
Chapter 13

Learning Disabilities

Gayle K. Deutsch and Robert N. Davis

Learning disability (LD) refers to a condition in which
a child fails to develop adequate academic skills, such
as reading, writing, or calculation. LDs involve inad-
equate development of academic skills, rather than
representing a loss of previously acquired function,
although brain lesions may certainly result in cogni-
tive deficits that affect reading, writing, and calculation
(for a review, see Heilman and Valenstein) [1]. Most
research on LDs has involved children, who are the
focus of this chapter. For a review of LDs in adults,
the interested reader is referred to Mapou [2]. In this
chapter, we will first present a conceptual overview
of LDs and types of LDs. Second, we will offer rec-
ommendations on how to effectively triage children
who present with academic skill deficits. Third, we will
cover some of the fundamental mechanisms involved
in LDs that have been identified in neuropsychological
and imaging studies. We will conclude by mention-
ing some recent interventions that appear promising
for remediating academic skill deficits among children
with LDs.

History and Background

LDs should be understood to represent unexpected
underachievement in one or more areas of core aca-
demic skill [3]. The first part of this term (“unex-
pected”) means that one or more deficits in academic
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skills exist that would not have been anticipated, given
the child’s history and present circumstances. For
example, children with mental retardation, blindness,
or deafness would typically not be expected to achieve
reading, writing, and calculation skills to the extent
mastered by their unaffected peers. Similarly, a child
who has not attended school regularly (for whatever
reason), or who has lacked adequate instruction in core
academic areas, would also not be expected to demon-
strate a typical level of achievement. Historically, a
child’s level of intellectual functioning (IQ score) was
used as a standard to which his or her level of academic
achievement was compared. A child of high average
intelligence, for example, might be regarded as hav-
ing an LD if he or she demonstrated reading abilities
within the low average range. In other words, a certain
level of academic achievement was expected based on
the child’s level of intellectual functioning; deviations
from the expected level were regarded as indicative
of LD.

Academic achievement deficits that result from
primary visual or auditory impairment, mental retar-
dation, or inadequate exposure to quality instruction
should not be regarded as LDs; in such instances,
academic skill deficits would be expected. Similarly,
children with limited exposure to English should not
be regarded as having an LD for this reason alone.
As reviewed extensively elsewhere [3, 4], we do not
view an IQ–achievement disparity as either necessary
or sufficient for an LD diagnosis. Briefly, children with
IQ–achievement discrepancies do not appear to differ
in a meaningful way from their low-achieving peers
(who lack such a discrepancy) with respect to cognitive
or neurobiological correlates, genetic factors, etiol-
ogy, course, or, perhaps most importantly, response to
intervention [3]. Moreover, the use of cutoff and/or

237C.L. Armstrong (ed.), L. Morrow (Associate editor), Handbook of Medical Neuropsychology,
DOI 10.1007/978-1-4419-1364-7_13, © Springer Science+Business Media, LLC 2010



238 G.K. Deutsch and R.N. Davis

discrepancy scores is fraught with unreliability and
measurement error. Thus, IQ–achievement discrep-
ancy is no longer tenable as a way to conceptualize or
identify LDs.

The second part of the term unexpected under-
achievement refers to the child’s substandard mastery
of core academic skills. A question then arises as
to what constitutes underachievement: how low must
performance be for it to be considered problematic?
Some researchers (e.g., Dombrowski and colleagues)
[4] have suggested incorporating a combination of
national and local norms in making the determina-
tion of underachievement. Specifically, these authors
argue that LD identification should be based on (1) a
standard score of 85 or below on a nationally normed
measure of academic achievement and (2) evidence of
educational impairment (based on grades, curriculum-
based assessment, and teacher reports or ratings). A
weakness of this proposed identification method is
that the use of a specific cut point (e.g., standard
score of 85 or below) is problematic due to mea-
surement error. Nonetheless, the second criterion of
Dombrowski et al.’s [4] approach includes consider-
ation of the child’s academic performance at a local
level. This criterion does not eliminate the measure-
ment error problem associated with measuring aca-
demic achievement at a single point in time and with
a fixed cut score. However, it does supplement the
score with highly relevant data pertaining to the child’s
academic performance in his or her most immediate
environment.

Fletcher and colleagues [3] advocate a hybrid
model for identifying LD that combines features of
low achievement and response to intervention (RTI)
approaches. RTI is not a new concept, but with changes
in educational law based on the Individuals with
Disabilities Education Act (IDEA 2004), a shift was
made to take into consideration the role of instruc-
tion and performance over time. This model involves
considering a child’s response to instruction, serial
curriculum-based assessments of the academic domain
at issue, and evaluations of instructional quality. A
child who demonstrates an inadequate response to
instruction would next receive norm-referenced assess-
ments in the achievement domain. A comprehensive
evaluation that screens for comorbid conditions and
addresses other possible causes of underachievement
(e.g., mental retardation, speech/language impair-
ments, and/or behavioral problems) is also conducted.

Assessment and consideration of psychosocial vari-
ables (e.g., home environment or native language)
occurs as well.

