) hyperactivity may be manifested by excessive talkativeness;
and 3) impulsivity may manifest itself as frequent and inappro-
priate initiation of conversation, excessive interruption of oth-
ers, making comments out of turn, or blurting out answers
before questions have been completed (American Psychiatric
Association 1994, p. 79).

Pragmatic deficits associated with ADHD include 1) excessive
verbal output during spontaneous conversations, during task
transitions, and in play settings (Barkley et al. 1983; Zentall 1988);
2) decreased verbal output and more dysfluencies when confronted
with tasks that require planning and organization of verbal re-
sponses, as in storytelling or when giving directions (Hamlett et
al. 1987; Tannock et al. 1993; Zentall 1988); and 3) timing problems
in terms of initiating conversation, taking turns, and maintaining
or changing topics during conversation (Humphries et al. 1994;
Zentall et al. 1983).

One important limitation of the existing research on communi-
cation skills in ADHD is that the studies have typically examined
heterogeneous samples of children with ADHD and language im-
pairment or ADHD but have not included a comparison group of
children with language impairment alone. Thus, it is unclear
which communication problems are uniquely associated with
ADHD, with language impairment, or with the comorbid condi-
tion (Tannock and Schachar 1996).

Reading Disorders in ADHD

Developmental dyslexia, or reading disorder, refers to an unexpect-
ed difficulty in learning to read despite intact sensory and intel-
lectual abilities and sufficient educational opportunities.
Epidemiological and clinical studies suggest a comorbidity rate
between ADHD and reading disorder of 15%–30% when relative-
ly stringent criteria are used for defining each of the separate dis-
orders (e.g., Semrud-Clikeman et al. 1992; Shaywitz et al. 1995).
Investigators have proposed that learning disorders (including
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reading disorder) may be more commonly associated with inat-
tention than with symptoms of hyperactivity-impulsivity (Bark-
ley et al. 1990; Edelbrock et al. 1984; Hynd et al. 1991). Data from
recent investigations of the DSM-IV subtypes of ADHD support
this proposition to some extent. That is, academic underachieve-
ment and reading disorder are more common in the predomi-
nantly inattentive and combined types than in the hyperactive-
impulsive type (e.g., Baumgaertel et al. 1995; Faraone et al. 1998;
Gaub and Carlson 1997; Lamminmaki et al. 1995; Marshall et al.
1997; Paternite et al. 1996). These findings suggest a strong rela-
tion between reading disorder and inattention.

To achieve skill in reading, readers must gain access to the pho-
nological units of language that writing systems represent. Ac-
cording to one model (Articulatory Phonology and Gestural
Computational Model; Browman and Goldstein 1990, 1992; Brow-
man et al. 1984; Liberman 1993; Saltzman and Munhall 1989), the
grapheme-to-phoneme conversions require activation of motor-
articulatory gestures. This model, which is an extension of older
motor theories of speech perception (e.g., Liberman and Mattingly
1985), proposes that the basic phonological unit is the motor-
articulatory gesture rather than mental representations, although
this issue remains controversial.

The general consensus is that reading disorder stems from core
deficits in the oral language skill of phonemic awareness, which re-
fers to the ability to recognize and manipulate the phonemic con-
stituents of speech (for reviews, see Adams 1990; Shaywitz et al.
1996; Vandervelden and Siegel 1996; Wagner et al. 1994; Wolf
1991). The motor-articulatory model may explain how phonolog-
ical awareness develops and why it may be impaired in reading
disorder (Heilman et al. 1996). Clearly, learning to read builds on
the speech processes at many levels (Denckla 1993; Mann 1986),
and language impairment is one of the most common precursors
and correlates of reading disorder (e.g., Aram et al. 1984; Benasich
et al. 1993; Bishop and Adams 1990).

