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Preface

Learning disabilities (LDs) consist of impairment in one or more cognitive domains
such as written or spoken expression, reading, math, information processing, and
memory. Individuals with LDs have lower than expected measured intelligence for
their age. LDs negatively affect children, their families, and ultimately society. It is
important to note that there is not a universal consensus regarding the definition

of LDs.

According to the United States Office of Education (1977), the term “specific
learning disability” means a disorder in one or more basic psychological processes
involved in understanding or in using language, spoken or written, which may
manifest itself in an imperfect ability to listen, speak, read, write, spell, or do
mathematical calculations. The term includes such conditions as perceptual
handicaps, brain injury, minimal brain dysfunction, dyslexia, and developmental
aphasia. Such terms do not include children who have LDs that are primarily the
result of visual, hearing, or motor handicaps, of intellectual disability, of emotional
disturbance, or of environmental, cultural, or economic disadvantage.

According to the National Joint Committee on Learning Disabilities (1997),
“learning disabilities” is a general term that refers to a heterogeneous group of
disorders manifested by significant difficulties in the acquisition and use of
listening, speaking, reading, writing, reasoning, or mathematical skills.

The Individuals with Disabilities Education Act (IDEA, 2004) defines “specific
learning disability” as an impairment in one or more of the following cognitive
domains: understanding or using written or spoken language, math, information
processing, memory, or reading, including dyslexia, orthographic impairment
(inability to memorize words), and hyperlexia (comprehension difficulties). The
IDEA also includes in the definition of LDs conditions such as developmental
aphasia, perceptual disabilities, brain injury, and minimal brain dysfunction.

Finally, the American Psychiatric Association (2013) defines “learning disorders”
as specific disorders of reading, writing expression, or mathematics skills

that are lower than expected for the individual’s age, measured intelligence, and
age-appropriate education level.

LDs affect approximately 10 percent of children in the United States. Of these
children, about 40 percent have learning disabilities in language, reading, math
information processing, or memory.

Language or speech impairment affects about 18.5 percent of American children.
Dyslexia is the most common disability, affecting about 80 percent. Children
with intellectual disability (7.4 percent) also have comorbidity with learning and
emotional disturbances.

Other cognitive deficits, such as memory problems, attentional deficits, and
difficulty managing social interactions are not typically considered LDs.



LDs are also common in children with attention deficit hyperactivity disorder
(ADHD), chronic health conditions, or other mental and psychological disorders
such as anxiety, depression, bipolar disorder, and obsessive compulsive disorder.

Risk factors for LDs include prenatal alcohol exposure, prematurity, low birth
weight, early life malnutrition, and under-stimulating environment. Other risk
factors include a family history of LDs such as dyslexia, ADHD, memory difficulty,
and dropping out of school. Medical conditions associated with LDs include

some neurological conditions (epilepsy or epileptic disorders, neurofibromatosis,
tuberous sclerosis, complex Tourette syndrome), chromosomal disorders (Turner
syndrome, Klinefelter syndrome, fragile X syndrome), certain chronic medical
conditions (pediatric HIV infection, adolescent diabetes mellitus), and history of
central system infection, irradiation, or traumatic brain injury.

Pathogenesis of LDs is not known. The full expression of LDs probably occurs as a
result of intrinsic neuropathological factors (brain functions) in conjunction with
environmental factors that include home factors (exposure to learn at home, degree
of support provided in the home) and school factors (student—teacher interactions,
level of stimulation provided by learning materials, classroom setting).

The most common LDs are dyslexia, writing disorders, and math learning disorder.

Reading disability (dyslexia) is in general the most frequent LD and is estimated

to occur in approximately 5 to 12 percent of school-age children, depending upon
the criteria used for definition. It consists in specific reading disorder such as
difficulty identifying which letter/letter combination correlates with a particular
sound (phonics and decoding), difficulty reading printed text smoothly and
efficiently (reading fluency), and difficulty understanding what was read (reading
comprehension).

Writing disability is estimated to occur in approximately 7 to 15 percent of school-
age children. Writing disability consists of a range of disabilities including problems
in composing sentences and text (excessive grammar and punctuation errors),
difficulty with handwriting (copying efficiently from the chalkboard), difficulty
with spelling (phonics, encoding), and problems properly organizing written text.

Math learning disorder is estimated to occur in 3 to 6 percent or 6 to 13.8 percent of
children. Math learning disorder includes difficulty with mental representation of
quantity (number sense) and difficulty in performing math calculations accurately
(adding, subtracting, multiplying, dividing). Students with math LDs can also have
difficulty with the language of math (difficulty correctly reading and understanding
math symbols), word problems in math (correctly reading and understanding
numbers and arithmetic symbols), and visuospatial organization of math problems.

LDs usually do not exist in isolation but co-occur with other learning cognitive
and behavioral conditions. For example, among children with writing disability,
15 percent have coexisting reading and math disability, 14 percent have coexisting
reading disability, and 13 percent have coexisting math disability.

It is difficult to accurately determine the frequency of co-occurrence of LDs with
psychiatric conditions. However, most studies suggest LDs in 20 to 70 percent

of children with behavioral or psychiatric conditions such as ADHD, anxiety,
depression, or autism.
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Differential diagnosis of LDs includes intellectual disability (formerly called mental
retardation), psychiatric conditions (ADHD), sensorial deficits (hearing or vision
impairment), sleep disorders, prenatal alcohol exposure (fetal alcohol spectrum
disorders), genetic causes, neurological organic conditions (epileptic syndromes,
progressive neurological disorders), or environmental factors.

Children with LDs must be submitted to an assessment to determine whether they
are eligible for a treatment plan and the strategy of interventions.

Any assessment requires evaluation of speech, language, and mathematics by a
qualified professional.

It is also useful to do a psychological and educational assessment that includes
behavior and environment.

This book formulates a hypothesis to explain neurobiological bases of LDs, provides
examples of LDs, and discusses assessment and treatment strategies. I hope it will
contribute to preventing individuals from dropping out of school and enhancing
life outcomes for those with LDs.

Sandro Misciagna, MD, PhD.
Belcolle Hospital,
Viterbo, Italy
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Chapter1

Concepts and Ambiguities in the
Field of Learning Disabilities

Maria Tzouriadou

Abstract

Scholars and researchers have constantly argued due to the ambiguity and a lack of
consensus in the scientific community in defining what constitutes a learning dis-
ability. The difficulty in identifying a universal term is reflected in the multiple terms
that are used interchangeably (e.g. learning disabilities, specific learning disabilities,
dyslexia, minimal brain dysfunction). Most commonly accepted and used defini-
tions (e.g. IDEIA) can be considered ambiguous as it excludes certain conditions and
describes characteristics in terms of abilities, processes, and achievement without
discrimination between these terms. The only constant criterion (across definitions)
is the discrepancy criterion that is the discrepancy between ability and achievement.
In this context, it is important to note the differences in conceptualizing ability and
academic achievement. Currently, the scientific community appears to agree that (a)
learning disabilities are a distinct disability manifesting in students with low academic
achievement, (b) itis a developmental disability that impacts individuals across their
lifetime, and (c) it is a product of the interaction between genetic and environmental
contributing factors, with environmental factors being determining by sociocultural
conditions. Interventions addressing learning disabilities are not always evidence-
based; interventions can be influenced by socioeconomic circumstances and policy
decisions. Consequently, it is necessary to approach learning disabilities with a holistic
and system-based approach rather than try to differentially diagnose them.

Keywords: learning disabilities, dyslexia, discrepancy criterion, evidence-based
intervention RTT PSW

1. Introduction

Over the past years, learning disabilities (LD) or specific learning disabilities
(SLD) have emerged as the most studied upon and renowned classification of
special education with the term becoming synonymous with special education
itself due to how frequently students are placed under this category. Nonetheless,
itis also the special education category which has brought the most disagreement
between scholars, researchers, and educators to this day, given that LD have not
been established as a distinct discipline; that is, until now no causal relationship has
been determined between the phenomenology of LD and the factors which cause
them. Despite formal definitions, a lack of understanding of their nature and their
interpretation exists, which indicates that the main goal of a distinct discipline is
not fulfilled [1]. Without the understanding of their nature and interpretation,
scientific standpoints regarding learning disabilities remain “into question” or
“unfounded”, and this constitutes the very root of the “identification problem” that
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is the lack of consensus on how to better define a classification category for LD [2].
Over a course of more than 100 years of studies, we have been unable to provide

a unanimous and conclusive answer to a simple question: What are learning dis-
abilities? Today, we believe that we know a lot about their characteristics and the
implemented practices, but we have not yet answered the question whether they
represent a distinct category of students with low academic achievement or they
are a construct into which all low-performing students can be classified under.
These two aspects have been meticulously studied over time, albeit not cohesively;
consequently, even today some claim that LD represent a specific difficulty, since
these children have high intelligence, while others believe that this category includes
every child who is unable to learn. Since the beginning of the twenty-first century,
scientists from various disciplines, but mostly educators, often come across parents’
questions such as “My child, who goes to kindergarten, writes backwards, is this
dyslexia?”, “Will my child be a future Einstein?”, “My child has trouble understand-
ing meanings. Could this be dyslexia?”, or “My child is distrait and performs poorly
at school. Could he or she be having learning disabilities?” These scientists have
attempted, through international organizations, such as the Learning Disabilities
Association (LDA), to functionally operationalize the field—that is, to answer
whether it is a scientific discipline with particular characteristics or a “pseudosci-
ence’, which covers all and nothing—and they have tried to identify the operational
characteristics that would help children reach their full potential within the context
of school and society.

2. Epistemological ambiguities of the field

Up until the 1960s, education had shown no interest in learning disabilities.
Nevertheless, legislated compulsory education, the study of the school drop-out
phenomenon, and the development of school’s knowledge-based character have led
to the creation of a new classification category, none other than LD. The fact that
school success was associated with an individual’s subsequent social and profes-
sional success contributed also to the creation of this distinct category given that
LD pertained to individuals who had the potential of success due to their attributed
higher cognitive skills. Over the course of time, this perception has consolidated,
and learning disabilities have become the most important category of special educa-
tion. An important indicator of this is the following: programs for children with
LD congregate the highest number of students with special educational needs. 2.5
million of American school students approximately 5% from the total public school
enrolment identified with learning disabilities in 2009. These students represented
42% of the 5.9 million school-age children. This percentage varies across states
[3]. For example, in Kentucky, 3.18% of students belong in the specific learning
disabilities category, while in Massachusetts and Port Island, the corresponding
figures are 9% and 9.6% [3]. Similar differentiations are currently observed both
in Canada and in certain European countries [4]. The variety of prevalence reflects
various factors, like the diversity of the population belonging in this category; the
increasing school pressure for higher achievement, which has led to higher stan-
dards; the different criteria used for the assessment of achievement; as well as the
criteria applied to delineate the field of learning disabilities. The presence of such
determining factors has resulted in LD student rates to fluctuate among US states.
Consequently, LD represents the largest field within special education.

Across time, various definitions have been formulated, attempting to demon-
strate the field’s key characteristics. However, each one of them has been vague,
figurative, negative instead of affirmative, and tautological or excessively broad
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or restrictive. Each subsequent definition attempted to correct the preceding ones.
Therefore, their analysis is imperative, not with the objective of formulating a new
definition but to broaden the description and notably the understanding of what
learning disabilities actually are.

The term learning disabilities was coined by Kirk, who also devised their first
definition [5]. This definition introduced for the first time the concept of disorders
in the psychological processes involved in academic learning. Nevertheless, ambi-
guities in the field’s delineation can still be found in this definition. For example, it
mentions that disabilities refer to retardation, disorder, or delay but does not proceed
to determine any difference between these terms. The definition also introduces
the element of exclusion from other conditions of deficit, suggesting the case of
differential diagnosis. Exclusion, however, is not a criterion for specifying the
characteristics that differentiate LD from other conditions. Despite its ambiguities,
Kirk’s definition marked the establishment of the new field of LD and became the
basis for every formal definition in the USA.

The acknowledgement of LD as an independent scientific field demanded the
adoption of an operational definition, which would delineate its scope as a distinct
category of special education. Such a definition was suggested by the US National
Advisory Committee of Handicapped Children in 1968 [6]; it formed the basis for
educational policies regarding children with LD and was included in the Individuals
with Disabilities Education Act (IDEA) in 1997 [7]. Respectively, research in Europe
and mainly in Britain focused on specific reading difficulties—dyslexia—and, even
since the 1960s, there was the development of associations and treatment centers
for children with this disorder [8, 9]. An important figure in the study of dyslexia
in Britain was Critchley, who devised a definition for developmental dyslexia;
according to his definition, it is a learning disorder which is initially manifested
with difficulties in reading and later with “odd” spelling and difficulties in the
use of written language. It is of cognitive nature and genetically determined. It is
not caused by intellectual disability or lack of social and cultural chances, wrong
instruction techniques, or emotional factors. Moreover, it is not due to any obvious
structural cerebral insufficiency. Finally, Critchley did not agree with the use of the
term “learning difficulties”, because he believed that the children’s only difficulty
had to do with language [10]. Miles had another important scientific contribution
in the study of dyslexia in Britain by conducting a large diachronic study during
1970-1980 on 14,000 children. According to the findings of this study, 3% of
students showed severe symptoms of dyslexia and 6% mild symptoms. Miles also
accepted that it was a hereditary disorder [11]. Rutter and his colleagues carried
out epidemiological studies on children with reading difficulties and through them
exhaustively highlighted specific reading difficulties. He argued that the terms and
identification process used for dyslexia were chaotic and confusing, which is caused
by the inability to interpret the nature of learning problems and may be confused
with general reading retardation [12, 13]. In 1978, the British Department of
Education and Science commissioned a committee to introduce a special education
law in Britain, Wales, and Scotland in the spirit of normalisation and integration, a
study that resulted in the Warnock Report (1978) which was adopted and became
alaw in 1983 [14]. In this law, it seems that an approach of low performance has
been adopted under the term special educational needs regarding LD, with more
than 18% of the student population being represented under this category. In this
case dyslexia was not included as a category in special education, despite it being
recognized as one. This is due to the fact that Britain adopted a purely pedagogical
model at the administrative and practical level to address any educational needs
of children. Most European countries have adopted Kirk’s LD definition using the
terms dyslexia or learning disabilities [4].
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In the USA, on the other hand, studies on better understanding the nature of
LD and determining best practices in their identification continued. In 1989, the
National Joint Committee on Learning Disabilities, based on new evidence and
scientific findings, attempted to eradicate inherent ambiguities in the identification
of the field, by formulating the following definition:

Learning disabilities is a general term that refers to a heterogeneous group of dis-
orders manifested by significant difficulties in the acquisition and use of listening,
speaking, reading, writing, reasoning, or mathematical abilities. These disorders are
intrinsic to the individual, presumed to be due to central nervous system dysfunc-
tion, and may occur across the life span. Problems in self-regulatory behaviors,
social perception, and social interaction may exist with learning disabilities but do
not by themselves constitute a learning disability. Although learning disabilities
may occur concomitantly with other disabilities (e.g. sensory impairment, intel-
lectual disabilities, emotional disturbance) or with extrinsic influences (such as
cultural or linguistic differences, insufficient or inappropriate instruction), they
are not the result of those conditions or influences [15]. Regarding this definition,
Kavale et al. [16] highlights that the term “in general” is vague, much like the term
“specific” in the IDEA’ definition, thus allowing various interpretations.

In 2004, the IDEA regulation maintained the same definition of SLD as previous
versions of the law and regulations. Notably, an attempt to expand the identifica-
tion process occurred by including both a process based on the child’s response to
scientific, research-based intervention, such as response to intervention (RTI),
and the use of other alternative research-based procedures, such as the Patterns of
Strengths and Weakness (PSW) model. The IDEA definition, found in US Code (20
U.S.C. & 1401 [17]), reads as follows:

“The term Sspecific learning disability’ means a disovder in one or move of the basic
psychological processes involved in understanding or in using language, spoken or
written, which disorder may manifest itself in the imperfect ability to listen, think,
speak, vead, write, spell, or do mathematical calculations.

Such term includes such conditions as perceptual disabilities, brain injury, minimal
brain dysfunction, dyslexia, and developmental aphasia.

Such term does not include a learning problem that is primarily the result of visual,
hearing, or motor disabilities, of mental vetavdation, of emotional disturbance, or
of environmental, cultural, or economic disadvantage” [18].

This official definition introduces the “specific” aspect of the disorder for the
first time, through the ambiguous distinction “in one or more”, without specifying
how many problems there could be in order for the disorder to be considered spe-
cific. Moreover, it provides no clarification of what specific means, if, for example,
it refers to particular traits in the relevant subjects and the psychological struc-
ture or whether the term “specific” suggests that the disorder is idiopathic [19]
that is of unknown cause. This definition also seems to introduce a hierarchy of
processes, with language being dominant, whether oral or written. Furthermore,
the disorder is not connected with difficulties in academic achievement alone but
also with cognitive deficits (reasoning disorders), a trait that reflects what we
nowadays call “metacognitive function”. No mention of central nervous system
dysfunctions appears yet, but there are references to similar cases deriving from
neurological disorders.

Based on this legislation, educators are asked to identify if student suspected
of SLD fails to show sufficient progress in achievement according to age-based
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and grade-level standards. This procedure provides important information and
highlights a model of strengths and weaknesses in achievement and aptitudes. Intra-
individual differences or variability are sometimes cited as an indication of SLD. The
ability-achievement discrepancy is also taken into account as part of the process.

It is also argued that qualified staff should provide appropriate instruction.
Students who have not received it cannot be considered as having SLD. Key instruc-
tion elements mainly regard reading, which, according to age, should be taught
systematically:

* Phonemic awareness

* Phonics

* Vocabulary development

* Reading fluency, including oral reading skills
* Reading comprehension strategies

*Source: National Institute of Child Health and Human Development
(NICHD) [20].

Schools also need to make frequent assessments of students’ progress and inform
parents. The gathered data might show the effectiveness of an instruction strategy
or program. If the student does not exhibit any signs of progress, an extension may
be granted—with the consent of the parents—which may not exceed 60 days.

Finally, the reauthorization regulations (NCLB) [21] included the statement that
it is necessary to apply approaches to the instruction of reading that are supported
by scientifically based reading research, mainly based on social construction.
Concerning the instruction of reading, it has been argued that it may also be due to
the over-representation of minorities in special education [22]. The reauthorized
definition allowed US states to not use the IQ-achievement discrepancy or not
provide intelligence tests as part of the diagnostic procedure and to include the RTI
criterion as part of the diagnostic procedure.

The DSM uses the term “specific learning disorder”. Revised in 2013, the cur-
rent version, DSM-5, broadens the previous definition to reflect the latest scientific
understanding of the condition.

The diagnosis requires persistent difficulties in reading, writing, arithmetic, or
mathematical reasoning skills during formal years of schooling. Symptoms may
include inaccurate or slow and effortful reading, poor written expression that
lacks clarity, difficulties remembering number facts, or inaccurate mathematical
reasoning. Current academic skills must be well below the average range of scores
in culturally and linguistically appropriate tests of reading, writing, or mathemat-
ics. The individual’s difficulties must not be better explained by developmental,
neurological, sensory (vision or hearing), or motor disorders and must significantly
interfere with academic achievement, occupational performance, or activities of
daily living. Specific learning disorder is diagnosed through a clinical review of the
individual’s developmental, medical, educational, and family history, reports of test
scores and teacher observations, and response to academic interventions [23].

