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I t is a great honor to present this lecture, which honors
the extraordinary contributions to scholarship and
teaching of Leonard Apt, MD a true renaissance man.

For more than four decades, Leonard Apt has contributed
both singular discoveries and a continuous stream of re-
search findings that have significantly advanced our
knowledge in the field of pediatrics and pediatric ophthal-
mology. In the words of Leonard Apt, “In academic med-
icine, I have been free to question and investigate new
theories. Years from now, I’d like to be remembered as a
doctor who never stopped asking ‘Why?’”

Dyslexia is characterized by an unexpected difficulty in
reading in children and adults who otherwise possess the
intelligence, motivation, and schooling considered neces-
sary for accurate and fluent reading.2 Historically, dyslexia
in adults was first noted in the latter half of the 19th
century, and developmental dyslexia in children was first
reported in 1896. Patients with dyslexia were frequently
seen by ophthalmologists, who called the disorder “word
blindness.” James Hinshelwood, a Scottish ophthalmolo-
gist (Figure 1), who elaborated the disorder in children,
noted that these children were often exceptionally smart
except for their inability to read and proposed special
education programs as treatment.5

Recent epidemiological data indicate that, like hyper-
tension and obesity, dyslexia fits a dimensional model. In
other words, within the population, reading ability and
reading disability occur along a continuum, with reading
disability representing the lower tail of a normal distribu-
tion of reading ability.6,7 Dyslexia is perhaps the most
common neurobehavioral disorder affecting children, with
prevalence rates ranging from 5% to 10% in clinic- and
school-identified samples to 17.5% in unselected popula-
tion-based samples.2 Previously, it was believed that dys-
lexia affected boys primarily8; however, more recent data
indicate there is no sex predilection for dyslexia.9-11 Lon-
gitudinal studies, both prospective12,13 and retrospec-
tive,14-16 indicate that dyslexia is a persistent, chronic con-
dition; it does not represent a transient “developmental

lag” (Figure 2). Over time, poor readers and good readers
tend to maintain their relative positions along the spec-
trum of reading ability.12

Dyslexia is both familial and heritable.17 Family history
is one of the most important risk factors, with 23% to 65%
of children who have a parent with dyslexia reported to
also have the disorder.18 The prevalence rate among sib-
lings of affected persons is approximately 40%, and among
parents of affected individuals ranges from 27% to 49%.17

This provides opportunities for early identification of af-
fected siblings and often for delayed but helpful identifi-
cation of affected adults. Linkage studies implicate loci on
chromosomes 6 and 15,19,21 chromosome 1, and—most
recently—on chromosome 223 for the transmission of
phonological awareness deficits and subsequent reading
problems. Whether the differences in the genetic loci
represent polygenic inheritance, different cognitive paths
to the same phenotype, or different types of dyslexia is not
clear.
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FIG 1. James Hinshelwood, a pioneering Scottish ophthalmologist
who was the one of the first physicians to describe the clinical
picture of dyslexia as well as to promise a coherent plan of man-
agement.
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PATHOPHYSIOLOGY

Cognitive Influences
The Phonological Deficit Hypothesis. There is now

a strong consensus among investigators in the field that the
central difficulty in dyslexia reflects a deficit within the
language system, although other systems and processes
may also contribute to the difficulty. The language system
is conceptualized as a hierarchical series of components. At
higher levels are neural systems engaged in processing, eg,
semantics, syntax and discourse; at the lowest level is the
phonological module dedicated to processing the distinc-
tive sound elements that constitute language. The func-
tional unit of the phonological module is the phoneme,
defined as the smallest discernible segment of speech; for
example, the word “bat” consists of three phonemes: /b/
/ae/ /t/ (buh, aah, tuh). To speak a word, the speaker
retrieves the word’s phonemic constituents from his inter-
nal lexicon, assembles the phonemes, and then utters the
word. Conversely, to read a word, the reader must first
segment that word into its underlying phonological ele-
ments. The awareness that all words can be broken down
into these basic elements of language (phonemes) allows
the reader to decipher the reading code. To read, a child
must develop the insight that spoken words can be pulled
apart into phonemes and that letters in a written word
represent these sounds. Results from large and well-stud-
ied populations with reading disability confirm that in
young school-age children,24,25 as well as in adolescents,26

a deficit in phonology represents the most robust and
specific28 correlate of reading disability. Such findings
form the basis for the most successful and evidence-based
interventions designed to improve reading.28