Severe reading impairment is also characterized by deficits in
naming speed, which involves the rapid oral production of the
names of visually presented stimuli, such as colors, numbers, and
digits (Denckla and Rudel 1976; Meyer et al. 1998; Wolf 1991).
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Moreover, in languages with more transparent orthography (e.g.,
German, Spanish), poor readers continue to have slower reading
rates and longer latencies on lexical retrieval tasks despite more
rapid compensation for early phonological processing deficits
(e.g., Wimmer 1993). According to one hypothesis, deficiencies in
naming speed reflect inadequacies in a precise timing mechanism
necessary to the development of orthographic codes and to their
integration with phonological codes (Bowers and Wolf 1993).
Naming speed is believed to be distinct from phonological pro-
cessing, and individuals with both deficits are considered to have
the most intractable form of dyslexia (Bowers 1995; Meyer et. al.
1998).

A third domain of impairment in reading disorder is in motor
coordination (e.g., Denckla et al. 1985; Wolff et al. 1990). Children
with reading disorder have difficulty maintaining the correct tem-
po, prosody, and rhythm in language, reading, and writing, as
well as in other skilled manual actions (Denckla et al. 1985). Bi-
manual motor coordination and motor speech repetition are im-
paired in approximately 50% of individuals with reading disorder,
ages 8–25 years (Wolff et al. 1990, 1995). Moreover, family studies
of motor coordination and reading disorder suggest that reading
impairment and motor coordination deficits cosegregate in ap-
proximately half of the affected relatives from families with read-
ing disorder (Wolff et al. 1995). This constellation of impairments
is physiologically plausible when viewed from the perspective of
the Articulatory Phonology Model.

Phonological Processing and Naming 
Speed Deficits in ADHD

Most clinical studies that have controlled for comorbid reading
disorder have found that both reading disorder and ADHD and
reading disorder groups (classified on the basis of poor word
identification skills) have deficits in phonological processing and
naming speed but that ADHD and non-ADHD comparison
groups do not (e.g., Ackerman and Dykman 1993, 1995; Felton
and Wood 1989; Korkman and Pesonen 1994; Närhi and Ahonen
1995; Nigg et al. 1998; Pennington et al. 1993). Moreover, many
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studies that included measures of executive function or motor
planning (which are believed to be central to ADHD) found im-
pairments in those aspects of cognitive function in ADHD and
ADHD and reading disorder groups but not in reading disorder
or normal peer groups (Korkman and Pesonen 1994; Nigg et al.
1998). This pattern of findings suggests a double dissociation be-
tween ADHD and reading disorder in which reading disorder is
associated with phonological processing and naming speed def-
icits, and ADHD is associated with executive function deficits.
Also, these findings indicate that reading problems in children
with ADHD and reading disorder cannot be attributed solely to
the behavioral symptoms of ADHD.

In contrast, several recent studies have linked naming speed
deficits to ADHD and other disorders (e.g., autism, spina bifida),
thereby challenging the notion of the specificity to reading disor-
der (e.g., Brock and Knapp 1996; Carte et al. 1996; Dennis et al.
1999; Martinussen et al. 1998; Nigg et al. 1998; Piven and Palmer
1997; Schuerholz et al. 1995). One explanation of the discrepant
findings relates to the different processing demands. Specifically,
naming digits and letters can be automatized, whereas naming
objects and colors is thought to require more controlled, effortful,
semantic processing (Denckla and Rudel 1974, 1976; Wolf 1991).
Naming speed deficits in ADHD generally have been found in
the speed of naming colors and objects, consistent with the evi-
dence of deficits in other tasks requiring controlled, effortful pro-
cessing (e.g., Barkley et al. 1997; van der Meere 1996). Moreover,
preliminary evidence suggests that slow naming in ADHD may
not be caused by problems in naming ability per se (i.e., in rapid
articulation of names) but by problems in pacing—that is, with
the rapid recruitment of linguistic elements in ongoing speech.
Specifically, during color naming, the interstimulus intervals be-
tween correctly named stimuli were longer and either were un-
filled (i.e., silent) or contained extraneous elements such as
stammering, fillers such as “um,” and other dysfluencies (Bedard
and Tannock 1999). Similar problems in rapid automatized nam-
ing have been observed in children with spina bifida, which is
associated with congenital anomalies of the cerebellum (Dennis
et al. 1999).
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Additional Language and Motor Skill Deficits in 
ADHD and Reading Disorder

