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Dyslexia, or a reading disability, occurs when an individual has
significant difficulty with speed and accuracy of word decoding.
Comprehension of text and spelling are also affected. The diagnosis
of dyslexia involves the use of reading tests, but the continuum of
reading performance means that any cutoff point is arbitrary. The
IQ score does not play a role in the diagnosis of dyslexia. The
cognitive difficulties of dyslexics include problems with speech
perception, recognizing and manipulating the basic sounds in a
language, language memory, and learning the sounds of letters.
Dyslexia is a neurological condition with a genetic basis. There are
abnormalities in the brains of dyslexic individuals. There are also
differences in the electrophysiological and structural characteristics
of the brains of dyslexics. Physicians play a particularly important role
in recognizing children who are at risk for dyslexia and helping their
parents obtain the proper assessment.
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Des perspectives sur la dyslexie

La dyslexie, une déficience de lecture, se produit lorsque 'individu éprouve
d’énormes difficultés dans la vitesse et 'exactitude du décodage des mots.
La compréhension de texte et I'épellation sont également touchées. Pour
poser un diagnostic de dyslexie, il faut utiliser des tests de lecture, mais en
raison de la séquence d’exécution de la lecture, toute limite d’inclusion est
arbitraire. Le QI n’a rien a voir dans le diagnostic de dyslexie. Les troubles
cognitifs des dyslexiques comprennent des troubles de perception du
langage, de reconnaissance et de manipulation des sons fondamentaux
d’une langue, de mémoire de la langue et d’apprentissage du son des lettres.
La dyslexie est un trouble neurologique aux fondements génétiques. On
remarque des anomalies dans le cerveau des dyslexiques, de méme que des
différences dans les caractéristiques électrophysiologiques et structurelles de
leur cerveau. Les médecins jouent un rdle particulie¢rement important dans
le dépistage des enfants vulnérables a la dyslexie et dans 'aide aux parents
afin qu'ils obtiennent une évaluation convenable.

yslexia, also known as a reading disability, occurs when

an individual has significant difficulty with speed and
accuracy of word decoding. Comprehension of text is also
affected. Dyslexia is usually accompanied by spelling diffi-
culties. Dyslexia is stable, in that children identified as
dyslexic are likely to continue to have reading difficulties
throughout adolescence and adulthood (1,2).

DEFINITIONAL ISSUES

There are many complex issues to consider in developing
an appropriate definition of dyslexia. One of the major
problems is that there is no specific blood test or brain
imaging result that can provide a diagnosis. Fundamentally,
the issue is that reading is measured on a continuum and
there is no cutoff score on a reading test that clearly divides
individuals into dyslexic and nondyslexic groups. The dis-
tinction between dyslexia and normal reading is arbitrary;
where the cutoff point is drawn varies from study to study.

Ellis (3) invokes a medical analogy when discussing
dyslexia: “First, reading backwardness seems to be a graded
thing more like obesity than measles. We cannot in any
simple way divide the population into those who are
dyslexic and those who are not, so it would seem unlikely
that there will exist any symptom or sign that will quantita-
tively distinguish dyslexics from nondyslexics”.

In discussing the arbitrary nature of dyslexia, Shaywitz et al
(4) noted: “Our findings indicate that dyslexia is not an all-
or-nothing phenomenon, but like hypertension and obesity,
occurs in varying degrees of severity. Although limitations
on resources may necessitate the imposition of cutoff points
for the provision of services, physicians must recognize that
such cutoffs may have no biological validity”.

Exactly where the line is between dyslexic and
nondyslexic is subjective and controversial. This relative
uncertainty does not dispute the reality of dyslexia, but
instead indicates that there is some subjectivity in the diag-
nosis.