Implications of the Phonological Model of Dyslexia.
Basically, reading comprises two main processes—decod-
ing and comprehension. In dyslexia, a deficit at the level of
the phonological module impairs the ability to segment
the written word into its underlying phonological ele-
ments. As a result, the reader experiences difficulty, first in
decoding the word and then in identifying it. The phono-
logical deficit is domain-specific, ie, it is independent of
other, nonphonological linguistic abilities. In particular,
the higher-order cognitive and linguistic functions in-
volved in comprehension—such as general intelligence
and reasoning, vocabulary, and syntax—are generally in-
tact. This pattern, a deficit in phonological analysis con-
trasted with intact higher-order cognitive abilities, offers
an explanation for the paradox of otherwise intelligent
people who experience great difficulty in reading.

According to the model, a circumscribed deficit in a
lower-order linguistic (phonological) function blocks ac-
cess to higher-order processes as well as the ability to draw
meaning from text. The problem is that the affected reader
cannot use his or her higher-order linguistic skills to access
the meaning until the printed word has first been decoded
and identified. For example, an individual who knows the
precise meaning of the spoken word, “apparition,” will not
be able to use her knowledge of the meaning of the word
until she can decode and identify the printed word on the
page and will appear not to know the word’s meaning.

The Phonological Deficit in Adolescence and Adult
Life. Deficits in phonological coding continue to charac-
terize dyslexic readers even in adolescence; performance
on phonological processing measures contributes most to
discriminating between dyslexic and average readers as

FIG 2. Trajectory of reading skills over time in nonimpaired and dyslexic readers. Dyslexic readers are defined both by a discrepancy between
ability and achievement (discrepancy) and low achievement. The y-axis shows Rasch scores (W scores) from the Woodcock-Johnson reading
test,70 and the x-axis shows age in years. Reading scores of both dyslexic and nonimpaired readers improve with age, but the gap remains.
Thus, dyslexia is a deficit and not a developmental lag. (Adapted and reprinted with permission.)
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well as between average and superior readers.26 Children
with dyslexia neither spontaneously remit nor demonstrate
a lag mechanism for “catching up” in the development of
reading skills. That is not to say that many dyslexic readers
do not become quite proficient in reading a finite domain
of words that are in their area of special interest, eg, words
that are important for their careers. For example, an indi-
vidual who is dyslexic in childhood but who in adult life
becomes interested in molecular biology, will learn to
decode words that form a minivocabulary important in
molecular biology. Such an individual, although able to
decode words in this domain, still exhibits evidence of
early reading problems when having to read unfamiliar
words, which may be done accurately but not fluently and
automatically.16,26,29-33 In adolescents, the rate of reading
as well as facility with spelling may be most useful clini-
cally in differentiating average from poor readers. From a
clinical perspective, these data indicate that as children
approach adolescence, a manifestation of dyslexia may be a
slow reading rate; in fact, children may learn to read words
accurately, but they will not be fluent or automatic, re-
flecting the lingering effects of a phonological deficit.33

Because they are able to read words accurately, albeit very
slowly, dyslexic adolescents and young adults may mistak-
enly be assumed to have “outgrown” their dyslexia

Data from studies of children with dyslexia who were
followed up prospectively support the notion that in ado-
lescents, the rate of reading as well as facility with spelling
may be most useful clinically in differentiating good from
poor readers in students in secondary school, college, and
even graduate school. It is important to remember that
these older dyslexic students may be similar to their un-
impaired peers on untimed measures of word recognition
yet continue to suffer from the phonological deficit that
makes reading less automatic, more effortful, and slower.
For these readers with dyslexia, the provision of extra time
is an essential accommodation; it allows them the time to
decode each word and to apply their unimpaired higher-
order cognitive and linguistic skills to the surrounding
context to get at the meaning of words that they cannot
entirely or rapidly decode. More will be said about this
below in the section on management.