Children with ADHD and reading disorder are likely to have con-
comitant language impairments, including deficits in receptive
and expressive abilities in semantic and syntactic components of
language, as well as in narrative abilities (Purvis and Tannock
1997; Reader et al. 1994; Tannock et al. 1996). Also, several studies
have documented controlled motor deficits in children with
ADHD and reading disorder. For example, Denckla and col-
leagues (1985) reported that children with reading disorder and
high levels of inattention and hyperactivity had more problems
than those with reading disorder only in performing timed and
repetitive motor tasks (e.g., “Time-to-Do 20,” which included re-
petitive finger, arm, and leg movements). Also, preliminary evi-
dence indicates that visuomotor problems may be more severe in
ADHD and reading disorder than in either disorder alone (Närhi
and Ahonen 1995). However, a recent controlled study concluded
that deficits in timed motor movements were associated with
ADHD per se, whereas naming speed deficits were associated
with reading disorder, and that those with ADHD and reading
disorder had impairments in both domains (Nigg et al. 1998).

Motor Impairments in ADHD

An association between motor coordination problems and ADHD
has been documented in many epidemiological and clinical sam-
ples across different cultures. Moderate or severe motor problems
among children with a primary diagnosis of ADHD have been
reported, and, conversely, moderate or severe ADHD has been
observed among children with a primary diagnosis of develop-
mental coordination disorder (e.g., Carte et al. 1996; Denckla and
Rudel 1978; I. C. Gillberg and Gillberg 1989; Kadesjo and Gillberg
1998, 1999; Mariani and Barkley 1997; Piek et al. 1999; Szatmari et
al. 1989). The types of motor coordination problems reported are
clinically significant and interfere with routine daily activities
(e.g., fastening and unfastening clothes and shoes, schoolwork,
play, sports) and are not attributable to chronological age, intel-
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lect, or other diagnosable neurological or psychiatric disorders
(e.g., American Psychiatric Association 1994; World Health Orga-
nization 1992). These problems have been demonstrated with
standardized tests of fine and gross motor skills as well as during
neurological assessment for soft signs related to motor coordina-
tion and motor overflow movements (e.g., Carte et al. 1996;
Kadesjo and Gillberg 1999; Mariani and Barkley 1997).

In samples of children with ADHD, prevalence estimates of mo-
tor problems vary from approximately 10% to 50% (e.g., Doyle et
al. 1995; Hartsough and Lambert 1985; Piek et al. 1999). These
motor coordination problems appear to be discernible in the
preschool years (e.g., Mariani and Barkley 1997) and persist
through the school-age years (e.g., Carte et al. 1996; Doyle et al.
1995; Hadders-Algra and Grooothuis 1999; Hellgren et al. 1993;
Nigg et al. 1998; Whitmont and Clark 1996). Preliminary evidence
suggests that the type and degree of motor difficulty may differ
between DSM-IV subtypes of ADHD, with fine motor skills being
more impaired in the inattentive subtype and gross motor skills
more impaired in the combined type (Piek et al. 1999). Moreover,
motor coordination problems may be more strongly related to in-
attention than to hyperactivity-impulsivity (Kadesjo and Gillberg
1998; Piek et al. 1999). Also, mild problems in the speed, rhythm,
and precision of movement have been found to be more common
in children with ADHD and comorbid reading disorder than in
those with reading disorder alone (Denckla et al. 1985).

Conversely, a substantial proportion (50%–60%) of children
with moderate or severe motor coordination problems (i.e., de-
velopmental coordination disorder) have ADHD or pronounced
but subthreshold levels of ADHD symptoms (Kadesjo and Gill-
berg 1998, 1999; Landgren et al. 1996). Mild motor coordination
problems (as reflected in the quality of general movements) are
discernible in infancy, particularly between 2 and 4 months post-
term (Hadders-Algra 1996; Prechtl et al. 1993). Normal general
movements, which are complex movements involving the head,
trunk, arms, and legs, are characterized by fluency, variation, and
complexity (Prechtl 1990). In contrast, mildly abnormal general
movements lack fluency and show problems in muscle coordina-
tion (Hadders-Algra et al. 1997). One study reported that mildly
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abnormal movements in early infancy predict mild neurological
dysfunction (i.e., coordination problems) and ADHD at school
age (Hadders-Algra and Groothuis 1999). Certainly, evidence in-
dicates that developmental coordination disorder shows stability
over time, at least in the school-age years (e.g., Kadesjo and Gill-
berg 1999).

