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Chapter

Neuropsychological Perspective on
Dyslexia

Maria-Jos¢ Gonzilez-Valenzuela and Isaias Martin-Ruiz

Abstract

The aim of this chapter is to offer a neuropsychological approach to dyslexia.
Firstly, the definition of dyslexia is addressed, as a specific learning disability that
is neuropsychological in origin. Secondly, the clinical manifestations of dyslexia are
discussed: academic, cognitive-linguistic, and socio-emotional. Thirdly, the main
clinical explanations are explored, based on genetic theories (familial and twin
heritability) and neurological theories, mainly neuroanatomical (brain asymmetry,
corpus callosum morphology, cerebellar morphology, and variations in grey/white
matter) and neurophysiological hypotheses (magnocellular system, connectivity
between brain areas, and functional activity of brain areas). Finally, the main bases
of an adequate neuropsychological intervention are detailed, such as training in
visual perception, auditory perception, phonological processing, and orthographic
processing.

Keywords: Definition, clinical manifestations, neuropsychological theories,
neuropsychology intervention

1. Introduction

Dyslexia has been studied from various fields such as medicine and psychology,
and a number of different explanatory and descriptive approaches can be found
in this regard. Scientific and clinical research has provided various definitions of
dyslexia, describing deficits and their origin, giving rise to an array of differing
approaches that have even offered conflicting explanations, blurring definitions,
causes, and interventions [1-4].

In recent decades, the study of literacy and its disorders has sparked interest in
understanding the underlying cognitive and psychological mechanisms, as well as the
biological bases [2, 5]. Neuropsychology has focused on providing a comprehensive
explanation for the genetic and neurological foundations of reading and writing
mechanisms, and putting forward different theories about brain structures and corti-
cal functioning involved in reading and writing disorders, which characterise dyslexia.

Dyslexia affects between 5 and 17.5% of the population in compulsory educa-
tion, depending on criteria, definitions, and classifications [2, 4]. Prevalence also
depends on the transparency and granularity of spelling systems, more frequent in
opaque languages. In transparent languages such as Spanish, it can range from 3 to
7% of the population.
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The aim of this chapter is to provide a neuropsychological approach to dyslexia
that makes several relevant contributions in relation to this disorder. Firstly, the
conceptualisation of dyslexia is addressed, reviewing the different definitions
provided by major scientific and professional organisations. Secondly, the clinical
manifestations of dyslexia at the academic or school level, in cognitive, linguistic
and socio-emotional terms, are discussed, focusing particularly on the description
of deficits that can occur according to the different subtypes of dyslexia. Thirdly,
the main clinical explanations of dyslexia are examined, according to genetic,
neuroanatomical, and neurophysiological hypotheses, with the aim of synthesising
and integrating the different neuropsychological theories. Finally, we review early
intervention in cases of dyslexia, proposing certain tasks to target the processing
deficits that occur in this pathology.

2. Definition

In recent decades, the definition of Dyslexia has gradually changed, specifying
certain aspects that have been controversial over the years. During this time, not
only inclusion criteria but also exclusion criteria have been considered when defining
this pathology. Some relevant definitions of this disorder are provided below, such
as those proposed by the World Federation of Neurology (WFN), the International
Dyslexia Association (IDA), the International Classification of Diseases (ICD-11) of
the World Health Organisation (WHO), and the American Psychiatric Association’s
(APA) Diagnostic and Statistical Manual of Mental Disorders (DSM-5).

The World Federation of Neurology states that dyslexia is a disorder mani-
fested by difficulty in learning to read and write despite conventional instruction,
normal intelligence, and adequate learning opportunities [6]. According to this
definition, dyslexia depends on fundamental cognitive disabilities, which are con-
stitutional and structural in origin. Dyslexia, therefore, is a disorder that appears
in childhood and is characterised by failing to achieve language skills in reading,
writing, and spelling in accordance with the child’s intellectual abilities.

For its part, International Dyslexia Association defines dyslexia as a specific
learning disability that is neurobiological in origin, characterised by difficulties
in the accuracy and/or fluidity of word recognition, and problems in spelling
and decoding skills [7]. These difficulties typically result from deficiencies in the
phonological components of language that are often unexpected in relation to other
cognitive skills and reading instruction within the classroom. The consequences or
side effects are reflected in problems of understanding and poor experience with
printed language that impede vocabulary development.

From a more descriptive and nosological perspective, the Diagnostic and
Statistical Manual of Mental Disorders 5 [8] and the International Classification
of Disease 11 [9] point to dyslexia as a Specific Learning Disorder, within the
Neurological Development Disorder axis with onset in childhood, along with other
disabilities such as Intellectual Disability, Autism Spectrum Disorder, or Attention
Deficit Hyperactivity Disorder, among others.

ICD-11 considers dyslexia a developmental learning disorder (code 6A03)
in the classification of Developmental Disorders in axis 06 (Table 1), consider-
ing different exclusion criteria in its definition. Dyslexia is defined as a specific
developmental disorder of school skills characterised by a specific and significant
deterioration in the development of reading skills [9]. This deficit may be accom-
panied by difficulties in reading comprehension, spelling, and is often associated
with emotional and behavioural disturbances during school age. ICD-11 establishes
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Developmental learning disorder is characterised by significant and persistent difficulties in learning
academic skills, which may include reading, writing, or arithmetic. The individual’s performance in the
affected academic skill(s) is markedly below what would be expected for chronological age and general level
of intellectual functioning, and results in significant impairment in the individual’s academic or occupational
functioning. Developmental learning disorder first manifests when academic skills are taught during the
early school years. Developmental learning disorder is not due to a disorder of intellectual development,
sensory impairment (vision or hearing), neurological or motor disorder, lack of availability of education, lack
of proficiency in the language of academic instruction, or psychosocial adversity.

Table 1.
Definition of learning development disorder according to ICD-11 [9].

differential diagnoses with intellectual disability, visual acuity problems, and
inadequate teaching. The definition states that Dyslexia is produced by some kind
of neurobiological dysfunction and is usually preceded by a history of speech or
language disorders.

The DSM-5 [8] notes that dyslexia is a type of neurodevelopmental disorder
and, in particular, a type of Specific Learning Disorder (code 315.00.F81.0)
(Table 2).

A. Difficulty learning and using academic skills, evidenced by the presence of at least one of the following
symptoms that have persisted for at least 6 months, despite interventions targeting these difficulties:

1. Difficulty reading (e.g., inaccurate, slow and only with much effort, in other words, reads individual
words aloud incorrectly or hesitantly, often guesses words, difficulty expressing words well).

2. Difficulty understanding the meaning of what is read (e.g., can read a text accurately, but does not
understand the sentence, relationships, inferences, or deeper meaning of what has been read).

3. Spelling difficulties (e.g., might add, omit, or replace vowels or consonants).

4. Difficulties with written expression (e.g. makes multiple grammatical or punctuation errorsina
sentence; poor paragraph organisation; written expression of ideas is unclear).

5. Difficulties in mastering numeric sense, numeric data, or calculation (e.g. misunderstands numbers,
their magnitude, and their relationships; uses their fingers to add single-digit numbers instead of
remembering mathematical operations as their peers do; becomes lost when performing arithmetic
calculation and might swap procedures around).

6. Difficulties with mathematical reasoning (e.g., has great difficulty in applying mathematical
concepts, facts or operations to solve quantitative problems).

B. Academic skills are substantially affected, quantifiably below expectations according to the individual’s
chronological age, and significantly interfere with academic or occupational performance, or with activities
of daily living, as confirmed by standardised, individually administered measurements (tests) and a
comprehensive clinical evaluation. In individuals aged 17 and older, the documented history of learning
disabilities can be replaced by standardised assessment.

C. Learning disabilities begin at school age but might not fully manifest until the demands of the affected
academic skills exceed the individual’s limited abilities (e.g., in set examinations, reading or writing complex
and long reports for an non-deferrable deadline, very large amounts of school work).

D. Learning disabilities are not best explained by intellectual disabilities, uncorrected visual or hearing
disorders, other mental or neurological disorders, psychosocial adversity, lack of proficiency in the language
of academic instruction, or inadequate educational guidelines.

Table 2.
Nosological description of specific learning disovders, according to DSM-5 [8].
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Specific learning disorders cause deficiencies in personal, social, academic,
or occupational performance, such as school dropout, mental health problems,
and high levels of psychological distress, or high unemployment. Based on exclu-
sion criteria, it is not explained by intellectual disability, global developmental
disorder, visual, auditory, or motor disorders, other mental or neurological
disorders (stroke, brain trauma), psychosocial adversity (economic difficulties,
absenteeism), inappropriate academic instruction, or lack of opportunities to
learn. Dyslexia is a type of specific learning disorder characterised by specific
deficits in the ability to perceive or process information efficiently and accurately
that impede the learning of reading (accuracy and speed) and writing (accuracy),
resulting in problems of reading comprehension and written expression, and
which persist for at least six months despite intervention. It may be associated with
a known medical or genetic condition or environmental factor. The DSM-5 notes
that it is not clear whether cognitive processing difficulties are a cause, correlate,
or consequence.

The DSM-5 definition of Learning Disorder (Table 2) presents new develop-
ments with respect to previous editions. One of them is the term “specific” dis-
order, to emphasise the importance of attributing the diagnosis to a specific area
or aptitude, either in the sublexical processes of literacy (accuracy or fluency in
reading and/or writing), supralexical processes (reading comprehension and/or
writing composition), or mathematics (mathematical calculation and reasoning).
Furthermore, for the first time, the concept of dyslexia has been included as a term
used to refer to the learning disorders of reading and writing accuracy and fluency,
which may present other additional difficulties, such as deficits in reading compre-
hension or mathematical reasoning.

In short, the definitions indicated above point to dyslexia as a specific learn-
ing disorder that presents deficits in learning accuracy, reading fluency and
orthographic fluency, mainly in the sub-lexical processes of reading and writing
(Table 3). There is also consensus regarding its neurobiological origin and ruling
out the socio-educational environment or socio-educational deprivation as a
cause. They point out that individuals with dyslexia present cognitive problems
and agree that this disorder begins in childhood, when children first begin to
learn the written code. They also point to other disorders that require a differen-
tial diagnosis, such as intellectual disability, general developmental disorders,
brain injuries, and others.

WEN IDA WHO APA

(1968) (2002) (2018) (2013)
Reading accuracy and fluency v v v 4
Spelling v v
Neurobiological origin v v v v
Cognitive components 4 v 4
Other secondary deficits v v
Onset during childhood v v
Differential diagnosis (intellectual or sensory disability, v v

general developmental disorders, psychosocial adversity)

Table 3.
Main coincidences between the different definitions of dyslexia.
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3. Major clinical manifestations of dyslexia

Dyslexia presents a pattern of specific characteristics at the academic, cognitive-
linguistic, and finally, socio-affective levels [1-4].