Neurobiological Influences

To a large degree, these advances in understanding dys-
lexia have informed and facilitated studies examining the
neurobiological underpinnings of reading and dyslexia.
Historically, as early as 1891, the French neurologist De-
jerine34 suggested that a portion of the left posterior brain
region is critical for reading. Beginning with Dejerine, a
large body of literature on acquired inability to read (alex-
ia) described neuroanatomic lesions most prominently
centered in the parietotemporal area (including the angu-
lar gyrus, supramarginal gyrus, and posterior portions of
the superior temporal gyrus), a region considered pivotal
in mapping the visual percept of the print onto the pho-

nological structures of the language system.35-37 Another
posterior brain region, this more ventral in the occipito-
temporal area, was also described by Dejerine38 as critical
to reading ability. More recently, a range of neurobiolog-
ical investigations using postmortem brain specimens,39

brain morphometry,40 and diffusion tensor magnetic res-
onance imaging (MRI)41 supports the belief that there are
differences in the temporo-parieto-occipital brain regions
between dyslexic and nonimpaired readers.

FUNCTIONAL BRAIN IMAGING

Rather than being limited to examining the brain in an
autopsy specimen or measuring the size of brain regions
using static morphometric indices, functional imaging of-
fers the possibility of examining brain function during
performance of a cognitive task. In principle, functional
brain imaging is quite simple. When an individual is asked
to perform a discrete cognitive task, that task places pro-
cessing demands on particular neural systems in the brain.
Meeting those demands requires activation of neural sys-
tems in specific brain regions, and those changes in neural
activity are in turn reflected by changes in brain metabolic
activity, which in turn are reflected, for example, by
changes in cerebral blood flow and in the cerebral utiliza-
tion of metabolic substrates such as glucose. Functional
MRImaging (fMRI) promises to supplant other methods
(eg, positron emission tomography) because of its ability to
map the individual brain’s response to specific cognitive
stimuli. Because fMRI is noninvasive and safe, it can be
used repeatedly, which makes it ideal for studying humans,
especially children.

Converging evidence using functional brain imaging in
adult dyslexic readers also shows a failure of left hemi-
sphere posterior brain systems to function properly during
reading42-52 as well as during nonreading visual processing
tasks53,54 (Figure 3). In addition, some functional brain
imaging studies show differences in brain activation in
frontal regions in dyslexic compared with nonimpaired
readers; in some studies dyslexic readers’ brains are more
active in frontal regions,42,47,48 and in other studies non-
impaired readers’ brains are more active in frontal re-
gions.55-58

Logan59,60 proposed two systems critical to the devel-
opment of skilled, automatic processing. One involves
word analysis and operates on individual units of words
such as phonemes, requires attentional resources, and pro-
cesses relatively slowly. The other system operates on the
whole word (word form), is an obligatory system that does
not require attention, and processes very rapidly. Con-
verging evidence from a number of lines of investigation
indicates that Logan’s word analysis system is localized
within the parietotemporal region, whereas the automatic,
rapidly responding system is localized within the occipi-
totemporal area and functions as a visual word form ar-
ea.61-65 The visual word form area appears to respond
preferentially to rapidly presented stimuli66 and is engaged
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even when the word has not been consciously perceived.63

It is this occipitotemporal system that appears to predom-
inate when a reader has become skilled and has bound
together as a unit the orthographic, phonological, and
semantic features of the word (Figure 4).

Recognition of these systems allows us to suggest an
explanation for the brain activation patterns observed in
dyslexic children. We suppose that rather than the
smoothly functioning and integrated reading systems ob-
served in nonimpaired children, disruption of the poste-
rior reading systems results in dyslexic children attempting
to compensate by shifting to other, ancillary systems, eg,
anterior sites such as the inferior frontal gyrus and right
hemisphere sites. The anterior sites, which are critical in
articulation,42,67,68 may help the child with dyslexia de-
velop an awareness of the sound structure of the word by
subvocalizing, ie, by forming the word with the lips,

tongue, and vocal apparatus, thus allowing the child to
read, albeit more slowly and less efficiently than if the fast
occipitotemporal word identification system were func-
tioning. The right hemisphere sites may represent the
engagement of brain regions that allow the poor reader to
use other perceptual processes to compensate for poor
phonological skills. A number of studies of young adults
with childhood histories of dyslexia indicate that although
they may develop some accuracy in reading words, they
remain slow, nonautomatic readers.15,16