Developmental coordination disorder, in turn, also is associated
with speech and language impairments, visuoperceptual prob-
lems, and reading and spelling difficulties, as well as attention
deficits (e.g., Fletcher-Flinn et al. 1997; Losse et al. 1991; Wilson
and McKenzie 1998). For example, Whitmore and Bax (1990) re-
ported that among a sample of children with deviant neurodevel-
opmental scores at age 5 years, 25% had learning disabilities at 2-
to 5-year follow-up, compared with 4% with neurodevelopmental
scores in the normal range. Also, children with either moderate
or severe developmental coordination disorder had comorbid at-
tentional, language, and reading problems (Kadesjo and Gillberg
1999).

Deficits in Attention, Motor Control, and 
Perception (DAMP)

The presenting behavioral symptoms of ADHD, the word identi-
fication problems in reading disorder, and the motor coordination
problems in developmental coordination disorder are rarely iso-
lated findings in each of these disorders. Rather, the complex
pattern of impairments in attention/hyperactivity, language,
reading, and motor coordination occurs frequently in each of the
three clinical conditions that are currently differentiated by DSM-
IV and ICD-10. By contrast, this common constellation of impair-
ments is formally recognized in Nordic countries by the acronym
DAMP (Kadesjo and Gillberg 1998; C. Gillberg et al. 1982).

DAMP is an umbrella term covering various combinations of
deficits in attention, motor control, and perception in children
with normal or low-normal intelligence and who do not meet the
criteria for cerebral palsy (Rasmussen and Gillberg 1999). DAMP
is conceptualized as a neurodevelopmental dysfunction syn-
drome, with a high degree of psychiatric comorbidity (e.g., Gill-
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berg 1983; Hellgren et al. 1994). Accordingly, DAMP and ADHD
overlap to a considerable extent: by definition, all children with
severe DAMP meet criteria for ADHD, and, conversely, approxi-
mately 50% of the children with ADHD meet criteria for DAMP
(Kadesjo and Gillberg 1999).

Longitudinal studies of well-defined subgroups from the
general population in Sweden indicated that DAMP carries a
worse prognosis than ADHD or developmental coordination
disorder alone in terms of psychiatric, neurodevelopmental, and
neurological problems at age 7 years, school problems at ages
10 and 13 years, and psychiatric and personality problems in ad-
olescence (Gillberg 1983; I. C. Gillberg and Gillberg 1989; Hellgren
et al. 1994; Rasmussen et al. 1983). Moreover, DAMP has been
found to be more strongly associated with inattention than with
hyperactivity-impulsivity and to be more strongly associated with
classroom dysfunction than either ADHD or developmental co-
ordination disorder alone (Kadesjo and Gillberg 1998).

Language problems occur in as many as 65% of children with
DAMP (e.g., Landgren et al. 1998). The nature of these associated
speech and language problems documented in Swedish samples
of children with DAMP appears similar to that documented in
North American samples of children with ADHD. For example,
they include problems in articulation, stuttering, failure to adjust
volume and pitch of voice to the context, as well as overall delay
in language development in syntax, semantics, and pragmatics
(Rasmussen and Gillberg 1999). Also, in a recent study of phono-
logical working memory and speech discrimination, phonological
working memory was impaired in the DAMP group but not in
ADHD, and speech discrimination was unimpaired in both
groups (Norrelgen et al. 1999).

No etiological explanations have been forwarded for this
neurodevelopmental symptom complex, which is believed to
have poorer prognosis than either of the single component con-
ditions of ADHD and developmental coordination disorder (e.g.,
Hellgren et al. 1993, 1994; Kadesjo and Gillberg 1998; Landgren
et al. 1996). However, a recent study implicated a range of non-
optimal familial, prenatal, and perinatal factors in the pathogen-
esis of DAMP (Landgren et al. 1998). For example, the following
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factors occurred at higher rates in children with DAMP compared
with control subjects: lower socioeconomic class, familial lan-
guage disorder or learning disorders and familial motor clumsi-
ness, maternal smoking during pregnancy, language problems in
preschool years, sleep problems (nighttime snoring), and gas-
trointestinal disorders (Landgren et al. 1998).