Operationalizing the definition of dyslexia has proved to
be contentious and difficult. First, there is the question of
which reading test to use. It is now considered important to
use a test of single isolated word reading, such as the
Woodcock-Johnson Word Identification subtest or the Wide
Range Achievement Test. In both of these tests, the individ-
ual is required to read words that increase in difficulty (eg,
from simple words to complex multisyllable words, such as
‘cat’, ‘emphasis’ and ‘idiosyncrasy’). Test scores are compared
with scores from other individuals of the same age level.

An important test for dyslexia is a test of pseudoword
reading (eg, the Woodcock Word Attack test). This test

involves the reading of pronounceable combinations of
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letters that do not represent English words but can be artic-
ulated using the pronunciation rules of English. Examples
include items such as ‘bab’, ‘shum’, ‘cighet’ and ‘baf-
motbem’. This is a test of basic decoding skills. Having
these decoding skills is especially important when learning
to read and to be able to ascertain the pronunciation of new
words that have never been encountered before.

The discrepancy definition
Until recently, the typical definition of dyslexia involved a
discrepancy between an IQ score and a reading score. If the
IQ score was found to be significantly higher than the read-
ing score, then this discrepancy was used as an index of
dyslexia. This definition has been discredited for a variety
of reasons. A detailed discussion on this topic can be found
elsewhere (5). The IQ test measures vocabulary, verbal
memory and specific knowledge, and these are skills that
may be deficient in the dyslexic. Therefore, the 1Q score
may be an inadequate measure of the so-called intellectual
potential of a dyslexic. In addition, a number of studies (6-9)
in different countries have found that there are no differ-
ences in children who have reading problems between
those who have a discrepancy between IQQ and reading
scores and those who do not. These findings suggest that a
discrepancy between 1Q and reading scores is not necessary
to indicate dyslexia, and that a low score on a reading test is,
in fact, an indication of a reading problem. There is evi-
dence to suggest that a child’s IQQ score does not predict his
or her ability to benefit from remediation (10,11).
Another issue is which cutoff score to use to diagnose
dyslexia. Basically, reading scores are a continuous distribu-
tion. At some point in the reading, the delay becomes so
severe (compared with other individuals of the same age
and educational background) that we call it dyslexia.
Although reading comprehension is important and is
the major purpose for reading, dyslexia is best recognized by
difficulties at the word level. Decoding words is critical for
developing comprehension skills. Reading comprehension
is usually tested by having the individual read a passage and
answer questions about the passage. Reading comprehen-
sion tests are usually timed. There are some individuals
who, although they can read words, have difficulty with
reading comprehension because they may lack the inferen-
tial skills to make sense of what they read, or because they
may read slowly. They may not have sufficient background
knowledge to understand the text or the questions. Lesaux
et al (12) found that giving dyslexics extra time on a read-
ing comprehension test improved their reading scores.

PREVALENCE

Estimates of prevalence depend on the particular definition
of dyslexia used in the study (13,14). Depending on the def-
inition used, 5% to 10% of the population is considered to
have dyslexia; however, because of the nature of the defini-
tional issues (as described above), an estimate of prevalence
is specific to a particular sample and to the definition used
in a study.
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HISTORY

Dyslexia was first described in the scientific literature by
several physicians, who noted cases of individuals with
apparently normal intelligence who could not learn to read
(15). These cases were called word blindness. One of the
pioneers in the field of dyslexia was Orton (16), who
believed that the problem in dyslexia was one of visual per-
ception and visual memory.

In the years that followed, various theories, including
hypotheses about motor difficulties and perceptual prob-
lems as the basis of dyslexia, were advanced. The belief was
that dyslexia was a perceptual problem, stemming from the
idea of word blindness. It was also a common belief, and
probably a belief held by many today, that the defining
symptom for dyslexia was writing letters and words back-
wards. This conceptualization of dyslexia as a visual prob-
lem and as the primary symptom being the writing of letters
and words backwards has been discredited by studies,
including those by Liberman et al (17) and Vellutino (18).