3.1 Academic manifestations

The academic manifestations of dyslexia are presented in the accuracy and speed
of reading words and/or pseudo-words, as well as spelling and spelling correction
[2]. The most common reading and writing errors that may occur depend on the
type of dyslexia [2-4].

There are two types: phonological dyslexia (difficulties with the phonological
route) and visual or dyseidetic dyslexia (difficulties with the visual route)

(Table 4). On the one hand, phonological dyslexia affect the grapheme-phoneme
conversion mechanism, and in particular, it causes errors in the decoding of read-
ing/writing and reading speed. The most frequent academic manifestations are:
slow and sounded-out reading; lexicalisations (turning pseudo-words into words);
errors in reading long, unfamiliar, or pseudo-words; derivative errors (maintains
the root, but modifies the suffix); inappropriate separations and joins in writing;
and visual errors, such as rhotacism, where words that are orthographically and
visually similar are interchanged. On the other hand, visual dyslexia is character-
ised by subjects’ inability to do global reading/writing and making errors primarily
in reading and writing accuracy. Its most common academic manifestations are:
errors in reading short, frequent and familiar words; errors in understanding homo-
phones; errors in the task of lexical decision-making with pseudo-homophones;
phonological errors (errors due to phonetic similarity); and frequent errors in
conventional spellings and exception words.

3.2 Cognitive-linguistic manifestations

The main manifestations of dyslexia are found in the cognitive and linguistic areas,
in particular in visual processing, auditory processing and speech discrimination,
auditory and phonological memory, knowledge of letters, prosody, phonological
knowledge, rapid automatic naming, and executive functions [10-12].

One of the most widely debated issues surrounding the study of dyslexia is
its relationship to intelligence [1, 2]. Today, the general consensus is that subjects

Phonological or dysphonetic Visual or dyseidetic dyslexia
dyslexia
Errors depending * Long, infrequent, or pseudo-words e Short, frequent and familiar
on the type of
words
Common errors in * Lexicalisations  Understanding homophones
reading * Slow reading speed * Pseudo-homophones lexical
« Sounding out decision-making
Common errors in ¢ Incorrect separations and joins in  Conventional spellings and exception
writing words words
Table 4.

Main chavacteristics of phonological and visual dyslexia.
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with dyslexia do not present relevant deficits in intelligence, i.e., they display a
standardised intellectual capacity; however, dyslexic subjects can have high intel-
ligence quotients, resulting in the phenomenon of double exceptionality [13, 14],

or medium-low intelligence quotients. Furthermore, it appears that subjects with
dyslexia do not present differences between their total intellectual quotient (I1Q)
and manipulative IQ (perceptual reasoning), but may have differences or discrep-
ancies between verbal IQ (verbal comprehension) and manipulative IQ (perceptual
reasoning), with low working memory indices. Children with dyslexia often have
deficits in crystallised intelligence, but not in fluid intelligence, that is, they may
manifest problems in practical intelligence [1].

One of the cognitive manifestations that dyslexics may present is a deficit in
visual perceptual processing (Table 5). Problems in visual perception are often
manifested in terms of difficulties distinguishing stimuli presented sequentially
over short intervals of time, so the subject may have problems in differentiating
between the stimuli presented, as the different stimuli interfere with each other
and are not processed separately [15, 16]. Visual perceptual deficits may also occur
due to difficulties in processing quick time sequences in time order judgement
tasks. Therefore, the subject does not properly process the order in which stimuli
are presented and is less sensitive to the order in which visual stimuli are presented
sequentially [17]. Other deficits that dyslexia subjects typically experience are that
they have longer execution times in visual perceptual processing tasks, because they
are slower and require more time to acquire information during vision fixation,
performing more saccade and shorter movements [18, 19]. Another feature is that
they need larger time gaps between stimuli to perceive two different low spatial fre-
quency, low contrast, or low brightness sequential stimuli as separate stimuli [20].
Another characteristic deficit is difficulty in processing position in the left-to-right
spacing of words, and in the beginning part of the word and in letters that look
similar (for example, m-n; F-E). Ultimately, the deficits presented by subjects with
dyslexia in visual processing do not originate in problems of attention in general,
but rather in perceptual processes.

Other deficits are manifested in relation to auditory perceptual processing and
speech discrimination (Table 5). Subjects with dyslexia have alterations in audi-
tory temporal processing related to verbal sounds or non-verbal elements, resulting
in alack of integration of auditory sensory information [21]. They also have dif-
ficulties in automatically discriminating between phonemes presented sequentially,
causing interference between the two. Dyslexics have difficulty discriminating cer-
tain frequencies and amplitudes of sounds within a single tone presented sequen-
tially and separated at short intervals of time. For example, they have difficulties
with auditory stimuli that are phonetically and acoustically similar (da-ba), but
do not present deficits when it comes to very different phonemes (ba-sa). Dyslexic
subjects do not perceive in the acoustic signal the basic characteristics of phonemes
(sound, place, and point of articulation) that are necessary to discriminate phonetic
sounds, which could result in a deficit when it comes to identifying phonemes
and syllables [22]. Finally, it should be emphasised that these difficulties would be
related to deficits in phonological memory and phonological knowledge.

Subjects with dyslexia also have deficits in auditory and phonological memory
(Table 5). Dyslexics have difficulties storing phonological items and retrieving or
repeating them immediately [23-25]. Difficulties in phonological memory can justify
difficulties in phonological knowledge for awareness and in the grapheme-phoneme
association, which requires retention and retrieval of phonological information.
These deficits occur mostly in languages with greater morphological complexity.

Another cognitive variable where dyslexics may present problems is knowledge
of letters [26, 27] (Table 5). Subjects with dyslexia have difficulties learning the
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Manifestations:

Visual perceptual processing * Difficulties in differentiating stimuli presented over short
intervals of time

* Difficulties in processing fast time sequences
e Slow visual processing

* They need longer intervals between stimuli depending on
presentation conditions

e Left-right processing deficits

Auditory perceptual processing * Deficits in sequential perception of phonemes or non-verbal
and speech discrimination sounds

* Low discrimination of frequencies and amplitudes with the same
tone in fast time sequences

* They do not perceive sound, place, and point of articulation

Auditory and phonological ¢ Deficits in storage and retrieval of verbal information

memory * Related to difficulties in phonological knowledge and grapheme-

phoneme conversion

Knowledge of letters * Problems learning the name and/ or sound of the letter
e Deficits in distinguishing capital letters or similar letters

* Difficulties in creating representations between phonemes and
possible graphemes

Prosody * Difficulties perceiving tonic syllable or accent
* Difficulties in the prosody of pseudo-words

* Difficulties repeating sequences of syllables

Phonological knowledge * Difficulties perceiving and manipulating speech segments

* Difficulties in identification, counting, omission, addition and
substitution of syllables and phonemes

* In early stages and in less consistent languages

Rapid Automatised Naming e Slow in naming alphanumeric and non-alphanumeric items

¢ Verbal or visual deficits

Executive function * Deficits in use and control of cognitive skills such as attention and
memory

* Poor flexibility of thought

¢ Deficits in productivity and verbal fluency

Table 5.
Cognitive and psychological manifestations of dyslexia.

alphabetical code, in particular, learning the names of letters, case sensitivity, or
between similar letters (m-n, F-E) or symmetrical letters (p/q). They also exhibit
problems in identifying the sound of letters, i.e. creating phoneme representations
so that the phoneme can be matched to the grapheme (t——/t/). And finally, in
creating consistent representations between phonemes and graphemes when there
are several possible associations between them.

Prosody is another psychological variable where dyslexics can manifest serious
problems [28-31] (Table 5). In particular, they present difficulties in perceiving
the tonic syllable, according to the accent or stress of the word (differentiating the
intonation MA-ma vs. maMA), difficulties in the prosody of pseudo-words (repeti-
tion of POga, RuPA), or in the reading of syllables (repetition of syllable sequences:
Mamama/mamama).
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Phonological knowledge for awareness is another of the most frequent deficits
found in dyslexia [1, 2, 24, 32] (Table 5). Dyslexics present difficulties perceiving and/
or consciously manipulating linguistic units (syllables and/or phonemes) in different
tasks such as identification, counting, omission, addition, and substitution. These
deficits are usually present mostly at younger ages and in less consistent languages.

Rapid Automatised Naming (RAN) is another variable where dyslexics often
present deficits, as it is related to sublexical reading and writing processes (Table 5).
These difficulties manifest themselves when the subjects are asked to quickly name a
sequence of highly frequent elements, which can be colours or objects (non-alphanu-
meric) or letters and numbers (alphanumeric). Dyslexic children are often slower to
name non-alphanumeric items (colours and drawings) and alphanumeric items (let-
ters and numbers), with greater deficits observed in the latter. Subjects must access
a phonological label from a graphic symbol [33]. This ability could therefore refer to
both phonological and non-phonological skills [34], as they need access to informa-
tion of a visual nature (detection and discrimination of visual traits) and also pho-
nological (integration of visual information with stored phonological patterns and
retrieval of phonological labels). These deficits may be due to phonological or verbal
memory difficulties or may also be related to visual processing deficits [32, 35-37].

Dyslexics also present serious deficits in executive functions [38-41] (Table5)
that would justify their difficulties in reading and writing. The most relevant deficits
are in working memory, planning, organising and switching attention. There are also
deficits in the inhibition of distractors and in the sequencing of elements, deficits in
the flexibility of thought, as well as difficulties in productivity and verbal fluency.

3.3 Socio-emotional manifestations

Subjects with dyslexia also have other socio-emotional clinical manifestations,
such as anxiety and depression problems, maladaptive attributional styles, low self-
concept and self-esteem, as well as low motivation (Table 6).

Subjects with dyslexia are more likely to present anxiety, which is more fre-
quent among boys than in girls, and in situations of greater stress such as tests. They
also manifest more internalising emotions associated with depressive symptoms,
although their relationship with dyslexia is not precise [42-44].

Maladaptive attributional styles are also common in subjects with dyslexia
[45, 46]. In particular, dyslexics often present maladaptive patterns, attributing
their successes to luck, the quality of help and attention given by their teachers
(external locus and uncontrollable), and to a lesser extent to their own effort
(unstable internal locus). Their achievements are not attributed to their interest

Manifestations:

Anxiety and depression ¢ Greater anxiety found among boys and in test situations

* Internalising emotions and depression

Maladaptive attributional e Attribution of success to unstable external causes (luck, teachers)

styles e Attribution of failure to stable internal causes (ability)

Self-concept and self-esteem  Negative self-esteem patterns

¢ Inconclusive studies

Motivation ¢ Poor reading motivation

e Low persistence in tasks

Table 6.
Socio-emotional manifestations of dyslexia.
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in the activities or their capabilities (stable internal locus). Instead, based on the
experience of repeated failure, they perform causal attributions of their failures
to their own capacity (stable internal locus) compared to normal subjects, who
attribute their successes to internal causes and failures to non-stable external or
internal causes (such as effort).

