
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

142,000 180M

TOP 1%154

5,800



1

Chapter

Neuropsychological Assessment 
of Children with Learning 
Disabilities
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Abstract

Learning disabilities are a heterogeneous and common group of disorders that have 
a relevant impact on children’s academic function. The most common learning disorders 
consist of dyslexia, dyscalculia, dysgraphia or other non-verbal learning disorders. 
These disorders are commonly associated with neurological or behavioral disorders such 
as attention-deficit hyperactivity disorders. Understanding of cognitive and mental 
problems of children with learning disorders is an interesting challenge, and various 
approaches have been applied for their study, including medical, genetic, educational, 
epidemiologic and experimental psychologist. Nowadays, clinical neuropsychological 
approach, which is based on neurocognitive models, is one of the best existing models 
for description and interpretation of learning disorders. This approach assumes that 
there is a strong relationship between the various learning deficits and brain functioning. 
This paper consists of a descriptive review about components of a specialized neuro-
psychological approach that can be applied for the assessment of children with learning 
disabilities.

Keywords: learning disabilities, learning deficits, learning disorders, dyslexia, 
dyscalculia, math disorders, dysgraphia, neuropsychology, neurocognitive model, 
neuropsychological assessment

1. Introduction

The term Learning Disability means a heterogeneous group of disorders in one 
or more psychological processes involved in understanding or in using language, do 
mathematical calculation [1], or deficits in other cognitive functions as attentional 
or perceptual deficits that can cause particular children learning difficulties [2].

Learning disabilities affect approximately 10% of US children and unfortunately 
are often unaddressed or incorrectly addressed by schools or family [3].

The most common learning difficulties regard language and consist of an 
imperfect ability to listen, speak, read, write and spell. Reading and/or spelling 
disorders are present in 3–11% of children worldwide in particular, combined read-
ing and spelling disorders have a prevalence of 8%, isolated spelling disorders have 
a prevalence of 7%, while isolated reading disorders have a prevalence of 6% [4].

About 20% of children and adolescents with reading disorders develop 
emotional disorders, especially anxiety disorders and less frequently depressive 
or behavioral disorders [5]. Children with reading and spelling disorder, if not 
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diagnosed and treated, often fail and do not go to school with relevant consequences 
for professional education and for psychological well-being during adult age [6].

Children with learning problems are generally first identified by teachers for 
their behavioral disorders, participation behaviors or cognitive difficulties [7].

One of the most common learning disabilities is dyslexia that is a learning 
disorder characterized by reading problems, a complex cognitive function that 
requires many abilities that include: letter identification skills, phonological skills 
(converting letters into sounds), grapheme skills (visual generation of sound on the 
bases of previous learned sounds), sequencing skills, short-term memory skills to 
retain information from written material [8].

The evaluation of children with Learning Disorders must consist of a clinical 
evaluation and a comprehensive assessment of all areas of suspected disability 
including sensory functions, behavioral and emotional factors, occupational skills, 
intellectual ability and cognitive functions [9]. A comprehensive evaluation can be 
conducted by medical doctors, psychologists, social workers, school nurses, speech 
pathologists, occupational and physical therapists. Child neuro-psychiatrist and 
developmental-behavioral pediatrician can conduct medical evaluations oriented 
to identify medical and mental health conditions that could be potentially treated 
such as primary sensory impairments, primary neuro-psychiatric conditions, or 
intellectual deficiency. Outside school, it is also important to conduct an evaluation 
of student’s parents for the evaluation of other cultural or socioeconomic conditions 
that can contribute to learning disorders.

2. General cognitive assessment

It is commonly accepted that neuropsychological assessment is very useful for 
children with developmental disorders concerning particular learning and atten-
tion disorders. According to American Academy of Clinical Neuropsychology, 
cognitive evaluation helps clinics and therapists to identify how problems with 
the brain relate to difficulties at school and study neurological and psychiatric 
disorders. Neuropsychological assessment focuses on identifying if children have 
a problem with cognitive functions as reading, spelling, or math. Examination of 
cognitive functions of children with learning disabilities must examine in particular 
memory, attention, problem-solving functions, math skills and language functions. 
Cognitive psychologist evaluates these functions using a variety of methods specifi-
cally designed to identify why the child has learning or attention problems [10].

Cognitive and neuropsychological evaluations must be as part of a comprehen-
sive assessment of learning disabilities even if only little evidence supports a routine 
assessment of cognitive functions for children with learning disabilities.

Neuropsychological and modern neuroimaging or neuro-functional studies 
conducted in particular on individuals with cognitive deficits have demonstrated 
the existence of neuronal networks so that deficits in specific cognitive functions 
have characteristic neural substrates [11].

Visual processing deficits are typically associated with abnormalities of occipito-
parietal areas [12], while auditory deficits are secondary to dysfunction in temporal 
lobe areas [13].

Attentional and executive functions deficits are usually explainable by a 
dysfunction in neuroanatomical subsystems of prefrontal cortex of both hemi-
spheres [14].

Word learning deficits are related with left temporal and in particular, hippo-
campal dysfunctions [15] while spatial learning and visuospatial deficits are usually 
associated with lesions of right parietal and occipital cerebral areas [16].
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Children with math disorders have a prevalent dysfunction of connectivity in 
temporo-parietal and parietal areas of the right hemisphere [17], but also in  
connection between frontotemporal and parietal regions of left hemisphere [18].

Language functions are prevalently lateralized in dominant hemisphere (usually 
the left), while visuospatial functions are prevalently lateralized in non-dominant 
hemisphere (usually the right).

Consequently, children with verbal learning disabilities such as difficulties in 
reading or writing have a prevalent involvement in left hemisphere, while children 
that show nonverbal learning disabilities such as difficulties in perceptual reasoning 
or understanding math have a prevalent involvement in right hemisphere.

However, language learning reflects activation of complex neuronal networks: 
for example, frontal cortex and basal ganglia are relevant in learning phonology and 
grammar of a new language [19] or hippocampus, temporal lobe and putamen have 
dysfunction in subjects with dyslexia [20]. Specific cerebellar regions also contrib-
ute to cognitive functions in particular in reading development, verbal short-term 
memory and emotional behavior [21].

Studies on cerebral lateralization of motor functions, especially handedness, 
show that these appear to be related to the lateralization of language functions [22]. 
In fact left-handedness has been linked to dyslexia, other language learning disorders 
and autism.

Therefore, different tools have been successfully employed to assess lateral 
dominance for the eyes, hands and foot across different behavioral domains such as 
brushing teeth, cutting a paper, throwing a ball, kicking a ball. An example of one 
of these instruments suitable for adults is the Harris test of Lateral Dominance [23].

Psychometric assessment is essential for identification of correct cognitive treat-
ments, permitting better treatment planning and interventions that match specific 
cognitive profiles and can be used as follow-up tool [24].

Examples of neuropsychological tests that can be used for a general cogni-
tive assessment are represented by fixed batteries such as Halstead-Retain 
Neuropsychological battery [25], the Luria-Nebraska Neuropsychological Battery 
[26], the Boston process approach [27], Kaufman Assessment Battery for Children 
[28] or by specialized flexible batteries.