DIAGNOSIS

The diagnosis of dyslexia is basically no different than that
for any other medical disorder. Guided by knowledge of
the presumed underlying pathophysiology, the clinician
seeks to determine through history, observation, and psy-
chometric assessment, if there are (1) unexpected difficul-

FIG 3. Disruption in reading systems in dyslexic readers. Axial images from superior and inferior axial slices showing the reading systems. Red
and yellow colors show regions where nonimpaired (NI) readers are more active than are dyslexic readers (DYS). These regions involve left
hemisphere sites in the inferior frontal gyrus,1 the parieto-temporal region,4 and the occipitotemporal region.7 Right-hemisphere sites are also
more active in NI readers, involving the inferior frontal gyrus,1 the parietotemporal region,6 and the middle frontal gyrus.9 (Data from Shaywitz
et al.49)

FIG 4. Neural systems used for reading. Converging evidence indicates three important systems in reading, all primarily in the left hemisphere.
These include an anterior system and two posterior systems: (1) anterior system in the left inferior frontal region; (2) dorsal parietotemporal
system involving angular gyrus, supramarginal gyrus, and posterior portions of the superior temporal gyrus; and (3) ventral occipitotemporal
system involving portions of the middle temporal gyrus and middle occipital gyrus.
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ties (for age, intelligence, or level of education) in reading
and (2) associated linguistic problems at the level of pho-
nological processing. There is no one single test score that
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. What
the clinician is seeking is converging evidence of a phono-
logically based reading disability as indicated by a disparity
between the individual’s reading and phonological skills in
contrast to his or her intellectual capabilities, age, or level
of education. Dyslexia is distinguished from other disor-
ders that may prominently feature reading difficulties by
the unique, circumscribed nature of the phonological def-
icit, one not intruding into other linguistic or cognitive
domains. How reading and language are assessed will re-
flect the age and educational level of the patient (Tables 1
and 2).

Diagnosis at School Age

Presenting complaints most commonly center about
school performance, eg, the child is not doing well in
school, and often parents and teachers do not appreciate
that the child’s poor academic performance stems from a

reading difficulty. Thus, an evaluation for dyslexia should
be considered in all children presenting with school diffi-
culties, even if reading difficulty is not the chief complaint.
As with most other medical disorders, the history is critical
to the diagnosis of dyslexia. Clinicians need to develop a
sense of the developmental pattern demonstrated by chil-
dren with dyslexia. Overall, the ontogeny of dyslexia is that
of a child who may have had a delay in speaking, who did
not learn letters by kindergarten, and who did not begin to
learn to read by first grade. The child progressively falls
behind, with teachers and parents puzzled as to why such
an intelligent child may have difficulty learning to read.
The reading difficulty is unexpected with respect to the
child’s ability, age, and/or grade. Even after acquiring
decoding skills, the child generally remains a slow reader.
When teachers are not informed, they may unnecessarily
pressure or hurry the student. Dysgraphia is often present
and accompanied by laborious note taking. Self-esteem is
frequently affected, particularly if the disorder has gone
undetected for a long period of time. Learning-disabled
children are likely to have encountered negative test-tak-
ing experiences where there was a disparity between their
knowledge and their test scores, especially on timed tests,
and thus tend to exhibit more test anxiety than nondis-
abled peers. Test scores may thus be artificially depressed
as a result of such anxiety. Adults with strong histories of
dyslexia who have compensated for their reading disability
demonstrate good accuracy in reading but are less auto-
matic. Compensated dyslexics take longer to apply their
decoding skills and thus are slower readers; however, given
sufficient time, they score very well on tests of reading
comprehension.