Subjects with dyslexia often have problems of self-concept and self-esteem.
Dyslexics present dependence, insecurity, lack of confidence, and feelings of
helplessness more frequently than normal subjects [47, 48]. However, it is unclear
whether self-concept is negative in all cases, with very few studies conducted on
adults. In addition, the self-perception of subjects with dyslexia seems similar to
that of control groups.

Another common problem is the low motivation of students with dyslexia.
Children with dyslexia are not oriented towards motivation for achievement and
performance, and show low perseverance in achieving their goals [47].

4. Clinical explanations of dyslexia

The various definitions have shown that Dyslexia is a developmental disorder
that is biological in origin [2.10]. These definitions include interaction between
genetic, epigenetic (e.g. embryonic development, proteins or enzymes) and
environmental (e.g. premature or low birth weight, prenatal exposure to nicotine)
factors that affect the brain’s ability to perceive or process verbal or non-verbal
information, efficiently and accurately. Neurological and genetic alterations in
dyslexic subjects are the basis for cognitive processing problems, although there
are no known universal markers for the individual diagnosis of a patient with
Dyslexia.

At present, there are different neuropsychological explanatory theories of dys-
lexia, such as genetic explanations (familial and twin heritability, and genetic itera-
tion) and neurological explanations (neuroanatomical and neurophysiological).

4.1 Genetic explanations

Numerous studies relate genetic predisposition and the development of dyslexia
[49, 50]. Etiological research has carried out two types of studies around genetics,
namely studies of family heritability and studies with twins; and studies of molecu-
lar genetic alterations.

4.1.1 Family and twin heritability

One of the findings indicating that dyslexia may have a genetic explanation is that it
is more common in boys than in girls [49, 51]. Similarly, family inheritance studies have
found that dyslexic children often have parents who have also had reading disabilities,
so there is a greater likelihood of developing reading problems when family members
have a history of dyslexia. Some studies indicate heritability levels of between 18 and
65%, with up to eight times the probability of developing dyslexia when one of the
parents is dyslexic [49, 52], and even greater if both the father and mother are dyslexic
[53]. In contrast, this probability drops to 5% when the parents have no history of
dyslexia [54]. This research supports genetic predisposition; however, these data are
not sufficient, as in addition to genes, families share a cultural and socio-educational
environment as well as parenting patterns that can also influence [2].

Studies conducted with twins also propose a genetic explanation for dyslexia.
Brothers who share the same genetic load (monozygotic) have been found to show
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greater concordance of reading deficits than twins with different genetic (dizygotic)
loads, so the probability that one monozygotic twin presents dyslexia when the other
presents it is between 70 and 100%, a figure that it is reduced to 32% when they are
dizygotic [55]. Variation in prediction also appears according to the domain subtype
we are dealing with, being higher in phonological competency or spelling [55].

4.1.2 Molecular genetic alterations

Genetic alterations in dyslexia have been investigated using molecular genetic
techniques, trying to isolate the genes responsible for reading and writing problems
[49, 56]. However, studies have not concluded that there is a single chromosome
responsible for dyslexia, but instead there are several possible chromosomes that
could explain it, depending on the type and characteristics (Table 7).

Chromosome 1 is involved in visual processing deficits, and more specifically in
processing speed, which would justify literacy problems [49, 57].

Chromosome 21 (short arm) is related to the functioning of cognitive processes
that depend on the hippocampus, affecting the way words are processed [52].

Likewise, research has also shown that chromosomes 13 and 7 (short arm) are
involved in the circuits that interconnect the cortex, thalamus, and the stria-
tum [58, 59]. This circuit would be responsible for linguistic processing, and
its mutation would give rise to a phonological deficit related to verbal working
memory [60].

Chromosome 15 and specifically Gene DYX1C1, located at locus DTYX1 (long
arm), was among the first to be isolated [61], identified through high concur-
rency among members of a Finnish family [62]. This gene would be related to the
different tissues, including the brain, involved in the radial migration of neurons
and linked to the development of the cortex. It is located in the nucleus of certain
neurons and glial cells of the cerebral cortex, so it is postulated that the gene acts
indirectly and would maintain cell functionality [63]. Its role seems to be related to
reading isolated words and spelling [61].

Chromosome 6, and in particular genes DCDC2 and KIAA0319, located in
region DYX2, is related to the development of the temporal cerebral cortex and
the cingulate gyrus. Its function is unknown, but it appears to be involved in
neuronal migration [64, 65], and may be involved in mediating the interaction
between glial cells and neurons. This chromosome would influence phonological
and orthographic reading processes, although other studies do not find such an
association [66].

Chromosome Gene Structure Deficits

1 — — e Visual processing

21 — Hippocampus * Cognitive processing

13and7 — Cortex circuit, * Phonological processing (verbal
thalamus and striatum working memory)

15 DYXiC1 Cerebral cortex * Isolated words and spelling

6 DCDC2 Temporal cerebral * Phonological and visual processes
KIAA0319 cortex and the
cingulate gyrus
3 ROBO1 Cerebral cortex and * Discrimination of sounds of speech
thalamus and phonological processing
Table 7.

Genetic alterations of dyslexia.
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Chromosome 3, and specifically gene ROBO1, located in region DYXS5, appears
to be related to the development of the cerebral cortex, the growth of the thala-
mus, and the origin of dyslexia [67]. It is involved in the growth of axons and
neuronal migration, as well as the growth of the corpus callosum. Specifically,
the ROBO1 gene is linked to disorders in speech and the phonological processing
of sounds [68].

4.2 Neurological explanations

Neurological theories have grown substantially in recent decades in the field of
dyslexia study. This boom is motivated by an interest in brain function and, above
all, by advances in neuroimaging techniques [69, 70].

Neurology has taken an interest in the description of brain areas and structures,
as well as the functioning and organisation of brain activity according to different
reading patterns and their deficits. To this end, technological progress has been key,
with the emergence of techniques that allow for neurological studies to be con-
ducted while these processes are taking place.

Neuroimaging techniques are the most widely used in neurological research into
dyslexia. These include MRI (Magnetic Resonance Imaging), PET (Positron Emission
Tomography), and fMRI (Functional Magnetic Resonance Imaging). MRI performs
high-precision imaging of the brain, providing information about the brain struc-
ture, and being able to identify and locate areas with high precision. PET improves on
the previous technique by imaging the brain through metabolic activity and changes
in blood flow, so contrast is required. The image shows the areas that are active
during a cognitive process, so it offers a high degree of precision regarding the brain
structures involved. However, it does not provide temporal data, that is, regarding the
sequence of a process. fMRI outperforms the above, providing spatial and temporal
information on brain structures involved in a cognitive process. In addition, it does
not require the use of contrasts and is less invasive than the previous technique.

Below we discuss two types of complementary neurological explanations: neuro-
anatomical and neurophysiological hypotheses.

4.2.1 Neuroanatomical hypotheses

Neuroanatomical theories refer to abnormalities in the different brain struc-
tures involved in reading and writing. Some of the most relevant studies from this
perspective are listed below.

4.2.1.1 Cerebral asymmetry

Studies on cerebral asymmetry have been very relevant in the explanation of
dyslexia [71, 72]. Two types of explanatory hypotheses have been developed about
cerebral asymmetry and dyslexia (Table 8).

The first hypothesis assumes that dyslexics have a pattern of cerebral symmetry
between the two hemispheres. Some studies indicate that this non-asymmetry is
shown in dyslexic children in the temporal plane responsible for receptive language,
since the upper part of the temporal region of the left hemisphere is not more devel-
oped than that of the right hemisphere [73]. This occurs in types of dyslexia associ-
ated with deficits in phonological processing and reading comprehension. Other
studies find that non-asymmetry is shown in the parietal and frontal areas, and in
particular in the left inferior frontal gyrus [74]. Dyslexics with these deficits present
difficulties in speech perception processes, auditory and phonological processing
implicit in word reading.
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Hypothesis Description of structures Deficits
Cerebral hemispheric Superior temporal region  Phonological processing and reading
symmetry comprehension
Parietal and frontal regions e Speech perception, phonological and
auditory processing
Different cerebral Parietal-occipital region e Verbal difficulties
hemispheric . .
Parietal-temporal region
asymmetry
Hippocampus, Lenticular e Visual difficulties
Nucleus and Amygdala
Table 8.

Neuroanatomical hypotheses about cevebral asymmetry.

The second hypothesis assumes that dyslexics have an inverted cerebral asym-
metry pattern, that is, different from the pattern presented by those with normal
reading development [75, 76]. Some studies find that, in dyslexics, asymmetry
is higher in the parietal-occipital region and lower in the parietal-temporal region
[77]. This pattern is related to verbal difficulties and, in particular, to phonologi-
cal processing displayed by dyslexics. Other studies find a different asymmetry in
the hippocampus, parahippocampal gyrus, lenticular nucleus (putamen and Globus
pallidus) and amygdala [78, 79] with greater asymmetry between the right and left
hemisphere.

Jiménez, Hernandez and Conforti [80] investigated the relationship between
cerebral asymmetry and dyslexia. Three experimental groups participated in the
research: the first group consisted of dyslexic subjects; the second group consisted of
subjects with a reading performance similar to the previous group, but with a lower
chronological age; and the third group consisted of subjects of the same chronologi-
cal age as the subjects with dyslexia. The results indicate that there are significant
differences in the pattern of verbal and spatial cerebral asymmetry between children
with dyslexia and the two control groups. More specifically, there are no differences
in the lateralisation of linguistic functions, since in all cases it occurs in the left
hemisphere, with bilateralisation being more pronounced in the case of children
with dyslexia and those who showed equal reading performance at a younger age.
However, significant differences are found in the lateralisation of spatial functions,
which occurs in the right hemisphere in the case of control groups, but not in subjects
with dyslexia, where it occurs in the left hemisphere. Regarding the hemispheric
confluence of linguistic and spatial functions, it was found that the group of subjects
with LD as well as the matched group in terms of reading performance presented a
convergence of both functions in the left hemisphere, showing significant differ-
ences with the matched group in terms of chronological age [80]. This convergence
of linguistic and spatial functions in the left hemisphere in subjects with LD stands in
contrast to the hemispheric specialisation found in subjects without difficulties and
makes higher-order psychological processes less effective, since they require a great
deal of synchrony and execution of all available resources and in the case of LD they
are concentrated exclusively in a single hemisphere. Thus, the authors conclude that
dyslexic subjects do not develop this hemispheric specialisation, concentrating both
spatial and linguistic functions in the left hemisphere [80]. Dyslexic subjects show
a symmetrical pattern due to a convergence of verbal and spatial functions in the
left hemisphere, which sets them apart from subjects with normal reading develop-
ment. A similar pattern is found when investigating lower-age, normalised subjects
matched in reading performance to dyslexic subjects, i.e. in the process of learning
literacy, as reading functions are not yet fully specialised [80].
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Hypothesis Description of structures Deficits
Corpus Larger posterior portion, and similar * Poor lateralisation of functions
callosum anterior-middle portion
Smaller anterior portion * More brain tissue in the temporal-parietal

Thin, rounded shape region

No differences

Table 9.
Neuroanatomical hypotheses on the morphology of the corpus callosum.