However, psychometric measures have many limitations. Neuropsychological 
tests are less reliable for identifying learning disorders in younger students (students 
in first or second degree) than in older since in early grades they do not participate 
in formal education process [29]. Some school teams compare student’s performance 
using national norms, while others use local norms [30]. Student’s performance 
on a psychometric measure cannot reflect the real performance in the classroom. 
For example, in a test setting, the evaluator is inclined to speak more slowly and 
gives more time to assure a correct execution of a psychometric task. Standardized 
measures test scores to determine presence or absence of a disability are chosen 
somewhat arbitrarily. The most used cut-offs are two standard deviations below 
mean standard score or a score below the 25th percentile, considering the average 
performance score as the 50th percentile [31].

Psychometric tasks not always have diagnostic stability that is the validity of the 
psychometric measure over time. Estimates of diagnostic stability range between 30 
and 70% [32].

3. Visual processing assessment

Visual modalities are the primary bases of most academic learning. 
Consequently, visual processing must be taken in great consideration during the 
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assessment of learning disorders. The first step of the assessment consists of ruling 
out peripheral visual problems. Neuropsychological visuospatial tests have the aim 
to assess integrity of visual system.

Specialized tests of visual processing are now widely used in clinical setting of 
children with learning disorders. According to Muriel Lezak [33], the examiner 
must explore six areas critique in visual perception that are: visual scanning, color 
perception, visual inattention, visual recognition, visual organization and visual 
interference.

In particular, visual scanning deficits are associated with cerebral lesions and 
acquired learning disorders causing deficits in reading, writing, performing calcula-
tion and telling time [34]. Other learning disorders associated with visual recogni-
tion disorders are: spatial dyslexia and dysgraphia with spatial disturbances [35].

4. Auditory processing assessment

As visual processing, also auditory processing is fundamental to learning.
Non-verbal auditory processing has a possible relationship to non-verbal 

learning disorders so that it has been described within a framework of non-verbal 
learning disorder [36]. For example, subjects who have an impairment in inter-
preting voice intonation or prosody may have non-verbal learning disorders that 
negatively affect their emotional functioning. Children with socio-emotional 
processing disorders have been considered by some neuropsychologists as affected 
by a subtype of learning disorders secondary to right hemisphere dysfunction [37]. 
Therefore, neuropsychologists must execute a specialized auditory assessment 
finalized to exclude peripheral and central auditory problems before the general 
clinical neuropsychological assessment of children with learning disorders.

Examples of neuropsychological instruments that can be used to assess auditory 
perception in terms of audition acuity, auditory discrimination, auditory inattention, 
auditory verbal and non-verbal perception are described in Lezak’s manual [33].

5. Behavioral and socio-emotional assessment

Learning disorders can have comorbidity with many behavioral, social-
emotional and psychiatric conditions. Distinction between cognitive and emotional 
domain is an unresolved issue in the assessment of children with learning disorders.

There are some evidences that socio-emotional processing deficits related to 
right hemisphere dysfunction could be considered a subtype of developmental 
learning disabilities [38].

The assessment of emotional functioning should focus first on psychiatric 
conditions that could be the primary cause of individual learning problems. During 
the decision-making process, neuropsychologists should realize an assessment of 
the mental status of the patient through observation of patient’s behavior and use of 
a clinical interview. In the diagnostic process, neuropsychologist should determine 
the most relevant diagnosis depending on the background in psychopathology.

Same symptoms, especially behavioral problems, are highly recognizable, while 
common mental health problems of low mood and anxiety can easily get lost [39].

Psychiatric disorders that must be considered include personality disorders, 
mood disorders, anxiety disorders, somatoform disorders, thought disorders, disso-
ciative disorders and eating disorders. If there is evidence of presence of a primary 
psychiatric condition, learning disorder diagnostic process must be delayed until 
completing a definitive psychiatric diagnostic process.
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Antisocial personality disorders and conduct disorder are psychiatric disorders 
that include aggressive behavior that can causes school dropouts, juvenile delin-
quents and could be associated with learning disorders. However, different studies 
conducted on children with learning disorders have not found a clear relationship 
with antisocial personality disorders [40].

Anxiety, depression and obsessive-compulsive disorders are conditions that can 
produce behaviors and thoughts disorders; these disorders are often more difficult 
to recognize and diagnose.

Depression is probably the condition most investigated in children with learning 
disorders demonstrating that it is rather consistently represented [41].

According to the ‘Cerebral Dysfunction Hypothesis’ regarding relationship 
between learning disorders and socio-emotional disorders [42], it asserts that 
there are the same underlying mechanisms such as constitutional factors, prenatal, 
perinatal and postnatal factors that can account for both learning development and 
socio-emotional functioning. This neurobiological hypothesis, based on clinical 
observation of children, can explain the coexistence of such disorders in many 
individuals.

Some of the principal assessment approaches commonly used with children 
consist of investigation of psychiatric symptom severity and relative patterns, 
analysis of behavioral contingencies affecting behaviors, assessment of ecological 
interaction between child and outside world and assessment of quality of interac-
tion between child and carers [39].

Psychiatric symptoms and disorders have been embodied in DC-LD (Diagnostic 
Criteria for psychiatric Disorders for use with adults with learning Disorders) and 
more recently in DM-ID (Diagnostic Manual of Intellectual Disability), which 
includes specifically adapted criteria for children and adolescents [43].

There are excellent clinical instruments that can be used for the assessment of 
emotional disorders, behavioral disorders and for an ecological approach. One of 
this is the Child and Adolescent Psychiatric Assessment Schedule (ChA-PAS) [44] 
which consists of a structured interview about children mental health problems. 
Other general symptom rating scales designed for use in child psychiatry are the 
Achenbach child behavior checklist [45] and the developmental behavior checklist 
[46] which is the only behavioral rating scale specifically designed for children with 
learning disabilities.

6. Intellectual abilities assessment

Intelligence tests are usually part of the assessment of cognitive skills, and the 
presence of a low Intelligence Quotient (IQ ) is commonly a ‘red flag’ for a pos-
sible learning disorder even if IQ scores do not represent the capacity of a child to 
learn [47].

Neuropsychological assessment of intellectual abilities is useful to document 
whether there is a discrepancy between IQ and academic achievement and to make 
a differential diagnosis between learning disorders, mental retardation and other 
psychiatric conditions.

Most useful for the assessment of learning disorders are the performances in 
Verbal IQ and Performances IQ scores and the subtest score comparisons rather 
than the Full-scale IQ.

The so-called ‘Verbal-Performance Split’, consisting of a significant difference 
between Verbal and Performance IQ scores, suggests a difference in function 
between language dominant hemisphere (usually the left hemisphere) and non-
language hemisphere (usually the right hemisphere).
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It is well documented that the Verbal-Performance split can differentiate 
unilateral left and right brain damage groups of children even if it is not always 
indicative of a lateralized cerebral dysfunction in children with learning  
disorders [48].

Furthermore, according to the theory of multiple intelligences, human qualities 
such as personality, temperament and character are essential ingredients in achieve-
ment and cannot be measured with IQ [49].