Assessment of Reading

Reading is assessed by measuring decoding and compre-
hension. In the school-age child, one important element of
the psychometric evaluation is how accurately the child
can decode words, ie, read single words in isolation. This
is measured with standardized tests of single real-word and
pseudoword reading such as the Woodcock-Johnson Psy-
choEducational Battery–Revised (WJ-R) and the Wood-
cock Reading Mastery Test. Difficulties often also emerge

TABLE 1. Clues To Dyslexia In School-Age Children*
History

Delayed language
Problems with the sounds of words (trouble rhyming words, confusing
words that sound alike)
Expressive language difficulties (mispronunciations, hesitations, word-
finding difficulties)
Difficulty naming (difficulty learning letters of alphabet and 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
pictured item)
Relatively superior performance on tests of word recognition (point to
the pictured item)
Poor performance on tests of phonological awareness

Clues most specific to young children at-risk for dyslexia
Difficulty on tests assessing: knowledge of the names of letters, the
ability to associate sounds with letters, and phonological awareness

Clues most specific to bright young adults with dyslexia
Childhood history of reading and spelling difficulties
Accurate but not automatic reading
Very slow performance on timed reading tests (eg, Nelson-Denny
Reading Test)
Penalized by multiple choice tests

*Clues are based on history, observations, testing, or a combination of all three.
Reprinted with permission.

TABLE 2. Types of Tests Useful in Identifying Children At Risk for
Dyslexia at School Entry
Letter identification (naming letters of the alphabet)
Letter—sound association (eg, identifying words beginning with the

same letter from a list: doll, dog, boat)
Phonological awareness (eg, identifying word that would remain if a

particular sound were removed: if the /k/ sound was taken away
from “cat”)

Verbal memory (eg, recalling a sentence or a story that was just told)
Rapid naming (rapidly naming a continuous series of familiar objects,

digits, letters, or colors)
Expressive vocabulary or word retrieval (eg, naming single-pictured

objects
Reprinted with permission.
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on tests of spelling, which depend on these same abilities.
Reading fluency should be assessed by reading aloud using
the Gray Oral Reading Test. This test consists of 13
increasingly difficult passages, each followed by 5 compre-
hension questions. Word-reading efficiency may be as-
sessed using the Test of Word Reading Efficiency, a test of
speeded reading of single words. This test measures how
many words, from a list that gradually increases in diffi-
culty, the child can read in 45 seconds.

Diagnosis in Preschool and at School Entry

Currently, reading disabilities are not diagnosed until chil-
dren are in third grade or approximately 9 years old. Good
evidence indicates that it is possible to screen children as
young as 4 to 5 years old to identify those at risk for
reading disability, an identification based on poor reading
relative to chronological age, ie, poor reading defined
solely on the basis of low reading achievement. A history
of language delay or of not attending to the sounds of
words (trouble playing rhyming games with words, con-
fusing words that sound alike), along with a positive family
history, represent significant risk factors for dyslexia. The
most helpful measures in predicting reading difficulties are
those designed to assess, in general, phonemic awareness
and phonological skills. Normed tests of phonological
analysis for young children—for example, the Compre-
hensive Test of Phonological Processing—are now avail-
able. It consists of measures of phonological awareness,
phonological coding and working memory, and rapid
naming and has a national standardization on children
ranging in age from 5 years to adulthood. For example,
measures most predictive of later reading ability include
the child’s knowledge of letter sounds, the ability to blend
sounds into words (done orally), and at the end of kinder-
garten, the ability to name letters rapidly. There is grow-
ing evidence that early identification and intervention in
kindergarten and first grade 1 may substantially decrease
the number of children requiring special services for read-
ing disability (reviewed in69). These early identification
procedures are sensitive but not specific and so tend to
overidentify children with dyslexia. Such overidentifica-
tion is reasonable given that the costs of delaying inter-
vention are so great.

Diagnosis in Adolescents and Young Adults

The developmental course of dyslexia has now been char-
acterized. First, dyslexia is persistent and does not go away;
on a practical level, this means that once a person is
diagnosed as having dyslexia, there is no need for re-
examination after high school to confirm the diagnosis.
Second, over the course of development, skilled readers
become more accurate and more automatic in decoding;
they do not need to rely on context for word identification.
Dyslexic readers, too, become more accurate over time,
but they do not become automatic in their reading. Re-
sidua of the phonological deficit persist so that reading