There was intense research on an international level—but mostly in the
USA—and millions of dollars were spent in the pursuit of the field’s delineation
[24]. However, as of yet there is no crystallized description of the condition but
rather a generalized depiction of a group of school children with difficulties in
learning. We may know a lot about the condition, but we do not know why LD exist.
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Even the definitions’ points of convergence do not lead to a uniform interpreta-
tion of their nature. For this reason, in numerous studies and research, SLD are
approached from different perspectives, and different terms are used to describe
them, such as learning disabilities, specific learning disabilities, dyslexia, specific
language impairment, attention deficit hyperactivity disorder, etc. But in all formal
definitions, the element of ability-achievement discrepancy appears constantly.

The problem of discrepancy raises a reasonable question: “What is the meaning
of concepts such as intelligence or general cognitive ability, learning or cognitive
processes, and academic achievement—concepts that are included in every defini-
tion of SLD—and what is the causal relationship between them?” [4]. Unless this
question is resolved, the identification of the field will remain vague and conten-
tious. Since conceptual and scientific definitions did not facilitate the identification
of the SLD field, an operational description of the condition was required for
practical implementation. The phenomenon of intra-individual differences was
first studied, particularly the possibility of some “malfunctioning” of certain abili-
ties in contrast to the normal development of others. These developmental imbal-
ances could become apparent in discrepancies of intelligence functions, which are
included in intelligence testing, such as the Wechsler Intelligence Scale for Children
(WISC). WISC composites can be used to identify profiles of strengths and weak-
nesses, which can distinguish students with SLD from other groups of students with
average or low overall intelligence function scores. This analysis method of develop-
mental discrepancies led to controversy regarding the nature of SLD. Is the profile of
these students unique among this entire population? Does the profile of SLD subtests
significantly differ from other cases with normal intelligence quotients? [25].

In a meta-analysis of studies, Kavale and Forness [17] could not determine a
specific WISC-based profile for students with LD, because, despite the imbalances
among the subtests or between the verbal and practical part of the criterion, the dif-
ferences were deemed statistically insignificant. Thus, they argued that “specific”
profiles could only be indicative of the children’s competencies and incompetencies,
an element useful in the planning of pedagogical treatment. Studies with similar
results also came to the same conclusion [26]. Failure to identify intra-individual
discrepancies of cognitive abilities reinforced the notion that discrepancies could
be identified between intelligence and performance indices, a feature that is first
introduced in the field’s delineation by Bateman’s definition [27].

Gradually, this criterion of ability and achievement has become a dominant
feature in the identification of SLD. The main problem with this approach was that,
while the WISC test remained the constant criterion for the intelligence quotient
(IQ), achievement was being assessed with various formal and informal criteria.
For this reason, the discrepancy criterion was disputed [28]. A further reason of
doubt was that meta-analyses of studies determined a change in the rate of students
with LD when different criteria were applied. For example, analyses of findings in
the state of Colorado showed that 26% of students did not meet the criterion, while
30% only did so in reading and maths. By applying a different criterion for achieve-
ment among the same sample, 5% of students met the criterion in maths and 27% in
reading [28]. In another meta-analysis of findings, Cone, Wilson, and Bradley found
that, in the state of Iowa, 75% met the discrepancy criterion [29]. In a similar study,
Kavale and Reese [30] noted discrepancy rates between 33% and 75% depending on
the tests being used. Thus, Lyon et al. came to the conclusion that discrepancy asa
primary criterion of determining LD is more harmful than beneficial for children,
because achievement criteria involve various external factors, such as the educator,
the infrastructure, the curriculum, etc.; these factors can neither be isolated nor
interpret the complex interactions between “deficit” and pedagogical/social factors,
which need to be taken into consideration during the diagnostic procedure [31].
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About 50 years ago, Cruickshank described a vague picture of students with LD as
students who are classified differently in each state [32]. The lack of definition of the
nature of LD and the ambiguity regarding the causal relationships between learning
abilities and academic achievement, but also the question of whether they represent
a specific disorder and what that means, led to overgeneralisations of the term, with
all children with difficulties in academic achievement to be thought of presenting
LD or, on the contrary, to sub-generalizations of the term based on one symptom,
which appears in most cases of LD, usually in reading difficulties. It is a fact that 90%
of students with LD exhibit reading difficulties [30]. But is this problem primary or
secondary? Which cases of reading difficulties might fall within the range of LD?
According to studies, children with reading difficulties of various causes are impos-
sible to be distinguished from children who fall within the category of SLD (dyslexia),
as stipulated in IDEA definition [33, 34]. But even in cases of specific reading difficul-
ties, namely, dyslexia, it has been argued that students with this disorder find them-
selves at the lowest point of the normal distribution of reading ability [35]. Ysseldyke
et al., in their study of students who were diagnosed as having LD and students who
were not diagnosed but were at the lowest level of the reading ability distribution,
found no psychometric differences in the performance of the two groups [36]. Based
on these results as well as other studies, Algozzine concluded that in general, LD asa
category is “non-existent and useless” [33]. Also, the fact that the majority of these
children exhibit reading difficulties has led—mainly in Europe—to the equation of LD
with dyslexia, which, while representing one of their symptoms, according to IDEA’
definition, has ended up becoming an autonomous scientific field. Thus, mainly in
Europe, LD have been equated with dyslexia on the basis of the unclear criteria of low
reading performance and the exclusionary elements included in all LD definitions.

The lack of consensus has led to the development of two trends on an inter-
national professional and administrative level. On the one side stand, those who
accept SLD as a distinct group [37-40] and, on the other, those who relate them to
every student of low academic achievement [41]. In most countries, though, educa-
tors apply solely the criterion of excluding low intelligence quotients; that is, they
aim to differentiate between students who have an intellectual ability and associated
adaptive skill deficits and those who have SLD [42].

In summary, it seems obvious that lack of consensus among scholars, research-
ers, and practitioners regarding the key elements which distinguish the LD category
from other low-achievement categories, as well as the lack of common understand-
ing of their nature and causes, has led the field to stagnation. Two contradictory
positions in the general debate exist. One identifies disabilities with the innate-
specific learning inadequacies of these students, while the other considers them an
“umbrella” category, which covers a wide range of students with low achievement
without developmental specificities. For those supporting the “umbrella” charac-
terization, LD is a construct of the modern educational system, which, according
to Senf [38], has tried to purify general education like a sociological sponge, which
is most “absorbing” when academic demands are rigid or the parents’ pressure for
achievement is higher. This sponge also absorbs not only the individual differences
of students but also a variety of pedagogical, behavioral, and psychosocial prob-
lems, which can impede school learning. However, with no scientific delineation of
the field, LD cannot represent a scientific entity.

3. Contemporary frameworks to identify LD

For this reason, researchers today try to redefine the field of SLD in order to
answer the question whether SLD constitute a scientific category or they represent
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one of the groups with lower achievement, not in need of a special treatment or
specially designed instruction. As recently argued [43, 44], the field delineation
should summarize all the pre-existing knowledge reflected in the various defini-
tions and the applied pedagogical practices; this will help identify the degree of the
deficiency’s contribution as well as the contribution of influences by a variety of
exogenous factors.

In the USA, educational reform efforts have placed emphasis on the application
of evidence-based instructional approaches with the aim of improving the instruc-
tion of reading, which has been the focus of research both in the USA and inter-
nationally for over 30 years. A major concern that emerged from research was the
failure of educational systems to close the gap between children, particularly those
with disabilities and those belonging to minorities [45].

Despite the redefinitions and educational regulations, there are still ambigui-
ties and contradictions regarding the conceptualisation and identification of
LD. Although there have been attempts to determine why they exist, and many
neurobiological researchers have tried to attribute them to disorders of the central
nervous system (CNS), so far their causes have not been established [18, 46].

The identification framework of intelligence-achievement discrepancy is still
used internationally by those who view LD as a distinct disorder, while the low-
achievement model is applied by those who talk of a non-distinct group of low
achieving students.

In the USA, school districts in various states have started supplementing the
traditional model of testing (e.g. intelligence-achievement discrepancy) with
RTI. As aforementioned RTI is considered a viable method for identifying students
with LD. In a national survey, 72% of teachers and 54% of parents were in favor
of this decision, mainly because RTT’s approach facilitates early intervention and
pre-referral services [47]. This way, inappropriate referrals to special education
are reduced, and at the same time preventative intervention model is created for
students who otherwise been referred for special education services after they
demonstrated school failure. In recent years, another framework—the pattern
of strengths and weaknesses (PSW)—has emerged with the tendency to prevail;
although not covered by federal law regulations, it is widely accepted and used in
the USA because it supports research-based practices [40, 48].

Thus, depending on the theoretical approaches toward LD, today there are four
framework models that can be used for the conceptualisation and identification
of SLD, especially in the USA [41]. Proponents of the non-distinctive nature of
the disorder have adopted the low-achievement framework, which does not take
into account the element of unexpected underachievement. Proponents of the
distinctive nature of the disorder use one or more of the three remaining frame-
works: intelligence-achievement discrepancy, response to instruction-intervention, and
intra-individual differences (PSW) [49]. A key element to the disorder’s distinctive
character is the concept of unexpected underachievement; this is presented by
children which should be able to learn but cannot demonstrate scholastic success,
without the existence of other learning obstacles, and while receiving adequate
instruction. Therefore, the key aspect in assessing the identification’s validity is to
determine which of the frameworks produce a unique group of low achievers [31].
A valid classification should reflect measurements that provide functionality to the
construct of unexpected underachievement [50].

The traditional framework of intelligence-achievement discrepancy (IAD)
remains dominant in the identification both in the USA and internationally, despite
the controversy it has provoked. It is a determining method of identifying students
with SLD when they present significant discrepancy between cognitive ability, as
typically measured by IQ, and academic achievement, as measured by standardized
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reading, writing, and mathematical tests [51]. This framework has been criticized
for its reliability both in terms of aptitude tests and achievement tests, due to the
multidimensional nature of LD and the errors in psychometric measurements.

Response to intervention (RTI) is another framework which, as mentioned,
facilitates instruction both in general education and specific interventions for
students who do not meet the core curriculum level. In order for a student to be
considered at risk for academic difficulties, the student’s assessments are compiled,
and his or her progress is monitored after specific interventions. Following the
implementation of interventions, when there is still discrepancy in achievement
and growth, then the student is considered to have LD [52]. This model is used in
the USA, while another similar pedagogical model of dynamic assessment is used
in Britain. This framework has also received criticism, on the grounds that the use
of multiple assessments in class to identify students with lower achievement in each
subject is an unstable method, always depending on the group comprising the class.
With the use of either a single test or the scores in multiple tests, it is hard to notice
the latent of a student’s abilities and determine the cut-point that would place him
or her in the LD group.

As it has been said that the framework of the pattern of strengths and weak-
nesses is allowed under the provision of alternative research-based practices in
the IDEA. There are different PSW models, like the concordance-disconcordance
model [44], the dual discrepancy/consistency model (also referred to as cross-
battery assessment; [40]), and the discrepancy/consistency model [48]. These
three models differ in methodology, but they converge on the fact that students can
be identified as having SLD when they demonstrate unexpected academic under-
achievement and corresponding weakness in one or more specific cognitive abilities
related to the area of the academic deficit [53]. However, in practice, students can
be often identified with SDL through demonstration of a pattern of strengths and
weaknesses only in academic achievement domains [49]. Moreover, multiple indi-
vidual differences might be present, which accumulate the errors of measurements
and render them unreliable.

In a recent survey regarding the frameworks being used by school psychologists
in the USA, Cottrell and Barrett [54], looking at a sample of 471 school psycholo-
gists, found out that 63.1% were almost always using the intelligence-achievement
discrepancy (IAD) framework. 49.3% were using the RTI framework in most cases,
and 29.4% were using the PSW framework in almost every case. However, they
could not determine which framework was being primarily employed. For instance,
31.5% reported that they had been using the RTI framework most of the times,
while only 17.8% reported that they were using this framework exclusively. In order
to find out which one is being primarily employed, Maki and Adams surveyed
461 school psychologists in 2017 [55]. They discovered that only 30.4% reported
primarily using the IAD framework, while they were primarily using almost equally
the RTT (34.5%) and the PSW (35.1%) framework, respectively.

Benson et al. [56], in another national-level US-based survey with 1317 school
psychologists, found out that 37% were using IAD, even in states where it is not
included in the diagnostic procedure. Fifty-one percent were using RTI [56].
Finally, approximately 53% reported that they were using PSW. In the same survey,
49.2% reported that they were participating in academic screening procedures,
which include monitoring of early literacy, oral reading fluency, reading compre-
hension, early numeracy, math computation, math concepts and applications, spell-
ing, and written expression prompts, according to the age of the students. Many of
the participants reported a combined use of RTT and PSW, RTI and IAD, and PSW
and IAD. This last survey confirms the lack of consensus regarding identification
procedures among professionals in the identification of SLD.
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4, Conclusions

In order to summarize the international research effort, it seems that scientists
concur that LD represent a distinct group of students with low academic achieve-
ment, regardless of the terms used to describe them (dyslexia, learning difficulties,
special learning difficulties, special reading difficulties, etc.). They also agree
that it is a matter of developmental disorder with implications across the life span.
As a developmental problem, LD follow a course from the beginning of life and
are determined by the interaction of innate factors with the environment, much
like development itself. LD do not comprise a distinguishable entity like other
developmental phenomena but a combination of traits; their common element is
the existence of discrepancies in cognitive function and achievement, and they
appear to be incompatible with social and cultural demands and expectations. The
source of their heterogeneity is not exclusively biological or environmental but
rather a product of synergy between biological and social processes, which promote
development and contribute to the formation of these functional systems. It may
never be possible to find a dividing line or a criterion that distinguishes students
with SLD from those with an overall low performance. The controversy between
scientists may carry on. Decisions are not always based on scientific but mainly
social, economic, and political reasons. It is widely accepted that the root of LD is
a disorder that already exists within the child; however, it is the child’s interaction
with the world around him or her that shapes how this disorder manifests. Such
a systemic perspective demands an exhaustive understanding and an interdisci-
plinary approach. A lot remains unresolved before we can answer the questions
regarding the nature and interpretation of LD. We know a lot from empirical data,
but we are not in the position to complete the puzzle and provide an answer to the
main question which has to do with the field’s identification. Until then, we must
continue to assess and fully understand the developmental path of each child and to
take into account all the factors involved in the development of learning disabilities.
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Chapter2

The Prevalence and Gender
Differences in Specific Learning
Disorder

Isik Gorker

Abstract

Learning process including reading, writing, and arithmetic skills in children
requires a normal cognitive development period. The presence of signs of disabili-
ties of these skills needs clinical assessment of a specific learning disorder (SLD), a
neurodevelopmental disorder. Specific learning disorder which is defined in DSM-V
with three types has various prevalence rates according to age, sex, developmental
process, environmental factors, and different assessments applied in studies.
Comorbidity with other mental disorders reveals more severe symptoms of it. And
also if clinical and educational interventions are not performed, behavioral and
emotional symptoms may accompany this diagnosis. In this chapter, studies on the
prevalence of specific learning disorder are reviewed by considering these factors.

Keywords: specific learning disorder, dyslexia, dyscalculia, prevalence, child

1. Introduction

Specific learning disorder (SLD) is defined as a neurodevelopmental disorder
that includes the difficulties in understanding or learning, problems in writing or
written expression, and difficulties in the perception/calculation of the numbers.
These problems make the academic performance of the child lower than expected.
This disorder is originated from biology affecting the acquisition or perception
capabilities of the brain for the verbal and nonverbal information processes. There
is an abnormality of cognitive level associated with behavioral findings in its etiol-
ogy [1]. Therefore, it is defined as a failure to meet approved grade-level standards
in listening comprehension, reading comprehension, basic reading and reading
fluency skills, written expression, mathematics calculation, and/or mathematics
problem-solving, despite age-appropriate learning opportunities and instruction
[2]. These deficits are persistent and significantly interfere with academic achieve-
ment, occupational performance, or activities of daily life [3].

SLD is a multifactorial disorder which has in its etiology a genetic predisposi-
tion and family load, developmental and cognitive factors, language spoken, and
environmental factors including the level of education and socioeconomic situa-
tion. In many studies, gender, level of intelligence, higher family history of learning
disabilities, low parental education, the exposure during pregnancy to the use
of medicines, exposure to radiation, smoking, infections, hypoxia, complicated
deliveries, hypoxia during labor, premature labor, low birth weight, low Apgar
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score, neonatal jaundice, convulsions, developmental delay, low-income families,
and low socioeconomic status, leading to the occurrence of the SLD, are defined as
predeterminants [4-11]. In the clinical examination of SLD, children’s developmen-
tal, medical, educational, and family history are assessed. Test scores and teacher
observations and response to academic interventions are also evaluated. For SLD,
current academic skills must be well below the average range of expected scores
given the person’s chronological age (e.g., at least 1.5 standard deviations (SD))
below the population mean for age and age-appropriate education in culturally and
linguistically appropriate tests of reading, writing, and/or mathematics [2, 3, 12]
with normal levels of intelligence functioning (considering an intellectual coef-
ficient (IQ) score greater than 70) [1]. These problems cannot be explained with
mental retardation, loss of sense (vision or hearing), other psychiatric or neurologi-
cal disorder, psychosocial difficulties, insufficiency of the language to be used in
the academic environment, or education problems. The types like reading disorder
(dyslexia), written expression disorder (dysgraphia), and mathematics disorder
(dyscalculia) can be seen together or separately.

SLD are usually apparent in the early years of school; some children can show
great learning difficulties later on, enabling diagnosis to be made at any point after
formal education starts and in adolescence and even adulthood [1]. If treatment
approaches are not initiated at an early age, the lives of children and adolescents
with SLD are adversely affected due to academic failure. In almost 40% of cases
dropout of school. Due to low academic failure, lack of self-confidence, social
and behavioral problems may cause emotional problems. This can lead to anxiety
disorders, depressive symptoms, somatic complaints, adaptation problems, and
difficulties in maintaining a permanent job in the future [1, 13-16].