Examples of tests to assess children intellectual abilities are: Leiter international 
Performance Scale [50], Standford-Binet Intelligence scale [51] and Wechsler 
Intelligence scale for children [52].

7. Attention assessment

Attention is a cognitive function on which depend most of cognitive functions. 
General attention is the ability to maintain a coherent thought, while selective 
attention is the ability to focus on a single stimulus to the exclusion of others. 
General attention is usually assessed in terms of mental status, while selective 
attention is generally assessed psychometrically and is often present as a symptom 
of Attention Deficit Hyperactivity Disorder (ADHD) in comorbidity with other 
learning disorders.

Selective attention is considered a necessary condition for most of school 
learning, ability to complete assignments, performance and even interpersonal 
relationship.

Some studies found a strong relationship between reading speed and visual, 
auditory and tactile reaction times in normal children [53]. Reaction times have 
resulted slower in particular in dyslexic children [54]. Other researchers found no 
differences between good and poor readers on a scanning task or a reaction time 
task, but a difference in overall time required to discern whether a word was one of 
two or three target words [55] so that they interpreted this finding as implicating 
long-term memory retrieval processes rather than reaction time.

Examples of neuropsychological tests used for an assessment of attention func-
tions in children are: Conners’ continuous performance test [56], Gordon diagnostic 
system [57], Children paced auditory serial addition test, [58] and test of everyday 
attention for children [59].

Many computerized tools have also been prepared to assess attention such as 
the test of variables of attention (TOVA) that is available to assess in particular 
sustained selective attention [60].

8. Executive functions assessment

Children with learning disabilities have frequent deficits in working memory 
and processing speed, which are basic cognitive process for executive functions.

Executive functions consist of ability to organize, plan, problem-solve, initiate 
or inhibit response, be flexible in relation to feedback and self-monitor mental 
control.

Deficits in executive functions are rather heterogeneous in nature and  
usually lead to difficulties with time management, organization of activities or 
losing things.

Children with ADHD have difficulties with some of these mental control  
functions such as organizational skills, complex problem-solving and self- 
monitoring [61].
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Evaluation of executive functions is an essential moment of neuropsychologi-
cal assessment to predict how well an individual will perform in a traditional 
environment.

Examples of tests generally employed to assess prefrontal functioning are: 
Children’s category test [62], Delis-Kaplan executive functioning system [63], go-no 
go inhibition tasks [64], Stroop color-word interference task [65], Tower of London 
[66], trail making test part B [25], verbal fluency test [67], Wisconsin card sorting 
test [68] and controlled oral word test [69]. These measures, in combination with 
behavioral history and observation of behavior during the execution of the tasks, 
typically comprise assessment in this cognitive area.

9. Memory assessment

In the history of scientific thinking about memory, for a long time there was the 
assumption that memory was a unitary and monolithic entity [70].

In the 1960s and 1970s, it started to spread the notion of the existence of two 
distinct systems called short-term and long-term memory systems. Subsequently, 
in the 1970s, researchers started to explore multiple long-term memory systems 
regarding episodic and semantic memory [71].

From 1990s, also short-term memory was considered a multicomponent system 
consisting of a phonological loop, a visuospatial sketchpad and a central executive 
system [72].

In groups of children with learning disorders, researchers have often found 
short-term memory deficits [73] as well as long-term memory deficits [74]. Other 
researchers argued that children with learning disorders have more difficulties than 
non-disabled children in acquiring information, but once they have learned it, they 
do not differ in retaining the information [75].

Traditional memory assessment consists of what is now considered to be the 
hippocampal declarative memory such as episodes and facts [76] and typically 
consists of administration of memory testing that assess short-term (e.g., immedi-
ate recall of words), long-term (e.g. delayed recall of words or delayed execution of 
geometric figures) across auditory/verbal and visual/visuospatial modalities. In the 
assessment of long-term memory, neuropsychologists commonly use subtests of 
free recall and subtests of recognition with cues.

Most used tests to assess these aspects of memory include: the Wechsler memory 
scale [77], the California verbal learning test for children [78], children’s memory scale 
[79], test of memory and learning [80], the wide range assessment of memory and 
learning [81], Rey auditory verbal learning test consisting of immediate and delayed 
recall of 15 words [82] and the memory condition of the Rey-Osterrieth complex 
figure drawing test [83]. Each of these tests has age norms and standard scores.

The interpretation of memory tasks in individuals with learning disabilities can 
be very complex since this function has many relationships with other neuropsy-
chological functions and since memory performance may require language and 
auditory processing, visual/visuospatial processing and motor abilities. Memory 
performance is also more difficult to assess in children with associated behavioral 
disorders or psychiatric conditions.

10. Visuospatial assessment

Visuospatial function involves the ability to discriminate the position of objects 
in space and is a fundamental ability related in particular to reading function. An 



Learning Disabilities - Neurobiology, Assessment, Clinical Features and Treatments

8

inadequate visual-spatial function can cause difficulties in many cognitive domains 
such as reading (involving spatial components of some letters such as b, d or p), math 
abilities (such as misaligning numbers) or handwriting (for example, in putting 
spaces between words). Deficits in visuospatial functioning can cause impairments in 
reading (spatial dyslexia) or in using math (spatial dyscalculia).

A deficit in this cognitive domain can cause other problems in school such as 
difficulties in reading a map, difficulties in assembling tridimensional objects as 
models or puzzles.

Visuospatial abilities often require integrity of other cognitive functions; for 
example, a drawing task usually used to assess visuospatial function requires integ-
rity of motor skills than results in activation of both right and left hemispheres. 
In the years, learning disorders associated with visuospatial disorders have been 
labeled as non-verbal learning disorders [84], non-verbal perceptual-organization-
output disability [85] and right hemisphere deficit syndrome [86]. More recently, 
these types of non-verbal learning disorders have been shown to be associated with 
symptoms of ADHD, depression [87] or other socio-emotional disorders [37].

In past years, performances in visual-perception have been extensively studied 
by using the Bender Gestalt test [88] or the Frosting developmental test of visual 
perception used to assess visual perceptual performances in children with develop-
mental learning disorders [89].

More recent neuropsychological assessment of visuospatial functioning includes 
test that explores visual organization such as Hooper visual organization test [90], 
sensory-perceptual examination [91], test of copying simple or complex geometric 
figures such as Rey-Osterrieth complex figure test [83], free drawing objects as a 
clock, tasks of block assembling in two or three dimensions, tasks of puzzles assem-
bling as the ones proposed in Wechsler intelligence scale for children [92].

11. Math abilities assessment

Math disabilities are less understood, and there are only few studies of individuals 
with math disorders if compared with those with dyslexia. The general terms ‘acalculia’ 
and ‘discalculia’ have been used to describe developmental and learning math disorders 
in children [93].

Different researchers have suggested the existence of two distinctive subtypes 
of math disorders in children with learning disabilities that regards children having 
only math disorders and children having both math, reading and spelling disorders 
[94]. Some authors hypothesized that children with isolated math disorders had 
only right hemisphere dysfunction while the combined group had a prevalent left 
hemisphere dysfunction [94], while a subsequent study replicated only some of 
these findings since it was not replicated in girls having math only disorders [95].