remains effortful and slow, even for the brightest of indi-
viduals with childhood histories of dyslexia. Failure to
either recognize or measure the lack of automaticity in
reading represents, perhaps, the most common error in the
diagnosis of dyslexia in accomplished young adults. It is
often not appreciated that tests measuring word accuracy
are inadequate for diagnosing dyslexia in young adults at
the college, graduate, or professional school levels. For
these individuals, timed measures of reading must be em-
ployed in making the diagnosis. However, few standard-
ized tests for adult readers are administered under timed
and untimed conditions; the Nelson–Denny Reading Test
represents an exception. Reading measures commonly
used for school-age children may provide misleading data
in some adolescents and young adults because they assess
reading accuracy but not automaticity (speed). In bright,
young adults, the sine qua non of a diagnosis of dyslexia
are (1) a history of phonologically based reading difficul-
ties, (2) requirements for extra time on tests and for cur-
rent slow and effortful reading, and (3) signs indicating
lack of automaticity in reading. At all ages, and especially
in young adults, dyslexia is a clinical diagnosis.

MANAGEMENT

Because physicians are frequently asked about various
reading programs for dyslexia, they should understand the
principal elements of an effective training program. These
elements reflect an understanding of the reading process
and why it is so difficult for children and adults with
dyslexia to learn to read. The management of dyslexia
demands a life-span perspective. Early on, the focus is on
remediation of the reading problem. As a child matures
and enters the more time-demanding setting of secondary
school, the emphasis shifts to the important role of pro-
viding accommodations. The goal of effective intervention
programs is to remediate the underlying problem in pho-
nemic awareness; however, all too frequently the standard
instruction provided through remediation is too little, too
general, and too unsystematic. Most recently, based on the
work of the National Reading Panel,28 evidence-based
reading intervention programs have been identified that
provide instruction in the most important elements in
reading: phonemic awareness, phonics, reading fluency,
vocabulary, and reading comprehension strategies. To
identify these programs, the National Reading Panel used
the same methodology that has been recognized as the
scientific standard and that has been used so successfully in
providing evidence-based treatments for many other dis-
orders affecting children. Taking each component of the
reading process in turn, the intervention used with
younger children and even with older children are pro-
grams to improve phonemic awareness, ie, the ability to
focus on and manipulate phonemes (speech sounds) in
spoken syllables and words. The elements found to be
most effective in enhancing phonemic awareness, reading,
and spelling skills include (1) teaching children to manip-
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ulate phonemes with letters; (2) focusing the instruction
on 1 or 2 types of phoneme manipulations rather than
multiple types; (3) teaching children in small groups; and
(4) providing explicit instruction that directly teaches chil-
dren how to identify, count, and manipulate the sounds in
spoken words. The next step in teaching reading is to
teach phonics, ie, to make sure that the beginning reader
understands how letters are linked to sounds (phonemes)
to form letter–sound correspondences and spelling pat-
terns. In teaching phonics, it is critical to ensure that the
instruction is explicit and systematic; phonics instruction
enhances children’s success in learning to read, and sys-
tematic phonics instruction is more effective than instruc-
tion that teaches little or no phonics. Furthermore, the
effects of phonics instruction are substantial in kindergar-
ten and first grade, indicating that systematic phonics
programs should be implemented in these early grades.28

The evidence indicates that kindergarten-age children
who receive phonics instruction benefit in their ability to
read and spell words, and first graders who are taught
phonics are better able to decode and spell and show
significant improvement in their ability to comprehend
text. In contrast, older children in later primary grades
receiving phonics instruction are better able to decode and
spell words and to read text orally, but their comprehen-
sion of text is not significantly improved.

Fluency refers to the ability to read aloud with speed,
accuracy, and proper expression. Although it is generally
recognized that fluency is an important component of
skilled reading, it is often neglected in the classroom. The
most effective method to build reading fluency is guided
oral reading, ie, reading aloud repeatedly to a teacher, an
adult, or a peer, and then receiving feedback.28 The evi-
dence indicates that guided oral reading has a clear and
positive impact on word recognition, fluency, and com-
prehension at a variety of grade levels and applies to all
students, good readers as well as those experiencing read-
ing difficulties. The evidence is less secure is for programs
for struggling readers that encourage large amounts of
independent reading, ie, silent reading without any feed-
back to the student. Thus, although independent silent
reading is intuitively appealing, at this time the evidence
does not support the notion that reading fluency improves.
No doubt there is a correlation between being a good
reader and reading large amounts; however, there is a
paucity of evidence indicating that there is a causal rela-
tionship, ie, if poor readers read more they will become
more fluent.