2. The prevalence rates evaluated in studies of specific learning disorder

The number of the prevalence studies with diagnostic criteria or scales for SLD
is low. On the other hand, SLD is accepted as relatively frequent and is not known
sufficiently [17-19]. There have been many studies on SLD from the past to today,
and different ratios have been announced on the prevalence. The frequency and
prevalence of the SLD are stated in various reports with different rates depending
on the size of the sample and the inclusion criteria. For example, Al-Yagon et al.
reported different prevalence rates that included 1.2% from Greek epidemiologic
study in 2004 and 20.0% from a study in Australia in 2000 [20]. A lifelong preva-
lence estimative of learning disability was found to be 9.7% in children from 3 to
17 years of age by the 2003 National Survey of Children’s Health (NSCH) in the
USA [4]. The study in Finland in 2001 reported a prevalence of 21.2% in school-
aged children referred to special education [15]. De’Homme et al. reported this
prevalence of 28.0% in 2004 [21]. In an epidemiological study with 2174 primary
school children in Turkey by using checklists, the probable prevalence rates were
found to be 13.6% [7]. An important problem that is making the performance of
the epidemiological studies harder is the lack of generally accepted definitions or
diagnostic criteria for SLD and evaluations based only on a scale or other assess-
ments that measure the level of academic achievement. DSM-V located the diagno-
sis of SLD into the category of neurodevelopmental disorders and included severity
ratings for its assessment. This means that SLD is conceptualized as a dimensional
developmental disorder that occurred as a result of multiple risk factors interacting
with each other. One of the important changes is the elimination of IQ-achievement
discrepancy criterion in DSM-V despite the exclusion criterion of intellectual dis-
ability. IQ-discrepancy criterion was taken into consideration in DSM-IV criteria, so
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prevalence rates have found different in studies. For example, in one of the recent
studies with 1633 German children in third and fourth grades, the SLD frequency
was investigated according to DSM-V criteria, and three different findings were cal-
culated according to the 1, 1.25, and 1.5 standard deviations. Accordingly, the read-
ing disorder for children having 1 as the standard deviation was estimated at 6.49%,
written expression disorder was 6.67%, and mathematics disorder was 4.84%); the
reading disorder for children having 1.25 as the standard deviation was estimated
to be 5.14%, written expression disorder was 6.86%, and mathematics disorder was
3.31%; the reading disorder for children having 1.5 as the standard deviation had an
estimated value of 3.8%, written expression disorder was 5.02%, and mathematics
disorder was 2.39% [3]. In another study with 1618 Brazilian children and adoles-
cents from second to sixth grades, different prevalence rates were found of SLD by
using DSM-IV and DSM-V criteria. These rates were 7.6% for SLD (global) impair-
ment, 5.4% for writing, 6.0% for arithmetic, and 7.5% for reading impairment. The
prevalence rates were found to be higher by using DSM-V criteria as they expected
[22]. In DSM-V, the American Psychiatric Association reports that the SLD preva-
lence of children from different languages and cultures is 5-15%, the prevalence of
reading disorder is 4-9%, and the prevalence of mathematics disorder is 3-7 [1].
When the reading, writing, and mathematics difficulties were separated, or
when reading and mathematics difficulties were grouped together, in studies
conducted in different countries, the difficulty rates were found to be different
from each other. In previous studies, researchers have suggested that arithmetic
and reading functions may depend on similar cognitive predictors [23-25]. It was
found that the same phonological processing abilities that are considered to influ-
ence growth in reading also appear to contribute to growth in general computation
skills [24]. And it was determined that there is a relationship between deficits in
processing words and accessing arithmetic facts in long-term memory by Geary
[23]. Arithmetical skill is a skill that is based on counting, which involves number
words and the use of phonological skills. Because counting involves the activation
of number words, the association in long-term memory between problem and
answer could be represented, at least in part, in the same phonetic and semantic
memory systems that support word recognition. Therefore, it was suggested that
the co-occurrence of reading and arithmetic disabilities might reflect a more gen-
eral deficit in the representation or retrieval of information from semantic memory
[26]. The roles of family history and genetic load are considered in reading dif-
ficulties and mathematics difficulties, and it is suggested that phonologic problems
stated in the etiology of the reading difficulties can create different rates of reading
difficulties interculturally, depending on the spoken language. The difficulties in
phonemic compliance led to phonologic problems leading to reading difficulties;
so, it is suggested that reading difficulties are seen less in countries that have good
phoneme-grapheme harmony, and there are higher rates in countries that have poor
phoneme-grapheme harmony. Majority of the studies suggested that the prevalence
of reading disorder was 5-17% [27]. In the study conducted with 1476 children
in 1983, the mathematics disorder rate was 3.6%, and the reading disorder was
2.2% [28]; in the study conducted by Lewis et al. [29] in 1994 with 1056 children
who were 9-10 years old, the mathematics disorder was found to be 1.3%, and the
reading disorder was 3.9%. In the study conducted by Miles et al. [30] in 1998, the
reading disorder prevalence was suggested to be 4.19%, and also in the study of
Badian [31] in 1999 with 1075 children, the reading disorder was suggested to be
6%, and the mathematics disorder was suggested to be 3.9%. The studies of Badian
[31] and Lewis et al. [29] were designed to obtain an estimation of the prevalence
of combined reading and arithmetic, reading only, and arithmetic-only disabilities.
Badian found that the prevalence rate in arithmetic and reading was 3.4%, for
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reading only 6.6%, and for arithmetic only 2.3%. And Lewis reported prevalence
proportions as follows: 2.3% for combined reading and arithmetic, 3.9% for reading
only, and 1.3% for arithmetic only. When different methods and materials are used
in the prevalence studies, different results are obtained as in the studies of Badian
and Lewis. While Badian evaluated comprehension in reading, Lewis evaluated
word weakness. Although they are both reading processes, they in part require dif-
ferent cognitive skills. Therefore it leads to the identification of a different popula-
tion of weak readers. Furthermore, another source of variable results across studies
is the use of different cutoff scores for the identification of reading and arithmetic
disabilities as in these studies. Similarly Dirks et al. [32] found a higher percentage
of combined reading and arithmetic disabilities than the disability in reading or
arithmetic alone by using different assessments as in studies of Badian and Lewis

et al. And they emphasized that children with combined reading and arithmetic
disabilities were different from those who had reading or arithmetic disability alone
in terms of cognitive and neuropsychological differences [32].

In 2007, Von Aster et al. [33] performed a study with 337 children, and the
reading disorder was found in 3.3%, writing disorder in 5.7%, and mathematics
disorder in 1.8%. In the study conducted by Landerl and Moll [34] in 2010 with
2586 children, the reading disorder was found to be prevalent in 2.9%, written
expression disorder was 4.1%, and mathematics disorder was 3.2%. A study in
France detected prevalence rates of dyslexia between 5.0 and 10.0% in school-age
children in the same year [35]. Dhanda and Jagawat [36] worked with 1156 chil-
dren, and the reading disorder was 22%, written expression disorder was 22%, and
mathematics disorder was 16%. After the findings with different results according
to the different standard deviations in 2014 by Moll et al. [3], Cappa et al. [37]
performed a study in 2015 that reading disorder was found to be 4.75%; Fortes
et al., on the other hand, found the cases of prevalence of SLD to be 7.6%, with
reading disorder at 7.5%, writing disorder at 5.4%, and mathematics disorder at
6.0% [22]; Gorker et al. determined 3.6% for reading, 6.9% for writing, and 6.5%
for mathematics difficulties [7].

The roles of family history and genetic load are considered in reading difficul-
ties and mathematics difficulties, and it is suggested that phonologic problems
stated in the etiology of the reading difficulties can create different rates of reading
difficulties interculturally, depending on the spoken language. The difficulties
in phonemic compliance led to phonologic problems leading to reading difficul-
ties; so, it is suggested that reading difficulties are seen less in countries that have
good phoneme-grapheme harmony, and there are higher rates in countries that
have poor phoneme-grapheme harmony [27]. For instance, according to the UK
Parliamentary Office of Science and Technology, the prevalence of SLD reading
disorder in the UK is higher due to differences in pronunciation of a letter in English
than most languages and inconsistencies in writing and vocabulary [38].

There are no prevalence studies of mathematic disability that considered
longitudinal data, except with 210 sample that were followed multiple times during
a 4-year period that found 9.6% by Mazzocco and Myers (2003) [39]. Although
large cohort studies do exist with a larger sample initially, a small subset of children
is identified as potentially displaying mathematics difficulties, so these studies
have not provided a detailed comparison of the cognitive and demographic char-
acteristics of subtypes of learning difficulty. And also two studies investigated the
prevalence of specific learning difficulties in arithmetic skills but did not assess
their types (e.g., number sense, number facts, and mathematical reasoning) [3,
22]. Different levels of prevalence results of mathematics disability are attributed
to some methodological differences of studies. One of them is the method that uses
IQ-achievement discrepancy. In retrospective population-based study with 5718
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children assessed prevalence rates based on different formules and found 5.9% to
13.8% and also significantly more frequent among boys than girls [40]. Barahmand
studied 1171 children who are at grades 2-5 and found 3.76% [41]. Others defined
mathematics disability by the severity of the mathematics impairment have used
performance cutoffs on standardized tests. Some of these studies and their preva-
lence rates are as follows: 3.6 and 3.9% by Badian’s studies [28, 31], 1.3% by study
of Lewis et al. [29], 6.6% by study of Hein et al. [42], 9.6% by studies of Mazzocco
and Myers [39], 5.9-13.8% by study of Barbaresi et al. [40], 2.27-6.59% by study

of Desoete et al. [43], 5.6-10.3% by study of Dirks et al. [32], and 5.4% by study of
Geary [44]. The other researchers defined mathematics disability using a 2-year
achievement delay as a diagnostic criterion. They found the prevalence rates to be
6.55 [45] and 5.54-5.98% [46]. Recently, Devine et al. compared mathematics and
reading difficulties with 1004 primary school children and reported that there were
no differences between boys and girls when a discrepancy criterion was applied
[47]. The study in 2018 by Morsanyi et al. evaluated the prevalence rates of specific
learning disorder in mathematics, gender differences, and comorbid conditions.
The prevalence rate was 6%. They found persistent difficulties in reading (5.6%)
and language difficulties in English (11.5%) and also found that they had other
comorbid symptoms and disorders such as social, emotional, and behavioral
difficulties, autism, or attention deficit hyperactivity disorder [8]. There is still no
agreed definition of mathematics disability and are controversies between research-
ers based on cutoff decisions, specificity and gender differences. Prevalence rates
are summarized in Table 1.

3. Comorbidity of specific learning disorder

In the prevalence studies of specific learning disorders, ADHD, which receives the
most comorbidity and is the most studied disorder, should be considered [1, 48]. Two
American national studies by the same researchers found 4% prevalence of comor-
bidity [17, 49]. DuPaul et al. reported this comorbidity rate as 18-60% and found that
the incidence of SLD in ADHD patients was 7 times higher than that of the population
[50]. Some clinical studies have reported extremely high prevalence rates of SLD as
70% or ADHD as 82.5% in comorbid cases [51, 52]. Genetic studies support that these
two disorders may be associated with similar hereditary factors [53-55]. The high
comorbidity between SLD and ADHD, inadequate SLD definitions, and different
methods used in studies may have different results in evaluating the prevalence of
SLD. And also symptoms of children diagnosed with SLD are more persistent when
they have behavioral problems in the first years of school than with SLDs without
ADHD or any comorbidity [56]. Therefore, early diagnosis and treatment interven-
tions can significantly change the incidence and prevalence rates of SLD.

4. Gender differences of specific learning disorder

DSM-5 is stated that SLD is two to three times more prevalent in boys than
in girls [1]. In 4 different epidemiologic studies including 9799 children from
England, Wales, and New Zealand, boy/girl rates of reading difficulties were
21.6%/7.9%, 20.6%/9.8%, 17.6%/13.0%, and 18.0%/13.0%. In this study, reading
and spelling deficits were not analyzed separately, so that it remained unresolved
[12]. Landerl and Moll reported balanced gender ratios for reading (fluency)
deficits but a disproportionate number of boys for spelling deficits in German
population [34]. In a study of Moll et al., more problems in boys than girls for
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combined reading and spelling problems were identified, and when isolated
spelling disorder was evaluated, gender ratios were found balanced [3]. According
to these studies, dyslexia was found to be higher in boys than girls. The most
common reported in the literature is that of no gender difference of mathematics
disability [8, 29, 39, 42, 43, 45, 47]. The other studies reported higher prevalence
of mathematics difficulties in girls [3, 32, 34, 45] or boys [31, 40, 46, 57]. And
also some studies reported inconsistency findings. For example, Devine et al.
reported that although there was no gender difference in the prevalence of math
learning difficulties between boys and girls, mathematics difficulties were much
more common for girls than for boys [47].

5. Conclusion

SLD is a multifactorial disorder which has in its etiology a genetic predisposition
and family load, developmental and cognitive factors, language spoken, and envi-
ronmental factors including the level of education and socioeconomic situation.
Comorbidity with other mental disorders reveals more severe symptoms of it. And
also if clinical and educational interventions are not performed, behavioral and
emotional symptoms may accompany this diagnosis. The use of diagnostic criteria
and structured scales, whether the disorder is a uniform or mixed type of disorder,
the characteristics of the spoken language, and the assessment of environmental
factors will help to determine the prevalence rate results and treatment interven-
tions more specific. An educational approach and early intervention treatment after
the awareness of SLD findings will reduce the difficulties that may arise with this
disorder in the preschool period.
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Chapter 3

Neural Correlates in Learning
Disabilities

Misciagna Sandro

Abstract

In recent years, researchers have done significant advances on the study of learn-
ing disabilities in particular in terms of comprehension of cognitive and anatomical
mechanisms. The understanding of neural mechanism of learning disabilities is use-
ful for their management and cognitive treatment. The advent of functional neuro-
imaging methods has also identified anatomical networks and neurological learning
systems that have contributed to knowledge of neurobiology of learning deficits. On
the other side, neuropsychological assessment, with comprehensive test or specific
cognitive tasks, has proved to be useful to analyze specific cognitive deficits to find
potential targets of intervention for cognitive compensation. In this chapter the
author summarizes major scientific advances in particular in the study of neuroana-
tomical mechanism based on structural and functional neuroimaging of children
with learning disorders, developmental disorders, and language impairment, in
particular with dyslexia which is one of the most common learning disabilities.

Keywords: learning disabilities, learning deficits, learning disorders, dyslexia,
reading disorders, dyscalculia, math disorders, dysgraphia, text generation disorders,
anatomical mechanism, neurobiology, neural mechanism, functional neuroimaging,
anatomical networks, learning systems

1. Cognitive bases of learning disabilities

Learning disabilities have been studied by neuropsychological researchers over
the past 50 years, so many scientific articles have been published on this topic.

The understanding of learning disorders has relevant implications both for
assessment and cognitive interventions.

Early cases of children with learning disorders were described by an ophthal-
mologist who studied children with reading difficulties without brain lesions, so
they considered these children as affected by “word blindness” [1].

Subsequently medical researchers used the term “dyslexia” to describe children
with troubles in reading and spelling isolated words; they attributed dyslexia to
a disorder of cerebral dominance for language [2]. Other authors used the term
“learning disabilities” to refer to children with unexpected difficulties secondary to
language disorders, differentiating learning disabilities from behavioral disorders
and intellectual disabilities [3].

In the 1970s, neuropsychologists started a period of research to identify
the cognitive bases of learning disabilities. They emphasized in particular the
importance of profile interpretations for inferring brain dysfunction in learning
disabilities [4].
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Other researchers identified neuropsychological correlates of reading difficul-
ties including finger agnosia [5], right-left confusion, auditory-visual integration
[6], color-naming difficulties [7], or other language problems.

Some scientists hypothesized that learning disabilities could be related to a
parietal lobe disorder [5] or to a developmental Gerstmann syndrome [8].

Some authors attributed reading difficulties to a maturational lag in brain
development [9] or to language difficulties [10].

Other researchers criticized theories based on group comparison of single vari-
ables in favor of multivariate approaches [11]. This led to researches in which profile
of neuropsychological tests were identified to better study the cognitive deficits of
learning disabilities [12].

One of the most significance influences on the scientific understanding of
learning disabilities was the “theory of speech processing” as a segmented signal of
phonological representation [13]. According to this theory, phonological awareness
is a metacognitive understanding of the sound structure of speech. The children
learning to read must link the orthographic patterns of written language to the
internal structure of speech to access the developing lexical system. This theory has
been verified across languages that vary in the transparency of orthography and
phonology [14].

These discoveries were important in the understanding of learning disabilities
since a specific phonological awareness and cognitive skill was considered linked to
decoding a specific academic skill, explaining success and failure in reading.

The differentiation of learning disabilities into academic domains produced an
expansion of base researches about cognitive correlates and neurobiological factors
related to cognitive domains of learning disabilities [15].

Thus learning disorders were separated into three principal domains and six
subdomains:

1. Oral reading domains that occur at the level of word (dyslexia) and the level of
text (reading comprehension disorders)

2.Math domains that could be computational (dyscalculia) or involve executive
mathematical functions (math problem-solving disorders)

3. Written language domains that could involve basic skills needed for transcrip-
tion (handwriting and spelling dysgraphia) and generating text in essays or
stories (text genevation disorders)

According to Pennington and Peterson, problems in these cognitive domains
generate higher-order language, attentional, and executive disorders that affect oral
and written language [16]. In other cases, these cognitive disorders are often comor-
bid with other behavioral traits, such as attention-deficit/hyperactivity disorders
(ADHD) [17] or developmental language disorders [18].

Over the years, international researchers have mapped the framework of differ-
ent sources of variability that influence learning disabilities [19] to help to establish
the bases for effective interventions (Figure 1).

According to this framework, learning disabilities are related with neurobiologi-
cal factors (brain structure and function, genetic factors) [15], cognitive processes
(e.g., phonemic awareness), psychosocial factors (e.g., attention, anxiety, motiva-
tion), and environmental context (socioeconomic conditions, schooling, instruc-
tion, home environment).

Researchers have showed that intellectual quotient (IQ) is not predic-
tive of learning disabilities [20], while processing speed deficits and working
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Framework of different sources that influence learning disabilities.

memory are linked to learning disorders as well as comorbidity with ADHD [21].
Phonological awareness is also a strong predictor of failure or success in read-
ing acquisition [22]. Time reading and spelling assessment could be used in the
identification of dyslexia in more transparent languages [23], while vocabulary
tasks, listening comprehension, and attention/executive function tasks could be
used to study text-level disorders [24]. The learning abilities of individual with
dyslexia have been examined using serial reaction time measures, revealing a
moderate effect that indicates that automatization of learning is impaired in this
disorder [25].

Neuropsychological studies have also suggested neurological and functional dis-
tinction between different types of learning: procedural learning system is involved
in implicit learning and impaired in individual with specific language impairments
[26], while declarative learning system were argued to be relatively intact. Children
with dyslexia appear to have difficulty extracting structure from novel sequences
in artificial grammar learning paradigms [27] and difficulties in making judgments
about grammaticality, confirming that implicit learning processes are involved in
dyslexic patients. Prominent difficulties in procedural learning in sequence-based
tasks and relative preservation on declarative and nonsequential procedural learn-
ing may explain why individuals with learning disabilities have more difficulties in
language tasks in which they have to extract and produce sequential information.

Math disabilities without reading difficulties are very common as comorbidity
in children with learning disabilities [28]. Attention, working memory, and phono-
logical processing are also overlapped with math problem-solving disorders, even
if less studied than computational skills [29]. These findings support the view that
mathematical abilities involve multiple cognitive processes and that math disorders
reflect more generalized cognitive difficulties [30]. Executive functions that affect
self-regulation are relevant for text generation disorders [31].

2. Neurobiological bases of learning disabilities

In recent years, research on brain structure and cerebral function of children
with learning disabilities has taken advantage of new noninvasive structural and
functional technologies.

Most studies have been focused on the study of dyslexia using neuroimaging
studies (magnetic resonance imaging (MRI)) or functional studies (electroen-
cephalography, event-related potentials, functional magnetic resonance imaging,
positron emission tomography) [32].
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Studies based on functional neuroimaging have identified a network of three
regions localized in the left hemisphere mediating word reading:

1. A sublexical dorsal stream localized in temporoparietal areas
2. A lexical ventral stream localized in occipitotemporal region

3. A cerebral area in the left inferior frontal lobe underactivated or overactivated
by temporoparietal or occipitotemporal regions (Figure 2)

This network, universal across different languages and orthographies [33], con-
sists of a dorsal and ventral component that operates in parallel, connecting to the
inferior frontal gyrus. The dorsal stream is associated with sublexical route to word
meaning, consistent with word reading, while the ventral stream is specialized for
visual processing of orthographic patterns [34]. The fusiform gyrus is considered
an area that mediates word recognition with direct access to semantic regions in
inferior temporal regions [35].

Researches based on functional MRI have demonstrated that the development
of ventral system is dependent on exposure to print and that in children this system
shows reorganization with explicit instructions in reading [36].

Quantitative analyses of MRI have shown reduced volume of the network of
pre-scholars before the onset of formal reading instructions [37].