Stimulant Effects on Language, Reading, and 
Motor Control Problems in ADHD

Few controlled investigations of the effect of stimulant medi-
cation on problems in oral language, basic processes involved in
reading, and motor coordination that frequently coexist with
ADHD have been done, and the limited data available are dis-
appointing. Few systematic effects have been found on language
or reading (Tannock 1999). The few discernible effects on lan-
guage appear to be restricted to the quality or style of the chil-
dren’s language in that it appears less vigorous and intense (e.g.,
Whalen et al. 1979). Also, stimulant medication may increase self-
monitoring and correction, but it does not appear to have any
effect on the basic subsystems of language (phonology, syntax,
semantics) or on the effectiveness, functional content, or dysflu-
ency of children’s communication (Hamlett et al. 1987; Tannock
1999; Whalen et al. 1979). However, given the strong evidence that
methylphenidate use results in reduced parent and teacher rat-
ings of hyperactivity (e.g., talkativeness) and impulsivity (e.g.,
talking out of turn, blurting out), one effect of stimulant medica-
tion may be to improve the timing of spoken language. This effect
has not been investigated systematically.

In contrast to the incontrovertible evidence of stimulant effects
on academic productivity (i.e., quantity of assigned work com-
pleted), little evidence indicates that stimulants have any imme-
diate effect on phonological processing, the speed or accuracy of
reading, or reading comprehension per se (Ballinger et al. 1984;
Balthazor et al. 1991; Forness et al. 1992; Richardson et al. 1988).
Moreover, the effect of stimulant medication on reading compre-
hension itself (as opposed to productivity measures) is unclear,
primarily because of the lack of data (Ballinger et al. 1984; Brock
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and Knapp 1996; Cherkes-Julkowski et al. 1995). However, some
evidence suggests that stimulant medication may enhance verbal
retrieval mechanisms involved in word recognition (Ballinger et
al. 1984; Evans et al. 1986; Peeke et al. 1984; Richardson et al. 1988).
Also, several recent controlled studies suggested that meth-
ylphenidate may enhance naming speed and accuracy of contin-
gency naming (Douglas et al. 1995; Martinussen et al. 1998).

Although stimulant medication has been observed to improve
handwriting and some aspects of motor sequencing and fine mo-
tor coordination in children with ADHD (Lerer and Lerer 1976;
Lerer et al. 1977), effects on other fine motor skills, gross motor
skills, or motor coordination are not observed routinely. By con-
trast, one consistent finding is of decreased variability in response
latencies that is sometimes accompanied by overall speeding of
responses.

In summary, little credible evidence exists to date that stimulant
medication has systematic and robust effects on the type of lan-
guage, reading, or motor skill problems that frequently accompany
ADHD. No study to date has examined stimulant effects in ADHD
groups with and without the combination of problems (i.e., inat-
tention/hyperactivity, language, reading, motor coordination).
Thus, it is not possible to determine whether this constellation of
problems alters the typical treatment response in ADHD alone.

Cerebellar Dysfunction as a Common 
Etiology in ADHD, Reading Disorder, and 
Developmental Coordination Disorder

In ADHD research, several explanations have been proposed for
the comorbidity with reading disorder and with language impair-
ment. For example, ADHD and reading disorder are generally
considered etiologically distinct disorders, although a shared ge-
netic etiology has been speculated for some cases (e.g., Faraone
et al. 1993; Gilger et al. 1992; Shaywitz and Shaywitz 1991). Can-
didate explanations for the frequent association of psychiatric dis-
order (particularly ADHD) and general linguistic impairment
include a common etiological factor, such as “neurodevelopmen-
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tal immaturity” (Beitchman et al. 1989) or a deficiency in pro-
cessing rapidly changing stimuli, particularly across modalities
(Tallal et al. 1989), and shared genetic influences (Stevenson et al.
1993). The latter explanation was offered to account for the fre-
quent overlap of ADHD and spelling disability, each of which
demonstrates substantial heritability (DeFries et al. 1991; Gillis et
al. 1992). More recently, Stevenson (1996) presented a hypotheti-
cal account of the developmental changes in disorders of lan-
guage, reading, and behavior (internalizing and externalizing)
and in their interrelationships: genetic factors were implicated.