TWO ROUTES TO READING

Scientists have used theories about reading to help under-
stand dyslexia. One of the most widely accepted theories of
reading is called the dual route theory (19). In this theory,
there are two mechanisms that individuals use to read
words: the direct (orthographic) route and the indirect
(phonological) route. The direct route involves looking at a
word and automatically knowing what it says. For frequently
used words and words that have been seen before, this route
is probably the one that is used. Skilled readers use this
route for most of what they read, although they can use
another route when they encounter words that are either
new or relatively unfamiliar. The indirect route involves
translating the letters into sounds and knowing the pronun-
ciation of words from the combination of sounds. The use of
this route involves what is called phonological processing.
This route is commonly used at the beginning of the devel-
opment of reading skills in which words are carefully sounded
out and in more advanced readers when they encounter
new words. Most dyslexics have a great deal of difficulty
with this route because they lack phonological skills.

COGNITIVE ASPECTS OF DYSLEXIA
A breakthrough in the understanding of dyslexia occurred
approximately 35 years ago, when a picture of the major cog-
nitive difficulties in dyslexia began to emerge more clearly
(20). Liberman and colleagues (20-22) recognized the
importance of speech and language as the basis for reading,
and that children must map the written word on to the spo-
ken word when learning to read. It was assumed in the past
that visual difficulties or problems with hand-eye coordina-
tion served as the basis for dyslexia. It is now clear that the
major problem with dyslexia involves difficulties with
phonological processing, that is, being able to segment
words into their component sounds, and associate letters
with their sounds and phonological awareness (ie, the ability
to segment speech into small parts, such as syllables, and the
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smallest units of sound, phonemes). As young children,
dyslexics have difficulties with tasks such as discriminating
the individual sounds in words (eg, what does ‘pink’ with out
the ‘p’ say?), recognizing words that rhyme (eg, which of the
following words rhymes with cat: sun, hat or star) or recog-
nizing whether ‘cat’ and ‘kite’ start with the same sound
(20,23). Studies such as those by Lundberg et al (24) and
Elbro and Petersen (25) have shown that children who
receive training in these phonological awareness skills
demonstrate improved reading abilities.

One aspect of this phonological deficit is that dyslexics
show subtle difficulties in speech perception at the level of
the phoneme. Studies such as those by Godfrey et al (26),
Manis et al (27), Reed (28) and Werker and Tees (29) have
shown that dyslexics perform poorer than nondyslexics on
measures of speech perception. For example, Bertucci et al
(30) found that the perception and production of vowels
were particularly difficult for dyslexics. The speech process-
ing difficulties for dyslexics include weak phonological cod-
ing for vowel sounds with similar phonetic characteristics.

Mody et al (31) found differences between some dyslex-
ics and nondyslexics with respect to the discrimination of
sounds such as ‘ba’ and ‘da’. Only some dyslexics have this
problem. As methods of speech and sound science advance,
it may eventually be found that this speech perception
problem is one of the fundamental difficulties of the dyslexic.

When dyslexics are learning to read, they have trouble
learning the sounds of letters and the spelling of words.
Later on, although they can read words, their reading may
be slow, and many have difficulty remembering what they
have read. Stanovich (32) provided evidence for what he
called the ‘Matthew effect’ (based on the writings of
Matthew in the Bible that the rich get richer and the poor
get poorer). Stanovich (32) states that “individuals who
have advantageous early educational experiences are able
to utilize new educational experiences more efficiently”. In
contrast, children who have reading difficulties read less
and do not acquire the vocabulary and concepts that they
need and, thus, fall further behind in their reading and aca-
demic skills.