Errors most frequently found in children with math learning disorders con-
sist of spatial error (such as difficulties in placing numbers in columns), visual 
errors (such as difficulties in reading arithmetic signs), procedural errors (such 
as omission or addition of a step of the arithmetical procedure, or application of a 
learned rule for a procedure to a different one), graph motor errors (as difficulty in 
forming the appropriate numbers), judgment errors (errors that imply impossible 
results, such as one in which the result of subtracting is bigger than the numbers 
being subtracted), memory errors (such as problems in the recall of multiplication 
tables or arithmetical procedures) and perseverations (such as difficulty in chang-
ing from one task to another one) [94].

Batteries used to explore math abilities commonly include some basic psycholog-
ical and neuropsychological tests directed to assess not only calculation abilities, but 
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also language, memory, perceptual abilities, concept formation and praxis abilities. 
Examples of arithmetical tests used are tasks that explore in general abilities to do 
written or mental arithmetical operations (additions, subtractions, multiplications 
and divisions) and to solve arithmetical problems.

The WAIS arithmetic subtest [96] is probably the most widely used instrument 
when testing for calculation abilities in neuropsychology even if it assesses just 
single aspects of numerical processing and is very difficult to administer to patients 
with language and memory disorders.

One of the best standardized neuropsychological batteries used to explore math 
abilities developed by a group of European neuropsychologists is known as EC 
301 [97] and consists of subtests that explore: counting abilities, dot enumeration, 
numbers transcoding, use of arithmetical signs, magnitude comparison, mental 
calculation, calculation approximations, placing numbers on an analogue line, 
writing down an operation, written calculation, perceptual quantity estimation, 
contextual magnitude judgment, numerical knowledge.

Other tests have been proposed as model for testing calculation abilities, as an 
extension of the EC301 [98].

12. Language assessment

One of the most common learning disorders is dyslexia, which is the term 
sometimes used interchangeably with reading disorder and is considered a learning 
disorder related to reading, recognition of words and interpretation of what is seen 
visually or heard auditory [99].

Neuropsychological studies have shown that there is not a single reading disorder 
but many different subtypes.

According to Border, there are three subtypes of dyslexia: dysphonetic, dyse-
idetic and dysphonetic-dyseidetic [100]. The subgroup of individuals with dyspho-
netic dyslexia is the largest (>60%) and is characterized by disability in developing 
phonic and word-analysis skills; in fact, they are unable to decode written words 
or to write them using phonic or sound principles. These individuals recognize the 
words on the bases of visual patterns but confuse words with similar visual patterns 
or meanings. The subgroup of individuals with dyseidetic dyslexia is characterized 
by disability in recognizing words by their visual configuration, but they are able to 
use phonic skills to read or do a correct spelling. These individuals have difficulty in 
developing a correct vocabulary and have misreading that involves phonic rendi-
tions, or they do misspellings. Finally, the subgroup of individuals with dyspho-
netic-dyseidetic dyslexia is characterized by individuals that combine both types of 
deficits and are unable to develop a sight and phonic dictionary; consequently, they 
are alexic.

Border classification is similar to other classifications, in particular that of 
Johnson and Myklebust, who divided dyslexic individuals in two subgroups: 
dyslexic with primary impairment in visual processing and dyslexic with primary 
impairment in auditory processing [84].

Researchers can discern the subgroup of dyslexia deficit by using screening tests 
that assess their ability to discriminate between known and unknown words and 
their ability to recognize words by sight and to recognize words by sound.

Bradley and Bryant have developed an interesting approach initially reading 
independent that consisted of testing children’s ability in sound categorization 
before they started to read. The task consisted of giving the children three or four 
words and asking them to pick out the word that did not share a phoneme in com-
mon with the others. By using this task, they found that children who were poor 
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at sound categorization they start lately to read and become backward in reading 
and spelling [101]. They hypothesized that reading deficiency would be caused by 
deficiency in phonological awareness. They argued that the initial insensitivity to 
rhyme and alliterations caused a subsequent reading impairment; in fact, if chil-
dren initially impaired were given a special training, their reading ability was less 
impaired. Rutter and Yule highlighted how dyslexia in associated with other cogni-
tive deficits such as disorders in temporal orientation, difficulties in perception of 
spatial relations, directional confusion, right-left confusion, difficulties in naming 
colors, difficulties in recognizing the meaning of pictures, inadequate cerebral 
dominance, bizarre spellings, but it is not clear if these correlations are casual [102]. 
Vellutino proposed that only a deficit in verbal processing is related to dyslexia, 
and when verbal components of the tests are removed, there is an improvement in 
cognitive performances [103].

When studying patients with dyslexia, examiner must study in particular per-
formance on specific test of left hemisphere function such as verbal memory, verbal 
fluency, spelling, reading and arithmetic skills. Neuropsychological assessment of 
children with learning disorders should offer insight into the abilities sensitive to all 
areas of brain function. In fact, usually these children are not dyslexic or dyscalculic 
alone, but have different associated cognitive disorders. Tests should also be able 
to distinguish individuals with central reading impairments and those who have 
problems caused by emotional or environmental causes.

Studies conducted using intelligence quotient test in dyslexic children show low 
scores on four tests: arithmetic, coding, information and digit span [104]. This 
profile was confirmed in many studies and is referred as the ACID profile. Dyslexic 
children typically have a mean IQ score of about 100 and a mean full-scale IQ that 
averages about seven points lower than that of control children. ACID profile is 
typical for dyslexic children over 8, whereas children younger than 8 may often not 
show deficit in arithmetic and information subscales. This finding suggests that 
cognitive deficits in older children and adults could be secondary to the underlying 
impairment that produces dyslexia [105]. Deficits in digit span and coding could 
be more directly related to underlying impairment that produces dyslexia. Other 
researchers did not find emerging deficits in arithmetic and information but the 
impairments they did find were not pronounced, and the groups studied were quite 
young [106]. Study on dyslexic individuals by using Wechsler intelligence scale for 
children (WISC) demonstrated that WISC patterns are not useful for the diagnosis 
of very young children. IQ of dyslexic children is average even if very high scores 
are not found.

Using the test of left-right differentiation, there was not significant differentia-
tion between normal controls and dyslexic children if they were both younger 
than 8 years. On the contrary, the control children performed better than dyslexic 
children did after the age of 8 years [105]. Word fluency tests demonstrated that 
differences between dyslexic and control children did not occur at an age younger 
than 8 years, too [105]. These results suggest that control health children have 
increasingly improved fluency performances, while dyslexic children remain almost 
static. In a neuropsychological study by using composite test batteries using tests 
sensitive to left and right function and functions of different cerebral lobes, dys-
lexic children have performance below standard deviation except in test sensitive to 
frontal lobe (Wisconsin card sorting test) and right parietal function (the Mooney 
Faces Test) [105]. In the same study, largest differences occurred on tests of verbal 
IQ, performance IQ, memory quotient, left-right discrimination and word fluency 
that are test sensitive to the function of parietal lobes and in particular left parietal 
lobe [105].
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Language learning disorders can be associated with attention deficits as happens 
in ADHD syndrome. Children with ADHD commonly have dyslexia, and children 
with dyslexia have twice ADHD, so that it is difficult to establish the primarily 
condition. If ADHD precedes dyslexia, it can accentuate reading difficulty. For this 
reason, psychological assessment should be performed before cognitive assessment.