4.2.1.2 Morphology of the corpus callosum

Some studies have observed differences in the corpus callosum of dyslexics, pre-
senting a larger posterior portion of the corpus callosum [74], while the anterior and
middle part is similar to those with normal reading development. These anatomical
variations could be associated with a non-lateralisation of functions (Table9).

Other research indicates that dyslexic subjects have a smaller anterior portion of
the corpus callosum than subjects in the control groups [81].

Other alterations in dyslexic subjects would be the more rounded and thinner
shape and sometimes a larger middle third of the corpus callosum. This finding
is consistent with the fact that most symmetric brains have more brain tissue in
the temporal-parietal region connected to the corpus callosum. The difference in
the size of the corpus callosum may reflect hormonal influence during the critical
development period of inter-hemispheric connections [82].

Finally, other research suggests that there are no morphological differences
between controls and dyslexic subjects in the corpus callosum [83].

4.2.1.3 Morphology of the cerebellum

One of the structures that present a different morphology in subjects with dys-
lexia is the cerebellum, involved in psychomotricity, development of motor skills,
and their automation (Table 10).

Some studies indicate that while subjects with normal reading development
have cerebellar asymmetry, with a larger right anterior lobe size, dyslexic subjects
have cerebellar symmetry [84]. Its role in language processing, speech perception,
and reading has also been discovered [85]. Children with cerebellar symmetry make
more errors than those with cerebellar asymmetry in writing, associated with motor
difficulties, and reading accuracy difficulties, associated with automation and
articulation problems that would justify the phonological knowledge and memory
problems that dyslexics present.

Other research indicates that there are slight cerebellar abnormalities, since the
cerebellum is smaller in subjects with dyslexia. This leads to deficits in postural

Hypothesis Description of Deficits
structures
Cerebellar RH=LH * Motor difficulties, in language skills, in speech perception, in
symmetry reading and writing
Cerebellar Slightly smaller * Difficulties in postural stability, tone, articulation problems,
abnormality size and phonological problems
Table 10.

Neuroanatomical hypotheses on the morphology of the cerebellum.
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tone and stability, as well as articulation problems. These difficulties would lead to
speech difficulties and problems in the auditory and phonemic processing of words
[86], and as a consequence difficulties in the awareness of rhyme and the phonemic
structure of language and phonological deficit [86].

4.2.1.4 Variations of grey and/or white matter

Another neuroanatomical explanation shown in neurological studies refers
to variations in grey and/or white matter in certain brain regions presented by
dyslexics [87]. Using the VMB (Voxel-based morphometry) technique developed
by Ashburne and Fristonn [88], the density of grey and/or white matter in various
regions of the brain and cerebellum (Table 11) has been shown to be different in
dyslexics and those with normal reading development.

Some research indicates that there is a variation in the volume of grey matter
in the brain. On the one hand, studies indicate that there is a lower volume of grey
matter in the brain of subjects with dyslexia, compared to subjects with normal
reading development, in particular in two regions.

The temporal-parietal region, and in particular, in the superior temporal supra-
marginal gyrus of both hemispheres, has a lower density of grey matter in dyslexic
subjects. This alteration would be related to deficits in speech perception (produc-
tion and auditory discrimination of phonemes) and phonological processing, as
well as deficits in integrating the auditory processing of linguistic stimuli [87].

Lower levels of grey matter have also been found in bilateral occipital-temporal
regions, related to visual processing deficits or letterforms in dyslexic children [89, 90].

Other research indicates that dyslexic subjects present a lower level of grey
matter in the right cerebellum and right lentiform nucleus [91, 92], which is related
to phonological and lexical difficulties. Subjects with lower volumes of grey mat-
ter display a poorer performance in pseudo-word reading and phonological tasks
(phoneme omission) than those with a higher volume.

In contrast, other studies have shown variation in white matter in the cerebral
hemispheres of dyslexics, finding a lower volume of bilateral white matter in frontal
lobes [93] and temporal-parietal lobes [92], which is associated with phonological
and/or visual processing deficits.

Neurocognitive research has indicated that grey and white matter variations
would lead to changes in brain function, as they generate lower left hemisphere
activity and compensatory overactivation in the right hemisphere. In addition,
subjects with dyslexia have a reduced gyrification index, and a lower volume of grey
matter in the left temporal lobe and ectopia, suggesting a gestational defect in origin
or abnormal prenatal brain development [94, 95]. Other authors note that variations
in grey and white matter are due to the absence of cerebral asymmetry [70].

Hypothesis Description of structures Deficits

Grey matter. Parietal-temporal brain regions ¢ Auditory and phonological processing
Occipital-temporal brain regions * Visual processing and letterforms
Right cerebellum and right lentiform * Pseudo-words and phonological tasks
nucleus

White Frontal and temporal-parietal regions * Visual and phonological processing

matter (bilateral)

Table 11.

Neuroanatomical hypotheses about variations in grey/white matter.
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Hypothesis Description of structures Deficits
Magnocellular Alteration of the lateral geniculate * Difficulties in processing short stimuli
system nucleus of the thalamus ¢ Difficulty in motion sensitivity
* Difficulties in low contrast and low
frequency stimulation

Connectivity Angular gyrus disconnection LH * Phonological processing.

No synchronisation between * Phoneme recognition

Broca’s Area and Wernicke’s Area * Word recognition

No transcallosal inhibition Deficits in processing speed of letters

and words

Functional Dorsal route (left parietal-temporal
activity (angular gyrus, supramarginal, and
superior temporal gyrus)

Deficits in phonological processing

Dorsal route (middle left occipital- * Deficits in visual processing
temporal (fusiform and lingual gyrus)

Inferior left frontal area » Compensation of visual deficits

Table 12.
Neurophysiological hypotheses of dyslexia.

4.2.2 Neurophysiological hypotheses of dyslexia

Neurophysiological hypotheses describe the organisation and activity of the
areas of the brain as a whole. Neurophysiological explanations of dyslexia are
divided into those related to the magnocellular system, to the connectivity of brain
areas, and to the functional activity of brain areas (Table 12).

4.2.2.1 Magnocellular system

Magnocellular deficit theory [78, 79] postulates that there are physiological and
anatomical deficiencies in the magnocellular system of dyslexics, mainly in the size
and organisation of the cells of the lateral geniculate nucleus (LGN) of the thala-
mus. This structure would be responsible for rapid processing of visual information
(spatial perception, selection, planning and hand-eye coordination). It plays an
important role in orthographic processing and could be the cause of dyseidetic or
visual dyslexia [79].

The LGN would be connected to the parietal lobe and would be critical to RAN
skills [96]. Some of the manifestations that dyslexics would present as a result of
these deficits would be difficulties in processing short stimuli, movement difficul-
ties, difficulties in low-contrast stimulation and low spatial frequency [18, 97].
However, there would be no difficulties when stimuli are presented at low speed or
with high contrast. These difficulties would justify errors in the visual coding of let-
ters, programming of saccadic movements during reading, and selective attention
during visual search [98].

Stein [79] notes that the LGN would not only be key to visual processes, but
would also extend to perceptual deficits — auditory, sensory, tactile, and motor, and
therefore also phonological. Cuetos [99] also points out that it would explain audi-
tory perceptual deficits, since both have the same origin, and subjects with dyslexia
have problems in the processing of visual or auditory stimuli presented in a fast and
changing manner.
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4.2.2.2 Connectivity of brain areas

The explanations for a deficit in the connectivity of brain areas are varied. One
of these points out that reading problems in dyslexic subjects occur because of a
functional disconnection between the angular gyrus of the left hemisphere and the
occipital and temporal areas when phonological tasks are performed [82, 100].

Another theory of connectivity points to the lack of synchrony among dyslexics
between Broca’s Area and Wernicke’s Area. Dyslexics and those with normal read-
ing development activate the same areas during reading: on the one hand, Broca’s
Area, specifically the lower left frontal area (AB 6/44), responsible for articulation
and the mental representation of the sound of the word; and, on the other hand,
Wernicke’s Area, specifically the upper left temporal gyrus (AB 21/22), which is
responsible for relating the processing of phonemes and the recognition of words
[101]. However, in subjects with dyslexia, these areas are not activated synchro-
nously, so there is a disconnection between these two regions, due to a dysfunction
of the insula (responsible for connecting the anterior and posterior regions respon-
sible for language).

Theory regarding deficits in transcallosal inhibition [102] points out that in sub-
jects with dyslexia, the corpus callosum is unable to inhibit the right hemisphere,
interfering with the activity of the left hemisphere. These deficiencies in transcal-
losal inhibition would justify the poor transfer of information between the hemi-
spheres. This would lead to a loss in processing speed with letters and words [103].

4.2.2.3 Functional activity of brain areas

Another line of research has been related to the functional activity of various
brain areas involved in reading in people with dyslexia. Deficits in the functional
activity of various neurological structures related to reading circuits have been
found in those with normal reading development [75, 104]. Thus, in dyslexics, dif-
ferent areas of the brain activate in comparison to normal readers [105]. In general,
it has been found that there is less activity in the left hemisphere and more activa-
tion in the right hemisphere, which would justify problems of hearing perception
found among dyslexic subjects [106].

In particular, subjects with dyslexia have low parietal-temporal activity in the
left hemisphere (supramarginal and angular gyrus in the interior part of the pari-
etal lobe and superior temporal gyrus), which would justify phonological deficits
(dorsal route) [60].

A second region with low activity is the left occipital-temporal zone (fusiform
and lingual gyrus), related to visual deficits, in particular, the rapid and automatic
recognition of words (ventral route) [60].

Overactivity has also been found in dyslexic adults in the inferior left frontal
area, responsible for articulation and phonological analysis of words. It is suggested
that this overactivity is caused by the overuse of the articulation and grapheme-
phoneme conversion systems, to compensate for deficits in visual processing
[107, 108].

These investigations have been carried out in languages with different spelling
consistency, achieving different results depending on the transparency and granu-
larity of languages [107, 109]. In opaque languages there is low activity in the left
inferior frontal gyrus, right superior temporal gyrus and left precuneus, and high
activation in the left anterior insula. In contrast, the activity pattern in transparent
languages shows low activation in the left fusiform gyrus, left temporal-parietal
cortex, right frontal operculum, and high activity in the left pre-central gyrus.
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5. Neuropsychological intervention in dyslexia

Neuropsychological intervention in dyslexia requires a neuropsychological
evaluation of the clinical variables and manifestations described so that early
detection of academic, cognitive-linguistic, and socio-emotional problems can be
achieved. Following evaluation, early intervention should be initiated, applying
scientifically validated and proven neuropsychological techniques and programmes.

It has been shown that when intervention is carried out at an early age, the
neuropsychological results are surprising, as they improve psychological, cognitive,
and academic skills, and avoid associated problems such as frustration, internalis-
ing problems, and reading rejection. Early intervention is based on evidence of
brain modification due to cerebral plasticity since, following early quality interven-
tion, subjects with dyslexia show greater brain activity in regions with neurological
deficits [75].