We are in general agreement with Fletcher and col-
leagues [3] regarding the hybrid model, as it clearly
addresses many of the flaws inherent in other models.
Our primary concern about the model, though, is that
not all schools may have the resources and personnel
who are able to carry out assessments and interventions
of the type proposed. Moreover, change seems to hap-
pen slowly in large bureaucracies, and we are aware at
present (September 2009) that many schools continue
to operate with outdated models, assessment practices,
and intervention techniques. This is not to blame the
schools, as many of them likely lack the necessary
funding and/or staff training to carry out such pro-
grams. It simply means that something must be done
in the interim or in situations when the hybrid model
cannot be applied. We believe that a low-achievement
model is reasonable to be used as a conceptualizing
framework in instances when RTI cannot be applied.
Utilizing an approach such as that outlined above
[4] with appropriate consideration given to potential
exclusionary factors (but not IQ) appears to be a rea-
sonable and practical way to identify children at risk
for LDs.

Prevalence Rates of LD

Estimates of the prevalence of LDs vary according to
the criteria by which they are defined. In some studies,
LDs are considered as a disorder category and are not
fractionated by type. At a very general level, the 2004
National Survey of Children’s Health reported an 8%
lifetime prevalence of LD among children 3–17 years
of age. In this study, lifetime prevalence of LD was
measured by a survey question: “Has a doctor, health
professional, teacher, or school official ever told you
[name of child] has a learning disability?” Lifetime
prevalence rates differed by sex: 9.5% of boys were
reported to have an LD compared to 6.3% of girls
[5]. An obvious weakness of this study is that LDs
were operationalized as a survey question in a par-
ent interview. Nonetheless, this study involved 36,579
households in the United States and 12,424 sample
children, thereby reaching a level of population rep-
resentativeness that is usually impossible except in
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studies of this scope. In an analysis of data from
the preceding survey year (2003), correlates of LD
included living in a household with lower education,
male gender, increasing age, speaking English as a
primary language, living in poverty, parental unem-
ployment, being adopted, presence of a smoker, living
in a two-parent stepfamily situation, higher parental
aggravation, and not discussing ideas with the child
calmly [6].

Another approach is to examine data on chil-
dren who receive special education services under the
Individuals with Disabilities in Education Act (IDEA).
The most recent available data (2006–2007 school
year) show that 5.4% of children in the United States
received services due to an LD [7]. It should be noted
that this value (5.4%) represents a point prevalence fig-
ure, i.e., the percentage of children identified as having
LD and receiving services under IDEA, as contrasted
with the lifetime prevalence data reported above in the
2004 National Survey of Children’s Health, which is
understandably higher.

Prevalence estimates for specific LD types are diffi-
cult to summarize succinctly, as various methods for
defining the types have been used. It may be stated
with reasonable confidence that dyslexia is the most
common type of LD. Prevalence rates range from 5 to
17.5% [8, 9], and dyslexia affects approximately 80%
of children identified as having an LD [10]. These
figures are derived almost exclusively from studies
of word-reading difficulties, as opposed to deficits in
reading fluency and/or comprehension. At the present
time, no specific prevalence estimates of deficits in
reading fluency or comprehension (apart from word-
level reading difficulties) are available [3].

Epidemiological studies suggest that males are
1.5–2 times as likely as females to have dyslexia [11].
Math LDs have been found to be present in approx-
imately 4–6% of children [12]. Although data are
limited, the prevalence of written expression LDs has
been found to range from 6 to 22% as a function of
geographic region, gender, and ethnicity [13].

The Process of Diagnosis

The role of the neuropsychologist is likely to dimin-
ish over time as more schools adopt a hybrid low-
achievement/RTI model such as that proposed by

Fletcher et al. [3]. During this transitional period, clin-
ical neuropsychologists will almost certainly continue
to receive referrals that involve questions of LD. One
might imagine that a child is in one’s office for evalu-
ation, and his or her parents are concerned about their
child’s academic achievement; what should the prac-
ticing neuropsychologist do in cases when RTI or a
hybrid model cannot be utilized? In the future, it is
hoped that most issues related primarily to academic
skill deficits will be easily and comfortably referred to
the local school district for identification and interven-
tion. In instances when well-developed RTI programs
already exist, then we would advocate referring sus-
pected LD cases to competent school personnel unless
there is a reason to suspect that the child would also
benefit from a complete neuropsychological evaluation
(such as when a child has a primary medical condition
affecting cognitive functioning).

To this point, we have only discussed LDs in their
simplest form, i.e., free from comorbidity with med-
ical and mental health conditions that may adversely
affect academic functioning. The neuropsychologist
practicing in a medical setting is likely to encounter
individuals with diseases affecting the central ner-
vous system (e.g., epilepsy), and who have deficits in
academic skills in association with their underlying
condition. We believe that a clinical neuropsychologist
remains the most appropriate professional to assess
the cognitive functioning, including academic skills,
of individuals with known or suspected disorders of
the central nervous system. It is unlikely that school
personnel will have the necessary knowledge of med-
ical conditions and brain functioning to conduct an
appropriate evaluation. Moreover, such cases are nec-
essarily more complicated since the child’s academic
skill deficits are likely secondary to acquired brain dys-
function – a disease affecting the brain, as opposed to
the developmentally based substrate of a typical LD.
Even in such cases, though, children would ideally
also be directed to an RTI program in a local educa-
tional setting for confirmation of the LD. It remains
to be determined if interventions designed to improve
academic skills among children with LDs differ in
effectiveness for children who have LDs in the context
of a primary medical disorder.