Examples of neuropsychological tests that can be used for a general language 
assessment of children are: Boston naming test [107], the comprehensive test of 
phonological processing [108], expressive vocabulary test [109], Peabody picture 
vocabulary test [110] and token test for children [111].

Neuropsychological assessment of children with dyslexia or other language 
learning disorders must also include specific language measures such as word 
recognition, reading comprehension, reading rate, writing and spelling patterns.

Word recognition consists of the ability to decode words either within a text or 
inn isolation. An example of a task that explores word recognition of isolated words 
is word recognition subtest of the wide range achievement test [112].

Reading comprehension consists of the ability to derive a meaning from a printed 
page. This process requires adequate word recognition, knowledge of semantic 
and syntactic rules, as well as attentional abilities, memory and motivational states 
[113]. An example of task to explore children’s reading comprehension is the test of 
word reading efficiency [114].

Reading rate consists of time required for word recognition and reading compre-
hension. In fact, dyslexic children have been found to be slower than normal riders 
[115]. Reading comprehension rates can be assessed with instruments as the Reating 
rate subtest of SDRT [116] and the Nelson Denny reading test [117].

Writing assessment is clinically useful to distinguish writing problems that are 
language-based from writing problems that are motorically based. Assessment of 
writing consists of production of writing samples approximately of one or two 
pages. The analysis of these samples can give information about many functions 
such as language organization (grammar, semantics and syntax), organization of 
thinking and other psychological factors (as tangential thoughts, mood disorders, 
lack of insight).

Finally, combination of spelling tasks with words recognition tasks is useful to 
classify dyslexics in dysphonetic (unable to do a correct spelling, blend letters and 
syllables), dyseidetic (with a poor vocabulary probably due to problems with word 
gestalt) or with mixed dyslexia (with both dysphonetic and dyseidetic disorders). 
Assessment of spelling can be done with specific spelling tests designed to be used 
for children [118].

13. Conclusions

Learning disabilities cause cognitive difficulties in children that lead to less 
academic results than expected for individual potentials.

Cognitive assessment of children with learning disabilities and behavioral 
problems is very complex, but useful procedures have been planned to determine 
a correct diagnosis and provide modifications and interventions for optimize 
learning.

Identification of risk factors for learning disabilities, multifactorial evaluations 
with examination of potential neurologic or genetic conditions associated with 
learning disorders and correct diagnosing using appropriate neuropsychological 
tools are useful to formulate an individualized education plan that can prevent 
dropping out of school, enhance their life and support their families.



Learning Disabilities - Neurobiology, Assessment, Clinical Features and Treatments

12

Author details

Sandro Misciagna
Neurology Department, Belcolle Hospital, Viterbo, Italy

*Address all correspondence to: sandromisciagna@yahoo.it

Further studies are needed regarding the study of neurocognitive framework 
and neuropsychological tools for the assessment and definition of neuropsychologi-
cal profiles of children with learning disorders.

© 2022 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. 



13

Neuropsychological Assessment of Children with Learning Disabilities
DOI: http://dx.doi.org/10.5772/intechopen.102565

References

[1] U.S. Office of Education. First annual 
report of the National Advisory 
Committee on Handicapped Children. 
Washington, DC: US Department of 
Health, Education and Welfare; 
1968. p. 34

[2] Adams J. Clinical neuropsychology 
and the study of learning disorders. 
Pediatric Clinics of North America. 
1973;20(3):587-598

[3] Altarac M, Saroha E. Lifetime 
prevalence of learning disability among 
US children. Pediatrics. 2007;119 
(suppl 1):SS77-SS83

[4] Moll K, Kunze S, Neuhoff N, 
Bruder J, Schulte-Korne G. Specific 
learning disorder: Prevalence and 
gender differences. PloS One. 
2014;9:e103537

[5] Goldston DB, Walsh A, Mayfield E, 
et al. Reading problems, psychiatric 
disorders and functional impairment 
from mid to late adolescence. Journal of 
the American Academy of Child and 
Adolescent Psychiatry. 2007:46(1):25-32

[6] Schulte-Korne G, Deimel W, 
Jungermann M, Remschmidt H. 
Follow-up of a sample of children with 
reading-spelling disorders in adulthood. 
Kinder Jugendpsychiatr Psychoter. 
2003;31:261-276

[7] Lane K, Menzies H. Teacher-
identified students with and without 
academic and behavioral concerns: 
Characteristics and responsiveness. 
Behavioral Disorders. 2005;31:65

[8] Kolb B, Whishaw IQ. Learning 
disabilities. Applied human 
neuropsychology. In: Fundamentals of 
Human Neuropsychology. New York: 
WH Freeman and Company; 1990. 
pp. 776-809

[9] Weber D. Rethinking Learning 
Disabilities: Understanding Children 

Who Struggle in School. New York: 
Guilford; 2010

[10] Hale JB, Fiorello CA. School 
Neuropsychology: A Practioner’s 
Handbook. New York, NY: The Guilford 
Press; 2004

[11] Misciagna S. Neural correlates in 
learning disabilities. In: Misciagna S, 
editor. Learning Disabilities—
Neurological Bases, Clinical Features 
and Strategies of Intervention. London: 
Intech; 2020. pp. 29-36

[12] Dutton GN. Cognitive vision, its 
disorders and differential diagnosis in 
adults and children: Knowing where and 
what things are. Eye (Lond). 
2003;17(3):289-304

[13] Moore DR. Sources of pathology 
underlying listening disorders in 
children. International Journal of 
Psychophysiology. 2015;95(2):125-134

[14] Shaheen S. How child’s play impacts 
executive function—Related behaviors. 
Applied Neuropsychology: Child. 
2014;3(3):182-187

[15] Breitenstein C et al. Hippocampus 
activity differentiates good from poor 
learners of a novel lexicon. NeuroImage. 
2005;25:958-968

[16] Benson DF. Disorders of visual 
gnosis. In: Brown JW, editor. The 
Neuropsychology of Visual Perception. 
Hillsdale, NJ: Erlbaum; 1988. pp. 59-78

[17] Matejko AA, Ansari D. Drawing 
connections between white matter and 
numerical and mathematical cognition: 
A literature review. Neuroscience & 
Biobehavioral Reviews. 2015;48:35-52

[18] Venkatraman V, Ansari D, 
Chee MW. Neural correlates of 
symbolic and non-symbolic arithmetic. 
Neuropsychologia. 2005;43(5):744-753



Learning Disabilities - Neurobiology, Assessment, Clinical Features and Treatments

14

[19] Karuza EA et al. The neural 
correlates of statistical learning in a 
word segmentation task: An fMRI study. 
Brain and Language. 2013;127:46-54