The dorsal and ventral pathways have resulted similar pattern of activation in
children with word-level learning disabilities when compared with children devel-
oping reading comprehension learning disabilities (RCLD). In contrast the group
of children with RCLD showed reduced deactivation of the left angular, left inferior
frontal, and left hippocampal and parahippocampal gyri [38]. In other structural
studies conducted on adolescent with RCLD, researchers found reduced gray matter
in the right frontal regions, explaining their executive function disorders [39].

Functional MRI studies in adults have found that language learning also impli-
cates corticostriatal and hippocampal systems. These structures are connected to
each other as well as to the cortex and to other subcortical structures (Figure 3).

Temporo-
parietal

Dorsal stream

Occipito-
temporal

Ventral stream

Figure 2.
Cerebral network that influences word reading.
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Corticostriatal and hippocampal learning networks that influence language learning.

Functional interactions between these regions have been described during
learning processes [40]. Consequently, changes in functional neural activity in one
of these regions during language learning might reflect a local change of a complex
learning network. The frontal cortex and basal ganglia appear to be relevant in
learning the phonology and grammar of a language [41]. The hippocampus is also
necessary in word learning; in fact, in fMRI studies, the hippocampus results to be
activated during the process of learning new vocabularies [42] and during encoding
processes related to words [43].

The ventral striatum (nucleus accumbens) is activated in learning novel words
[44], while the dorsal striatum responds to feedback in verbal paired-associated
tasks [45]. Abnormalities in the striatum have been seen also in children with
language disorders [46]. Some studies suggest a reduction of volume of the caudate
nucleus in children with specific language and learning impairment [47], while
others have reported increases in caudate nucleus volume [48]. Functional studies
conducted on adults with dyslexia show hyperactivation of the striatum, not seen in
children with dyslexia, suggesting to be a compensatory mechanism in adulthood.
Structural network analysis in children with a higher risk for dyslexia and other
reading difficulties have showed that the hippocampus, temporal lobe, and puta-
men are less strongly connected in these individuals [49].

Studies conducted on children with math disabilities have found disorders of
connectivity in temporoparietal and inferior parietal white matter [50].

Researchers have not found consistent structural differences across all studies
in dyslexic patients, probably since this disorder is the result of a combination of
multiple risk factors including motor, oral language, phonological disorders, and
executive deficits [51].

Functional neuroimaging studies on numerical processing and mental arith-
metic have also demonstrated the existence of a neural network [52], connecting
frontotemporal regions with three left parietal circuits: superior parietal, intrapa-
rietal, and inferior parietal (Figure 4). This network is characterized by increased
activity in children with math learning disabilities [53].

Other reports have demonstrated that specific cerebellar regions contribute to
cognitive functions in children with learning disorders in particular with verbal
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short-term memory deficits [54], reading development [55], or in general to cogni-
tive, emotional, and behavioral functions [56].

According to the cerebellar deficit hypothesis, specific regions of the cerebellum
are functionally connected with cerebral reading network [57].
The reading-related cerebral regions that result to have functional connectivity

with the cerebellum are supposed to be three: the inferior frontal junction (IFJ), the
inferior parietal lobule (IPL), and the middle temporal gyrus (MTG) (Figure 5).

Superior

Parietal

Fronto-

temporal
regions

Infenior
Parietal
Figure 4.
Cerebral network that influences numerical processing.
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An analysis on connectivity has demonstrated three distinct sets of connections
between cerebral and cerebellar regions. The first set of connections consist of a
connection between IFJ and IPL that converges to a region in the right lateral poste-
rior inferior cerebellum and is supposed to have a phonological role. The second set
of connections consist of a connection between IF] and MTG, which converges to a
region in the right posterior superior cerebellum and is supposed to have a semantic
role. The third set consist of a functional connectivity between MTG region and
lateral anterior region of the cerebellum. There is not a common functional termi-
nology for the third set of connections [55].

3. Conclusions

Studies conducted on children with learning disabilities, in particular with
dyslexia, have shown an involvement in the function of cerebral areas and
systems relevant in cognitive process about speech and learning (summarized in
Table1).

As evidenced in Table 1, structural or functional abnormalities of cerebral
systems, localized in particular in the left hemisphere, in corticostriatal systems,
and in cerebro-cerebellar connections, support the hypothesis of the existence of
cerebral networks that can explain learning disorders.

These cerebral areas have an important impact on the development of learn-
ing and different aspects of language such as phonological and morpho-syntactic
aspects.

Cognitive function Cerebral areas Hemisphere
Word reading Dorsal stream: temporoparietal Left

Visual processing of orthographic patterns Ventral stream: occipitotemporal Left

Lexical functions Occipitotemporal Left
Orthographic function Inferior frontal gyrus Left

Word recognition Fusiform gyrus Left
Semantic functions Inferior temporal regions Left

Reading comprehension Both dorsal and ventral streams Left
Executive functions Frontal regions Leftand right
General language learning Corticostriatal and hippocampal systems Left
Learning of phonology and grammar Frontal cortex and basal ganglia Left

Word learning Hippocampus Left
Learning of new words Ventral striatum (nucleus accumbens) Left
Feedback in verbal paired-associated tasks Dorsal striatum Left
Numerical processing and mental Fronto-temporoparietal regions Left
arithmetic

Math learning Fronto-temporoparietal regions Left

Verbal short-term memory Cerebellum Right?
Reading development Cerebellum Right?

Table 1.
Cerebral areas that influence cognitive learning processes.
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However, there is a need to develop further longitudinal studies, conducted on
children with learning disabilities, to explore cerebral anatomical and functional
alterations during development and their correlation with specific pattern of learn-
ing disabilities.

Further progress in understanding the nature and specific components of
learning difficulties in children will allow us to develop future specific targets and
rehabilitative strategies of intervention.
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Chapter 4

Identifying and Remediating
Dyslexia in Kindergarten and the
Foundation Year

Diane Montgomery

Abstract

Dyslexia is a learning disability found across the ability range. It is an
unexpected failure to learn to read and spell despite conventional classroom
instruction. It is usually identified at about 7 years of age or beyond when the
dyslexic fails to learn to read. The incidence varies in different countries in different
languages and with teaching methods. This research presents a new method for
the identification of dyslexia by the Reception or Kindergarten teacher as part
of everyday teaching. The method uses a child’s freeform writing and a checklist
that identifies a critical borderline point that must be reached if the child is to
become literate. In order to overcome any difficulty, a specific intervention was
identified and a training technique was introduced in a Reception Year cohort
(N = 175 children). It was based upon previous research that found dyslexia was
caused by a unique deficit that prevented them from developing early phonological
awareness in the normal course of learning. The intervention strategy also enabled
disadvantaged learners to catch up with more advantaged peers and close the
11-month learning gap found in the national statistics. Their Key stage 1 school
SATs showed 30% uplift 3 years later.

Keywords: dyslexia, disadvantage, kindergarten, reception year, intervention,
remediation

1. Introduction

Dyslexia is an unexpected difficulty in learning to read and spell in relation to
age and ability by the methods normally used in classrooms. In the modern era it has
become a serious problem for large numbers of people as education has extended
and demanded they become literate. Dyslexia is sometimes accompanied by and
made worse by handwriting difficulties (dysgraphia), and whilst most dyslexics
do eventually learn to read when given specialist tuition as adults, they still have
residual spelling problems.

Because English is an opaque not a transparent language system, there are larger
numbers of dyslexics in countries where English is the home language. Transparent
languages such as Italian, Turkish and Spanish have a one-to-one correspondence
between the sounds of the language (phonemes) and its written symbols (graph-
emes), and they are said to be ‘regular’ in this respect. English on the other hand
has only a 40% phonemic regularity, and the rest is derived from its history with
other languages mainly Norse, Anglo-Saxon, Greek, Latin and Norman French.
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To accommodate this knowledge, 15 basic words and the rules that govern them

can reveal how to spell 20,000 English words correctly [1]. But it is first of all an
understanding of the alphabetic principle and how it is used that is crucial. It is this,
with which Reception and Kindergarten learners have to cope.

Arabic, a Semitic language, with 33 phonemes is also a transparent language [2]
and has been widely adapted to various other languages such as Urdu, Farsi and
Kurdish. It was the Phoenicians in their Semitic language who were thought to have
invented the alphabetic system to facilitate and record their trading negotiations
[3]. This alphabetic principle is thought to have been invented just once about
2700 years ago and could probably only have occurred in the Semitic language
because it was consonantal and did not have vowels; they were imported later by
the Greeks. As will be explained it is unlikely that a dyslexic could have invented it.

The incidence of dyslexia in the UK, according to the British Dyslexia Association
[4], is 10% of which 4% are severe cases. In some disadvantaged groups, the inci-
dence can be as large as 19% [5]. It was also found that there were hidden populations
of dyslexics who had learned to read but still had severe spelling problems especially
with new and technical vocabulary. These amounted to one-third of cohorts in the
disadvantaged areas. The result is that the poor spellers and writers underachieve
at school and then at university. Their talents may lie hidden for many years. There
is also a group that has learned to read often self-taught but have dyslexic spelling
problems, and this has been termed ‘dysorthographia’ Research and practice with
this range of dyslexics over four decades formed the basis for the present studies.

2. Background theory and research

The research of Chall [6, 7] demonstrated that if teachers initially employed
a purely visual system of reading teaching (paired associate memorising) called
‘Look and Say’, 4% of the learners became dyslexic. If however they were taught
from the outset by a purely phonic system, the dyslexia rate was about 1-1.5% ([8];
SED (Scottish Education Department) The Education of Pupils with Learning
Difficulties in Primary and Secondary Schools. A progress Report by HMI
Edinburgh: HMSO 1978; [9, 10]). Over time UK Governments’ encouragement to
use ‘mixed methods’ and then ‘Phonics First’ [11] have met with limited success.

Over the same period research into the psychological processes involved in
becoming literate, and literacy teaching have followed a similar path. The emphasis
is placed on learning to read, and reading development has dominated both practice
and research, whilst spelling was marginalised until recently. There have however
been threads that can be traced showing that spelling is more important to learning
to read than has previously been considered by many researchers and would repay
more detailed investigation.

For example, although dyslexia research on a vast scale has centred upon the read-
ing difficulties, both Chomsky [12] and Clay [13] found that children’s first impulse
was to write not read. When asked to write a message or story, the children picked up
a pen and made ‘marks on paper’ and ‘read’ it back. When asked to read a storybook,
they said they could not do so because they had not yet been taught to. It was when
marks on paper such as these began to be studied that a range of levels of marks
were observed. These went from scribbles and lines to letters and words carrying a
decipherable message although not quite with traditional spelling. Occasionally there
were cases of 5-year-olds entering school or Kindergarten who had learned to read
and write self-taught, and they were not necessarily those with the highest of IQs [14].

‘My little sister is in bed because she is having her tonsils out’
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Examples such as the writing of Faye above were collected after she had spent
1 month in the Reception class. The teachers said the children could not read or
write free-form; although some could copy write, none could read as they had only
just begun to teach them. The teachers were astonished at what some of the children
already knew about writing. The error patterns may give a significant profile of a
child’s knowledge about the alphabetic system that has been picked up incidentally
in a word-filled world and classroom. Disadvantaged learners would be disadvan-
taged in this respect as their parents might not share books and reading with them
or give them pens and pencils to hold and make drawings. Once in school they could
be expected to catch up, but what about dyslexics?

Figure 2 shows a dyslexic’s lack of sound-symbol knowledge after a year and a
half in school. He uses letters from his name (before condition), but his message
is not readable. He shows some knowledge of word structure and leaves spaces
between his ‘words’. He has not been systematically taught phonics. However after 6
x 20 minute lessons on the dyslexia programme Teaching Reading Through Spelling
(TRTS) [15], his new message is readable.

Twent to my nannys and I went hma anB hta my pna anB I sat up Lt anB Wto tave’

T went to my nanny’ and I went home and had my dinner and I sat up late and
watched TV,

He has ‘cracked the alphabetic code’ although as yet he does not know all the
sounds and their symbols. Some whole words from daily copy writing are now
‘patched in’ The school did not permit joined up writing until the children were in
Year 3! The rest of the pupils in Steven’s class had learned to read and write to vary-
ing degrees, and even he had had extra individual reading coaching sessions, but
after all this he had made no progress. Fortunately for him his teacher wanted to try
the TRTS system, and after six sessions he had made significant progress at last—he
had ‘cracked the alphabetic code’

The success of the TRTS sessions was because it used a multisensory-articula-
tory-phonological-training (MAPT) system, whereas traditional phonics systems
use just multisensory phonics training, that is they combine writing the grapheme
with saying its sound. MAPT focuses the attention on the ‘feel’ of the phoneme in
the mouth as it is said and written. This means that the phoneme and grapheme that
are regarded as abstract perceptual units [16] are linked by a concrete articulatory
cue. These are most clear for the consonants, the vowels are more open mouthed
with different placing, and it is noticeable that in the literacy acquisition phase,
beginners identify and mainly write the consonants. As they progress they map
more correct spelling versions onto this structure [17], and this can be seen in both
the Figures 1 and 2 examples above. As beginners try to spell, they can often be
seen mouthing the words as they do so presumably to recall the links. As early as
1932, Monroe [18] had pointed out the importance for early readers and writers of
articulating, subvocalising and mouthing the sounds of the letters.

The reason for introducing an articulation awareness (AA) training element
was derived from earlier research in which it was found that in cohorts of dyslex-
ics going through a specialist remedial teaching centre, an AA deficit was evident.
When this was put to an experimental test, the following results were obtained:

Table 1 shows that spelling age matched controls and dyslexics performed well
on phoneme segmentation tasks but differed significantly (p 0.01) on articulation
awareness test items. Dyslexics on the waiting list to enter the remedial centre who
were age matched as near as possible performed significantly poorly on both PS and
AA tests [1, 19, 20].
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Figure 2.
Steven’ writing aged 6.5 years in the ‘Look and Say’ era.
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Dyslexia is currently regarded in the majority of cases as a verbal processing
difficulty with particular problems in the area of phonological processing [21-24]. It
is the problem that at least 90 per cent of dyslexics appear to present. On the basis of
the research in Table 1, it was hypothesised that the phonological processing deficits
might be caused by an underlying articulation awareness problem that prevented or
delayed the learning of symbol-sound associations especially during implicit learn-
ing processes. It would mean that attention to a four-way system of VAKs principles
should be followed rather than the three-way multisensory system used by most
remedial teachers that omitted the kinaesthetic aspects of speech (Figure 3).

Reading and spelling development in dyslexics was analysed by Frith [25] as
a process moving through three stages from logographic, to alphabetic and to
orthographic based on the errors they made. She divided each stage into two further
steps in which sometimes reading and sometimes spelling were the pacemakers. She
explained that dyslexic children typically have difficulties moving from an early
phase of acquisition in which reading is visually based (logographic) on the alpha-
betic phase when children are able to use letter-sound associations for both reading
and spelling. This can be seen in the writing of Steven in Figure 2. In the ‘before’
condition, he can be seen to be stuck in the orthographic phase. With the specific
MAPT training technique used in the early part of the TRTS programme, he makes
the articulatory connections and can begin to use them to generate new words and
enters the alphabetic phase. His developing skills in this respect can be seen in the
second piece of writing after he writes some well-practised words.

At a later stage, some dyslexics fail to move from the alphabetic phase to the
orthographic phase where reading and spelling were thought by Frith to be auto-
matic and considered to be independent of sound. This condition is seen in many

Nos Reading Spelling PS Artic Aw 1Q Chron
Age Age (15) (10) Age
Controls 84 8.61 8.02 11.94 775 110.03 794
Dyslexics on TRTS 114 7.95 762 10.27 431 110.43 12.90
Dyslexics waiting 30 6.71 6.0 413 5.87 112.67 8.97

Key: PS, phoneme segmentation (sing minus s’ gives ‘ing’, etc.). A 15-item test.
AA, articulation awareness. Test of 10 items.

Table 1.
Mean scoves on phoneme segmentation (PS) and articulation awareness (AA).

VISUAT PAUDITORY
Grapheme Phoneme
KINAESTHETIC KINAESTHETIC

Handwriting Speech

Figure 3.
To show the four-way multisensory VAK links.
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adult dyslexics. Traditionally dyslexia has been identified in the alphabetic phase
after a long delayed start when they are at least 2 years below the literacy level of
peers. This level is not consistent with their age and ability. Various forms of inter-
vention ‘in class’ then ‘one-to-one additional support’ may have been given and still
have failed to bring them at least up to grade level. They are three-time failures by
this time and often confused and upset. Even then an official diagnosis and funding
support for specialist tuition might only be obtained just before entry to secondary
school. Even so the remedial provision may not be adequate so although the dyslexic
may begin to develop phonological awareness and start reading, he or she may never
catch up with peers. To catch up means that they must make a 2-year literacy prog-
ress in each year of the specialist programme [23]. A meta-analysis of programme
outcomes showing which are successful may be found in Montgomery [5, 26].

When dyslexia is identified in the early school years, remedial teachers report
that it is easier to remediate. An extensive survey of 10,000 cases by Goldberg and
Shiffman [27] had established this although they found that residual spelling errors
remained.

Thus far a system to identify and remediate dyslexia in the early years by
targeting sound-symbol correspondence development in the Logographic phase
had not been developed. The Logographic phase is the literacy acquisition stage, the
task of the Reception (Foundation Year) or Kindergarten learner. Sound-symbol
correspondence is important for decoding unknown words during reading and for
encoding for spelling, and this is why there was an emphasis in the United Kingdom
on ‘Phonics first’ [11] and in the Early Years Foundation Stage guidelines [28] in the
presence of a ‘Look and Say’ ethos.

This research however was pointing to a new direction for dyslexia investigation
and remediation, and this was the role and meaning of children’s early marks on
paper in the logographic phase.

3. The research on early marks on paper

Normal spellers according to Gentry [29] also go through a logographic phase,
but he found that there are two steps in it. The first step was pre-communicative
in which marks and scribble were made as children ‘wrote’ their stories. This was
followed by a prephonetic step in which there were invented or creative spell-
ings in which a single letter or ‘phone’ or several letters might represent a word.
Surprisingly research with dyslexics by Liberman [30], Bryant and Bradley [31] and
Bourassa and Treiman [32] found the same characteristics, but there was a failure
to move into the prephonetic stage. This was detectible not in their reading but in
their attempts to write [1, 10]. Once the literacy journey had begun although several
years later the reading and spelling errors of the dyslexics did not differ signifi-
cantly from those of normal writers [19, 32].

In literacy learning, we have a situation in which normal readers and spell-
ers learn sound-symbol correspondence implicitly or when specifically taught in
Reception and some even arrive with that knowledge, and dyslexics who do not.
Surely their problem must be detectable at an early stage as they fail to move into
the prephonetic stage? This was the basic research question.

Previous research had found such a system was necessary for dyslexics because
they appeared to have an articulation awareness deficit [1, 19]. This was potentially
an observable sign of the neurological problem found in the ‘pick up’ systems by
James and Engelhardt [33]. Their research showed during fMRI scanning that when
preliterate 5-year-olds traced, printed or typed letters and shapes and then were
shown images of these stimuli, a previously discovered ‘reading circuit’ in the brain
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was activated during letter perception. However this only occurred after handwrit-
ing not after tracing or copying that are frequently used in early years education.
Their conclusion was that handwriting supported symbol-sound knowledge
development in normal subjects. It was a connection made implicitly during contact
with print. It suggests that it is a process that occurs normally during literacy teach-
ing by ‘Look and Say’ methods and can be facilitated by systematic phonics systems
leading to lower incidences of dyslexia. It is also the reason why multisensory
phonogram training has been incorporated into the more successful remediation
regimes. In dyslexics there appears to be a disruption in the neurological system so
that very specific and often repetitive training is needed initially to overcome the
‘phone’ barrier. After this has been done, the whole process speeds up.