Fluency is of critical importance because text reading
that is dysfluent is slow and may impair the child’s ability
to comprehend what has been read and, clearly, compre-
hending the text is the ultimate goal of reading. In contrast
to teaching phonemic awareness, phonics, and fluency,
interventions for reading comprehension are not as well
established. In large measure, this reflects the nature of the
complex processes influencing reading comprehension.

Limited evidence indicates that the most effective methods
to teach reading comprehension involve teaching such
components as vocabulary as well as active interaction
between reader and text, an interaction fostered by teach-
ers who have the knowledge and skills to apply strategies
designed to engage the student with the material.

One of the most exciting developments in reading and
reading disability is the converging evidence that, in many
cases, and if recognized very early (at ages 4 and 5 years),
reading difficulties may be prevented. As early as kinder-
garten, and perhaps even in preschool, it is now possible to
identify children at risk for word-reading difficulties on
the basis of their performance on tasks that assess phone-
mic awareness and naming abilities (see above).69 Even
with the early identification and interventions designed to
prevent reading disability, there may be a substantial num-
ber of children who will need the interventions discussed
above.

Large-scale studies to date have focused on younger
children; as yet, there are few or no data available on the
effect of these training programs on older children. The
management of dyslexia in students in secondary school,
and especially college and graduate school, is based on
accommodation rather than remediation. College students
with a history of childhood dyslexia often present a para-
doxical picture; they are similar to their unimpaired peers
on measures of word recognition and reading comprehen-
sion, yet they continue to suffer from the phonological
deficit that makes reading less automatic, more effortful,
and slower. For young adults with dyslexia, the provision
of extra time is an essential accommodation; it allows them
the time to decode each word and to apply their unim-
paired higher-order cognitive and linguistic skills to the
surrounding context to get at the meaning of words that
they cannot entirely or rapidly decode. Studies comparing
performance of reading-disabled students with and with-
out extra time show the latent potential of such students
that never emerges unless they are provided with extra
time to compensate for their lack of automaticity. In con-
trast, additional time makes little to no difference in the
performance of nonimpaired readers. Although providing
extra time for reading is by far the most common accom-
modation for people with dyslexia, other helpful accom-
modations include allowing the use of lap-top computers
with spell-check programs, tape recorders, and recorded
books (materials are available from Recording for the
Blind and Dyslexic; 800-221-4792) in the classroom as
well as providing access to syllabi and lecture notes; tutors
to “talk through” and review the content of reading ma-
terial; alternatives to multiple- choice tests (eg, reports or
orally 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, including medicine.

People with dyslexia and their families frequently con-
sult their physicians about unconventional approaches to
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the remediation of reading difficulties; in general, no cred-
ible data exist to support the claims made for these treat-
ments (eg, optometric visual training, medication for ves-
tibular dysfunction, chiropractic manipulation, and dietary
supplementation).

In summary, there is now convincing scientific evidence
to explain why some very smart people have trouble learn-
ing to read as well as to govern the management of chil-
dren and adults who are dyslexic. Longitudinal studies,
cognitive studies, and now neurobiological studies provide
powerful proof of the enduring nature of the phonological
deficit in even the brightest of dyslexics, including those
who are accurate but not automatic readers. Key factors to
keep in mind are (1) that dyslexia is a clinical diagnosis; (2)
that in bright young adults, a family history of dyslexia and
slow reading are the sine qua non of the diagnosis; and (3)
that accommodations are as essential to these individuals
as insulin is to a diabetic. There are now at least two Nobel
laureates (Niels Bohr and Baruch Benacerref), as well as
numerous other distinguished physicians and scientists,
who are dyslexic. No doubt, there could be many more if
otherwise bright and able dyslexic men and women were
provided with the accommodations necessary to access
their strengths on tests that serve as gate-keepers. It is the
obligation of each physician to ensure that the diagnosis
and management of children and adults with dyslexia are
based on science, not on arbitrary and capricious dogma.
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