[20] Hosseini SMH et al. Topological 
properties of large-scale structural brain 
networks in children with familial risk 
for reading difficulties. NeuroImage. 
2013;71:260-274

[21] Misciagna S. Cerebellar contribution 
to cognitive, emotional and behavioral 
functions in children with cerebellar 
abnormalities. Developmental Medicine 
and Child Neurology. 2011;53(12): 
1075-1076

[22] Geschwind N, Galaburda AM. 
Cerebral Lateralization: Biological 
Mechanisms, Associations, and 
Pathology. Cambridge, MA: MIT 
Press; 1987

[23] Harris AJ. Harris Tests of Lateral 
Dominance. Manual of Directions for 
Administrations and Interpretation. 3rd 
ed. New York: Psychological 
Corporation; 1958

[24] Hale J, Alfonso V, Berniger V, 
Bracken B, Christo C, Clark E, et al. 
Critical issues in response-to-
intervention, comprehensive 
evaluation, and specific learning 
disabilities identification and 
intervention: An expert white paper 
consensus. Learning Disability 
Quarterly. 2010;33:223-236

[25] Reitan RM. Manual for 
Administration of Neuropsychological 
Test Batteries for Adults and Children. 
Tucson, AZ: Reitan Neuropsychological 
Laboratory; 1979

[26] Golden CJ, Hammeke TA, 
Purisch AD. Manual for the Luria-
Nebraska Neuropsychological Battery. 
Los Angeles: Western Psychological 
Services; 1980

[27] Kaplan E. A process approach for 
neuropsychological assessment. In: 

Boll T, Bryant B, editors. Clinical 
Neuropsychology and Brain Function: 
Research, Measurements, and Practice. 
Washington, DC: American 
Psychological Association Press; 1988. 
pp. 127-167

[28] Kaufman AS, O’Neal MR, 
Avant AH, Long SW. Introduction to the 
Kaufman assessment battery for 
children (K-ABC) for pediatric 
neuroclinicians. Journal of Child 
Neurology. 1987;2(1):3-16

[29] Francis DJ, Fletcher JM, 
Stuebing KK, et al. Psychometric 
approaches to the identification of LD: 
IQ and achievement scores are not 
sufficient. Journal of Learning 
Disabilities. 2005;38:98

[30] MacMillan DL, Gresham FM, 
Bocian KM. Discrepancy between 
definitions of learning disabilities and 
school practices: An empirical 
investigation. Journal of Learning 
Disabilities. 1998;31:314

[31] Fletcher JM, Foorman BR, 
Boudousquie A, et al. Assessment of 
reading and learning disabilities: A 
research-based intervention-oriented 
approach. Journal of School Psychology. 
2002;40:27

[32] Smart D, Prior M, Sanson A, 
Oberklaid F. Children with reading 
difficulties: A six-year follow-up from 
early primary school to secondary 
school. Australian Journal of Learning 
Disabilities. 2005;10:63

[33] Lezak M. Neuropsychological 
Assessment. 3rd ed. New York: Oxford 
Press; 1995

[34] Diller L, Ben-Yishay Y, Gerstman LJ. 
Studies in Cognition and Rehabilitation 
in Hemiplegia. (Rehabilitation 
Monograph No. 50). New York: New 
York University Medical Center, 
Institute of Rehabilitation 
Medicine; 1974



15

Neuropsychological Assessment of Children with Learning Disabilities
DOI: http://dx.doi.org/10.5772/intechopen.102565

[35] Tzavaras A, Hecaen H, LeBras H. Le 
probleme de la specificite du deficit de la 
reconnaissance du visage humain lors 
des lesions hemisheriques unilaterales. 
Neropsychologia. 1970;8:403-416

[36] Gaddes WH. Learning  
Disabilities and Brain Function: A 
Neuropsychological Approach. 2nd ed. 
New York: Springer-Verlag; 1985

[37] Manoach DS, Weintrauh S. The 
Developmental Social-Emotional 
Processing Disorder is Associated with 
Right Hemisphere Abnma1ities. Seatlle, 
WA: International Neuropsychological 
Society; 1995

[38] Vincent LC. Neuropsychological 
assessment of developmental learning 
disabilities in adults. In: Seminars in 
Speech and Language. Vol. 17. New York: 
Thieme Medical Publishers, Inc; 1996. 
pp. 183-200

[39] Fielander R, Moss S. Mental health 
assessment of children and adolescents 
with learning disabilities. Journal of 
Public Mental Health. 2009;8(1):37-45

[40] Schonhaut S, Satz P. Prognosis for 
children with learning disabilities: A 
review of follow-up studies. In: 
Rutter M, editor. Developmental 
Neuropsychiatry. New York: Guilford 
Press; 1983. pp. 542-563

[41] Mattison RE, Humphrey FJ, 
Kalcs SN, Handford HA, 
Finkenbinder RL, IIernit RC. Psychiatric 
background and diagnoses of children 
evaluated for spcia1 class placement. 
Journal of the American Academy of 
Child Psychiatry. 1986;25:514-520

[42] Spreen O. The relationship between 
learning disabilities, emotional 
disorders, and neuropsychology: Some 
results and observations. Journal of 
Clinical and Experimental 
Neuropsychology. 1989;11:117-140

[43] Fletcher R, Loschen E,  
Stavrakaki C, First M, editors. 

Diagnostic Manual—Intellectual 
Disability (DM-ID): A Clinical Guide for 
Diagnosis of Mental Disorders in Persons 
with Intellectual Disability. Kingston, 
NY: NADD Press; 2007

[44] Moss SC, Friedlander R, Lee P, 
Holly L, Leech A. The ChAPAS 
Interview for the Assessment of Mental 
Health Problems in Children and 
Adolescents. Brighton: Pavilion 
Publishing; 2007

[45] Achenbach TM, Edelbrock C. 
Manual for the Child Behavior Checklist 
and Revised Child Behavior Profile. 
Burlington, VT: Queen City 
Printers; 1983

[46] Einfeld SL, Tonge BJJ. The 
developmental behaviour checklist: The 
development and validation of an 
instrument to assess behavioural and 
emotional disturbance in children and 
adolescents with mental retardation. 
Autism and Developmental Disorders. 
1995;25(2):81-104

[47] Fletcher JM, Miciak J. 
Comprehensive cognitive assessment 
are not necessary for the identification 
and treatment of learning disabilities. 
Archives of Clinical Neuropsychology. 
2016;32:2-7

[48] Hiscock M, Hiscock CK. Relevance 
of neuropsychological data to LD. In: 
Obrzut JE, Hynd GW, editors. 
Neuropsychological Foundations of 
Learning Disabilities: A Handbook of 
Issues, Methods, and Practice. San 
Diego, CA: Academic Press; 1991. 
pp. 743-774

[49] Gardner H. Frames of Mind: The 
Theory of Multiple Intelligences. New 
York: Basic Books; 1983

[50] Matthews J, Birch JW. The Leiter 
international performance scale, a 
suggested instrument for psychological 
testing of speech and hearing clinic 
cases. The Journal of Speech Disorders. 
1949;14(4):318-321