Geschwind [34] identified dissociation in dyslexia in the left angular gyrus.

This is where sounds and symbols would be connected (by articulatory feel/move-
ments), but in dyslexics this connection appears to be broken. It therefore needs

to be restored by overtraining, or other areas of the brain have to be taught to take
over the ‘pickup’ function. This is most possible in the youngest brains. Using in-air
tracing of the letters then writing them free-form on the paper, the Fernald [35]
method, and using MAPT and cursive or joined writing, based upon practices in the
specialist dyslexia, alphabetic-phonic-syllabic-linguistic (APSL) programmes were
part of the intervention system.

In 2012 four primary schools were recruited to take part in a pilot project. Each
school had one to three Foundation (Reception year) classes, eight classes in all
(N = 175). The children were just 5 years old and a few were ‘rising fives’ Their eight
teachers were asked to collect one piece of copy writing and one piece of completely
unaided (free-form) writing after the children had been 1 month in the school. The
month was to allow them to settle into the school routines. The two writing samples
were to be written on separate days using the materials they were now used to using
in their class. For example, most would be telling their ‘news’ and then copy writing
it. Some teachers would give them lines to write on, others would not and all the
subjects would be using pencils. The free-form writing would be less common, and
so the teachers’ learning managers were the intermediaries who would ensure the
rules were kept.

The teachers were told they would receive a report on the progress of each child
from the marks they had made on the two pieces of work and also what might
be done to help them progress. The first results were collected in October, and a
second set of free-form writing was collected in March 2013 in the following year to
check on any progress that had been made by the children. The reports were sent to
schools in January and late May (2013). Schools A and B were in the disadvantaged
areas and schools C and D in the advantaged areas (Table 2).

As can be seen, the children in the advantaged areas entered school with better
writing skills than those in the less advantaged areas. This is not an unexpected
result. In research for the Sutton Trust, Jerrim [36] found that children from
disadvantaged backgrounds by the end of the Reception year were 5 months behind
peers in reading development. It was significant that once they fell behind, they
remained behind and failed to catch up later, and they were already consigned to
underachieve by 6 years old. The tendency has been for teachers to regard a lack of
writing skills in these early years as non-problematic [37] because the children will
‘catch up’ given more time to mature and activities to develop the necessary skills.
However the research indicates that this is most unlikely.

The free-form writing scores were marked on a 10-point rating scale for ‘spell-
ing’. The spelling scale was established by scrutinising all 175 scripts in the F1 cohort
and placing them in a rank order from random marks and scribble through to
more or less correct spelling. A similar process was used to develop a handwriting
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Class Nos. Free Free Nos. ‘at
writing 1 writing 2 risk’
Al 17 233 712 3+2
A2 18 244 43 11+
B1 21 324 6.13 4+2
C1 28 6.11 6.76 0
Cc2 27 537 6.1 5+3
Totals 111 4.29 5.32 23+7

Borderline nos.: 23 = scored 4

Private school, initial results (F1)

D1 21 3.57
D2 22 35
D3 21 4.05
Totals 64 371

This school left the project before task F2

Free writing F1= October 2012 sample: N = 175 (2 absentees)

Free writing F2 = March 2013

Table 2.
Results from the pre- and post-test free-form writing task.

checklist, but clinical items were included [5, 14]. The strategy was to identify the
statement that most typifies the writing sample and award that ‘score’ or rank. A
‘score’ of 5 was pivotal in that it identified those children who had just ‘cracked the
alphabetic code’. This is best seen in their attempts to make words using ‘skeletal
phonics or phones’ such as ‘wt’ for ‘went’, ‘ws’ for ‘was), ‘goig’ for ‘going’ and ‘se’ for
‘she’ or single letter sounds to represent a word ‘w’ for ‘was’. Phonetics would be
represented by ‘kwiz’ for ‘quiz’, ‘buk’ for ‘book’, ‘apl) ‘nite’, ‘marster’, ‘berd’, ‘butiful’
and so on.

Correct spelling of common words such as T}, ‘the’, ‘and’ and ‘my’ did not count
as phonic achievement as they are so commonly used in copy writing they can often
be recalled visually rather than phonetically. The reports focused upon the explicit
teaching of sounds by first feeling the consonants in the mouth and mouthing them
and feeling them as they wrote the grapheme—MAPT.

3.1 Ranks for free-form spelling
1. Random marks.
2. Scribble, marks in some order.
3. Marks, mandalas roundels, occasional letters, possibly in lines.
4. Some letter shapes and letters, in a line.
5. Letters, possible phones.
6. Word forms, letters, phone(s) evident (the critical achievement).

7. Some phonic skeletons, word bits and phones, some meaning.
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8. Skeletal phonics, phonetics, some words, meaning apparent.
9. Some correct words, phonics, phonetics, meaning mostly clear.
10. More correct spelling, skeletal phonics, meaning clear.

11. Mainly correct spelling, legible, systematic word spaces.

In October 2012 Millie’s script in Figure 4 is firmly written but with some
conventional letter forms, but there is no sign that she is using them as phones as
yet. She is on the borderline for cracking the alphabetic code; some direct MAPT
teaching of M in her name and ‘i’ and ‘t’ should help her begin.

In October 2012 James’s script on entry to Reception T took grandad to the lidvary’
scores 9 for spelling. The spelling is almost correct, the meaning is clear, but word
spaces are not well defined yet. In comparison with Millie’s script, his shows some
coordination difficulties. For example, the script is faint, there is variation in pres-
sure and ‘wobble and shake’ on the letter strokes. The letter bodies vary in size, and
some letters are ‘drawn’ rather made in monoline, e.g. g’ and ‘y’. He scored 7 on the
Handwriting checklist.

In March 2013 Bethan’s emergent writing scores 8:

at esd tighm weeget cheoklurt’

‘At Easter time we get chocolate’. This is a very good phonetic and phonic repre-
sentation of her message and some word spaces this time. Good skill development.
However she is not forming some of her letters efficiently so will need some direct

teaching of how to make, for example, ‘a g’ ‘t’ ‘b’ with one continuous line
instead of two.

3.2 Interobserver reliability

Twenty spelling scripts were selected from the whole pack and were used as
training items to teach a naive assessor how to use the scale so that an interobserver
reliability coefficient of the instrument could be calculated. After 30 minutes
training using the spelling scale on the 20 illustrative scripts, the naive assessor was
given all 111 scripts from schools A, B and C to assign a rank out of 10. The coef-
ficient of agreement with the experimenter was +0.81. It was +0.93 when a small
number of differences of one scale point were exempted. When the experimenter
remarked the scripts after a delay of 1 month, the coefficient of agreement between
assessments was +0.98. This showed that the categories were stable, and later a
sample of experienced Reception teachers at two conferences were able to use them
effectively and found the scale useful.

Girls consistently outperformed boys in each of the schools and classrooms.
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Figure 4.

Millie. I went to nanny’s: Scores 4.
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Boys Girls N
A + B social housing 238 3.03 56
C owner occupier 4.52 6.81 55
D private school 334 4.06 64
351 441 175

Table 3.
Initial socio-economic advantages in spelling scoves.

The scores in Table 3 show that school C children consistently obtained higher
scores than the other two schools in the same local area and confirmed the disad-
vantages associated with being poor that were found for reading by Jerrim [36].

In Table 3, the ratio of ‘at risk’ boys to girls was 1.4-1 and not the standard 4-1
[4]. This was 27% of the cohort after 5 months in school that had not broken the
‘phone’ barrier. By the end of a further term in Reception, it would be likely that oth-
ers would do this leaving about 20% at risk on entry to Year 1. The whole one third
however would be unlikely to catch up with peers throughout their school careers
according to Jerrim [36] in the Sutton Trust Research. These three schools were the
feeder schools to a local state secondary school with a comprehensive entry.

In a Year 7 writing research project with this school [38], 18.6% of the cohort
had spelling difficulties that put them in the ‘dyslexia zone’, and one third had
poor spelling. This meant that they were failing the HMCI [39] criterion making
more than 5 misspellings per 100 words. Although these researches were cross-
sectional rather than longitudinal, the failing group sizes were remarkably similar,
e.g. approximately 20% in the dyslexic zone and one third of the cohorts in the
disadvantaged group at Reception and in Year 7. The dyslexic zone at the secondary
school stage may seem large, but it included those who are often called ‘hidden’
dyslexics with spelling but not reading problems (dysorthographics).

4. Diagnostic and remediation interventions in the research

Data on ‘early marks’ on paper had been collected over a number of years
on visits to Reception classes for teaching supervision, appraisal and reading
research. As a result a pilot study in a London school was set up in 1997-1998. The
school was in ‘special measures’ and requested appraisal help. It was found that
the reading teaching method was entirely ‘Look and Say’ and the disadvantaged
backgrounds from which the children came offered little literacy support. In order
to redress the balance, a programme was written for them introducing MAPT, and
a teaching progression developed from the remedial TRTS [15] system. This was
based on the Hickey Multisensory Language Programme [40] that was in itself an
anglicised version of the Gllingham and Stillman [41] programme—the ‘Red Book’
edition.

This specialist programme would teach MAPT and word building from the
outset and cursive writing. The programme was called Developmental Spelling [20].
The pilot study was carried out in the school, which was already teaching cursive
writing. The school SATs results for 1997 and then 1998 after using the programme
intervention gave the following results (Table 4).

The maths scores show the potential of the children and some good teaching,
whereas the literacy scores show a need for some serious intervention. Although the
MAPT programme was devoted to spelling and achieved approximately 30% uplift,
it can also be seen to transfer to reading and give reading support with 10% uplift.
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1997 1998
Reading 46% 56%
Spelling 16% 44%
Writing 57% 58%
Maths 83% 85%

Table 4.
SAT: results for the FLane school.

Remedial programmes that did not give sustained attention to spelling were found
not to be able to give the 2-year uplift that was required [1, 26].

In the interim a series of government initiatives took place such as the National
Literacy Strategy (NLS, 1998) that failed and then Phonics First [11], which seemed
not to have the impact that had been expected. As a result any independent research
intervention in schools was not possible in that period except for some research proj-
ects by our MA students in independent schools. Their casework with dyslexics iden-
tified as falling behind in Reception even after the structured support found that they
usually had both dysgraphia and dyslexia—more complex needs. In their cases daily
individual tuition using the reading and spelling packs from Hickey MLC or TRTS for
the first five letters brought the pupil up to the level of peers [42]. Other pupils with
less severe difficulties were found to be able to move forward with the Developmental
Spelling programme alone and their normal class reading teaching methods.

Free writing of news as in the above examples, sometimes called ‘free-form,
‘emergent’ writing or ‘creative spelling’ [10] has the advantage over reading in that
the evidence it provides is concrete and records the child’s developing knowledge.
Although handwriting has been given little attention in English education in recent
years [43], it also appears to play a more important role in reading development
than has hitherto been understood as found in research with preliterate children by
James and Engelhardt [33].

They found that the initial duplication process mattered a great deal. When chil-
dren had drawn a letter freehand, they exhibited increased activity in three areas
of the brain that were activated in adults when they read and write. These were the
left fusiform gyrus, the inferior frontal gyrus and the posterior parietal cortex. It
showed that handwriting supports sound-symbol knowledge development and
provides another reason for using the MAPT training technique during the early
learning of letters and their sounds. Solity [44] found that children only needed to
learn a handful of sound-symbol associations to start them on their literacy learn-
ing. This is why it is essential to give them the training on /i/t/p/n/s/ because they
can be used to build 25 words.

A writing component in dyslexia remediation is also endorsed by studies that
showed spelling acquisition was greater when accompanied by writing activities
as opposed to reading alone [45, 46]. Remediation programmes such as the Hickey
Multisensory Language Course (HMLC) failed to give a 2-year uplift in each year
when the spelling pack work and dictations were omitted [47]. In relation to later
achievement, Berninger [48] found that the two best predictors of good composi-
tion in the later years were speed in writing the letters of the alphabet and coding
them (writing the symbols for the letter sounds).

The present research had begun in 2012 when state schoolteachers seemed to
become ready again to try new literacy initiatives. In this research having established
the nature of the spelling/writing difficulties in the 175 scripts, a rank order of
spelling skills was developed. Each script was analysed for the level of spelling skill
in relation to the scale as well as handwriting competence. A scale point of 5 was
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identified as critical in that it showed that the child had correctly just linked a sound
with its symbol and used it in writing, and it was termed a ‘phone’ to distinguish it.
It showed that a child had just begun to ‘crack the alphabetic code’ [49]. If this was
the case, then profiles of dyslexic development showed that he or she was unlikely
to become dyslexic. What was also found to be critical in dyslexics’ progress was to
build words, and this needed to be done from the outset of the programmes.

This new research offered an opportunity to test the effectiveness of the inter-
ventions using MAPT and word building with Reception (Foundation) Year and
Year 1 children. In this cohort of over 100 children from a coastal area in England,
it would be predicted that 10 of them would become dyslexic and at least 4 of
them would have severe dyslexia and would not be able to write legible, readable
messages by the time they were 7 years old, the traditional time when they might
be identified. In this area it had been found that one third of their feeder second-
ary school pupils had significant difficulties with spelling and 18.6% were in the
dyslexic category making more than 10 different errors per 100 words [38].

The eight teachers were sent a copy the Developmental Spelling Handbook as well
as the reports on each of their pupils as for Hana and Freddie below. They contained
a diagnosis of motor and spelling skill with suggestions on how the skills could be
improved. The 111 reports were sent to the schools’ learning managers in February
2013, late May 2013 and again in December 2014. The teachers could choose
whether or not to implement any of the ideas, and some seemed more proactive
than others in this respect especially the teacher of class Al. The results are shown
in Table 2. The teachers in Year 1 could also choose to follow up on the programme
based on the reports the results follow.

5. The follow-up study 2014

Two years later, in September 2014, the three State schools left in the project
provided another sample of their pupil’s writing on entry into Year 2. This time it was a
10-minute free writing ‘test’ on a favourite topic of the child’s choice. They were given
a few minutes to think and plan what they would write. Two schools A and C now
responded (N = 93 pairs of scripts). There were 4 Year 2 classes altogether, 2 classes
with 35 subjects from School A and 58 subjects from School C who had participated
in the original Reception year study. The hypothesis was that if the teachers had been
influenced by the reports and implemented some of the suggestions, instead of there
being 10 dyslexics per 100 subjects, there might be just 1 or 2 per 100 subjects. Example
profiles of two typical sets of reports are shown below for Georgia and Freddie.

Georgia: October 2012 copy writing (5): Copies all the words, good-sized writing
cannot fit it all in quite. Uses capital As and reverses form of ‘y’s. Brofeo for ‘brother’
indicates use of a phone so may have more in her repertoire if this can be explored.
May just have cracked the code although emergent writing does not show this. Has
two of the letters in her name ‘G’ and ‘A’ and some letter-like forms.

Emergent writing (3): Makes letters ‘¢’ and ‘0’ as letter shapes. Has not ‘cracked
the code’ here yet. Suggests focus upon teaching the two easy letters and their
sounds and names such as ‘i’ and ‘t” and shows how words can be built using them,
adding ‘¢’ and ‘o’ soon to help with writing her name.

Emergent writing b. March 2013 (9): ‘I think it is kuld in spias’ The meaning is
very clear. There are word spaces, and she is using whole word knowledge plus good
phonic skills. This suggests she has a good visual memory as well as phonic ability.
Good clear writing of a reasonable size, suggest encourage joining now.

October 2014 Year 2 free writing: Georgia wrote 112 words 11.2 w.p.m. above average
for the year group and made 7 misspellings 6.25%. No coordination difficulties noted.
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Freddie: October 2012 copy writing (1): Traces over the yellow letters with
variation in pressure and some wobble. Nearly manages to copy ‘I went’, but it
deteriorates to a very shaky and faint ‘w’ and an ‘e’ upside down followed by ‘t’ then
‘t’in ‘to’ and ends there (I went to the hospital). Shows coordination difficulties, so
will need strengthening, rhythm and pattern training to support the writing skill.

Emergent writing a (2): Makes one or two very large letters (F) and letter shapes
in aline. Has not ‘cracked the code’ but did appear to understand the writing task.

March 2013 emergent writing b. (2-3): He makes some very large letter shapes
(half a page long) that include ‘1) ‘F” and possibly ‘n’ The marks are shaky but clear
and in a line showing some development of motor skill and writing knowledge.
However coordination difficulties are still apparent, and he needs some direct
teaching to help him develop some basic phonic knowledge beginning with ‘onsets’
inreading and ‘I spy’ games.

His message is ‘Daddy, granddad, Nana, mummy, Keith, Joshy, Benben, Leo — we
all went on a holiday and took a picnic’. There is a sense of desperation here in that
his message is long, coherent and interesting, but his writing skills do not match
it. This mismatch makes him a candidate for dyslexia if he cannot ‘crack the code’
soon. Try articulatory phonics with onsets.

October 2014: Year 2: Wrote 52 words, 5.2 w.p.m., and made 14
misspellings—25.93%.

Coordination difficulties noted in (a) and (b). Writing speed is significantly
below average for this age group. It should be seven to eight words per minute.
Spelling is in the dyslexic range but mainly likely to be because of the delays caused
by his coordination difficulties.

Ninety-three matched pairs of scripts were identified and analysed. The overall
totals for the two schools on entry to Year 2 are as follows:

* Mean writing speed was 6.91 words per minute
* Mean spelling error rate was 12.9 per script

Mean writing speeds of students in schools were found to be 1 word more than
their chronological age [5, 50]. The results in Table 5 show that the disadvantaged
groups were writing more slowly than the mean for their age group and the advan-
taged groups were writing faster. This is one more reason why the disadvantaged
groups will be prone to underachieve in school and university [48].

To test the predictive value of the spelling scale, the scores were added together
for F1 and F2 emergent writing and tested against the spelling error scores of
the same pupils in Year 2, as well as their words per minute; the Spearman’s rho

Nos. w.p.m. Sp errors Sp err %
Means Means

School Al 18 5.57 1341 22.4%
School A2 17 5.66 14.34 25.7%
Totals 35 5.61 13.88 24.0%
School C1 33 793 14.61 18.26%
School C2 25 7.76 9.28 12.67%
Totals 58 7.86 12.31 15.47%

Table 5.
Writing speed and spelling vesults from year 2 (N = 93).
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correlations were significant at the p < 0.01 level for free-form writing and spelling
(+0.58) and (+0.51) accounting for 29 and 25% of the variance. The correlations
between words per minute and early spelling skills were not significant except

for Class C2 (+0.48). This suggested an approach to teaching writing that valued
correct spelling over encouraging developmental spelling. Or it was possibly an
idea held by the children that it was more important to get things right than to learn
from error. This may well be a disadvantaging approach in years to come in problem
solving contexts. It may also be a consequence of lower social status rearing tech-
niques as well as teacher attitude.

At the end of Year 2, the schools taking part in the Writing Research Project were
entered for the national SATs, and the results are shown in Table 6. In 2015 the 2014
SATs results from the three local schools were collected from the Government Website.