It has been our experience that the neuropsycho-
logical evaluation in conjunction with a hospital-based
school reentry program is an important bridge among
parents, the child, and school personnel. For example,
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the Lucile Packard Children’s Hospital at Stanford
offers the HEAL program for children with medical
conditions who may have problems transitioning back
to school. The results of the neuropsychological eval-
uation are incorporated into a school plan. Personnel
from the HEAL program also visit the school to
observe the child and to meet with school personnel
as needed. It may not be possible for neuropsychol-
ogists in private practice to provide this service, but
it demonstrates how the neuropsychological evalua-
tion in a medical setting can be helpful in making
appropriate recommendations for school-age children.

Evaluating Children at Risk for LD

Having considered when to evaluate children with con-
cerns about their academic skills, we now turn to
discussing assessment strategies for the five types of
LD that have been identified in empirical research.
Three of the types involve reading deficits (word recog-
nition, reading fluency, and reading comprehension).
The fourth type involves individuals who struggle
with mathematics, including calculation and applied
mathematical problem solving (e.g., story problems).
The fifth type involves children who have significant
difficulty with written expression, including spelling,
handwriting, and written composition [3].

In the context of outpatient neuropsychological
evaluation, direct assessment of the academic domains
of interest forms the core of the test battery for iden-
tification of child at risk for LD. The term “at risk for
LD” is used since one cannot likely diagnose LD with
confidence in the absence of an evaluation of RTI, at
least among children [14]. The child’s level of intel-
lectual functioning may be considered, although we do
not consider an IQ test to comprise an essential com-
ponent of the test battery unless mental retardation is
suspected. In such cases, assessment of the individual’s
level of adaptive behavior should also be undertaken.

At a bare minimum, the individual’s level of aca-
demic skill should be assessed in each of the five
domains identified in the LD literature. The test
battery should include measures of word reading,
reading fluency, reading comprehension, mathemat-
ics, and spelling. There are numerous commercially
available test batteries that will satisfy this crite-
rion. We generally prefer the following tests from

the Woodcock–Johnson Tests of Achievement – Third
Edition (WJ-III). Another popular achievement battery
is the Wechsler Individual Achievement Test – Second
Edition (WIAT-II).

Academic skill WJ-III
WIAT-II
alternate

Oral word reading Letter–Word
Identification

Word Reading

Reading fluency Reading Fluency –
Reading

comprehension
Passage

Comprehension
Reading

Comprehension
Calculation Calculation Numerical

Operations
Spelling Spelling Spelling
Phonological

decoding of print
Word Attack Pseudoword

Decoding

It is commonly believed that the WIAT-II was
co-normed with the Wechsler intelligence tests (e.g.,
WISC-IV and WAIS-III), but this is not the case.
Rather, the test publisher administered the WIAT-II
and Wechsler intelligence tests to relatively small sam-
ples of examinees in order to determine the correla-
tions between the respective tests [15]. In contrast, the
WJ-III was completely co-normed with the Woodcock–
Johnson Tests of Cognitive Abilities. We prefer the
WJ-III to the WIAT-II for several reasons. First, the
WJ-III normative sample (n = 8,818) is nearly twice
the size as the WIAT-II normative sample (n = 4,879).
Second, the WJ-III may be used with individuals rang-
ing in age from 2 to 90+ years (vs. 4–85 years for the
WIAT-II). Third, the WJ-III has alternate forms (Forms
A and B), as well as a third form that recently became
available (Form C). Thus, there are three parallel forms
that contain the same core subtests, but with distinct
items within each test. Fourth, we have found the WJ-
III to be faster and easier to administer than is the
WIAT-II. Fifth, the two batteries compare favorably
in terms of psychometric properties, with any major
disparities favoring the WJ-III.

In addition to the tests listed above, we prefer to
include Writing Samples, Quantitative Concepts, and
Oral Comprehension from the WJ-III when possible.
Writing Samples provides a more thorough assess-
ment of handwriting and quality of written expression
than Spelling alone offers. Quantitative Concepts can
be helpful to assess the child’s mastery of math facts
that are less dependent on formal calculation proce-
dures. Oral Comprehension is very similar to Passage
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Comprehension in its processing demands, but all
inputs occur through the auditory (rather than visual)
modality.

In the case of an individual attending high school or
college, a more extensive measure of reading compre-
hension is desirable and will likely be necessary should
the individual wish to apply for accommodations on
tests such as the Scholastic Aptitude Test (SAT). We
have found the Nelson–Denny Reading Test (NDRT)
to be most suitable for this purpose. Determination of
eligibility for extended time on standardized tests often
requires evidence that the individual is disproportion-
ately hindered under standard time constraints. Thus,
administration of the NDRT Reading Comprehension
Test under both standard and extended time formats
provides a direct test of this issue. We would recom-
mend using alternate forms for this comparison. For
example, one might administer Form G in standard for-
mat early in the test session, and then administer Form
H in extended time format toward the end of the test
session, or even on a separate day.