Learning Disabilities - Neurobiology, Assessment, Clinical Features and Treatments

16

[51] Frandsen AN, Higginson JB. The 
Stanford-Binet and the Wechsler 
intelligence scale for children. Journal of 
Consulting Psychology. 
1951;15(3):236-238

[52] Na SD, Burns TG. Wechsler 
intelligence scale for children-V: Test 
review. Applied Neuropsychology: 
Child. 2016;5(2):156-160

[53] Brown HJ. Reaction and movement 
time as related to oral and silent reading 
rate in disabled readers. Unpublished 
doctoral dissertation, University of 
Minnesota. 1970

[54] Spring CJ. Same-Different Reaction 
Time for Letters in Dyslexic and Normal 
Children. Unpublished doctoral 
dissertation, Stanford University. 1970

[55] Katz L, Wicklund DA. Simple 
reaction time for good and poor readers 
in grades two and six. Perceptual & 
Motor Skills. 1971;32:270

[56] Shaked D, Faulkner LMD, Tolle K, 
Wendell CR, Waldstein SR, Spencer RJ. 
Reliability and validity of the conners’ 
continuous performance test. Applied 
Neuropsychology. Adult. 
2020;27(5):478-487

[57] Mayes SD, Calhoun SL. The gordon 
diagnostic system and WISC-III 
freedom from distractibility index: 
Validity in identifying clinic-referred 
children with and without ADHD. 
Psychological Reports. 2002;91(2): 
575-587

[58] Tombaugh TN. A comprehensive 
review of the paced auditory serial 
addition test (PASAT). Archives of 
Clinical Neuropsychology. 
2006;21:53-76

[59] Manly T, Anderson V, 
Nimmo-Smith I, Turner A, Watson P, 
Robertson IH. The differential 
assessment of children’s attention: The 
test of everyday attention for children 

(TEA-Ch), normative sample and 
ADHD performance. Journal of Child 
Psychology and Psychiatry. 2001; 
42(8):1065-1081

[60] Greenberg LM. Test of Variables of 
Attention. Los Alamitos, CA: Universal 
Attention Disorders, Inc.; 1991

[61] Barkley RA. Attention Deficit 
Hyperactivity Disorder: A Handbook 
for Diagnosis and Treatment. New York: 
Guilford Press; 1990

[62] Donders J, Giroux A. Discrepancies 
between the California verbal learning 
test: Children’s version and the children’s 
category test after pediatric traumatic 
brain injury. Journal of the International 
Neuropsychological Society. 
2005;11(4):386-391

[63] Homack S, Lee D, Riccio CA. Test 
review: Delis-Kaplan executive function 
system. Journal of Clinical and 
Experimental Neuropsychology. 
2005;27(5):599-609

[64] Barry RJ, De Blasio FM. 
Performance and ERP components in 
the equiprobable go/no-go task: 
Inhibition in children. 
Psychophysiology. 2015;52(9):1228-1237

[65] Golden JC. Stroop Color and Word 
Test. Chicago: Stoelting; 1978

[66] Phillips LH, Wynn VE, 
McPherson S, Gilhooly KJ. Mental 
planning and the Tower of London task. 
The Quarterly Journal of Experimental 
Psychology, Section A. 2001;54(2): 
579-597

[67] Vaucheret Paz E, Puga C, Ekonen C, 
Pintos P, Lascombes I, De Vita S, et al. 
Basalo verbal fluency test in children 
with neurodevelopmental disorders. 
Journal of Neurosciences in Rural 
Practice. 2020;11(1):95-99

[68] Heaton RK, Chelune GJ, Talley J. 
Wisconsin Card Sorting Test. Manual. 



17

Neuropsychological Assessment of Children with Learning Disabilities
DOI: http://dx.doi.org/10.5772/intechopen.102565

Odessa, FL: Psychological Assessment 
Resources; 1993

[69] Benton AL, Hamsher K. 
Multilingual Aphasia Examination. 
Iowa City, Iowa: AJA Associates; 1989

[70] Schacter DL, Tuhlng E. What are 
the memory systems of 1994? In: 
Schacter DL, Tulving E, editors. 
Memory Systems. Cambridge, MA: MIT 
Press; 1994. pp. 1-38

[71] Tulving E. Episodic and semantic 
memory. In: Tulving E, Donaldson W, 
editors. Organization of Memory. New 
York: Academic Press; 1972. pp. 381-403

[72] Baddeley AD, Hitch GJ. 
Developments in the concept of working 
memory. Neuropsychology. 
1994;8:485-493

[73] Torgesen JK, Rashotte CA, 
Greenstein F, Houck C, Portes P. 
Academic difficulties of learning 
disabled children who perform poorly 
on memory span tasks. In: Swanson HL, 
editor. Memory and Leaming 
Disabilities: Advances in Learning and 
Behavioral Disabilities. Greenwich, CT: 
JAI Press; 1987. pp. 305-333

[74] Howe ML, O’Sullivan JT, 
Brainerd CJ, Kingma J. Localizing the 
development of ability differences in 
organized memory. Contemporary 
Educational Psycolology. 1989; 
14:336-356

[75] Brainerd CJ, Reyna VF. Acquisition 
and forgetting processes. In: Obrzut JC, 
Hynd GW, editors. Neuropsychological 
Foundations of Learning Disabilities: A 
Handbook of Issues, Methods, and 
Practice. San Diego, CA: Academic 
Press; 1991. pp. 147-178

[76] Squire LR. Declarative and non-
declarative memory: Multiple brain 
systems supporting learning and 
memory. Journal of Cognitive 
Neuroscience. 1992;99:195-231

[77] Wechsler D. Wechsler Memory 
Scale-Revised manual. San Antonio, TX: 
Psychological Corporation; 1987

[78] Delis DC, Kramer JH, Kaplan E, 
Ober BA. California Verbal Learning 
Test: Adult Version. San Antonio, TX: 
Psychological Corporation; 1987

[79] Hildebrand DK, Ledbetter MF. 
Assessing children’s intelligence and 
memory: The Wechsler intelligence scale 
for children—Third edition and the 
children’s memory scale. In: 
Andrews JJW, Saklofske DH, Janzen HL, 
editors. Handbook of Psychoeducational 
Assessment: Ability, Achievement, and 
Behavior in Children. New York: 
Academic Press; 2001. pp. 13-32

[80] Brandt J. The Hopkins verbal 
learning test: Development of a new 
memory test with six equivalent forms. 
The Clinical Neuropsychologist. 
1991;5(2):125-142

[81] Bradley Burton D, Donders J, 
Mittenberg W. A structural equation 
analysis of the wide range assessment of 
memory and learning in the 
standardization sample. Child 
Neuropsychology. 1996;2(1):39-47

[82] Schmidt M. Rey Auditory Verbal 
Learning Test RAVLT: A Handbook. Los 
Angeles, CA: Western Psychological 
Services; 1996. p. 1996