The percentages are of children reaching Level 2 at Key stage 1 in the three
schools. The project children in all three schools showed significant improvements
in their results compared with the three previous years. The literacy improvements
in the low socio-economic status schools (SES) A and B were in the region of 30%
and 10% in the already high scores of the advantaged school C. It suggests that the
teachers in these schools had implemented some of the techniques and this had
benefited the children through the end of the Reception year and into Year 1. SATs
results of other schools in the area did not show significant uplifts such as these.

After 19 months the main factors affecting the cohort’s achievements were
residual coordination difficulties, legibility and orthographic spelling problem:s.
The analysis of the scripts also revealed some factors about the current teaching
methods in the schools. It showed that ‘Phonics First’ and synthetic phonics were not
much in evidence. Guided letter formation and the use of lines to write on would be
prominent in a list of advisory points as well as removing tracing and copying from
the schools’ agenda. Of all the scripts from the Year 2 classes, only one was the least
decipherable and contained the most primitive spelling. It is typical of spelling seen
in the scripts of older or recovering dyslexics entering the alphabetic phase.

In this cohort it was expected that at least 10% would show dyslexic spelling
difficulties by the time they reached Year 3 and at least one would be a non-reader
and writer like Steven in Figure 2 above, but this has not proven to be the case,
and it is proposed that it was the early attention to ‘phones’ and word building that
helped prevent this. However there was one boy who had handwriting and spelling
problems in the alphabetic dyslexic phase.

He wrote at a speed of 4.9 words per minute, which is significantly slower
than for the Year 2 age group as a whole (e.g. 7-8 w.p.m.). The script was faint and
variable in pressure indicating coordination difficulties. His spelling showed he had
cracked the alphabetic code later than other pupils and was just beginning to use
it to communicate his ideas. He needed systematic direct teaching of word build-
ing using the basic sounds i/t/p/n/s and following the rest of the Developmental
Programme.

2011 2012 2013 2014 2014
Reading Writing Maths
School A 35% 47% 48% 78% 85% 80% 66%
School B 37% 37% 50% 66% 76% 78% 46%
School C 77% 87% 88% 96% 95% 98% 96%

Table 6.
Key stage 1 SATS results for the three project schools.
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Figure 6.
Examples of the range of skills on entry to reception.
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Since these pilot studies were completed, funded research in other countries
has emerged that supports the underlying principles. For example, Suggate et al.
[51] tested 144 German preschoolers (kindergartners) age 6.1 years before reading
instruction took place. They were tested on a wide range of cognitive and skills
items including fine motor skills (FMS); graphomotor skill, a Greek letter copying
task; and writing—they wrote their names and were read 7 letter names to write,
and literacy was tested.

They found that the best predictor of decoding (reading) was the ability to copy
letters. The study showed that children who could write not only could read better
but that early reading went hand in hand with writing. In an earlier study [52],
writing letters was shown to be more effective in literacy acquisition than pointing
at letters, confirming that implicit transfer from reading to spelling is lower than
from spelling to reading.

Ehri’s [17] research showed that when there is a basic phonetic structure,
children begin to map correct spellings onto this, and this can be seen happening
in various scripts in Figures 4-6. It shows how important reading is to spelling and
writing is to reading and that it is unwise to use only one teaching method especially
in the early stages. The ‘Phonics First’ approach when teachers might try to teach
all the sounds before they teach word building or rush pupils on over the phonics
ground before they have broken the code is to disadvantage them. Equally delaying
the use of Look and Say for reading can also be disadvantageous.

6. Conclusion

In this research how to identify dyslexia in young children a few weeks after
their entry to school was shown. It involved discovering if they had understood
and could use the alphabetic principle and then giving specific training to those
who had not. Pilot studies had shown that this could be effective, and the results
in this study confirmed this. Later school SATs showed that the schools in the
disadvantaged areas had undergone an uplift of 30% in literacy over previous
years as a result of the intervention. In literacy learning pupils will proceed at
different rates and steps, and stages will become blurred. It makes research into
literacy acquisition through the single lens of reading impossible for resolving
the dyslexia problem. What cannot be ignored is the role of implicit learning in
literacy [53, 54] and for teachers to take account of this when children arrive at
school in order to build upon the knowledge. The free-form writing task enabled
this to take place.

The design and use of a spelling rating scale enabled the targeting of teachers’
attention to developing ‘phones’ for use by particular children in both reading and
writing. The use of ‘phones’ or lack of ‘phones’ in the children’s scripts enabled the
teachers to intervene and promote them. The intervention strategy was MAPT to
overcome any barrier that might be preventing some of the children from easily
acquiring alphabetic knowledge. The strategy also identified the severe dyslexic
who should have been put on a specialist programme, preferably in the last term in
Reception.

The reason that this study is significant is that not only does it identify the lit-
eracy of dyslexic and disadvantaged children but that it shows an intervention that
can help them overcome their problems. What needs to be investigated thereafter is
that if freed from the deficit at an early stage, their literacy can develop normally as
teens and adults.

What is now needed is funded research that can train teachers in the technique.
This would involve a 2-hour training workshop and then the implementation
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monitored and the children followed through the elementary school years to evalu-
ate the system in a large replication study. It is expected that this could be extremely

cost-effective in human and financial terms both in the short and long term and
help overcome the most common learning disability—dyslexia.
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Chapter 5

The Heterogeneity of
Reading-Related Difficulties in
Chinese

Connie Suk-Han Ho, Edmond Hong-Kei Cheung
and Jocelyn Ching-Yan Kwok

Abstract

The present chapter reviews cognitive-linguistic skills which are associated with
various reading-related difficulties in Chinese. Research findings have showed that
rapid naming and orthographic deficits are the unique marker deficits of Chinese
developmental dyslexia. However, studies have indicated overlapping and dissocia-
tive deficits in dyslexia and spelling difficulties. Findings on dissociation between
word reading and spelling difficulties suggest that weaknesses in orthographic
processing may specifically cause difficulties in Chinese word spelling. Deficits in
rapid naming are more associated with word reading fluency than reading accuracy.
Beyond word level processing, there are children who encounter difficulties in read-
ing comprehension even with adequate decoding skills. This group of specific poor
comprehenders was found to be weak in some discourse-level skills, like compre-
hension monitoring and inferencing. Knowledge of these findings will inform us
about effective identification of and intervention for children with difficulties in
one or a combination of several reading-related difficulties in Chinese.

Keywords: cognitive-linguistic profile, dyslexia, spelling difficulties,
reading comprehension difficulties, Chinese

1. Introduction

At least 10% of individuals may encounter disorders in oral and/or written
languages, and this may hamper their long-term learning, social and psychological
well-being. Since reading and writing are language-based activities, impairments on
reading and writing may be rooted in some language difficulties. According to the
Simple View of Reading [1, 2], decoding and language comprehension are the two
core components of reading comprehension with empirical support in alphabetic
(see Florit and Cain’s meta-analysis study [3]) and non-alphabetic writing systems
like Chinese (e.g., [4, 5]). This framework is also useful for classifying various types
of reading difficulties. Dyslexic children are often found mainly to have decoding
problems, while poor comprehenders have difficulties in language comprehension
(e.g., [6, 7]). There appears to be differential impairments in decoding and compre-
hension skills in different poor reader groups (e.g., [8, 9]). The present chapter will
discuss the heterogeneity of reading-related difficulties in word reading, spelling,
and reading comprehension among Chinese readers.
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2. Cognitive profiles of reading and spelling difficulties in Chinese
2.1 Developmental dyslexia: decoding difficulties in Chinese

About a century ago, developmental dyslexia (DD) was called “word blindness,”
which suggested that for some unknown reasons individuals having this disorder
could not recognize words efficiently like people having blindness. Generally speak-
ing, around 3-5% of the school population in a Western country has DD, a severe
and persistent difficulty in reading and spelling, which is not a result of any apparent
intrinsic or extrinsic causes. Research findings have informed us that DD is a specific
genetic language-based disorder and at-risk children may have difficulties learning
the spoken language before they formally learn to read. Although there are genetic-
basis and neurological differences in DD, our discussion in the present chapter will
mainly focus on the cognitive functioning of individuals with reading difficulties.

For people with DD reading an alphabetic writing system, their major cogni-
tive deficits appear to be phonologically based. When reading an opaque language
like English, DD readers tend to have weak phonological awareness particularly
at phonemic level and in reading nonwords [10-12]. On the other hand, DD read-
ers of more transparent alphabetic systems like Spanish and German, deficit in
rapid naming of familiar visual stimuli, instead of phonological awareness, has
been found to be a core cognitive deficit (e.g., [12-14]). One possible reason is that
with highly regular grapheme-phoneme conversion rules, reading these transpar-
ent writing systems does not require strong sensitivity in phonemes as in opaque
systems. However, fluent and automatic name retrieval is especially important for
reading transparent scripts, especially in reading long words.

There has been an early belief that DD is only a problem for people who speak
a Western language (e.g., English, German, and Italian). Early surveys reported a
very low incidence of DD among Asian populations (e.g., [15-17]). However, cur-
rent research findings inform us that children who speak an Asian language (e.g.,
Chinese, Korean, and Japanese) also have difficulties in reading (e.g., [18-20]).
Since Chinese is the major non-alphabetic language with the largest reader popula-
tion in the world, we would like to understand whether people with DD in Chinese
show a cognitive profile different from those reading other alphabetic languages.
Before we discuss the cognitive profile of Chinese DD, we will first give a brief
account of the Chinese writing system below.

The Chinese writing system is famous for its visually complex orthography. The
basic graphic unit in Chinese is a character, and characters are made up of different
strokes. In terms of visual complexity, the average number of strokes of 2000 com-
monly used Chinese characters is 11.2 for the traditional script used in Hong Kong
and Taiwan, and 9.0 for the simplified script used in mainland China [21]. Strokes
are combined to form stroke-patterns (also called radicals) which may give meaning
or sound cues to a character. There are a large number of orthographic units (about
200 semantic radicals and 800 phonetic radicals in Chinese characters [22]) as well
as different degrees of positional, semantic, and phonological regularities for these
orthographic units.

In terms of phonological structure, Chinese language is special for its monosyl-
labic nature and its presence of lexical tones, unlike alphabetic languages which are
most often multi-syllabic and non-tonal. Each Chinese character is pronounced as
a syllable with a fixed grouping of onset, rhyme, and tone. Each Chinese character
also represents a morpheme and a much greater proportion of words in Chinese are
formed by compounding (e.g., “foot-ball,” “basket-ball,” “hand-ball,” etc.) than in
European languages like English. The Chinese writing system is therefore visual-
orthographically complex, and more meaning-based than sound-based.
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According to the “triangle” model of word reading [23], reading words primarily
involves the computation of three types of codes: orthographic, phonological, and
semantic. Therefore, orthographic skills, phonological awareness, phonological
retrieval, and morphological awareness have been found to be important for word
reading both in Chinese and in English [24-28]. It is reasonable to expect that hav-
ing deficits in these cognitive areas may lead to DD. With the specific characteristics
of the Chinese writing system, we would like to identify the cognitive markers
which may cause DD in Chinese.

So what constitutes a unique marker deficit for DD? We consider that the marker
deficits have to be present only in DD but not in other learning or developmental
disorders, for example, specific language impairment or attention-deficit/hyperac-
tivity disorder (ADHD)), etc. There may be some common cognitive deficits shared
among associated disorders but cognitive deficits unique to DD may better inform
us about etiology of the disorder.

Given the orthographic complexity and salience of word compounding morphol-
ogy in Chinese, orthographic deficits and morphological deficits are expected to
be potential candidates of cognitive markers of Chinese DD. Ho and her colleagues
have reported that an orthographic deficit and a rapid naming deficit are the major
reading-related cognitive deficits in Chinese DD [29, 30]. They have suggested that
Chinese dyslexic children show problems in learning orthographic regularities and
developing stable and strong orthographic representations that allow rapid retrieval.
Although orthographic difficulty may also be found in some English children with
dyslexia, this difficulty is more dominant among Chinese dyslexic individuals.

Other studies have shown that morphological awareness is an important predic-
tor of reading success and failure in Chinese (e.g., [31, 32]). For instance, morpho-
logical awareness was found to contribute significantly and uniquely to Chinese
character reading in kindergarten and grade 2 children, even after controlling for
the effects of age, phonological awareness, speeded naming, and vocabulary [27].
Chinese dyslexic children were also found to perform significantly less well than
age controls in morpheme production and judgment [32]. Morphological awareness
appears to be more important in learning to read Chinese than in learning to read
alphabetic languages [31].

To address the issue of unique marker deficits in Chinese DD, we may look into
studies which compare the cognitive profile of DD with other learning or develop-
mental disorders. However, this issue was not well examined in past studies. Among
the few relevant studies, Ho and her colleagues compared some reading-related
cognitive skills in children with different learning or developmental disorders,
namely DD, ADHD, developmental coordination disorder (DCD), and borderline
intelligence (BI) [33]. They reported that the DD-only group was most impaired in
orthographic processing and rapid naming than all other pure groups. They sug-
gested that these two cognitive deficits were unique marker deficits for Chinese DD.

Another study compared some cognitive skills of Chinese first graders with
DD, specific language impairments (SLI), and DD + SLI [34]. They reported that
orthographic skills and rapid naming were associated with dyslexia; phonological
memory and morphological awareness were associated with SLI; and phonologi-
cal awareness was associated with both. In other studies of lexical tone awareness,
both children with DD [35] and children with SLI [36] were found to be weak in
tone discrimination and production (a unique phonological feature of the Chinese
language). Findings of these studies together appear to show that orthographic
deficit and rapid naming deficit are unique marker deficits of DD in Chinese, but
morphological or phonological deficit is probably not.

Morphological awareness is first developed in oral language when a child begins
to pay attention to how some meaning units (morphemes) can be combined to form
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different words. Like other oral language skills, morphological awareness may affect
development of word reading. However, morphological deficit may be rooted in
some language impairments, for example, SLI, instead of a unique cognitive deficit
of DD in Chinese. Therefore, difficulty in learning and remembering complicated
orthographic patterns and automatic retrieval of arbitrary script-sound associations
appear to be unique marker deficits in Chinese DD. This matches well with the char-
acteristics of the Chinese writing system. Since studies on this topic is scarce, more
future studies are required to validate this tentative conclusion.

2.2 Dissociation between reading and spelling difficulties in Chinese

Apart from exploring the various marker deficits of DD in Chinese, investiga-
tion of manifestations of other reading-related difficulties in Chinese also enhance
our understanding of literacy acquisition and difficulties in Chinese. While DD is
defined as decoding difficulties (i.e., word reading difficulties), it has an entangled
relationship with “encoding” difficulties (i.e., difficulties in spelling). In both
research and practice, the concept of “dyslexia” is often conveniently conceptual-
ized as difficulties in both reading and spelling (e.g., [37-39]). Although reading
and spelling are highly associated skills, the observed developmental asynchrony of
the two skills indicates that they could be non-parallel processes with two partially
independent systems [40]. Studies on the dissociation of reading and spelling diffi-
culties have attempted to identify differences between the two systems and provide
us with a more comprehensive understanding of reading-related difficulties.

Research has shown that some children experience reading difficulties without
having spelling difficulties [41] or vice versa [42]. The prevalence of such dissoci-
ated difficulties varies across languages. For Finnish, an orthographically transpar-
ent language, it is estimated that 3% of the children have both reading and spelling
difficulties (RSD), 1.8% of the children have reading difficulties only (RD), and
2.1% of them have spelling difficulties only (SD). The estimated prevalence rates of
RSD, RD, and SD observed in Finnish children are comparable among each other
[43]. In contrast, in a study of French users, a relatively less transparent orthogra-
phy, Fayol et al. [44] have identified a much lower prevalence of RD and SD (both
around 4%) as compared with the estimated prevalence of RSD (17.6%). Mixed
results were found in studies on languages with high grapheme-to-phoneme consis-
tency (forward regularity) and low phoneme-to-grapheme consistency (backward
regularity). Reading is argued to be easier than spelling in these languages because
of such asymmetry between forward and backward regularity [45]. As expected,
Manolitsis and Georgiou [46] found more SD (8.1%) than RD (5.1%) in their
sample of native Greek-speaking children. However, the estimated prevalence
rates of SD and RD were comparable in Moll and Landerl’s [47] study (SD: 7%; RD:
6.4%) and Wimmer and Mayringer’s [41] study (SD: 3.4-5.1%; RD: 4.3-6.4%) with
native German-speaking children. Both Greek and German are considered to a high
forward regularity (Greek: 95.1%; German: 84%; English as a comparison: 70%)
and a relatively lower backward regularity (Greek: 80.3%; German: 47%; English
as a comparison: 28%) [41, 46]. Although a larger discrepancy is observed between
forward and backward regularity in German, a smaller difference has found
between the estimated prevalence rates of SD and RD in German-speaking samples.
Such observation does not fully support the hypothesis of Manolitsis and Georgiou
[46] that difference in forward and backward regularity has a direct relationship
with the resulting prevalence of dissociated difficulties. While the effect of ortho-
graphic depth on reading and spelling dissociation is inconclusive, it is evident that
much lesser is known about orthographically opaque languages. Under a strict defi-
nition, Chinese is not considered as an “opaque orthography” because Chinese is not
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alphabetic [48]. However, similar to an opaque orthography, Chinese has a very low
sound-to-symbol correspondence compared with other languages [49]. The exami-
nation of reading and spelling dissociation phenomenon in Chinese complements
our understanding of literacy acquisition and difficulties across languages.

The estimated prevalence rates of RSD, RD, and SD among Chinese primary
school children are 9.2, 7, and 6.6%, respectively, according to a recent study with
arepresentative sample of Hong Kong grade 4 to grade 6 children [50]. The RSD
group was found to perform significantly worse than an age-matched control group
of normally achieving children in all the cognitive-linguistic skills measured in
the study, including rapid naming speed, phonological memory, morphological
awareness, and orthographic skills. All three groups with difficulties were found to
perform worse in linguistic comprehension (syntactic skills and discourse skills)
when compared with the control group.

The SD group only fell behind the control group in orthographic skills and no
significant differences were observed between the two groups on other domains of
cognitive-linguistic skills. The SD group also performed the worst on orthographic
skills among all four groups in the study. Consistent with past findings, this result
supports the essential role of orthographic processing in spelling and impairments
in developing efficient orthographic skills and quality orthographic representation
may lead to SD. Frith [42] has observed that English-speaking children with SD
have a habitual inattentiveness toward words. She has proposed that such inatten-
tiveness may lead to inefficient processing of orthographic information and result-
ing in an incomplete mental representation of orthographic information, which
may be sufficient for reading but not for spelling. Holmes and Quinn [51] have also
reported converging evidence indicating inefficient processing of orthographic
information in English-speaking individuals with SD. Cheung [52] has replicated
Frith’s [42] experiment and has found support for both the inefficient orthographic
processing hypothesis and the habitual inattentiveness hypothesis in Chinese-
speaking children. Consistent with findings from Cheung [50], the SD group in
Cheung’s [52] study showed no deficits in rapid naming speed or phonological
memory. The reported distinctive pattern of deficits of SD highlights a possible
independent spelling system in Chinese, which calls for a need for further research
on spelling development and difficulties.

The RD only group was found to have difficulties in morphological awareness,
phonological memory, and a mild inadequacy in orthographic processing, but not
in rapid naming speed [50]. Naming speed deficit is a unique marker deficit for DD
in Chinese, it is also consistently found to be present in RD for alphabetic readers
[41, 43, 44, 53]. The absence of naming speed deficit in the RD group of Cheung
[50] study could partially be explained by differences in measures used in defining
the groups. A reading accuracy measure was employed to assess children’s reading
ability in Cheung’s [50] study while the studies on alphabetic readers mentioned
earlier used reading fluency measures with/without the addition of reading accu-
racy measures to assess reading skills of participants because reading accuracy
measures are often found to be insensitive in languages with high grapheme-to-
phoneme consistency [47]. DD in studies of Chinese is often defined with measures
on reading accuracy, reading fluency, and spelling (e.g., [29, 30]).