In some cases, modifications to the test battery will
be necessary. The Peabody Individual Achievement
Test – Revised (PIAT-R) may be suitable for children
with significant motor deficits, as no writing is required
on any of the subtests. Children with expressive lan-
guage difficulties may also be good candidates for the
PIAT-R Reading Comprehension subtest, in which the
child reads a sentence and then points to one of the four
pictures that best describe the sentence. The PIAT-R
also arguably comes closer than other achievement bat-
teries to measuring the individual’s “pure” academic
skills, since none of its subtests are timed.

The extent to which it is necessary to include mea-
sures of cognitive functioning other than academic
skills depends on the reason for evaluation. When
deciding whether or not to include additional mea-
sures, the primary criterion should be whether per-
formance on the respective measures might reveal
strengths or weaknesses that could be useful for
intervention planning. For example, it might be use-
ful to assess an individual’s level of receptive word
knowledge using the Peabody Picture Vocabulary
Test – Fourth Edition (PPVT-4). If performance on
this measure is markedly above that of oral word
reading performance, for example, then such infor-
mation would point toward a deficit in recognizing
printed words, as opposed to a lack of word knowl-
edge per se. Neuropsychologists are advised to be

judicious, though, in selecting the additional measures,
since there appears to be little empirical support for
the notion that addressing strengths and weaknesses
in cognitive skills (apart from academic skills per se)
relates to intervention outcomes [3]. For example, an
intervention attempting to improve a child’s naming
skills would not necessarily be expected to result in
improved word reading. As noted by Fletcher et al. [3],
“Gains are specific to what is taught. If interventions
do not teach academic content, little transfer occurs”
(p. 273).

On the other hand, children with academic achieve-
ment problems and a known and/or suspected medical
condition affecting cognitive functioning may bene-
fit from a comprehensive neuropsychological evalu-
ation in addition to specific measures of academic
achievement. Even if the findings from the neuropsy-
chological portion of the evaluation do not clearly
inform the academic issues, such findings may be
utilized to understand potential dysfunction of the
child’s brain. In the case of epilepsy, for example, find-
ings of modality-specific deficits may be helpful for
lateralizing the epileptic focus to one cerebral hemi-
sphere. Moreover, findings of academic skill deficits
may have implications for inferences regarding later-
alized brain dysfunction in epilepsy patients. In one
study, for example, epilepsy patients with comorbid
reading deficits showed equivalent reductions in ver-
bal and nonverbal memory, regardless of the side of
seizure onset [16].

To summarize, circumstances continue to exist in
which clinical neuropsychologists may contribute to
the assessment and possible identification of children
at risk for LD. Although there is a welcome movement
toward using a dynamic RTI approach for identify-
ing LDs, not all individuals presenting for assessments
will be enrolled in an educational setting, and not all
educational settings will have well-developed RTI pro-
grams. Furthermore, some individuals will have medi-
cal conditions that affect cognitive functioning, includ-
ing academic skills. It seems reasonable for clinical
neuropsychologists to continue to be involved in LD
assessment, provided that they are aware of the lim-
itations that non-RTI approaches possess. Individuals
who appear to have deficits in core academic skills
that are not clearly attributable to causes such as visual
impairment, hearing impairment, or mental retarda-
tion may be considered “at risk” for having an LD,
which then would ideally be confirmed through an
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evaluation of RTI. For opposing viewpoints on this
issue, the interested reader is referred to two recent
papers [17, 18].

Biological and Neuropsychological
Mechanisms

Genetic Influences

Considerable evidence indicates that genetic factors
influence the development of LDs. Dyslexia, for exam-
ple, tends to run in families, and family history is
an important risk factor. In children of parents with
dyslexia, rates range from 23 to 65% [19]. The preva-
lence rate of dyslexia among individuals with an
affected sibling is approximately 50% [20]. Twin stud-
ies consistently reveal higher concordance rates for
dyslexia among monozygotic compared to dizygotic
twins [21]. Sizeable heritability estimates have also
been obtained for reading comprehension [22], and
measures related to reading fluency, such as rapid nam-
ing [23]. Nine loci where dyslexia genes are encoded
have been identified (DYX1 through DYX9). DYX2 has
been the most replicated locus which is located on
the “p” arm of chromosome 6 in band “22” (6p22)
[10]. Meng et al. [24] recently proposed that DCDC2
encoded on 6p22 is a candidate gene for reading dis-
abilities. Math disabilities [25] and disorders of written
expression also show evidence of heritability [26], but
no specific candidate genes have yet been identified.

Brain Mechanisms and Correlates
of Dyslexia

Though most children with LDs do not show overt
evidence of brain damage using standard brain imag-
ing techniques, and these measures have not been
shown empirically to be diagnostic of LD, there is
a growing body of research substantiating the neural
mechanisms of LDs using functional and specialized
structural brain imaging methods. While early theo-
ries regarding the neural basis of dyslexia, dyscal-
culia, and dysgraphia were based on lesion studies
[27–30], advances in technology have made it possible
to investigate brain differences between individuals

with and without LD and extend prior research. By
far, most of this work has been in the area of devel-
opmental dyslexia, but developmental dyscalculia has
also been studied. In contrast, there is a notable lack
of research examining the neural mechanisms under-
lying developmental dysgraphia. This section of the
chapter will summarize the relevant research regarding
the neural bases of developmental dyslexia, dyscalcu-
lia, and dysgraphia based on studies with alphabetic
languages.