GENETIC AND NEUROLOGICAL BASIS
Dyslexia has a genetic basis, and it is clear that dyslexia
tends to run in families (Table 1). Research has identified
several chromosomes that appear to contain the gene or
genes for dyslexia, although the exact genetic mechanisms
and the inheritance patterns are not known. Familial stud-
ies (33-39) and discoveries regarding the involvement of
specific chromosomes (40-42) clearly indicate the genetic
basis of dyslexia. Chromosomes 6 and 15 have been impli-
cated. Obviously, environmental factors play a role, but the
role of genetics is quite strong (43). A study by Castles et al
(43) found that phonological dyslexia (in which individuals
have more trouble reading pseudowords) was more herita-
ble than orthographic dyslexia (in which individuals have
more trouble reading exception words), although both
types showed a significant heritability.
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TABLE 1
Risk factors for dyslexia

Family history

Early speech delay
Prematurity

Very low birth weight (<1500 g)

There is clearly a neurological basis for dyslexia. A num-
ber of postmortem studies have indicated abnormalities in
the brains of dyslexic individuals (44,45). The universal
finding is an absence of the usual asymmetry in the planum
temporale. There may also be structural differences between
dyslexics and nondyslexics in the corpus callosum, which
controls the communication between the two hemispheres
of the brain (46,47).

A number of electrophysiological studies have shown
differences between dyslexics and nondyslexics. Event-
related potentials may be used to measure the timing and
the brain areas used during the cognitive processing of print
and language. For example, a number of studies (48-50)
have found that the event-related potentials of dyslexics, in
contrast with nondyslexics, failed to show what is called
mismatched negativity, which is a negative deflection in
the wave in response to a change in the stimulus.

Functional magnetic resonance imaging has shown that
there are structural differences in the brains of dyslexics and
nondyslexics. The exact nature of these differences varies
from study to study. In general, differences in the planum
temporale have been found such that asymmetries are great
in the nondyslexic, and the direction may even be reversed
in the dyslexic (51,52). Casanova et al (53) found abnor-
malities in the left hemisphere of dyslexic individuals;
specifically, the following structures were involved:
extrapyramidal and limbic systems, amygdala, hippocam-
pus, parahippocampal gyrus, putamen and globus pallidus.

SEX

Although it is a common belief that men are significantly
more likely to be dyslexic than women, this assumed sex
imbalance is not substantiated by recent research (54,55).
There may be slightly more men than women who have
dyslexia, but the difference is not significant. This notion is
illustrated by a study (56) of an epidemiological sample of
children in grades 2 and 3 in which reading and IQ tests
were used to provide a psychometric definition of dyslexia.
The investigators found that 8.7% of the boys and 6.9% of
the girls were dyslexic in grade 2, and that 9.0% of the boys
and 6.0% of the girls were dyslexic in grade 3. However,
when they examined the sex differences in referral rates in
the dyslexics identified by the teachers, they found that
13.6% of the boys and 3.2% of the girls were identified as
dyslexic in the second grade, and that 10.0% of the boys
and 4.2% girls were identified as dyslexic in the third grade,
indicating a significant referral bias in favour of boys.
Although the actual incidence of dyslexia was similar in
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boys and girls, boys were much more likely to be referred for
possible assessment. In general, Shaywitz et al (56) found
that the boys were identified because of behavioural diffi-
culties in the classroom, which drew the teacher’s attention
to them. The girls were much less likely to have behaviour
problems and, thus, were not identified as having reading
difficulties, although they were almost as likely as boys to
have a disability.

ASSESSMENT OF DYSLEXIA

Any individual (child or adult) in whom a reading problem
is suspected should receive an assessment. This assessment
is available in schools and in institutions of higher educa-
tion. The assessment should involve a thorough measure-
ment of reading, spelling and arithmetic skills. An
intelligence test or IQQ score is not necessary, as demonstrated
by the latest research in the area; however, despite the liter-
ature, some jurisdictions still require an IQ test. This state
of affairs is unfortunate because there is either a long wait
time for testing — sometimes as long as one to two years in
many school districts — or parents or individuals must go to
a private psychologist to receive the testing, which is quite
expensive and out of the financial reach of many individuals.
However, third party insurers may cover the cost in some
instances.