The complex pattern of concurrent impairments in language,
reading, and motor coordination (in particular) has barely been
recognized in ADHD research. These additional problems are gen-
erally conceptualized as comorbidities that have no synergistic
effect on ADHD (e.g., Jensen et al. 1997). However, Barkley et al.
(1997) proposed that impairments in language (e.g., verbal work-
ing memory, verbal fluency) and motor control (e.g., execution of
novel/complex motor sequences) are integral to ADHD because
of their dependency on behavioral inhibition, which is conceptu-
alized as the fundamental deficit in ADHD.

Alternatively, cerebellar dysfunction may provide a “unified
account” of the complex pattern of impairments in language, read-
ing, motor coordination, and inattention/hyperactivity, which is
not specific to ADHD (or to reading disorder or developmental
coordination disorder), but which represents an important behav-
ioral phenotype. This proposition is based on three outcomes of
research: 1) current understanding of the role of the cerebellum;
2) evidence of cerebellar dysfunction in reading disorder; and 3)
evidence of cerebellar dysfunction in ADHD.

Cerebellar Role in Motor Control, 
Timing, and Cognition

Strong and consistent evidence (across animal studies and clinical
and neuroimaging studies in humans) shows that the cerebellum
plays an important role in motor control, including the regulation
of balance, posture and gait, fine motor control, acquisition and
automatization of skilled voluntary movement, and classical con-
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dition of motor responses (e.g., Daum and Ackerman 1995; Ghez
1991; Ito 1993). The cerebellum is essential for the quality of move-
ment: cerebellar lesions impair the quality of movement (e.g., flu-
ency) but do not abolish movement (Gilman 1994).

Some have proposed that the cerebellum is one component in
a cognitive timing system that contributes to the control of move-
ment and also to performance on nonmotor tasks—perceptual
tasks—that require the precise representation of temporal infor-
mation (Daum and Ackerman 1995; Ivry 1997). The precise rep-
resentation of temporal information is required to be able to
predict and anticipate impending events, as well as to organize
and plan sequences of action. For example, the preparation of fast
responses benefits from the ability to predict precisely the point
in time when an impending event requires a response. Temporal
processing (time perception) is a complex cognitive activity, com-
prising multiple component processes that engage multiple brain
regions, including the basal ganglia, prefrontal cortex, and neo-
cerebellum (Gibbon et al. 1997; Harrington et al. 1998; Ivry and
Hazeltine 1995; Mangels et al. 1998).

Lesion studies have provided evidence for the role of the cer-
ebellum in timing (Ivry and Keele 1989; Jueptner et al. 1995; Man-
gels et al. 1998; Maquet et al. 1996; Nicolson et al. 1999). For
example, patients with cerebellar lesions showed poor acuity on
perceptual tasks that require precise timing, such as duration
discrimination or velocity discrimination (Ivry and Keele 1989).
Because these patients did not show perceptual deficits on non-
temporal tasks, such as loudness or pitch discrimination, the cer-
ebellum appears to contribute to those tasks that require a precise
representation of fine timing between sensory and motor events
(Casini and Ivry 1999; Ivry 1997). Also, positron-emission tomog-
raphy (PET) studies provided more direct evidence of cerebellar
involvement in time perception (Jupetner et al. 1995; Maquet et
al. 1996). Findings from these studies suggest that the cerebellum
is essential for providing an accurate representation of temporal
information, whereas the prefrontal cortex subserves supportive
functions associated with the acquisition, maintenance, monitor-
ing, and organization of temporal representations in working
memory (Casini and Ivry 1999; Ivry 1997; Mangels et al. 1998).
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More recently, the cerebellum has been implicated in higher-
order cognitive functioning and nonmotor learning, including
visuospatial abilities, verbal fluency, language processing, and
categorical speech perception (Ackerman et al. 1997; Akshoomoff
and Courchesne 1992; Fiez et al. 1992; Schmahmann and Sherman
1998; Thach 1997). This issue remains under debate (Daum and
Ackerman 1995; Ivry 1997).