Reading is a complex skill that must be taught
and requires phonological processing (i.e., sensitivity
to the sound structure of words), orthographic pro-
cessing (i.e., visual features of words), and semantic
processing (i.e., meaning). Therefore, language sys-
tems and visual systems of the brain working interac-
tively are needed for the development of reading. Most
researchers agree that developmental dyslexia is a het-
erogeneous disorder, but there is now a consistent and
broad area of research showing that a core deficit in
developmental dyslexia is problems with phonological
processing. We would like the reader to be aware that
there are other theories regarding brain mechanisms
contributing to dyslexia, including the magnocellular
theory [31, 32], rapid auditory processing theory [33,
34], and the cerebellar theory [35–37]. For a review,
see Ramus et al. [38]. There is also research indi-
cating that naming speed plays a role in a child’s
ability to become a fluent and automatic reader [39,
40]. However, researchers debate whether the nam-
ing speed deficit is part of a phonological factor or
whether rapid naming is a unique contributor to read-
ing achievement [41, 42]. Lastly, there is a plethora of
research identifying specific subtypes of developmen-
tal dyslexia, although there is little empirical evidence
that subtyping and targeting the deficits delineated
by this process leads to improved outcomes. A vari-
ety of functional and structural imaging methodolo-
gies, including functional magnetic resonance imaging
(fMRI), positron emission topography (PET), mag-
netic source imaging (MSI), voxel-based morphometry
(VBM), diffusion tensor imaging (DTI), and related
techniques such as event-related potentials (ERP), have
shown differences in activation patterns and brain
structure comparing dyslexic and typically achieving
children and adults in an anterior left frontal region and
two posterior left hemispherical regions. More specif-
ically, the left inferior frontal gyrus (IFG; anterior),
the left temporal parietal, the left occipital temporal
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regions, and pathways connecting these regions medi-
ate speech production, phonological awareness skills,
and orthographic processing. These areas are neces-
sary for the development of skilled reading based on
studies of dyslexic and typically achieving readers
(for reviews, see Schlaggar and McCandliss [10] and
Shaywitz, Gruen, and Shaywitz [43]).

The left IFG has been associated with articula-
tion and naming [44], the left temporal parietal region
with the integration of phonological processing and
orthography [45, 46], and the left occipital temporal
regions with processing the visual features of letters
and words [47, 48]. This area has been termed the
visual word form area (VWFA) and is activated by
visually but not acoustically presented words. It has
been hypothesized that a shift occurs from bilateral
ventral occipitotemporal cortex to a preponderance of
left ventral occipitotemporal involvement in concert
with reading development [48, 49].

Cross-sectional studies comparing children and
adults with and without dyslexia using PET and fMRI
have indicated hyperactivation in the left frontal gyrus
and hypoactivation in the left perisylvian regions
and left occipital temporal regions in the participants
with dyslexia during reading-related and phonolog-
ical awareness tasks [50, 51], in both age-matched
and reading-matched groups [52, 53]. The latter study
by Hoft and colleagues also incorporated voxel-based
morphometry (VBM) in order to more closely examine
the structural brain differences that may underlie the
concomitant functional differences in dyslexia. VBM
is a method that makes voxel-by-voxel comparisons in
the concentration of gray matter between two groups.
They found reduced gray matter volume in the left
parietal region that corresponded to areas of reduced
activation in participants with dyslexia relative to non-
dyslexic participants. Atypical gray matter morphol-
ogy in the left temporal region has also been reported
in other studies using VBM [54, 55]. Along these
lines, Galaburda’s post-mortem microscopic analysis
of brains of individuals with dyslexia revealed abnor-
malities in the form of ectopias, dyslaminations, and
scars, which provides evidence for a disruption in gray
matter [56, 57].

Brain activation patterns have been studied longitu-
dinally with fMRI in response to reading intervention
programs [49, 58]. These studies further confirm the
importance of left temporoparietal regions in reading.
They also reveal that some children with dyslexia

evidence normalization of activity, whereas others
have more persistent problems.

Cross-sectional studies of children with dyslexia
using MSI, which measures the location and time
course of brain’s magnetic activity, have shown an
absence of a left lateralized response in perisyl-
vian regions when reading words [59]. Children with
dyslexia showed greater activation in the right tem-
poroparietal area that the authors interpreted as indi-
cating a compensatory role of the right hemisphere.
Similar to the fMRI studies showing normalization
of activity after intervention, Simos and colleagues
have shown that similar areas previously showing tim-
ing differences in children with dyslexia were also
normalized [60, 61] after a combination of two inter-
ventions. The first intervention targeted phonological
and decoding skills (Phono-Graphix) [62] and the sec-
ond intervention assisted with reading fluency (Read
Naturally) [63]. A weakness of these studies, though,
is that they did not employ an objective approach
to determining the number and location of magnetic
sources (cf. Papanicolaou et al. [64]).