Adequate intervention in dyslexic children has also been shown to lead to
improvements in literacy processes, which are manifested following the brain
changes generated by the intervention [105, 110]. Following neuropsychological
intervention, fluency (precision and speed) was improved, and neurophysiological
and neuroanatomical changes were observed. In particular, greater activation was
observed in several cortical areas, mainly in the occipital-temporal area, along with
an increase in the volume of grey matter in several brain areas (hippocampus, left
tusiform gyrus, and right cerebellum).

Yet, studies that design and validate treatments for the improvement of dyslexia
are scarce. In recent years, however, efforts have been made to test the effectiveness
of intervention programmes based on different theoretical models. This allows
intervention programmes to be tailored according to whether this pathology is
considered the result of a specific cognitive deficit (e.g. phonological knowledge
or processing speed) or the result of a primary general deficit that would explain
the cognitive deficit (e.g. auditory and/or visual perceptual processing). The most
successful intervention programmes are those responsible for improving accuracy
(learning the rules of grapheme-phoneme conversion, phonological awareness,
naming speed) and speed (automation of grapheme-phoneme conversion rules and
the formation of orthographic representations by repeating words and texts).

Finally, in view of the neurological explanations found, tasks are proposed
below for the design of effective interventions, to improve the cognitive processes
affected in dyslexia. Neuropsychological intervention focuses on performing tasks
that would have to be targeted and adjusted to the characteristics of each case, in
order to activate or compensate the areas of the brain that present a malfunction or
alteration. In addition, it is generally recommended in all cases to practice repeated
reading with and/or without a model (teacher, partner, CD, computer) and provide
teedback by recording responses.

Below are some activities designed to improve perceptual processing (visual and
auditory), phonological processing, and orthographic processing. Visual and audi-
tory perceptual processing tasks are aimed at improving deficits in the detection
and discrimination of graphic and verbal signals.

Tasks for improving visual perceptual processing include [1, 111-113]:

* Pair matching series of signs (letter, syllable, word, pseudo-word)
* Finding a sign (letter, syllable, word, pseudo-word) in an array

» Same-Different: deciding whether pairs of signs are the same or different
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Finding the different sign in an array

Tasks for improving auditory perceptual processing include [1, 12, 112, 114]:

Identifying the tone of a sound from a series of given tones that vary
in sound

Playing a series of tones of emitted sounds
Identifying emitted phonemes that vary in articulation point or mode
Reproducing series of phonemes

Identifying the location of a syllable/phoneme emitted from a sequence of
syllables/phonemes

Identifying a syllable/phoneme between the emission of two that differ in
terms of the mode of articulation

Matching two syllables/phonemes, which differ in articulation mode, with the
drawing that contains them

Deciding whether or not two auditory sequences formed by a syllable/pho-
neme differ in rhythm

Identifying the drawing that begins with a certain syllable/phoneme from two
spoken syllables/phonemes

Another area of intervention would be phonological processing, aimed at
optimising deficits in the elaboration and interpretation of phonological informa-
tion, such as phonological knowledge and the improvement of phoneme-grapheme
correspondence. Activities to improve this area include [1, 12, 111-113]:

Counting words in a spoken phrase

Identification of syllables and/or phonemes in spoken words

Finding rhyming words with a model

Counting syllables and/or phonemes

Sorting words by their syllables and/or phonemes, located in different positions
Omitting syllables and/or phonemes in a spoken word

Combining sequences of spoken syllables or phonemes to form words

Adding syllables and/or phonemes to a spoken word

Replacing a syllable or phoneme and pronounce the resulting word

Reversing the order of spoken syllables or phonemes
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Finally, intervention in orthographic processing deficits would also be necessary,
improving visual word identification [1, 12, 111-113, 115]. Activities would include:

* Differentiating homophone words (understanding homophones)

* Choosing a word from a pair of homophone words according to the
stated meaning

* Choosing the word written correctly between a word and a
pseudo-homophone

* Completing words by adding vowels or consonants
* Matching a word with its drawing, giving a set of words (flash-card)
* Matching word and pseudo-homophone

* Selecting words represented in drawings from an array of words and
pseudo-words

* Word search
* Identifying the model word from a sequence of words

* Forming words with given syllables

6. Conclusion

This chapter has addressed dyslexia from a neuropsychological perspective,
specifically tackling the definition, main clinical manifestations, genetic, neuro-
anatomical and neurophysiological explanations, and finally neuropsychological
intervention options.

Firstly, the main definitions of dyslexia [7-9] were analysed, highlighting some
key considerations. In general, it is defined as a neurodevelopmental disorder that is
biological in origin and which begins in childhood, with deficits in accuracy and/or
fluidity in word recognition, pseudo-word recognition, and spelling. These dif-
ficulties are not consistent with the child’s intellectual level or the school instruction
received. They may or may not be accompanied by supralexical deficits, such as
reading comprehension and written expression, and cognitive-linguistic manifesta-
tions and/or socio-emotional problems. The relevance of differential diagnosis with
other deficits, such as intellectual disability, ADHD or sensory-motor problems,
has also been indicated. Some definitions identify the psychological and cognitive
origin of dyslexia, mainly in phonological components [7].

Secondly, the main clinical manifestations in three areas have been described.
Academic deficits occur in terms of problems with the accuracy and speed of read-
ing words and/or pseudo-words, and spelling. The problems are different depend-
ing on whether the dyslexia is phonological or visual. Phonological dyslexia is
characterised by deficits in the reading of long, infrequent words or pseudo-words,
with errors in lexicalisation (converting pseudo-words into words), slow reading
speed, and sounding out of words. Writing deficits are gaps and improper joins of
words. In contrast, visual dyslexia presents deficits in reading short, frequent, and
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familiar words, with misunderstandings of homophones and in lexical decision-
making with pseudo-homophones. Writing deficits occur in conventional spellings
and exception words [2-4, 10-12]. The different academic manifestations mean that
adequate neuropsychological assessment is necessary in order to establish appropri-
ate intervention based on the phonological and/or visual deficits presented by the
subjects. The manifestations of dyslexia in the linguistic cognitive areas have also
been reviewed. It has been pointed out that the role of intelligence in dyslexia is not
relevant, as subjects usually present an average IQ, with discrepancies between ver-
bal and manipulative IQ, and low working memory indices. Subjects with dyslexia
may also present deficits in visual processing with difficulties in discriminating
between stimuli presented sequentially and temporarily, with slow response times
and the need to increase intervals in order to perceive two stimuli independently
[15-19]. Similarly, subjects with dyslexia may present deficits in auditory percep-
tual processing and speech perception, problems in the sequential perception of
phonemes, low discrimination of frequencies and amplitudes in rapid temporal
sequences, and deficits in perceived sound, place and point of articulation in
phonemes [21, 22]. Dyslexics may also present deficits in auditory and phonological
memory, with problems in the storage and retrieval of verbal information, which
sustain deficits in phonological knowledge and problems in grapheme-phoneme
conversion [23-25]. Other manifestations of dyslexia occur in knowledge of let-
ters (the name and sound of the letter, and establishing the relationship between
grapheme and sound), prosody (deficits in the perception of the tonic syllable of
the word, pseudo-words and in sequences of syllables), phonological knowledge
(deficits in perceiving and manipulating speech segments), RAN (slow naming of
alphanumeric and non-alphanumeric elements) and executive function (use and
control of cognitive and metacognitive abilities). Undoubtedly, the diversity of cog-
nitive and linguistic manifestations makes it necessary to establish different typolo-
gies and characteristics in each of the areas identified, since they can translate into
different approaches of evaluation and intervention. Subjects with dyslexia may
also present clinical manifestations of a socio-emotional nature, with symptoms of
depression or anxiety [42-44], maladaptive attributional styles [45, 46], problems
of self-concept or self-esteem [47, 48], and low motivation [47]. These secondary or
concomitant problems of dyslexia cause great psychological distress in the subject
and in their immediate family environment, and are often the reason neuropsycho-
logical assistance is requested.

Thirdly, the different clinical theories of dyslexia have been reviewed, accord-
ing to various genetic, neuroanatomical and neurophysiological factors. Genetic
explanations have highlighted the relevance of family heredity, as dyslexia is more
frequent when parents have also presented delays in their reading development,
and given the concordance of reading deficits in monozygotic twins [55]. These
findings have encouraged molecular research to focus on discovering potential
candidate genes related to dyslexia deficits, with different genes responsible for dif-
ferent cognitive deficits (chromosome 21), phonological processes (chromosomes
3, 7,13, and 15), or visual processes (chromosome 1). These findings promote
research on the biological foundations of dyslexia and genetic programming of
tissue development and structures responsible for reading and writing functions.
However, the lack of conclusive results means that further research is required to
investigate the specific typologies and deficits of dyslexia in order to find concrete
genetic bases. We should also highlight the various neurological explanations put
forward in recent decades, thanks to the development of neuroimaging techniques
and interest in the functioning of the brain. Neuroanatomical hypotheses have
developed theories based on deficits in different brain structures among dyslexic
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subjects, such as cerebral asymmetry [71-80], corpus callosum [81-83], cerebel-
lum [84-86], and volume of grey and white matter [87-95]. Undoubtedly, these
brain structures present a different anatomical pattern to subjects with normal
reading development patterns that serve as a basis for explaining the academic
deficits presented by different dyslexic subjects. The different neuropsychological
investigations must be unified to provide a neuroanatomical explanation of the
different subtypes of dyslexia and the neuroanatomical bases that support them.
Neurophysiological hypotheses, on the other hand, have sought to explain the
functioning and organisation of the different areas of the brain that develop in

the reading and writing of subjects with dyslexia, referring to the functioning of
the magnocellular system and, in particular, the lateral geniculate nucleus of the
thalamus, associated with auditory sensory perceptual processing deficits, motion
sensitivity, and difficulties in discriminating low contrast and frequency stimula-
tion [96-99]. Theories have also been presented that point to deficits in connectiv-
ity between different areas [100-103], between cerebral hemispheres (phonological
deficits), asynchrony between Broca’s Area and Wernicke’s Area (recognition of
phonemes and words), and deficits in transcallosal inhibition (low processing
speed of letters and words). Finally, theories on the functional activity of neuro-
logical reading structures in dyslexic children in two circuits, dorsal and ventral,
have also been discussed [104-109]. In conclusion, neuropsychological theories
have identified the functioning of different brain structures during reading among
subjects with normal reading development patterns, children who are learning to
read, and in subjects with dyslexia. However, the findings of the different inves-
tigations need to be integrated in order to establish the role of the different struc-
tures of the Central Nervous System involved in subjects with dyslexia at different
moments of learning, the subtypes of dyslexia, and in different languages, in order
to establish an integrated and universal theory.