Cerebellar Dysfunction in Reading Disorder

In reading disorder research, the observed overlap between im-
pairments in motor coordination and perceptual and phonologi-
cal skills (and spelling problems) has been attributed to mild
cerebellar dysfunction (e.g., Denckla 1993; Nicolson and Fawcett
1994a; Nicolson et al. 1995, 1999; Rae et al. 1998; Wolff et al. 1990).
For example, behavioral studies have found that children with
reading disorder have impairments on classic clinical tests of cer-
ebellar function (e.g., Nicolson and Fawcett 1994b). In a recent
study, 80% of a sample of 60 children with reading disorder
showed behavioral signs of cerebellar deficits (Nicolson et al.
1999). Also, a theoretical study found impaired time estimation
in children with reading disorder but no impairment in the con-
trol task of loudness estimation (Nicolson et al. 1995) when meth-
ods known to require cerebellar activity were used (Ivry and
Keele 1989; Jueptner et al. 1995; Mangels et al. 1998).

Direct evidence of cerebellar dysfunction during motor tasks is
provided by a recent PET study of brain activation in adults with
dyslexia as they either performed a prelearned sequence of finger
movements or learned a novel sequence (Nicolson et al. 1999).
Abnormalities in cerebellar activation in the adults with dyslexia
were reflected by significantly lower activation levels in the right
cerebellar cortex and left cingulate gyrus when executing the pre-
learned sequence and in the right cerebellar cortex when learning
the new sequence. These findings provide direct evidence that the
behavioral signs of motor impairments reflect underlying abnor-
malities in activation of the right cerebellar cortex (Nicolson et al.
1999; Rae et al. 1998) as well as in the left temporoparietal cortex
(Rae et al. 1998). These cerebellar findings can be readily integrat-
ed with the proposed impairment of magnocellular development
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(Livingstone et al. 1991; J. Stein et al. 1997). As explained by Rae
and colleagues (1998), this is because one major output of the visual
magnocellular system projects to the posterior parietal cortex, and
the largest output of the posterior parietal cortex projects to the
contralateral cerebellar hemisphere (Stein and Glickstein 1992).

Finally, family studies of pedigrees with dyslexia suggest that
impairments in temporal resolution in motor action may consti-
tute a behavioral phenotype transmitted in familial dyslexia
(Wolff et al. 1995, 1996). However, the coexistence of impairments
in attention/hyperactivity is rarely considered in current investi-
gations of reading disorder (with the notable exception of Nicol-
son et al. 1999).

Cerebellar Dysfunction in ADHD

Findings from behavioral, cognitive, and neuroimaging studies
provide converging evidence of cerebellar dysfunction in ADHD.
As discussed earlier in this chapter, numerous behavioral studies
have identified deficits in children with ADHD on clinical tests of
cerebellar function, including problems in the timing, precision,
fine and gross motor skills, balance, rhythmicity, and sequenced
movements (e.g., Denckla and Rudel 1976; Nigg et al. 1998; Piek
et al. 1999). Also, several studies have reported time perception
impairments in children with ADHD (Barkley et al. 1997; Capella
et al. 1997; Rubia et al. 1999; Tannock 1999). For example, one
study investigated time perception in children with ADHD, chil-
dren with ADHD and reading disorder, and a comparison group
with psychophysical methods similar to those of Ivry (e.g., Ivry
and Keele 1989). Tasks included duration discrimination (target
duration of 400 ms vs. a foil duration), frequency discrimination
(a control task to evaluate general perceptual ability), and dura-
tion estimation using the method of reproduction for intervals of
400 ms, 2,000 ms, and 6,000 ms. Both ADHD groups were im-
paired in duration estimation and in duration discrimination but
not in frequency discrimination, consistent with cerebellar dys-
function (Tannock 1999).