While these functional imaging studies have
focused on gray matter, a special type of structural
MRI scan, diffusion tensor imaging (DTI), allows mea-
surement of white matter. For a review of white matter
pathways in reading, see Ben-Shachar [65]. Although
conventional MRI is excellent at discriminating white
matter from gray matter, it is poor at discriminating
the fine tissue structure within the white matter. DTI
provides information about the alignment and integrity
of white matter axons in the brain by measuring intra-
cellular and extracellular water diffusion. Fractional
anisotropy (FA) can be derived from DTI. FA val-
ues are a measure of microstructural features within
a voxel and reflect the orientation dependence of diffu-
sion; high FA values within a voxel suggest the pres-
ence of highly directional diffusion such as that seen
in normal white matter fiber tracts. Studies looking
specifically at white matter pathways using DTI have
shown that the left temporoparietal region in children
[66, 67] and adults [68] yields lower FA values among
poor readers. In children, this area has been identi-
fied within the superior portion of the corona radiata
at the level of the corpus callosum. DTI was also used
to study fibers from the temporal lobes to the corpus
callosum [69]. White matter diffusion was inversely
related to phonological awareness performance in the
posterior corpus callosum. The authors hypothesized
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that the finding may reflect that better phonological
awareness performance is related to fewer but larger
axons in this region connecting the right and left
temporal lobes. Larger axons allow for faster conduc-
tion of signals compared to smaller axons. This result
is consistent with the temporal processing theory of
dyslexia, which purports that good readers are bet-
ter at processing rapidly changing visual and auditory
information [70, 71].

Brain Mechanisms and Correlates
of Dyscalculia

Development of quantitative abilities includes an
abstract sense of numbers and quantity, counting, and
calculation, and has not been studied as extensively
as reading. Unlike reading, which must be learned,
humans are believed to be born with an innate sense for
number estimation and simple calculations [72, 73].
However, there are also higher level math skills that
require explicit teaching.

Dehaene and colleagues [74, 75] have postulated
that there are three parietal circuits that play a signifi-
cant role in math skills, including number estimation,
calculation, and counting. The three regions are the
horizontal segment of the intraparietal sulcus (HIPS)
in both hemispheres, the left angular gyrus (AG), and
the posterior superior parietal lobule (PSPL). Although
some studies have found that prefrontal regions are
involved in an ancillary role and are likely required for
working memory [76, 77], the HIPS regions have been
shown to activate alone during number detection and
number comparison tasks regardless of the modality
[78, 79].

Both fMRI studies and lesion studies have shown
that areas within the HIPS in both hemispheres are crit-
ical for number processing (for a review, see Dehaene
[75]). The HIPS is activated when performing mental
arithmetic (greater activation for subtraction vs. mul-
tiplication) and number comparison (right hemisphere
greater than left hemisphere). HIPS activation appears
to be specific for processing numbers compared to
other categories of information even in subliminal
conditions.

Activation of the left AG has been demonstrated
in fMRI studies using tasks that require number
processing and calculation, but may not be a specific

finding as the left AG has connections to the reading
and the language system. Dehaene et al. [75] hypothe-
size that the left AG contributes to the storing of arith-
metic facts – rote arithmetic skills such as multiplica-
tion tables – but that it is unlike the HIPS in that it does
not mediate subtraction tasks, number comparisons,
or number representations. Two studies have shown
distinct sites along the left AG that subserve sub-
traction and multiplication in patients with lesions or
impairments produced by cortical stimulation [80, 81].
Changes in activation patterns of the left AG have also
been associated with math complexity [77].

Finally, the PSPL has shown activation during tasks
requiring number comparison [79, 82], number estima-
tion [83], subtraction [84], and counting [85]. This area
has also been associated with mediation of visuospatial
tasks, attention, eye orientation, and spatial working
memory [86, 87]. Dehaene et al. acknowledge a degree
of caution in interpreting these findings and the need
for further research to substantiate their provisional
claims about this region.

Early imaging work exploring the neural basis
of impaired arithmetic processing was conducted in
females with Turner syndrome (TS) and fragile X,
populations in which a deficit in arithmetic skills is
present. PET [88] and anatomic MR studies in patients
with TS [89, 90] showed glucose hypometabolism
in bilateral parieto-occipital regions and reduction in
brain volume in bilateral parieto-occipital regions. In
an fMRI study, girls and young adult females with
fragile X showed activation in the left parietal and
bilateral frontal regions during tasks of arithmetic cal-
culations involving two and three operands, while
control subjects showed bilateral frontal and pari-
etal activation [91]. Further support of these circuits’
involvement in arithmetic processing comes from
fMRI studies in children with developmental dyscalcu-
lia. The first fMRI study in children with developmen-
tal dyscalculia (n = 18) compared to control children
(n = 20) found significantly less activation in the left
intraparietal sulcus (IPS), the right IFG, and the right
middle frontal gyrus (MFG) during a task of approxi-
mate calculation and that activation in the left IPS, the
left IFG, and the right MFG correlated with behavioral
performance [92]. The same researchers, using VBM,
found that children with developmental dyscalculia (n
= 12) compared to control children (n = 12) exhibited
significantly less gray matter volume in the right IPS,
the anterior cingulum, the left IFG, and the bilateral
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MFG, as well as significantly decreased white mat-
ter volume in the left frontoparietal lobe and the right
parahippocampal gyrus [93].