CROSS-LINGUISTIC STUDIES
Dyslexia has the same manifestation in all alphabetic lan-
guages that have been studied and in languages that are
nonalphabetical, such as Chinese and Japanese. The pri-
mary deficit is phonological (even in Chinese), although
problems with visual memory, short-term verbal memory
and syntax exist in dyslexia in all languages (57).

EDUCATIONAL INTERVENTIONS
There are a number of educational interventions that can
be useful in helping the dyslexic individual. Some of these
are direct treatments, while others involve providing
accommodations to the learning environment.

Accommodations

Educational accommodations include the use of computers,
tape recorders, screen readers and speech recognition
devices. Many dyslexics have illegible handwriting. The
computer can be especially useful, particularly if touch typ-
ing skills are learned. Computers also have spell checking
programs, which are particularly useful because dyslexics
have poor spelling. Tape recorders can be useful for the
child to record his or her ideas, which can then be tran-
scribed later. Tape recorders can also be useful in classes and
lectures because note taking skills can be a problem for
dyslexic individuals. Screen readers are devices that read
aloud what is on the computer screen and can be very help-
ful for dyslexics. Books on tape can also be helpful. Speech
recognition devices and programs are especially useful; the
individual can talk into a microphone and see his or her
words appear on the screen.

584

Treatment

In some cases of dyslexia, the direct and systematic teach-
ing of letters and their corresponding sounds (ie, phono-
logical skills) is an important way to help dyslexics.
Programs such as those described by Hatcher (58) and
Nicolson et al (59) systematically teach individuals
the sounds of the letters and have been found to be
successful.

Vaughn et al (60) found that programs designed to
enhance reading fluency or reading strategies resulted in
improved reading for children with reading difficulties.

Lovett et al (61-64) and Vellutino and Scanlon (65)
used a detailed program that involved training in word
recognition and decoding skills to improve the reading
skills of dyslexic children.

Computerized programs have been helpful in some cases.
In one study, Wise et al (66) used computers to help dyslexic
children. Children read books on computers that were
linked to speech synthesizers and then obtained feedback
on words that were difficult for them. As a result of this sys-
tem, the children’s attitudes toward reading improved.
Irausquin et al (67) showed that computerized exercises
that train speed or automatization are helpful in improving
the reading of dyslexic individuals. Lovett et al (68,69) used
a computer speech-based program to train reading skills in
dyslexic children.

It is also important to discover the talents of dyslexics.
Many dyslexics are gifted in sports, art, music or dance
(70), while others have superior visuospatial skills. These
skills can be useful in careers such as architecture or engi-
neering.

COMORBIDITY

Dyslexia frequently occurs with other conditions, such as an
arithmetic learning disability, attention deficit disorder,
attention deficit hyperactivity disorder, obsessive-compulsive
disorder and Tourette’s syndrome (71). Reading and lan-
guage disorders may be associated with behavioural difficul-
ties, but it is likely in many cases that the behavioural
difficulties are a consequence of the reading difficulty and
not a cause of it (72). It is particularly important that physi-
cians do not ignore the possibility of dyslexia when other
developmental disorders are present.

IMMIGRANT CHILDREN AND DYSLEXIA
Canada is a multicultural, multiethnic nation. Especially
in the larger cities, there are significant numbers of chil-
dren who are being educated in school in a language other
than their native tongue. There has been some research
conducted on children learning English as a second lan-
guage, but very little research on immigrant children
learning French as a second language. In general, these
studies found that if immigrant children enter school in
the first few grades and receive good instruction, they can
catch up to their nonimmigrant peers (73,74). What is
important to know is that children who are still having
significant difficulties after a few months or a year of
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instruction in English may be dyslexic. Often, these chil-
dren are ignored and the problem is assumed to be due to
the fact that their first language is not English. In reality,
children who struggle in school, even if their first language
is not English, should be screened and assessed to deter-
mine whether they are dyslexic. Considering the signifi-
cant dropout rate of children whose first language is not
English, it is very important to investigate the possibility
of dyslexia.