Finally, the chapter has addressed the importance of early neuropsychological
intervention, as well as the need to establish scientifically tested and validated
intervention methodologies. Early intervention in dyslexia has proven to be particu-
larly effective when programmes target deficits in reading and/or writing, as they
are more relevant to the specific needs of subjects, rather than focusing on general
cognitive deficits, which are more non-specific and difficult to modify, making
them therefore less sensitive to neuropsychological intervention. Finally, a number
of neuropsychological tasks have been presented, aimed at improving visual and
auditory perceptual processing, phonological processing, and orthographic process-
ing [1, 12, 111-115]. Early evidence-based interventions are required so that the
benefits of neuropsychological treatments and the validity of programmes can be
quantified according to the deficits of each subtype of dyslexia.

Funding
This work has been funded by the Regional Government of Andalusia (Spain),

through public calls for funding, applied for by the SEJ-521 “Research Group,
Learning Disabilities and Development Disorders” and “University of Malaga”.

21



Learning Disabilities - Neurobiology, Assessment, Clinical Features and Treatments

Author details

Maria-José Gonzdlez-Valenzuela and Isafas Martin-Ruiz*

Faculty of Psychology and Speech Therapy, Developmental and Educational
Psychology Department, University of Malaga, Malaga, Spain

*Address all correspondence to: ismar@uma.es

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

22



Neuropsychological Perspective on Dyslexia
DOI: http://dx.doi.org/10.5772/intechopen.99386

References

[1] Gonzalez M]J. Prevencion
Psicoeducativa de las Dificultades de
Aprendizaje [Psychoeducational
Prevention of Learning Difficulties].
Pirdmide: Madrid; 2012.

[2] Jiménez JE. Dislexia en espaiiol.
Prevalencia e indicadores cognitivos,
culturales, familiares y biolégicos
[Dyslexia in Spanish. Prevalence and
cognitive, cultural, family and
biological indicators]. Piramide:
Madrid; 2012.

[3] Defior S, Serrano F, Gutiérrez N.
Dificultades especificas de aprendizaje
[Specific learning difficulties]. Madrid:
Sintesis; 2015.

[4] Soriano, M. Dificultades en el
Aprendizaje [Learning difficulties].
GEU: Granada: 2014.

[5] Argyropoulos G. Translational
Neuroscience of Speech and Language
Disorders. Contemporary Clinical
Neuroscience. Springer: Cham; 2020.
DOI:10.1007/978-3-030-35687-3_4

[6] World Federation of Neurology.
Report of research group on dyslexia
and world illiteracy. WFN: Dallas; 1968.

[7] International Dyslexia Association.
Definition consensus project adopted by
the IDA Board of directors Nov, 12.2002.
Available from https://dyslexiaida.org/
definition-consensus-project/

[8] American Psychiatric Association.
Diagnostic and Statistical Manual of
Mental Disorders: DSM-5. American
Psychiatric Association: Washington,
D.C.; 2013.

[9] World Health Organization.
International classification of diseases —
11th Revision (ICD-11). Geneva:
WHO; 2019

[10] Lachmann T, Weis T. Reading and
Dyslexia. Literacy Studies (Perspectives

23

from Cognitive Neurosciences,
Linguistics, Psychology and Education).
Springer: Cham; 2018. DOI:
10.1007/978-3-319-90805-2_5

[11] Gonzdlez-Valenzuela MJ,
Martin-Ruiz I. Assessing Dyslexia at Six
Year of Age. Journal of Visualized
Experiments: JOVE, 2020;1: 159.
doi:10.3791/60858

[12] Gonzalez-Valenzuela, M]J. Current
Perspectives on Prevention of Reading
and Writing Learning Disabilities In
Ryan CS, Editor. Learning Disabilities:
An International Perspective.
IntechOpen: London; 2017. p 63-81.
doi:10.5772/65822

[13] Glozman Z. Developmental
neuropsychology. Routledge: London;
2013. DOI: 10.4324/9780203081181

[14] Robinson SM. Meeting the needs of
students who are gifted and have
learning disabilities. Journal of Learning
Disabilities. 1999; 34 (2): 195-204.
DOI:10.1177/105345129903400401

[15] Archer K, Pammer K,

Vidyasagar TR. A Temporal Sampling
Basis for Visual Processing in
Developmental Dyslexia. Front Hum
Neurosci. 2020; 81(4):213. DOI: 10.3389/
fnhum.2020.00213.

[16] Stein J. The Magnocellular Theory of
Developmental Dyslexia. In:

Lachmann T., Weis T., editor. Reading
and Dyslexia. Literacy Studies
(Perspectives from Cognitive
Neurosciences, Linguistics, Psychology
and Education). Springer: Cham; 2018.
DOI: 10.1007/978-3-319-90805-2_6

[17] Skottun BC. A few remarks on the
utility of visual motion perception to
assess the integrity of the magnocellular
system or the dorsal stream. Cortex.
2016; 79: 155-158. DOI: 10.1016/j.
cortex.2016.03.006



Learning Disabilities - Neurobiology, Assessment, Clinical Features and Treatments

[18] Eden GF, Stein JF, Wood HM, Wood,
FB. Differences in eye movements and
reading problems in dyslexic and
normal children. Vision Research. 1994;
34 (10): 1345-1358. DOI: 10.1016/
0042-6989(94)90209-7

[19] Ward LM, Kapoula Z. Differential
diagnosis of vergence and saccade
disorders in dyslexia. Sci Rep. 2020;10,
1:22116. DOI: 10.1038/s41598-020-
79089-1.

[20] Mason A, Cornelissen P, Fowler S,
Stein JF. Contrast sensitivity, ocular
dominance and specific reading
disability. Clinical Vision. 1993; 8 (4):
345-353.

[21] Tallal P, Jenkins W. The Birth of
Neuroplasticity Interventions: A Twenty
Year Perspective. In: Lachmann T.,

Weis T., Editors. Reading and Dyslexia.
Literacy Studies (Perspectives from
Cognitive Neurosciences, Linguistics,
Psychology and Education), Springer:
Cham. 2018; p 299-322. DOL:
10.1007/978-3-319-90805-2_14

[22] Rogowsky BA, Papamichalis P,
Villa L, Heim S, Tallal P.
Neuroplasticity-based cognitive and
linguistic skills training improves
reading and writing skills in college
students. Frontiers in Psychology. 2013;
4:137. DOI: 10.3389/fpsyg.2013.00137

[23] Milburn TF, Hipfner-Boucher K,
Weitzman E, Greenberg ], Pelletier J,
Girolametto L. Cognitive, linguistic and
print-related predictors of preschool
children word spelling and name
writing. Journal of Early Childhood
Literacy. 2017; 17 (1): 111-136. DOL:
10.1177/1468798415624482.

[24] Suarez P, Garcia M, Cuetos F.
Variables predictoras de la lecturay la
escritura en castellano [Predictor
variables of reading and

writing in Spanish]. Infancia y
Aprendizaje. 2013; 36 (1): 77-89.
DOI:10.1174/021037013804 826537

24

[25] Wimmer H, Schurz M. Dyslexia in
regular orthographies: Manifestation
and causation. Dyslexia, 2010; 16:
283-299. DOI:10.1002/dys.411

[26] Graham S, Santangelo T. Does
spelling instruction make students
better spellers, readers, and writers? A
metanalytic review. Reading and
Writing. 2014; 27 (9):1703-1743. DOL:
10.1007/s11145-014-9517-0

[27] Williams KJ, Walker MA, Vaughn S,
Wanzek J. A Synthesis of Reading and
Spelling Interventions and Their Effects
on Spelling Outcomes for Students With
Learning Disabilities. Journal of
Learning Disabilities. 2017; 50 (3):
286-297. DOI:10.1177/0022219415619753

[28] Ashby J. Why Does Prosody
Accompany Fluency?
Re-conceptualizing the Role of
Phonology in Reading. In: Khateb A,
Bar-Kochva I, editors. Reading Fluency.
Literacy Studies (Perspectives from
Cognitive Neurosciences, Linguistics,
Psychology and Education). Springer:
Cham; 2016. p 65-89. DOL:
10.1007/978-3-319-30478-6

[29] Lallier M, Lizarazu M, Molinaro N,
Bourguignon M, Rios-Lépez P,
Carreiras M. From Auditory Rhythm
Processing to Grapheme-to-Phoneme
Conversion: How Neural Oscillations
Can Shed Light on Developmental
Dyslexia. In: Lachmann T, Weis T,
editors. Reading and Dyslexia. Literacy
Studies (Perspectives from Cognitive
Neurosciences, Linguistics, Psychology
and Education). Springer: Cham.;
2018. p 147-163. DOI:10.1007/
978-3-319-90805-2_8

[30] Shaywitz BA, Skudlarksi P,
Holahan JM, Marchione KE,

Constable RT, Fulbright RK,

Zelterman D, Lacadie C, Shaywitz SE.
Age-related changes in readings systems
of dyslexic children. Annals of
Neurology. 2007; 61 (4): 363-370.

DOI: 10.1002/ana.21093



Neuropsychological Perspective on Dyslexia
DOI: http://dx.doi.org/10.5772/intechopen.99386

[31] Thomson J, Jarmulowicz L.
Linguistic rhythm and literacy . John
Benjamins Publishing Company:
Amsterdam; 2016. DOI: doi.org/10.1075/
tilar.17

[32] Gonzalez RM, Cuetos F, Vilar ],
Uceira E. Efectos de la intervencién en
conocimiento fonoldgico y velocidad de
denominacién sobre el aprendizaje de la
escritura [Effects of the intervention on
phonological knowledge and naming
speed on learning to write], Aula
Abierta. 2015; 43 (1): 1-8. DOL:
10.1016/j.aula.2014.06.001.

[33] Savage R, Pillay V, Melidona S.
Rapid serial naming is a unique
predictor of spelling in children.
Journal of Learning Disabilities.
2008; 41: 235-250. DOI: 10.1177/
0022219408315814

[34] Wolf M, Bowers PG. The double-
deficit hypothesis for the developmental
dyslexias. Journal of Educational
Psychology. 1999; 91 (3): 415-438. DOI:
10.1037/0022-0663.91.3.415

[35] Aguilar M, Navarro ], Menach I,
Alcale C, Marchen E, Ramiro P.
Velocidad de nombrar y conocimiento
fonoldgico en el aprendizaje inicial de la
lectura [Naming speed and phonological
awareness in initial learning to read].
Psicothema. 2010; 22 (3): 436-442

[36] Gomez FR, Gonzdlez AA,

Zarabozo D, Amano M. La velocidad de
denominacidén de letras: el mejor
predictor temprano del desarrollo lector
en espafiol [The speed of letter naming:
the best early predictor of reading
development in Spanish]. Revista

mexicana de investigacién educativa.
2010; 15 (46): 823-847.

[37] Gonzalez-Valenzuela MJ,
Lépez-Montiel D, Diaz-Girdldez F,
Martin-Ruiz I. Effect of Cognitive
Variables on the Reading Ability of
Spanish Children at Age Seven. Front.
Psychol. 2021; 12:663596. DOI: 10.3389/
tpsyg.2021.663596

25

[38] Diamond A. Executive functions.
Annual Review of Psychology. 2013; 64:
135-168. DOL: https://d0i.10.1146/
annurev-psych-113011-143750

[39] Horowitz-Kraus T, Holland SK,
Freund L. Imaging executive functions
in typically and atypically developed
children. In Executive function in
preschool age children: Integrating
measurement, neurodevelopment and
translational research. APA Press. New
York, NY; 2016.