One study used DTI to investigate white matter
integrity in children and adolescents with velocardiofa-
cial syndrome [94], a genetic syndrome. Performance
on a mental arithmetic task correlated with FA values
in white matter tracts in left inferior parietal regions
in children and adolescents with velocardiofacial syn-
drome. This finding was not present among healthy
participants. A second study used DTI to investigate
the relationship between white matter and math skills
in typically developing children [95]. Performance on
two written tests requiring mathematical calculations
and application of math principles correlated with FA
values in two left hemispherical regions, the left supe-
rior corona radiata and the left inferior longitudinal
fasciculus [95]. More research is needed to clarify the
role of white matter in developmental dyscalculia.

Brain Mechanisms and Correlates
of Dysgraphia

Spelling, composition, and handwriting are the skills
needed for writing development [96]. There is less
consensus regarding the identification of disorders of
written expression compared to reading and math dis-
orders, and many times writing disorders are included
with other learning disabilities. Although developmen-
tal dysgraphia is defined as impairment in the ability
to write, it includes difficulty in handwriting, spelling,
and written expression [3]. Components of writing are
related to reading (mapping of phonology to orthog-
raphy), but writing is not the inverse of reading.
Berninger and colleagues [97] have demonstrated this
notion in their work examining the interrelationships
of the development of language by eye and language
by hand. Their approach to studying language is based
on the assumption that language is composed of four
functional systems in the brain, i.e., language by ear
(aural), language by mouth (oral), language by eye
(reading), and language by hand (writing). Through
the use of structural equation modeling, outcomes of
interventions, and functional brain imaging, they have
shown that the language by eye and language by hand
systems share processes but are distinct and separable
skills [98]. To date, our understanding of brain regions

involved in writing is based on lesion studies in indi-
viduals with acquired agraphia. There have been no
functional imaging studies in adults with developmen-
tal dysgraphia while they are performing spelling or
writing tasks. There is one fMRI study with children
who are good and poor writers [3].

Neuropsychological studies of focal brain lesions
mostly implicate left perisylvian and left superior pari-
etal regions [99]. These studies have demonstrated that
lesions to the left AG, the posterior MTG, the infe-
rior temporal gyrus, and the inferior occipitotemporal
region may produce lexical agraphia (greater difficulty
in spelling irregular words). Damage to the ante-
rior supramarginal gyrus and/or the insula may yield
phonological agraphia (greater difficulty in spelling
unfamiliar words or nonwords) (for a review, see
Henry and colleagues [100] and Roeltgen [101]). As
Fletcher et al. [3] report, it is not known whether these
same locations are essential for the development of
writing, or if they are compromised in individuals with
developmental dysgraphia.

In the few fMRI studies that have examined either
children or adults performing spelling tasks in English,
healthy participants were used [102–104]. Increased
activation was exhibited in the left IFG and the left
fusiform gyrus in children. When adults were com-
pared to children, greater activation in bilateral AG
and bilateral superior SPL areas was demonstrated.
Richards et al. [105] attempted to isolate brain regions
that mediated writing skills during an fMRI task con-
trasting finger sequencing and finger tapping in chil-
dren at the end of fifth grade who had participated
in a longitudinal writing study. Both poor and good
writers were included in the study. They identified 11
brain regions with an activation pattern that correlated
with both handwriting and spelling. They also found
a gender difference in the left superior parietal region
with boys showing hypoactivation in this area com-
pared to girls. More studies are needed, especially in
children and adults who have been diagnosed with
developmental dysgraphia.

Treatment

Information regarding specific intervention programs
for LDs is outside the scope of the chapter, but we
would like the reader to be aware of some background
information and resources for additional information.
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It is clear that LDs do not resolve without intervention.
Most emphasis in this area has focused on treatment for
developmental dyslexia. Within this area, most inter-
ventions have been aimed at improving single-word
reading. There is consistency across different studies
in that children need to have explicit training in phono-
logical awareness skills as a foundation for reading, but
there are a variety of treatment types, including class-
room intervention, pull-out resource services, com-
puter training, and tutoring, as well as combinations
of these approaches. However, common school-based
interventions are more likely to stabilize reading rather
than remediate it [106]. There are many commer-
cial programs available, some of which are research
based. Interventions need to be intense, systematic,
explicit, and delivered in small groups [107]. Gains
have been maintained for about half of the children for
at least 1 year once they have returned to their standard
curriculum [106]. Shaywitz [108] advocates for inter-
vention at any age or grade level, but early intervention
(6–8 years of age) is key and may prevent further
reading problems [109].