DYSLEXIA AND PREMATURITY
Very low birth weight children, that is, children whose
birth weights are lower than 1500 g, are at significant risk
for dyslexia and other learning disorders (8,75,76)
(Table 1). Unfortunately, these children are less likely to be
identified because their difficulties are less likely to be
recognized.

SIGNS OF DYSLEXIA

Delayed language development may indicate that a child is
at risk for dyslexia. Children who show delayed language
development at three and four years of age are at risk for
dyslexia, although many children who eventually become
dyslexic have perfectly normal language development.
Studies (77,78) have shown that early language difficulties
and a diagnosis of language impairment in childhood is
predictive of reading disabilities in the later school years
and during adolescence and adulthood. Although not all
children who have language disorders in early childhood
become dyslexic, it is a very important indicator of a possi-
ble problem; these children should be monitored very care-
fully.

Academic difficulties in school, especially difficulty with
learning how to read, are a sign of dyslexia. Although chil-
dren learn to read at different rates, if a child is having dif-
ficulty and performing significantly below his or her peers
after a few months of reading instruction, this delay is a sign
of a potential problem and should not be ignored.

School phobia and/or somatic complaints that appear on
school days, especially on Monday, are a sign of a possible
learning disability (Table 2). Prompt treatment and investi-
gation of a possible reading problem or other learning diffi-
culty is critical.

PREVENTION

Children at risk for reading difficulties can be identified in
kindergarten (five years of age) and intervention programs
can be provided. In one study, Lesaux and Siegel (74) found
that children identified as at-risk for reading difficulties in
kindergarten, regardless of whether their first language was
English, benefited from classroom-based intervention pro-
grams that emphasized phonological awareness, vocabulary
and reading strategies.

CURRENT DIRECTIONS IN DYSLEXIA
Recently, an alternative to the labelling of individuals as
dyslexic to make them eligible for special education services
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TABLE 2
Signs of dyslexia

Difficulty learning to read
Somatic complaints

School phobia

TABLE 3
Screening tools

Standardized tests of the following areas can be used for screening:
« Word reading

* Pseudoword reading

* Reading comprehension

« Spelling

« Arithmetic

has been proposed. The model is called Response to
Instruction and it involves the early identification of
children with difficulties, providing a classroom based-
intervention and then providing more individualized aca-
demic intervention for children who still continue to
have difficulties. This model holds promise for the pre-
vention, or at the very least the reduction, of serious
reading problems. It is considerably less costly than a
model that requires extensive testing and waiting until
the child is failing before help is considered.

CONCLUSIONS

It is important to recognize that behavioural difficulties in
school may be a sign of dyslexia. Any sign of problems in
learning to read, even very early in a child’s school career,
should be taken seriously and investigated. The common
assumption that the child will grow out of the problem is
not a valid one in most cases. We know that early identifi-
cation and early intervention can prevent most serious
reading difficulties, or at least reduce the severity of them.
Any school difficulties or behavioural problems should be
investigated immediately. School phobia and/or somatic
complaints that appear on school days are a sign of a possi-
ble learning disability.

Physicians have an important role to play in the identi-
fication of children at risk for dyslexia. In addition to rec-
ognizing the signs of possible dyslexia, physicians or their
office staff may be able to conduct some brief screening
tests, including some standardized tests of reading, spelling
and arithmetic (Table 3).

There is evidence that significant numbers of dyslexics
are represented in populations of runaway homeless street
youths (79), adolescent suicide victims (80) and juvenile
offenders (81). It is important that we recognize these diffi-
culties early and make an attempt to eliminate them or
reduce their severity.

Physicians have a particularly important role in recog-
nizing a child who is at risk for dyslexia and helping the par-
ents obtain the proper assessment.
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