More direct evidence of cerebellar anomalies in ADHD is pro-
vided by neuroimaging studies. For example, recent magnetic
resonance imaging studies of cerebellar structure in ADHD doc-
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umented a reduction in cerebellar volume (Castellanos et al. 1996),
specifically in the volume of the inferior posterior vermis (lobules
VIII–X), with sparing of the superior posterior lobes (lobules VI/
VII). These differences remained robust even after adjustment for
overall brain volume (Berquin et al. 1998; Mostofsky et al. 1998).
Notably, the inferior cerebellar vermis has been shown to play a
role in time perception, along with other brain regions, prefrontal
cortex, and cingulate cortex (Jueptner et al. 1995). Importantly, a
review of neuroimaging studies of ADHD reveals evidence of sub-
tle changes in brain morphology (typically reduced regional vol-
umes or altered asymmetries) in those brain regions required for
the efficient timing of sequential movements, including the cere-
bellum, that play a unique role in representing temporal informa-
tion (Tannock 1998).

The cerebellum is one of the first brain regions to be differenti-
ated and has a prolonged cycle of maturation, as reflected by pat-
terns of myelination. Thus, its early development may be altered
by genetic mechanisms and/or by nonoptimal environmental
events in early postnatal development. The preceding review sug-
gests that subgroups of individuals within many of the develop-
mental disorders currently differentiated by DSM-IV (ADHD,
reading disorder, language impairment, developmental coordi-
nation disorder) have the complex constellation of impairments
of inattention/hyperactivity, speech and language problems,
reading difficulties, and motor control problems. Moreover, cere-
bellar dysfunction is evident in ADHD and reading disorder (and
in developmental coordination disorder by extrapolation). Could
this be a possible explanation of this constellation of developmen-
tal impairments? This exposition should not be interpreted as a
“cerebellar” hypothesis of ADHD. Rather, it is proposed that this
constellation of problems may reflect a behavioral phenotype that
is not specific to ADHD or to any specific disorder currently dif-
ferentiated by DSM-IV but that may be transmitted in families.

Clinical Implications

Irrespective of possible mechanisms or etiology, this review has
provided evidence that individuals with ADHD frequently have
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concurrent impairments in language, reading, and motor coordi-
nation; that individuals with reading disorder frequently have
language impairments and motor coordination problems; and
that children with developmental coordination disorder fre-
quently have problems in language, reading, and inattention/
hyperactivity. Previous research has shown that concurrent com-
munication disorders in ADHD often are undetected unless a sys-
tematic language assessment is included in the assessment for
ADHD (Cohen et al. 1989, 1993). This likely holds true for motor
coordination (and reading, but to a lesser extent because teachers
are sensitive to reading skills). Accordingly, findings from the
present review highlight the importance of including an eval-
uation of language, reading, and motor skills and inattention/
hyperactivity routinely in the assessment of children referred to
specialty clinics (e.g., learning disabilities, ADHD), neurology, de-
velopmental pediatrics, psychiatry, and so on.

The occurrence of this constellation of symptoms also poses
challenges for treatment. Little evidence to date indicates that
stimulant treatment for ADHD will have any systematic or sub-
stantive effect on concurrent language, reading, or motor prob-
lems. Second, the presence of concurrent problems in language
and motor coordination may preclude any benefits typically ac-
crued from behavior therapies that rely on verbal mediation (e.g.,
cognitive-behavior therapy), or from specific remediation pro-
grams for reading that place heavy demands on writing and oral
language. From the child’s perspective, however, problems aris-
ing from not being able to read, understand peer language, or
catch a ball, and the resultant effect on friendships, may be far
more impairing than the behavioral symptoms of ADHD that may
have motivated the referral.
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Afterword
Laurence L. Greenhill, M.D.

The five chapters in this text provide a timely overview of the
field of learning disabilities. This field is of crucial importance for
professionals of all backgrounds because learning disabilities af-
fect so many domains of both child and adult functioning, causing
problems in many areas of living and adaptation. Learning dis-
abilities afflict both children and adults and cause frustration, de-
moralization, poor self-esteem, and difficulties in everyday life.
It behooves the professional to have a better understanding of the
field.

I hope that the information in these chapters not only provides
practical guidance for psychiatrists and psychologists but also
serves as an introduction to one of the most important areas for
patients and their diagnoses. In closing, I wish to thank the con-
tributors to this text for providing a superb, scholarly, and infor-
mative introduction to this most exciting field.
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