[40] Fitzpatrick C, McKinnon RD,

Blair CB, Willoughby MT. Do preschool
executive function skills explain the
school readiness gap between
advantaged and disadvantaged
children? Learning and Instruction.
2014; 30: 25-31. DOI:10.1016/j.
learninstruc.2013.11.003

[41] Moura O, Simoes MR,

Pereira M. Executive functioning in
children with developmental dyslexia.
The Clinical Neuropsychologist.

2015; 28 (1): 20-41. DOI: 10.1080/
13854046.2014.964326

[42] Klassen RM, Tze VM, Hannok W.
Internalizing problems of adults with
learning disabilities a meta-analysis. ]
Learn Disabil. 2013; 46: 317—327. DOI:
10.1177/0022219411422260

[43] Nelson JM, Harwood H. Learning
Disabilities and Anxiety: A Meta-
Analysis. Journal of Learning
Disabilities. 2011; 44(1):3-17.
DOI:10.1177/0022219409359939

[44] Zuppardo L, Rodriguez Fuentes A,
Pirrone C, Serrano F. Las repercusiones
de la Dislexia en la Autoestima,

en el Comportamiento Socioemocional
y en la Ansiedad en Escolares

[The repercussions of Dyslexia on
Self-esteem, Socio-emotional Behavior
and Anxiety in Schoolchildren].
Psicologia Educativa. (2020);

26(2): 175 - 183. DOI:https:10.5093/
psed2020a4



Learning Disabilities - Neurobiology, Assessment, Clinical Features and Treatments

[45] Cuetos F, Rello L, Soriano M,
Nierga G. Dislexia. Ni despiste, ni
pereza: Todas las claves para entender el
trastorno [dyslexia. Neither absent-
mindedness nor laziness: All the keys to
understanding the disorder]. La Esfera
de los Libros: Madrid; 2019

[46] Pasta T, Mendola M, Longobardi C,
Prino LE, Gastaldi FGM. Attributional
style of children with and without
Specific Learning Disability, Electronic
Journal of Research in Educational
Psychology. 2013; 11(3): 649-664. DOL:
10.14204/ejrep.31.13064

[47] Westwood, P. Learning and learning
difficulties : approaches to teaching and
assessment . David Fulton Publishers:
London; 2004.

[48] Eggleston M, Hanger N,

Frampton C, Watkins W. Coordination
difficulties and self-steem: A review and
findings from a New Zealand survey.
Aust Occup Ther J. 2012; 59:456—62.14

[49] Grigorenko, E. Developmental
Dyslexia: An update on genes, brains,
and environments. Journal of Child
Psychology and Psychiatry. 2001;

42: 91-125.

[50] Mascheretti S, Riva 'V, Giorda R,
Beri S, Lanzoni LF, Cellino MR,
Marino C. KIAA0319 and ROBO1:
evidence on association with reading
and pleiotropic effects on language and
mathematics abilities in developmental
dyslexia. Journal of Human Genetics.
2014; 59(4): 189-197. DOI: 10.1038/
jhg.2013.141.

[51] Scerri T, Schulte-Korne G. Genetics
of developmental dyslexia. European
Child & Adolescent Psychiatry. 2010;
19(3):179-197. DOI:10.1007/
s00787-009-0081-0

[52] Pennington BF. Evidence for major
gene transmission of developmental
dyslexia. JAMA. (1991). 266 (11):
1527-1534. DOI:10.1001/
jama.1991.03470110073036

26

[53] Vogler GP, Defries JC, Decker SN.
Family history as a indicator of risk for
reading disability. Journal of Learning
Disabilities. 1985; 23: 44-52. DOI:
10.1177/002221948501800711

[54] Finucci JM, Gottfredson LS,
Childs B. A follow-up study of dyslexic
boys. Annals of Dyslexia. 1985; 35:
117-136. DOI: 10.1007/BF02659183

[55] DeFries JC, Alarcén M. Genetics of
specific Reading disability. Mental
Retardation and Developmental Review.
1996; 2: 39-47. DOI1:10.1002/
(SICI)1098-2779(1996)2:1<39:: AID-
MRDD7>3.0.CO;2-S

[56] Carrion-Castillo A, Franke B,
Fisher SE. Molecular genetics of

dyslexia: An overview. Dyslexia. 2013;
19(4): 214-240. DOI: 10.1002/dys.1464

[57] Froster U, Schulte-Korne G,
Hebebrand J, Remschmidt H.
Cosegregation of balanced translocation
(1,2) with retarded speech development
and dyslexia. Lancet. 1993; 342: 178-179.

[58] Igo RP, Chapman NH,

Berninger VW, Matsushita M,

Brkanac Z, Rothstein JH, Holzman T,
Nielsen K, Raskind WH, Wijsman EM.
Genomewide scan for real-word
Reading subphenotypes of dislexia:
Novel chromosome 13 locus and genetic
complexity. Am ] Med Genet B
Neuropsychiatr Genet. 2006; 141: 15-27.

[59] Kaminen N, Hannula-Jouppi K,
Kestia M, Lahermo P, Muller K.,
Kaaranen M. Myllyluoma B,
Voutilainen A, Lyytinen H,
Nopola-Hemmi J, Kere, J. A genome
scan for developmental dyslexia
confirms linkage to chromosome 2pl1
and suggests a new locus on 7q32. J. Med
Genet. 2003; 40: 340-345. DOI: 10.1136/
jmg.40.5.340

[60] Benitez-Burraco A. The
molecular bases of dyslexia. Revista
De Neurologia. 2007; 45(8): 491 - 502.
DOI: 10.33588/rn.4508.2006605



Neuropsychological Perspective on Dyslexia
DOI: http://dx.doi.org/10.5772/intechopen.99386

[61] Wigg KG, Couto JM, FengY,
Anderson B, Cate-Carter TD,
Macciardi F, Tannock R, Lovett MW,
Humphries TW, Barr CL. Support for
EKN1 as the susceptibility locus for
dyslexia on 15q2, Mol Psychiatry. 2004;
9 (12): 1111-1121. DOI: 10.1038/
sj.mp.4001543

[62] Nopola-Hemmi ], Taipale M, Haltia,
T, Lehesjoki AE, Voutilainen A, Kere J.
Two translocations of chromosome 15q
associated with dyslexia. Journal of
Medical Genetics. 2000; 37: 771-775.
DOI: 10.1136/jmg.3710.771

[63] Taipale M, Kaminen N,
Nopola-Hemmi ], Haltia T,
Myllyluoma B, Lyytinen H, Muller K,
Kaaranen M, Lindsberg PJ, Hannula-
Jouppi K, Kere, J. A candidate gene for
developmental dyslexia encodes a
nuclear tetratricopepetide repeat
domain protein dynamically regulated
in brain. Proceedings of the National
Academy of Sciences USA. 2003; 100
(20): 11553-11558. DOI: 10.1073/
pnas.1833911100

[64] Meng H, Hager K, Held M, Page GP,
Olson RK, Pennington BF, DeFries JC,
Smith SD, Gruen JR. TDT-association
analysis of EKN1 and dyslexiain a
Colorado twin cohort. Human Genetics.
2005; 118: 87-90. DOI: 10.1007/
s00439-005-0017-9

[65] Guidi LG, Mattley J,
Martinez-Garay I, Monaco AP,

Linden JF, Velayos-Baeza A, Molnar Z.
Knockout mice for dyslexia
susceptibility gene homologs KIAA0319
and KIAA0319L have unaffected
neuronal migration but display
abnormal auditory. Cereb Cortex. 2017;
27(12) :5831-5845. DOI: 10.1093/
cercor/bhx269

[66] Tzenova ], Kaplan BJ, Petryshen TL,
Field LL. Confirmation of a dyslexia
susceptibility locus on chromosome
1p34-p36 in a set of 100 Canadian
families. American Journal of Medical

27

Genetics Part B: Neuropsychiatric
Genetics. 2004; 127 (1): 117-124. DOI:
10.1002/ajmg.b.20139

[67] Nopola-Hemmi ], Myllyluoma B,
Haltia T, Taipale M, OllikainenV,
Ahonen T, Voutilainen A, Kere J,
Widen E. A dominant gen for
developmental dyslexia on the
chromosome 3. Journal of Medical
Genetic. 2001; 38: 658-664.DOI: :
10.1136/jmg38.10.658

[68] Stein CM, Schick JH, Taylor HG,
Shriberg LD, Millard C,

Kundtz-Kluge A, Russo K, Minich N,
Hansen A , Freebairn LA, Elston RC,
Lewis BA, Iyengar SK. Pleiotropic
effects of a chromosome 3 locus on
speech-sound disorder and reading.
American Journal of Human Genetics.
2004; 74, 283-297. DOI: 10.1086/381562

[69] Carboni A, del Rio D, Capilla A,
Maestu F, Ortiz T. Bases neurobioldgicas
de las dificultades de Aprendizaje
[Neurobiological bases of learning
difficulties]. REV NEUROL. 2006;

42 (2):171-175. DOI: 10.33588/
rn.42502.2005832

[70] Ferrer, M., y Piedra Martinez, E.
Una revision de las bases
neurobioldgicas de la dislexia en
poblacién adulta [A review of the
neurobiological bases of dyslexia in the
adult population]. Neurologia. 2014;
32(1): 50-57. DOI:10.1016/j.
nrl.2014.08.003

[71] Galaburda A. Developmental
dyslexia: four consecutives patients with
cortical anomalies. Annals of Neurology.
1985; 18: 222-232. DOI: 10.1002/
ana.410180210

[72] Galaburda A, Kemper TL.
Cytoarchitectonic abnormalities in
devellopmental dyslexia. Annals of
Neurology. 1979; 6: 94-100

[73] Galaburda, A.M., Sherman, G.F.,
Rosen, G.D., Aboitiz, F., y



Learning Disabilities - Neurobiology, Assessment, Clinical Features and Treatments

Geschwind N. (1985). Developmental
dyslexia: four consecutive patients with
cortical anomalies. Annals of
Neurology, 18, 222-233

[74] Habib M, Robichon F, ChanoineV,
Demonet JF, Frith CD, Frith U. The
influence of language learning on brain
morphology: the callosal effects in
dyslexics differs according to native
language. Brain and Language. 2000; 74
(3): 520-524.

[75] Simos PG ,Breier JL, Fletcher JM,
Foorman BR, Castillo EM, Papanicolaus
AC Brain mechanisms for Reading
words and pseudowords: an integrated
approach. Cereb Cortex. 2002; 12 (3):
297-305. DOI: 10.1093/cercor/12.3.297

[76] Monsalve A, Cuetos F. Asimetria
hemisférica en el reconocimiento de
palabras: efecto de la frecuencia e
imaginabilidad [Hemispheric
asymmetry in word recognition: effect
of frequency and imaginability].
Psichothema. 2001; 13 (1): 24-28.