Cheung’s [50] study has also reported another analysis using a combined score
of reading accuracy and reading fluency for measuring reading ability. The result-
ing SD group and the RSD group were found to demonstrate similar characteristics
for using reading accuracy score only as the definition. In contrast, the new RD
group was found to be slower in naming speed and weaker in morphological aware-
ness when compared with the control group, and the difficulties in phonological
memory were no longer observed. The presence of naming speed deficit in the new
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RD group but not in the original RD group of this study supports past findings of a
stronger association of naming speed with reading fluency but a weaker association
with reading accuracy in both alphabetic languages [54] and Chinese [55]. However,
it is noteworthy that the participants in Cheung’s [50] study are senior graders.
Rapid naming, reflecting both paired-associate learning ability and automatic
retrieval, may be more associated with word reading accuracy in Chinese junior
graders, and with word reading fluency in senior graders.

Conversely, phonological memory deficit was presence in the RD group categorized
with reading accuracy measure but not the RD group identified with a combined read-
ing score. Phonological memory is considered to be particularly important in Chinese
literacy acquisition because of the emphasis of paired-associate learning in learning
Chinese characters [30]. Chinese has a much lower grapheme-to-phoneme correspon-
dence and a much larger pool of distinct graphemes to learn when compared with
alphabetic orthographies [49]. Therefore, efficient storage of phonological information
would be crucial for learning to read Chinese as the phonological cues from grapheme
are relatively ineffective and more associations are needed to be learnt. In Cheung’s
[52] study on reading and spelling dissociation, he showed that phonological memory
has a unique contribution to reading accuracy but not to spelling. These results suggest
a unique role of phonological memory on the development of accurate word recogni-
tion in Chinese but may play a lesser role in reading fluency and spelling accuracy.

Under both reading assessment conditions of Cheung and colleagues’ study;,
morphological awareness deficit was only found in the RD group and the RSD
group but not in the SD group [50]. Morphological awareness was considered to be
one of the core cognitive constructs that predict both reading and spelling abilities
in Chinese [32, 56]. The absence of morphological awareness deficit in the SD group
diverges from our current understanding of the relationship between morphologi-
cal awareness and spelling development in Chinese. Such a discrepancy indicates a
need for further research on the topic.

The distinctiveness between the cognitive profile of RD and SD in Chinese sup-
ports the hypothesis of two partially independent systems for reading and spelling.
Although there may be some degree of overlap, somewhat different cognitive-
linguistic skills are required in acquiring and developing the skills in reading and
spelling Chinese words. The non-coinciding profile of deficits of RD and SD reveals
the relative importance of morphological awareness and phonological memory on
reading and orthographic processing on spelling in Chinese. Naming speed deficit
appears to be more associated with word reading fluency than reading accuracy
in Chinese. Findings of dissociation studies have enlightened us about the specific
roles of some cognitive-linguistic skills on reading and spelling. These conclusions,
however, are tentative and further research is required.

2.3 Reading comprehension difficulties in Chinese

Beyond the decoding level, some children experience difficulties in compre-
hending text. Decoding and reading comprehension processes are inter-related
to some extent. Decoding and language comprehension are two important com-
ponents of reading comprehension as specified by the Simple View of Reading.
A number of studies showed that reading comprehension difficulties of children
could be attributed to problems in lower order processing, such as word recognition
accuracy and speed of word processing although the underlying cognitive processes
could be different regarding the types of script of different languages (e.g., [5,
57-59]). In particular, word recognition is more dependent on phonological skill
in English than in Chinese as Chinese exhibits a relatively lower word-to-sound
correspondence as mentioned earlier [60, 61].
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Apart from decoding skill, research in alphabetic languages stressed the impor-
tance of language comprehension, defined as “the ability to comprehend spoken
language” ([62], p. 369), in reading comprehension. Syntactic awareness, discourse
skills, and vocabulary knowledge are the major oral language skills that consistently
found to affect reading comprehension even after controlling for word recognition
(e.g., [63, 64]). For example, Mokhtari and Thompson [65] examined the rela-
tionship of syntactic awareness and reading comprehension performance of fifth
graders and found that children’s understanding of grammatical structure directly
related to reading comprehension performance with a» = 0.70 correlation. Another
study done by Griffin et al. [66] indicated that oral discourse skills of preschoolers
is a significant predictor of reading comprehension performance in later years. In
addition to syntactic and discourse skills, vocabulary knowledge is also associated
considerably with reading comprehension [67, 68]. Ouellette [68] found that depth
of vocabulary knowledge significantly predicted reading comprehension of fourth
graders. Furthermore, the amount of receptive and expressive vocabularies a child
acquired is linked to decoding proficiency [68].

Research regarding reading comprehension in Chinese suggested that lan-
guage comprehension skills important for reading comprehension in alphabetic
language systems are equally important for Chinese [5, 59, 69]. A model of
reading comprehension in Chinese was constructed by Yeung and colleagues
[5] through examining the contribution of several reading-related and language
comprehension skills, including rapid naming, morphological awareness, ver-
bal working memory, syntactic skills, and discourse skills, to Chinese reading
comprehension. Results showed that syntactic and discourse skills predicted
Chinese reading comprehension similar to that in alphabetic languages. However,
discourse skills measured orally through story-telling and picture arrangement
was not as predictive as discourse skills assessed in written format to reading
comprehension [5]. One possible reason suggested by the authors was that oral
Cantonese and written Chinese were less consistent than many alphabetic lan-
guages [5]. Other than syntactic and discourse skills, oral vocabulary was also
found to significantly predict reading comprehension of Chinese children. For
instance, Chik et al. [69] found that oral vocabulary was a strong predictor of
Chinese reading comprehension for children in junior grades although its contri-
bution reduced from senior grades onwards. Altogether, these studies suggested
reading comprehension difficulty is not only limited to decoding of scripts but
is also highly related to individuals’ language comprehension skills no matter in
alphabetic languages or Chinese.

Despite the clear links between decoding, language comprehension and reading
comprehension, recent research suggested that reading comprehension difficulties
could not be merely explained by the decoding efficiency and oral language skills.
In fact, researchers found that some children demonstrated adequate decoding skills
but still experience difficulties in reading (e.g., [9, 58, 70, 71]). Such word reading
and comprehension dissociation have been recently referred to as specific reading
comprehension difficulties (S-RCD). In a review done by Landi and Ryherd [72],
adolescents with S-RCD displayed weakness in oral language specifically in vocabu-
lary and grammatical processing. Spencer and Wagner [62] conducted a meta-
analysis to further investigate the language comprehension skills of children aged
4-12 with reading comprehension difficulties as compared with typical readers. The
sample was a mixture of alphabetic and non-alphabetic language speakers with a
majority of the data involved English speakers. The results revealed that although
the language comprehension skills of children with S-RCD were relatively weak,
such weakness could not fully account for the reading comprehension problems,
which was found to be more severe than the language comprehension problems [62].
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Thus, the specific reading comprehension problems might involve skills beyond the
scope of the Simple View of Reading.

Another branch of research investigated the contribution of higher order
language skills to reading comprehension which is not theorized in the Simple View
of Reading, such as the processing of prosodic information, comprehension moni-
toring, and inference-making (e.g., [73-79]). For instance, reading comprehension
could be impaired if individuals fail to recognize appropriate prosodic features and
construct meaningful oral expression [80]. Among the many contributors, com-
prehension monitoring—an individual’s ability to “evaluate his/her understanding
of information” [78]—stands out to be uniquely associated with S-RCD. Children
with S-RCD was found to be less sensitive to inconsistency and ambiguity in texts
than typical readers that they were less able to identify unreasonable information
embedded in a passage [73]. Furthermore, they did not display typical slowing
in eye movement when encountered ambiguous words in passages as found by an
eye-tracking study done by van der Schoot and colleagues [81]. Although some
researchers found that individuals with S-RCD exhibit weak inferencing skill—the
ability to integrate sentence meaning and make logical deduction—other research-
ers argued that the inference failure of S-RCD may be more related to the automa-
ticity in integrating information and language comprehension weakness than a
deficit in inferencing ability [72, 82]. Thus, the contribution of inferencing skills to
S-RCD is yet to be explored.

One important issue to note is that research specifically focused on S-RCD in
Chinese is relatively scarce. Zhang et al. [59] attempted to search for the early pre-
cursors of reading comprehension difficulties in Chinese children and found that
poor comprehenders did not necessarily exhibit word reading deficits, especially
later in the development. Thus, they concluded that similar to previous findings on
alphabetic language, S-RCD might be present in Chinese but further exploration is
needed given some major differences between Chinese and alphabetic languages,
such as route of semantic access and processing of grammatical information [59].

To conclude this section, reading comprehension difficulties are multifaceted
and heterogeneous in nature. The difference in the manifestations of reading
comprehension difficulties could be traced to multiple distinct roots, from word
decoding, oral language to higher order language processing, such as comprehen-
sion monitoring. Yet, the heterogeneity of reading comprehension difficulties in
Chinese remains to be explored in the future.

3. Conclusions

We have reviewed in this chapter the causes and patterns of reading, spelling,
and comprehension difficulties in Chinese are heterogeneous. Various research
findings together have suggested that rapid naming and orthographic deficits
are the unique marker deficits of DD in Chinese. Since DD has been defined by
impairments in word reading accuracy, reading fluency, and spelling in Chinese,
research on the dissociation between word reading and spelling difficulties has
enlightened us about the specific mechanism of word reading and spelling develop-
ment. Research findings so far suggest that weaknesses in orthographic processing,
including inattentiveness to word details, inefficient orthographic processing, and
incomplete mental representation of orthographic information, may specifically
cause difficulties in word spelling in Chinese. Deficits in automatic name retrieval
appear to be more associated with word reading fluency than reading accuracy in
Chinese. This is especially true for senior graders who may have learned a basic set
of written characters and are beginning to develop automaticity in retrieving the
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characters for higher level processing, like understanding syntactic relationships
and text comprehension. Inefficient word decoding and weak oral language skills
(e.g., morphological awareness, vocabulary knowledge, syntactic skills, and dis-
course skills) have been found to contribute to difficulties in text comprehension.
However, some discourse-level skills may contribute to reading comprehension in
addition to these two components of the Simple View of Reading. We believe that
knowledge about the specific associated cognitive-linguistic skills for word reading,
spelling, and text comprehension will inform us how to effectively identify children
early with various reading-related difficulties and design timely and appropriate
intervention for each specific group.
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Chapter 6

Students with Mathematics
Learning Disabilities and Their
Ways of Thinking in Fraction
Learning

Suprih Widodo and Trisno Ikhwanudin

Abstract

This chapter presents the result of research on ways of thinking of students
with mathematics learning disabilities in fraction learning. We conducted a class of
fraction learning with Lesh translation model. From the class discussion, interview,
and students’ work, we then explore the students’ ways of thinking when they learn
fraction. In the class, students with mathematics learning disabilities perform two
mental acts with corresponding ways of thinking and ways of understanding; those
are interpreting and problem-solving. We find some interesting findings and they
are: (1) students know the common denominator method in the addition of fractions;
however, they incorrectly apply the method; (2) students use the common denomi-
nator approach (for fraction addition) in the multiplication of fraction; and (3) in the
division of fraction, students mistakenly apply the invert multiply algorithm.

Keywords: students with mathematics learning disabilities, fraction learning,
ways of thinking

1. Introduction

We may have heard the case of a student having difficulty in mathematics, but
the student does not experience obstacles in other subjects in school. After further
observation, it turns out that the IQ of the student was at an average level even
above average. For cases like this, the student can be suspected of having dyscalculic
symptoms or mathematics learning disabilities (MLD). Based on the results of the
study, the number of people with MLD according to Strauss is 5-8% of school-age
children [1], while according to Adler, the number of people with dyscalculia is
5-6% of all children [2].

Research on dyscalculia is still ongoing. Researchers, especially in the United
Kingdom and the United States continue to conduct studies to study dyscalculia in
greater depth. Therefore, the understanding and understanding of dyscalculia will
continue to develop. The following are some of the dyscalculia definitions issued
by both formal institutions and individual researchers. Definition of dyscalculia
issued by the National Center for Learning Disabilities is as follows: dyscalculia is
a term related to learning difficulties in mathematics. Although learning barriers
differ from person to person, the general characteristics are as follows: difficulty in
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numerating, learning numbers, and doing mathematical calculations; difficulty in
measurement, showing time, counting money, and estimating the number; prob-
lematic in mathematical intelligence and problem-solving strategies [3].

In general, dyscalculia is an umbrella term used for various difficulties in learning
mathematics, such as developmental dyscalculia, mathematical difficulties, diffi-
culty learning numerical concepts, and difficulties about learning number concepts.

There are many studies that discuss MLD students, with a different research
focus: first, the research that focuses on the identification or criteria of MLD
students; second, the research that focuses on how MLD students think in learning
mathematics; and third, the research that focuses on finding solutions to learning
mathematics in MLD students. The detailed of the research focus is as follows:

1.1 Research that focuses on the identification or criteria of MLD students

The study of the identification and criteria of MLD students has been carried out by
several researchers, including the following: Geary described dyscalculia as a numerical
and arithmetic difficulty caused by brain injury; he uses this term to describe a popula-
tion of 5-8% of school-age children who have a cognitive disorder that affects their
ability to learn concepts or procedures in one or more areas of mathematics [4].

Next the opinions of several experts about the criteria of MLD students will be
described:

* students with an average IQ whose standardized test scores are below the 20th
or 25th percentile [4];

* slower and often make mistakes in processing the representation of numbers,
for example, the symbol number “3” and the equivalent of the non-symbol

‘00 e [5];

* make mistakes in comparing and estimating numbers [6];

» wrong in doing arithmetic calculations [7]; and

* wrong in solving numbers problems that are very easy, for example, 4 x 5 = 20 [8].

The researchers identified students with MLD using standardized test results,
for example, the Woodcock-Johnson Test of Achievement and the Wide Range
Achievement Test, by looking at students who were below the 20th or 25th percen-
tile [9]. Lewis further tightens the criteria for identifying MLD students, which
combines the following three criteria:

* students score below 25th percentile on standardized mathematics tests;

* the results of observations and interviews revealed that there was no influence
of environmental or social factors on students’ inability in mathematics; and

* after being given treatment, the effect of the treatment on increasing math-
ematical ability is very less. To find this out, Lewis made a comparison with a
control class whose members were not MLD students [10].

In identifying students with MLD, Lewis [9] suggests that if researchers use

self-developed identification instruments, it is also necessary to include the results
of standardized measuring instruments as a comparison. The next suggestion is
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to apply a cutoff under the 10th percentile; observing longitudinal data showing
that learning difficulties in mathematics are long-standing, and researchers must
distinguish the difficulty of learning mathematics is the result of cognitive or non-
cognitive factors. To do this it is recommended to conduct a demographic analysis of
the respondents, for example, socioeconomic status, ethnicity, and mother tongue.
This can also be done with qualitative methods, such as interviews, questionnaires,
observation of students, parents, and teachers, to find out the factors that lead to
the low mathematical achievement of students.

1.2 Research that focuses on MLD students’ way of thinking in learning
mathematics

The study of how MLD students think in learning mathematics has been carried
out by several researchers, including the following:

Lewis states that students with MLD have a different mindset in understanding
fractions, she looked at students with MLD does not mean they have deficiencies
in understanding the concept of fractions, but there are differences in the way of
thinking in understanding fractions [11]. Then Lewis states that students with
MLD experience obstacles in learning fractions, especially on the topic of fraction
comparison, both fraction comparisons with the same denominator, as well as in
fractions comparisons involving fractions of half; in this study Lewis suggested
examining students’ understanding of the quantity of fractions [12].

Hunt et al. [13] state that MLD students have obstacles in mastering the concept
of fractions by learning part-whole models. Newton et al. [14] state that the main
error pattern in understanding fractions in MLD students is the use of traditional
algorithms that are wrong.

1.3 Research that focuses on finding solutions for MLD students in learning
mathematics

The study of alternative mathematical learning solutions for MLD students has
been carried out by several researchers, including the following:

Shin and Bryant state that good fraction teaching by MLD students must involve
the following 5 aspects: real objects and visual representations such as pictures and
number lines, explicit and systematic learning, various time frames and sets of
examples, heuristic strategies, and use real problem [15].

Mazzocco et al. state that visual models can be used as alternatives when helping
MLD students understand fractions [16]. Gersten et al. [17] state that in assisting
MLD students, practitioners are expected to take the following steps: (a) teach
students with diverse teaching examples; (b) directing students to say the thoughts
and solutions of a problem; (c) teach students to visualize math problems that they
face; (d) teach students with diverse/heuristic strategies; (e) the teacher prepares a
partner/discussion partner for MLD students; (f) teach MLD students with explicit
instructions; (g) the teacher prepares the correct variety and sequence of examples;

Shin and Bryant [15] state that the use of a computer program, Fun Fraction, can
help MLD students solve problem-solving in the form of stories. Virtual manipula-
tion in Fun Fraction helps problem-solving skills because students are assisted by
this program in representing the problem stories they are dealing with.

Finally, Tian, Jing, and Siegler, state that the use of an optimal number line
model can help MLD students understand fraction size and calculation [18].

In this chapter, we focus on students’ ways of thinking in fractions learning.

It is needed as an essential first step toward effective instructional methods. We
use the theory of mental act, ways of thinking, and ways of understanding from
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Harel. Furthermore, we also analyze the error pattern of MLD students when they
learn fractions. The results of this study are expected to add to the discourse of
educational scholarship, especially on the teaching and learning mathematics in an
inclusive setting for students with MLD.

2. Fraction learning

Fractional topics include material in mathematics that is difficult to explain.
This is because fraction is one of the topics in mathematics that requires high-level
and complex thinking. Definition of fractions according to Clarke et al. [19]:

“Fractions are symbolic-shaped expressions that represent the quotient of two
numbers Z(where b is not equal to zero). So all rational numbers expressed in
terms £ are fractions, but rational numbers 1.45 are not fractions. Rasonals 1.45 can
be called a fraction if written 222 . So that all rational numbers can be written as
fractions, but there are some important fractions that are not rational numbers, for
example: % or %” (p. 15).

In many classes, fractions are taught only in a procedural way. The teacher
usually teaches fractions by applying the method of equalizing the denominator,
by calculating the Least Common Multiples (LCM). On the other hand, according
to Hiebert and Wearne [20], with this procedural method, students will only gain
procedural understanding or syntax thinking. Students will not understand the
relationship between fractions, in other words, students’ conceptual understanding
(semantic thinking) will be weak.

How can students gain a conceptual understanding of fractional material?
Riccomini suggests two teaching strategies for better fraction learning; the two
strategies are learning fractions by using number lines and the use of diverse repre-
sentations [21]. The use of number lines and paper folding as representations is also
suggested by Wyberg et al. [22].

Several other research results also support the use of diverse representations.
Dey and Dey suggest the use of geometry representations; addition, subtraction,
multiplication, and division operations can be represented geometrically [23].
Furthermore, Clark and Roche suggest the use of games in fraction learning; the
game is done like a monopoly game using a kind of broken board, dice, and involves
all students in the class [24].