Interventions focusing on reading comprehension
and fluency are less prevalent than interventions that
target phonological awareness and word reading skills.
There is some carryover from improvement in phono-
logical awareness and single-word reading to read-
ing comprehension, particularly in the early grades
[108, 110], but it is important to continue to assist with
vocabulary development so as not to hinder reading
comprehension, particularly as children advance past
the third grade. Despite improvements in word reading
and reading comprehension, one of the most difficult
areas to remediate is fluency; older children and adults
often remain slow and effortful readers [110, 111].
The National Reading Panel [112] reports that effec-
tive reading instruction requires the incorporation of
phonemic awareness, phonics, fluency, vocabulary, and
comprehension.

Interventions for developmental dyscalculia have
focused on number sense, math facts, calculations,
conceptual knowledge, and procedural knowledge.
Unlike developmental dyslexia, in which there is con-
sensus of research over the past 30 years pointing to a
core deficit in phonological awareness, there has been
no core deficit identified in developmental dyscalcu-
lia until recently. Wilson and colleagues [113] have
recently postulated that number sense is a core deficit
in developmental dyscalculia, which they define as

a deficit in both the ability to represent numerical
magnitude and the ability to connect quantity and sym-
bolic representations of numbers [113, 114]. They have
developed a computerized adaptive intervention pro-
gram (“The Number Race”) that is just beginning to
be investigated. There is some evidence from a meta-
analysis of 15 studies that were either well-controlled
experimental or quasi-experimental studies of low-
achieving math students or students at risk for failure
[115] showing that the following led to improvements
in mathematics: (1) providing data or recommenda-
tions to teachers and students, (2) peer-assisted learn-
ing, (3) providing clear, specific feedback to parents on
their children’s successes, and (4) explicit teacher-led
and contextualized teacher-facilitated approaches.

Even less is known about interventions for devel-
opmental dysgraphia, with most interventions focusing
on spelling and written expression. In a recent review
of 19 studies examining both spelling and reading
interventions on spelling outcomes, the authors iden-
tified five key factors that contributed to improved
spelling: 1) instructional delivery (error correction pro-
cedures in which the teacher reproduced the student’s
error prior to presentation of the correct response), 2)
limiting the number of words sequentially learned, 3)
computer-assisted instruction, 4) multisensory train-
ing, and 5) systematic study and practice [116].
Another recent review of handwriting remediation
from an occupational therapy perspective compared 11
studies with a variety of treatment approaches, includ-
ing perceptual–motor, visual–motor, motor control,
individualized interventions/exercises, and supplemen-
tary handwriting instruction [117]. The authors found
that overall interventions were effective mostly with
regard to legibility, but not speed.

For more specific information regarding interven-
tions for LDs, see Fletcher et al. [3, 118] and Hale and
Fiorello [118]. The latter book has appendices of inter-
ventions along with references for each type of LD. For
interventions more specifically targeted for adults, the
work of Mapou [2] may be consulted.

Summary and Future Directions

In this chapter, we have discussed LDs as unex-
pected underachievement in one or more academic
skills. LDs are best identified through an approach that
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considers low achievement and failure to respond to
instruction. Such a process is likely (now or in the
future) to occur primarily through the child’s school.
Neuropsychologists may continue to screen for aca-
demic skill deficits in children; provided that such
deficits are not due to mental retardation, sensory
impairment, or inadequate exposure to quality instruc-
tion, such children may be identified as being at risk
for LD. Neuropsychologists also need to be aware of
medical disorders (such as epilepsy) that may result in
academic skill deficits and remain the most appropriate
professionals to consult regarding a child’s cognitive
functioning in the context of a known or suspected
medical disorder.

Screening for LD should, at a minimum, include
measures of word reading, reading fluency, reading
comprehension, calculation, and written expression.
Approximately 5.4% of children in the United States
received special education services due to LD in the
most recent year for which data are available. Dyslexia
remains the most common LD, followed by dyscal-
culia and dysgraphia. Family history is a significant
risk factor for all LDs, and some candidate genes have
recently been identified.

Brain-imaging studies have revealed that the left
IFG, the left temporoparietal, and the left occipitotem-
poral regions tend to be hypoactive in children with
dyslexia. Among children with dyscalculia, the hori-
zontal segment of the IPS (bilaterally), the left AG,
and the left posterior SPL have been implicated as
critical for mathematical operations. The left perisyl-
vian region and the left IFG appear to be important for
spelling and writing operations.

Treatment for LDs is necessary, as they do not
remit without intervention. Numerous approaches have
demonstrated evidence of improvement in the aca-
demic skill(s) targeted, with phonological awareness
training being a key area for dyslexia interventions.
Increasing attention needs to be given to interventions
for dyscalculia and dysgraphia.

Our knowledge of LDs has dramatically expanded
over the past two decades, particularly with the advent
of sophisticated brain-imaging techniques, but there
continues to be a lack of evidence-based research
identifying effective interventions for individuals with
LDs. One reason for this is the heterogeneous nature of
LDs and the difficulty in defining and classifying indi-
viduals with LDs. Furthermore, many studies have not
isolated important demographic variables, intervention

delivery methods, and types of intervention. In addi-
tion, there is a lack of randomized controlled tri-
als comparing interventions. Nonetheless, the move
toward operationalizing LDs as failure to respond to
instruction holds promise, as it puts attempts at treat-
ment in the forefront. We look forward to continued
research that highlights the importance of interventions
that work.
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