[77] Hier DB, LeMay M, Rosenberg PB,
Perlo VP. Developmental dyslexia:
Evidence for a subgroup with a reversal
of cerebral asymmetry. Archives of

Neurology. 1978; 35: 90-92.

[78] Eden GF, VanMeter JW, Rumsey JM,
Maisog JM, Woods RP. Zeffiro TA.
Abnormal processing of visual motion
in dyslexia revealed by functional brain
imaging. Nature. 1996; 382 (6586):
66-69. DOI: 10.1038/382066a0

[79] Stein J. The magnocellular theory of
developmental dyslexia. Dyslexia. 2001;
7 (1):12-36. DOI: 10.1002/dys.186

[80] Jiménez JE, Herndndez S, Conforti J.
sExisten patrones diferentes de asimetria
cerebral entre subtipos de disléxicos?
[Are there different patterns of brain
asymmetry among dyslexic subtypes?]
Psicothema. 2006; 18(3): 507-513.

[81] Hynd GW, Hall ], Novey ES,
Eliopolus D, Black K, Gonzdlez]]J,

28

Edmons JE, Riccio C, Cohen M.
Dyslexia and corpus callosum
morphology. Archives of neurology.
1995; 52: 32-38.

[82] Etchepareborda MC, Habib M.
Bases neurobioldgicas de la consciencia
fonoldgica: su compromiso con la
dislexia [Neurobiological Bases of
Phonological Awareness: Your
Engagement with Dyslexia]. Revista de
Neurologia Clinica. 2001; 2 (11): 5-23.

[83] Larsen JP, Hoien T, Odegaard H.
Magnetic resonance imaging of the
corpus callosum in developmental
dyslexia. Cognitive neuropsychology.

1992; 9: 123-134.

[84] Eckert M, Leonard C. Development
disorders: dyslexia. In Hugdahl K,
Davidson R ], editors. The asymmetrical
brain. MIT Press: Cambridge, MA;
2003. p 651-679.

[85] Rae C, Harasty JA, Dzendrowsk, TE,
Talcott JB, Simpson JM, Blamire AM,
Dixon RM, Lee MA, Thompson CH,
Styles P, Richardson AJ, Stein JF.
Cerebellar morphology in
developmental dyslexia.
Neuropsychologia. 2002; 40 (8):
1285-1292. DOI: 10.1016/
s0028-3932(01)00216-0

[86] Fawcett AJ, Nicolson RI. El cerebelo.
Su implicacién en la dislexia [The
cerebellum. Its involvement in dyslexia].
Revista electrdnica de investigacion
Psicoeducativa y Psicopedagogia. 2004;
2 (2): 35-58.DOI: 10.25115/ejrep.
v2i4.1149

[87] Richlan F, Kronbichle M,
Wimmer H. Meta-analyzing brain
dysfunctions in dyslexic children and
adults. Neuroimage. 2011; 56 (3):
1735-1742. DOI: 10.1016/j.
neuroimage.2011.02.040

[88] Ashburner J, Friston K]J. Voxel-based
morphometry-the methods.
Neuroimage. 2000; 11(6): 805- 821.
DOI: 10.1006/nimg.2000.0582



Neuropsychological Perspective on Dyslexia

DOI: http://dx.doi.org/10.5772/intechopen.99386

[89] Kronbichler M, Wimmer H,
Staffen W, Hutzler F, Mair A,
Ladurner G. Developmental dyslexia:
Gray matter abnormalities in the
occipitotemporal cortex. Hum Brain
Mapp. 2008; 29 (5): 613-625. DOI:
10.1002/hbm.20425

[90] Linkersdorfer J, Lonnemann J,
Lindberg S, Hasselhorn M, Fiebach CJ.
Grey Matter Alterations Co-Localize
with Functional Abnormalities in
Developmental Dyslexia: An ALE
Meta-Analysis. PLoS ONE. 2012; 7 (8):
e43122. DOI: 10.1371/journal.
pone.0043122.

[91] Pernet CR, Poline JB, Demonet JF,
Rousselet GA. Brain classification
reveals the right cerebellum as the
best biomarker of dyslexia. BMC
Neurosci. 2009;10:67. DOI: 10.1186/
1471-2202-10-67

[92] Steinbrink C, Vogt K, Kastrup A,
Miiller H, Juengling FD, Kassubek ],
Riecker A. The contribution of white
and gray matter differences to
developmental dyslexia: Insights from
DTIand VBM at3.0 T.
Neuropsychologia. 2008; 46 (13):
3170—3178. DOI: 10.1016/j.
neuropsychologia.2008.07.015

[93] Lebel C, Shaywitz B, Holahan J,
Shaywitz S, Marchione K,Beaulieu C.
Diffusion tensor imaging correlates of
reading ability in dysfluent and non-
impaired readers. Brain Lang. 2013;125
(2): 215—222. DOLI: 10.1016/j.
bandl.2012.10.009

[94] Casanova MF, Araque J,

Giedd ], Rumsey JM. Reduced brain
size and gyrification in the brains of
dyslexic patients. ] Child Neurol.
2004; 19 (4) :275—281. DOI: 10.1177/
088307380401900407

[95] Chang BS, Katzir T, Liu T,
Corriveau K, Barzillai M, Apse KA,
Wong ST, Walsh CA. A structural basis
for reading fluency: White matter

29

defects in a genetic brain malformation.
Neurology. 2007;69 (23): 2146—2154.
DOI: 10.1212/01.wnl.0000286365.
41070.54

[96] Miiller-Axt C, Anwander A, von
Kriegstein K. Altered structural
connectivity of the left visual thalamus
in developmental dyslexia Current
Biology. 2017; 27(23): 3692-3698. doi:
10.1016/j.Cub.2017.10.034

[97] Zeffiro, T. y Eden, G. (2000). The
neural basis of developmental dyslexia.
Annals of Dyslexia, 50, 3-30.

[98] Talcott JB,Witton C, McLean MF,
Hansen PC, Rees A, Green GGR,

Stein JF. Dynamic sensory sensitivity
and children’s word decoding skills.
Proceedings of the National Academy of
Sciences of the United States of
America. 2000; 97: 2952-2957. DOI:
10.1073/pnas.040546597

[99] Cuetos F. Dislexias evolutivas: un
puzzle por resolver. Revista de
Logopedia, Foniatria y Audologia. 2009;
29 (2): 78-84. DOI: 10.1016/
S0214-4603(09)70145-7

[100] Binder JR, McKiernan KA,
Parsons ME, Westbury CF, Possing ET,
Kaufman JN, Buchanan L. Neural
correlates of lexical access during visual
word recognition. Journal of Cognitive
Neuroscience. 2003; 15 (3): 372-393.
DOI: 10.1162/089892903321593108

[101] Paulesu E, Frith U, Snowling M,
Gallagher A, Morton J, Frackowiak, RS,
Frith, CD. Is developmental dyslexia a
disconnection syndrome? Evidence
from PET scanning. Brain. 1996; 119
(1): 143-157 DOI: 10.1093/brain/
119.1.143

[102] Obrutz JE, Hynd GW, Obrutz A,
Pirozzolo F. Effect of selective attention
on cerebral asymmetries in normal

and learning-disabled children.
Developmental psychology. 1981;17:
118-125.



Learning Disabilities - Neurobiology, Assessment, Clinical Features and Treatments

[103] Ellis AW. Length, formats,
neighbors and the processing of words
presented laterally or at fixation. Brain
and Language. 2004; 88 (3): 355-366.
DOI: 10.1016/50093-934X(03) 00166-4

[104] Shaywitz SE. Overcoming
Dyslexia. A new and complete science-
based program for reading problems at
any level. Knopf : New York; 2003.

[105] Eden GF, Jones KM, Cappel K,
Gareau L, Wood FB, Zeffiro TA,

Dietz NAE, Agnew JA, Flowers DL.
Neural Changes following Remediation
in Adult Developmental Dyslexia.
Neuron. 2004; 44 (3); 411-422, DOI:
10.1016/j.neuron.2004.10.019.

[106] Breier JI, Simos PG,

Fletcher JM, Castillo EM, Zhang W,
Papanicolaou AC. Abnormal Activation
of Temporoparietal Language Areas
During Phonetic Analysis in Children
With Dyslexia. Neuropsychology.
2003; 17(4); 610-621.DOI:10.1037/
0894-4105.17.4.610

[107] Georgiewa P, Rzanny R. Gaser C,
Gerhard U], Vieweg U, Freesmeyer D,
Mentzel HJ, Kaiser WA, Blanz B.
Phonological processing in dyslexic
children: a study combining functional
imaging and event related potentials.
Neurosci Lett. 2002; 318(1): 5-8. DOI :
10.1016/s0304-3940(01) 02236-4.

[108] Shaywitz BA, Shaywitz SE, Pugh,
Mencl WE, Fulbright RK, Skudlarski P,
Constable RT, Marchione KE,

Fletcher JM, Lyon GR, Gore JC.
Disruption of posterior brain systems
for reading in children with
developmental dyslexia. Biological
Psychiatry. 2002; 52 (10): 101-110. DOI:
10.1016/s0006-3223(02)01365-3

[109] McCandliss BD, Noble KG. The
development of reading impairment: a
cognitive neuroscience model. Mental

retardation and Developmental
Disabilities Research Reviews. 2003; 9

(3):196-204. DOI: 10.1002/mrdd.10080

30

[110] Shaywitz BA, Shaywitz SE.
Reading disability and the Brain.
Educational Leardership. 2004; 61
(6): 6 -11.

[111] Defior S. Como mejorar la lectura
[How to improve Reading]. Mente y
cerebro. 2015; 70: 16-23.

[112] Jiménez JE. Modelo de Respuesta a
la intervencién. Un enfoque preventivo
para el abordaje de las dificultades
especificas de aprendizaje [Response to
intervention model. A preventive

approach to addressing specific learning
difficulties]. Piramide: Madrid; 2019.

[113] Soriano, M. Programas de
intervencion en dislexia evolutiva con
apoyo empirico. Eficacia de un
programa de intervencién desarrollado
desde las teorias cognitivas de déficit
especifico [Intervention programs in
developmental dyslexia with empirical
support. Efficacy of an intervention
program developed from specific deficit
cognitive theories]. Ponencia presentada
a las VI Jornadas sobre Dislexia.
Barcelona (Spain). 20 de Enero de 2007.

[114] Bhide A, Power A, Goswami U. A
Rhythmic Musical Intervention for Poor
Readers: A Comparison of Efficacy With
a Letter-Based Intervention. Mind,
Brain, and Education. 2013; 7(2):
113-123. DOI: 10.1111/mbe.12016

[115] Graham S, MacArthur CA,
Fitzgerald ]. Best practices in writing
instruction. Guilford Press: NY.; 2013.