[83] Osterrieth PA. Le test de copie d’une 
figure complexe. Archives de 
Psychologie. 1944;30:206-356. 
translated by J Corwin and F.W.  
Bylsma 1993, The Clinical 
Neuropsychologist, 7, 9-15

[84] Johnson DJ, Micklebust HR. 
Learning Disabilities. New York: Grune 
& Stratton; 1971

[85] Rourke BP, Finlayson MAJ. 
Neuropsychological significance of 
variations in patterns of academic 
performance: Verbal and visual-spatial 



Learning Disabilities - Neurobiology, Assessment, Clinical Features and Treatments

18

abilities. Journal of Abnormal Child 
Psychology. 1978;6:121-133

[86] Voeller KS. Right hemisphere deficit 
syndrome in children. American Journal 
of Psychiatry. 1986;143:1004-1011

[87] Brumback RA, Straton RD. A 
hypothesis regarding the commonality 
of right hemisphere involvement in 
learning disabilities, attentional 
disorder, and childhood major 
depressive disorder. Perceptual and 
Motor Skills. 1982;55:1091-1097

[88] Bender L. A Visual Motor Gestalt 
Test and Its Clinical Use. American 
Orthopsychiatric Association Research 
Monograph, No. 3. 1938

[89] Frostig M, LeFevre W, 
Whittlesey JRB. Marianne Frostig 
Developmental Test of Visual 
Perception. Palo Alto, California: 
Consulting Psychologists Press; 1966

[90] Boyd JL. A validity study of the 
Hooper Visual Organization Test. 
Journal of Consulting and Clinical 
Psychology. 1981;49(1):15-19

[91] Minshew NJ, Hobson JA. Sensory 
sensitivities and performance on 
sensory perceptual tasks in high-
functioning individuals with autism. 
Journal of Autism and Developmental 
Disorders. 2008;38(8):1485-1498

[92] Wechsler D. WAIS-R manual. New 
York: Psychological Press; 1981

[93] Novick BZ, Arnold MM. 
Fundamentals of Clinical Child 
Neuropsychology. Philadelphia: Grune 
and Stratton; 1988

[94] Strang JD, Rourke BP. Arithmetic 
disabilities subtypes: The 
neuropsychological significance of 
specific arithmetic impairment in 
childhood. In: Rourke BP, editor. 
Neuropsychology of Learning 
Disabilities: Essentials of Subtype 

Analysis. New York: Guilford Press; 
1985. pp. 167-183

[95] Share DL, Moffitt TE, Silva PA. 
Factors associated with arithmetic-and-
reading disability and specific 
arithmetic disability. Journal of 
Learning Disabilities. 1988;21:313-320

[96] Wechsler D. WAIS-III: 
Administration and Scoring Manual, 
the Psychological Corporation. TX: San 
Antonio; 1997

[97] Deloche G, Seron X, Larroque C, 
Magnien C, Metz-Lutz MN, Riva I, et al. 
Calculation and number. Processing: 
Assessment battery: Role of 
demographic factors. Journal of Clinical 
and Experimental Neuropsychology. 
1994;16:195-208

[98] Ardila A, Rosselli M. Acalculia and 
dyscalculia. Neuropsychology Review. 
2002;12(4):179-231

[99] Cruikshank WM. In: Pavilidis GT, 
Fisher DF, editors. Dyslexia: Its 
Neuropsychology and Treatment. 
Chichester, GB: Wiley; 1986.  
pp. xiii-xvi

[100] Border E. Developmental dyslexia: 
A diagnostic screening procedure based 
on three characteristic patterns of 
reading and spelling. Learning 
Disorders. 1971;4:298-342

[101] Bradley L, Bryant PE. 
Categorization sounds and learning to 
read. A casual connection. Nature. 
1983;301:419-421

[102] Rutter M, Yule W. The concept of 
specific reading retardation. Journal of 
Child Psychology and Psychiatry. 
1975;16:181-197

[103] Vellutino FR. Toward an 
understanding of dyslexia: 
Psychological factors in specific reading 
disability. In: Benton AL, Pearl D, 
editors. Dyslexia: An appraisal of 



19

Neuropsychological Assessment of Children with Learning Disabilities
DOI: http://dx.doi.org/10.5772/intechopen.102565

current knowledge. New York: Oxford 
University Press; 1978

[104] Rugel RP. WISC subtest scores of 
disabled readers: A review with respect 
to Bannatyne’s categorization. Journal of 
Learning Disability. 1974;17:48-55

[105] Whishaw IQ, Kolb B. 
Neuropsychological assessment of 
children and adults with developmental 
dyslexia. In: Malatesha RN, 
Whitaker HA, editors. Dyslexia: A 
Global Issue. The Hague: Martinus 
Nijhoff; 1984

[106] Lyle JG, Goyen JD. Performance of 
retarded readers on the WISC and 
educational tests. Journal of Abnormal 
Psychology. 1969;74:105-112

[107] Kaplan E, Goodglass H, 
Weintraub S. Boston naming. Test 
experimental edition. Journal of 
Educational Psychology. 
1976;93(1):103-128

[108] Hintze J, Stoner G, Ryan A. 
Concurrent validity and diagnostic 
accuracy of the dynamic indicators of 
basic early literacy skills and the 
comprehensive test of phonological 
processing. School Psychology Review. 
2003;32(4):541-556

[109] Kathleen T. Expressive Vocabulary 
Test, 3rd Edition (EVT-3). Orange, 
California: Williams NCS Pearson;  
2019

[110] Stockman IJ. The new peabody 
picture vocabulary test–III: An illusion 
of unbiased assessment? In: Language, 
Speech, and Hearing Services in 
Schools. Vol. 31. Rockville, MD: 
American Speech-Language-Hearing 
Association; 2000. pp. 340-353

[111] DiSimoni FG, Mucha R. Use of the 
token test for children to identify 
language deficits in preschool age 
children. The Journal of Auditory 
Research. 1982;22(4):265-270

[112] Jastak S, Wilkinson G. The Wide 
Range Achievement Test 3: 
Administration Manual. Wilmington, 
DE: Jastak Associates; 1993

[113] Smith F. Understanding Reading: A 
Psycholinguistic Analysis of Reading 
and Learning to Read. New York: Holt, 
Rinehart and Winston; 1971

[114] Marinus E, Kohnen S, McArthur G. 
Australian comparison data for the Test 
of Word Reading Efficiency (TOWRE). 
Australian Journal of Learning 
Difficulties. 2013;18(2):199-212

[115] Tallal P. Developmental language 
disorders. In: Kavanagh JF, Truso TJ, 
editors. Learning Disabilities: 
Proceedings of the National Conference. 
Parkton, MD: York Press; 1988

[116] Karlsen B, Madden R, Gardner EF. 
Stanford Diagnostic Reading test. San 
Antonio, TX: Psychological 
Corporation; 1984

[117] Brown JI, Bennett JM, Hanna G. 
The Nelson-Denny Reading Test. 
Chicago, IL: Riverside Publishing 
Company; 1981

[118] Boder E. Developmental dyslexia: 
A new diagnostic approach based on the 
identification of ’ three subtypes. 
Journal of School Health. 1970; 
40:289-290