The use of image representation is suggested by de Castro [25]. The same
representation, using colored art drawings was suggested by Scaptura et al. [26].
Fractional learning using technology was suggested by Mendiburo and Hasselbring;
they also prove that teaching fractions with technology are as effective as teaching
fractions that use physical manipulation [27].

Other researchers, Lesh, Posh, and Behr stated that students gain a better
understanding when they can identify and model mathematical concepts through
various representations [28]. Furthermore, the Principle and Standards for School
Mathematics suggest that students represent their mathematical ideas so that
mathematical ideas make sense according to students [29]. One learning model that
offers the use of diverse representations is the Lesh Translation Model.

3. Lesh translation model
Lesh Translational Model states that basic mathematical ideas can be repre-

sented in 5 ways: real (manipulative) objects, images, real-world contexts, verbal
symbols, and written symbols. This model is illustrated by the following Figure 1:

80



Students with Mathematics Learning Disabilities and Their Ways of Thinking in Fraction...
DOI: http://dx.doi.org/10.5772/intechopen.89307

= e

™,
t’R eal world con lexh}ll

/

x;r--'—'—a.ﬁx/ \H_ P
.f’fi h A e ™
| Concrete Meodels ;| lr Pictures ‘-.l

- - / < .
\'\-._‘ _,/'( , j/’ll

-u..__‘_____'__..-\ \‘_\_H_-\__\_‘_ _._'_..--""-'

/"" e //"- M"*.,

{ Werbal Symbaols \'. f Written Symbaols A

| ) -l ,l

‘\ - - /) , - !

.‘-"'\-\. .-/ \""-\-‘ .-"'/

— — — -

Figure 1.
Lesh translation model [30].

Lesh Translational Model emphasizes interactions within and between rep-
resentations. The arrows between one representation and another represent the
intermodal translation, while the arrows in one mode represent the translation in
the mode itself. This model suggests that a good understanding of mathematical
ideas requires experience from various modes (ways) and the experience of mak-
ing connections between and within these modes of representation. A translation
requires interpretation of ideas that differ from one mode to another. This activity
with its intellectual relations activity reflects dynamic learning.

4. Mental act, ways of thinking, and ways of understanding

According to Harel [31], human reasoning involves many mental actions such as
interpreting, guessing, concluding, proving, explaining, compiling, generalizing,
applying, predicting, classifying, searching and solving problems. He states that
way of understanding is a certain cognitive product of mental actions carried out by
an individual. For example, after seeing the symbol 2, one can interpret (one mental
action) to produce meaning for the symbol 2. The resulting interpretation is one’s
Ways of Understanding of the symbol 2. This way of understanding can be different
depending on the context, and if judged by an observer, can be considered right or
wrong. For example, in a context one can interpret the symbol 2 as “3 objects out
of 4 objects,” and another person can interpret as “repeated sums: ; + ; + 5. Others
might be able to produce sophisticated Ways of Understanding such as equivalent
classes (% where n is a non-zero integer) and naive Ways of Understanding, such as
“two numbers with a bar between them.”

Ways of Thinking is a cognitive characteristic of the Mental Act. The cogni-
tive characteristics of the Mental Act are inferred from observations of Ways of
Understanding (cognitive products of mental actions). For example, a teacher
who follows students’ mathematical behavior might conclude that students’
interpretations of mathematical symbols are inflexible, there are absolutely no
quantitative views, or for example, students’ interpretations of symbols are flexible
and connected with other concepts. Another example, the teacher can conclude
that students’ proof of mathematical statements is based on empirical evidence, or
based on deductive reasoning [31].
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5. Mental act, ways of thinking, and ways of understanding of MLD
student

Here are the results of the data analysis from three students with MLD; we found
mental acts, ways of understanding, and ways of thinking as follows:

5.1 Problem solving

Here is one example of student work that used mental act problem-solving
(Figure2).

In Figure 2, the student solves a problem: a tailor receives 2 m of white cloth with
floral motifs to make a handkerchief. Each handkerchief requires ¢ m of fabric. How
many handkerchiefs can be made?. To solve this problem, the student wrote: 2.2 -

2% - 4 handkerchiefs. To answer this word problem, the student performs mental
act problem-solving by modeling mathematical word problem into fraction divi-
sion operation. Then he solves the problem of dividing the fraction using the invert
multiple algorithm method [32].

A problem-solving approach is a cognitive characteristic of mental act problem-
solving. From the results of the analysis of the answers, it was found that 8 students
did the problem-solving approach. In the answers above, it appears that students
understand the questions and answer them using a problem-solving approach,
in the form of an invert multiple algorithm (IMA) strategy in fraction division
operations.

The solution is a cognitive product of mental act problem-solving. From the
results of the analysis of answers, obtained student answers are examples of the way

of understanding solution.
5.2 Interpreting

The second identifiable mental act of MLD students is interpreting. The example
of student work is as follows (Figure 3).

In Figure 3, the student is asked to describe fractions } and £ in two different
ways. Students have been able to interpret ; with two different interpretation, which
is the rectangle and triangle picture. In the rectangle picture which is divided into
two parts; one part is shaded and the other part is not shaded. In the triangle picture
which is divided into two parts; one part is shaded and the other part is not shaded.

Seoreng penjahit mentrima il‘.ﬂ kain putih dengan motif bunga untuk dijadikan sapu tangan. Untuk setiap sapu langan aeneErokn :_r|'
loxir. Berapa barryak sapu tangun yang dapat dibuat? %m iLm

_L_ 8 R f‘: b

T _;t,;. " sapu tosgon

Figure 2.
Mental act problem-solving of MLD student.

Cianharkan pﬂm%m%mdmm yang berbeda,
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Figure 3.
Mental act interpreting of MLD student.
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Mental act Way of understanding Way of thinking
Problem-solving Solution Problem-solving approach: invert multiply algorithm
Interpreting Interpretation Multiple interpretations (as pictures of the square,
rectangle, etc.)
Table 1.

The mental act, way of understanding, and way of thinking.

There is something interesting in the triangle picture, students divide the triangle
in the centerline, with a horizontal triangle position. Next, students interpret Z with
pictures of parallelograms and squares, each of which is divided into five parts; two
parts are shaded and the other is not shaded.

Diverse interpretation of mathematical symbols is a cognitive characteristic of
mental act interpreting (way of thinking). From the analysis of MLD student test
result data, it was found that he made a fractional interpretation in the form of
images, namely rectangular and circular images, as shown above. Interpretation is
a cognitive product of mental act interpreting. From the results of the analysis of
MLD student answers, it is an embodiment of the way of understanding interpret-
ing, namely interpretation. The students’ interpretation of the fractions ; and £ is a
picture of a rectangle, triangle, parallelogram, and square, as shown above.

We summarize these findings in Table 1.

6. The error pattern of MLD students in fractions learning
Some patterns of errors made by MLD students are as follows:

6.1 Students know the common denominator method in the addition of fractions;
however, they incorrectly apply the method

The pattern of mistakes of the three students is wrong in applying the denomi-
nator equalization procedure. Here is a picture showing this (Figure 4).

In the questions, participants are asked to solve two fraction addition questions.
In the first problem (part a), students are asked to solve questions ; + 3 = ... This
question aims to reveal students’ understanding of the fraction addition operation

with the same denominator. For this problem, students give the correct answer:

1 2

373"

In the second problem (part b), students are asked to solve questions 1 + 1 - ... This
problem aims to reveal students’ understanding of the sum of fractions with dif-

ferent denominators. In this problem, students give answers: 1+3-1+1-2. Learners

already know the procedure to do the denominator in the addition operation of

1
3+

Selesaikan soal berikut dengan langkah-langkahnya
1 1 a“
B === —
3 | 5
|
1 1 {
} - - w—— e 4
" 3 5] 2 a o {

Figure 4.
Example of an ervor pattern in applying the denominator equalization procedure to the fraction addition
operation.
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Selesaikan soal berikut dengan langkah-langkahnya.
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Figure 5.

Exgal:ﬂ;l?e of error pattern applying the denominator equalization procedure to multiplication operations.
fractions. So when he sees the question 3 +% , he performs the denominator
equalization procedure by changing 3 to 6 in the first term and changing 2 to 6 in
the second term. However, students do not make numerator changes. So, partici-
pants already know the denominator equalization procedure, but do not make
adjustments to the numerator. In other words, students mistakenly understand the
denominator equalization procedure in fraction addition operations.

6.2 Students use the common denominator approach (for fraction addition) in
the multiplication of fraction

The second error pattern is very interesting, namely, students apply the
denominator equalization procedure in multiplication operations. Here is a picture
showing this (Figure 5).

In the problem, students are asked to solve questions % x 3 = ... This problem
aims to reveal students’ understandlng of fractlon rnultlphcat1on. In this prob-
lem, students give answers: $x1-12.2-%.5-2.11 There is an interesting thing,
students apply the denominator equahzatlon procedure (supposed to be the
sum operation) on the fraction multiplication operation. So when he saw the
problem £ - .., he did the procedure of equating the denominator in the first
syllable by changing 5 to 15 and in the second syllable changing 3 to 15. There
were other interesting things done by students. He only did the multiplication,
namely: 2.2 - %, He then divides & by 5 to produce # fractions. The interesting
thing is that students apply the denomlnator equahzatlon procedure in fraction

multiplication operations.

6.3 In the division of fraction, students mistakenly apply the invert multiply
algorithm

The third error pattern is very interesting, namely, students turn the first syl-
lable in a fraction division operation. Here is a picture showing this (Figure 6):

In the second problem (part b), students are asked to solve questions 5 -2 - ...
This question aims to reveal students’ understanding of fraction distribution opera-
tions. In this problem, students seem to already know the procedure of division

NG lr‘*s'ukan soal berikut dengan langkah-langkahnya|
8, =X==
S 203
h, 2 e .'i g =
A \G
Figure 6.

Example of the first syllable error pattern in a fraction division operation.
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operations on fractions. But there is an interesting thing, students use the method
of multiplying with the inverse (invert multiply algorithm), but what is reversed
is not the second term, but the first term. Consider the following illustration of
student answers: 2 : 2-%.2- £, So that the answers obtained are reversed, the answer
should be &, students ge

Gl

7. Discussion

MLD students solve fractions problem procedurally, they apply common
denominator approach, drawing a picture, direct multiplied strategy, and invert
multiply algorithm in solving fractions problems. They cannot practice the other
strategies like using a benchmark or residual which demands the ability to infer
and explain. Therefore, we conclude MLD students only perform two mental acts,
which are problem-solving and interpreting. They could not develop other mental
acts like explaining or inferring.

Some interesting findings when MLD students solve fractions problem are: (1)
they know the procedure of common denominator approach in fraction addition
operation, however, they mistakenly apply the procedure; (2) in multiplication and
divisions operation, they are familiar with the procedure, however, they mistakenly
apply the procedure. The two finding is in line with Newton et al. research, they
revealed that the main pattern of error in fraction understanding on MLD students
is the use of traditional false algorithms [14]. These findings also in accordance with
the research of Mazzocco et al., which show that the difficulties in fraction learning
are still felt by MLD students until they are in grade 8 [16]. Other researchers also
had the same research result, which stated that MLD students make a mistake in
performing arithmetic calculations [7].

Another previous research explained that students with MLD have a differ-
ent ways of thinking in understanding fractions. Lewis considered that the MLD
students did not mean to have a lack of understanding of fractions; however, they
had different ways of thinking in understanding fractions [11]. We find that MLD
students have different ways of thinking in understanding fractions addition opera-
tion; they differently understand the common denominator approach, they do not
multiply the numerator by the same number with the denominator.

The other research findings deduced that adolescent MLD students are
experiencing difficulties in fraction comparison subjects, either fractions
comparisons with the same denominator or in fractions comparisons involving a
half fraction [12]. Lewis suggested to investigating younger MLD students as the
subject. We involved younger students with MLD in our research, a similar result
is found, that is MLD students have difficulties in solving fractions comparison
problems [33].

In our finding, partitioning activities, which are beneficial for regular students,
but not necessarily helpful to MLD students; this may happen because MLD stu-
dents do not follow a developmental pattern like their regular peers. In accordance
with our findings, Lewis explained that partitioning activity was probably the root
of understanding the quantity of fractions in regular students; MLD students may
not follow this pattern of development [10].

According to Brousseau, the appearance of learning obstacle in mathematics can
be caused by three obstacles, namely ontogenic obstacle (mental learning readi-
ness), didactical obstacle (obstacle from teacher instruction or teaching material),
and epistemological obstacle (students’ knowledge which has limited application
context) [34]. In the context of Brousseau theory, the three error patterns of the
MLD students in fractions learning is prone to the type of epistemological obstacle,
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that is MLD students already know fractions concept, however, they have limited
application context to the other fractions problems [35].

8. Conclusion

We found only two mental acts with corresponding WoU and WoT, namely
problem-solving and interpreting. On the analysis of MLD students, it was found
an interesting thing in the mental act problem solving, i.e., the student knew the
common denominator approach in the operation of fraction addition, but the
practice is still wrong. The same thing is also found in multiplication and division
operation. Surprisingly, students use the common denominator approach in the
fraction multiplication. In the division of fraction, students mistakenly apply the
invert multiply algorithm.

The results of this study can be used by the teachers as a guideline when teaching
fractions to students. Future research is recommended to analyze the error patterns
of MLD students with other topics in mathematics, such as geometry.

Author details
Suprih Widodo™ and Trisno Ikhwanudin®
1 Universitas Pendidikan Indonesia (Indonesia University of Education), Indonesia

2 Postgraduate Program, Universitas Pendidikan Indonesia (Indonesia University of
Education), Indonesia

3 PPPPTK TK dan PLB (Special Teacher Development Center), Indonesia

*Address all correspondence to: supri@upi.edu

IntechOpen

© 2019 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.

86



Students with Mathematics Learning Disabilities and Their Ways of Thinking in Fraction...

DOI: http://dx.doi.org/10.5772/intechopen.89307
References

[1] Strauss V. Trying to figure out why
math is so hard for some, theories
abound: Genetics, gender, how It’s
taught. The Washington Post. 2003;2003

[2] Adler B. What Is Dyscalculia. Cognitive
Center in Sweden: Sweden; 2001

[3] National Center for Learning
Disabilities. The State of Learning
Disabilities. New York: NCLD; 2014

[4] Geary DC. Mathematics and learning
disabilities. Journal of Learning
Disabilities. 2004;37(1):4-15

[5] Piazza M, Facoetti A, Trussardi AN,
Berteletti I, Conte S, Lucangeli D, et al.
Developmental trajectory of number
acuity reveals a severe impairment in

developmental dyscalculia. Cognition.
2010;116:33-41

[6] Mazzocco MMM, Feigenson L,
Halberda J. Impaired acuity of the
approximate number system underlies
mathematical learning disability
(dyscalculia). Child Development.
2011;82:1224-1237

[7] Geary DC, Hoard MK,

Byrd-Craven J, DeSota MC. Strategy
choices in simple and complex addition:
Contributions of working memory

and counting knowledge for children
with mathematical disability. Journal
of Experimental Child Psychology.
2004;88:121-151

[8] Mazzocco MMM, Devlin KT,
McKenney SJ. Is it a fact? Timed
arithmetic performance of children
with mathematical learning disabilities
(MLD) varies as a function of how
MLD is defined. Developmental
Neuropsychology. 2008;33:318-344

[9] Lewis KE, Fisher MB. Taking stock
of 40 years of research on mathematical
learning disability: Methodological
issues and future directions. Journal for

87

Research in Mathematics Education.
2016;47(4):338-371

[10] Lewis KE. Beyond error patterns:
A sociocultural view of fraction
comparison errors in students with
mathematical learning disabilities.
Learning Disability Quarterly.
2016b;1(14):1-14

[11] Lewis KE. Difference not deficit:
Reconceptualising mathematics
learning disabilities. Journal for
Research in Mathematics Education.
2014;45(3)

[12] Lewis KE. Understanding
mathematical learning disabilities

as developmental difference: A fine-
grained analysis of one student’s
partitioning strategies for fractions.
Journal of Education and Development.
2016;39(4):812-857

[13] Hunt JH et al. Initial understandings
of fraction concepts evidenced

by students with mathematical

learning disabilities and difficulties:

A framework. Learning Disability
Quarterly. 2016;13(1):1-13

[14] Newton et al. An examination of
the ways that students with learning
disabilities solve fraction computation
problems. The Elementary School
Journal. 2014;115(1):1-21

(15] Shin M, Bryant DP. Improving
the fraction word problem solving of
students with mathematics learning
disabilities: Interactive computer
application. Remedial and Special
Education. 2016;38(2):76-86

[16] Mazzocco M et al. Limited
knowledge of fraction representations
differentiates middle school students
with mathematics learning disability
(dyscalculia) versus low mathematics
achievement. Journal of Experimental
Child Psychology. 2013;115(2):371-387



Learning Disabilities - Neurological Bases, Clinical Features and Strategies of Intervention

[17] Gersten R, Chard D, Jayanthi M,
Baker S, Morphy P, Flojo J. Mathematics
Instruction for Students with Learning
Disabilities or Difficulty Learning
Mathematics: Asynthesis of the
Intervention Research. Portsmouth, NH:
RMC Research Corporation, Center on
Instruction; 2008

[18] Tian J, Siegler RS. Fractions
learning in children with mathematics
difficulties. Journal of Learning
Disabilities. 2016;50(6):614-620

[19] Clarke C, Fisher W, Marks R,

Ross S, Zbiek RS. Developing Essential
Understanding of Rational Numbers for
Teaching Mathematics in Grades 3-5.
Reston, VA: NCTM; 2010

[20] Hiebert J, Wearne D. Procedures
over concepts: The acquisition of
decimal number knowledge. In:
Hiebert DJ, editor. Conceptual and
Procedural Knowledge: The Case of
Mathematics. Hillsdale, NJ: Lawrence
Erlbaum Associates; 1986. pp. 199-223

[21] Riccomini PJ. Core Issues of Math:
Number Sense and Fraction. Kansas
MTSS Symposium. 2010. Available from:
www .kansasmtss.org/2010Symposium/
Riccomini_Number_Sense_and_Fractions

[22] Wyberg T, Whitney SR, Cramer KA,
Monson DS, Leavitt S. Unfolding
fraction multiplication: Helps students
understand an important algorithm by
using a piece of paper and a number
line. Mathematics Teaching in The
Middle School. 2012;17(5):289-293

[23] Dey K, Dey R. Teaching arithmetic
of fractions using geometry.

Journal of Mathematics Education.
2010;3(2):170-182

[24] Clarke D, Roche A. The power

of a single game to address a range of
important ideas in fraction learning.

In: The Australasian Mathematical
Psychology Conference 2010, Australia.
p. 2010

88

[25] de Castro BV. Cognitive models:
The missing link to learning fraction
multiplication and division. Asia Pacific
Education Review. 2008;9(2):101-112

[26] Scaptura C, Suh J, Mahaffey G.
Masterpieces to mathematics: Using
art to teaching fraction, decimal, and
percent equivalents. Mathematics
Teaching in The Middle School.
2007;13(1):24-28

[27] Mendiburo M., Hasselbring T.
Technology’s Impact on Fraction Learning:
An Experimental Comparison of Virtual
and Physical Manipulative. SREE
Conference Abstract Template; 2011

[28] Lesh R, Post T, Behr M.
Representations and translations among
representations in mathematics
learning and problem solving. Problem
of representation in the teaching and
learning of mathematics. In: Javier C,
editor. Hillsdale. NJ: Lawrence Erlbaum
Associates; 1987. pp. 33-40

[29] National Council of Teachers of
Mathematics. Principles and Standards
for School Mathematics. Reston, VA:
NCTM; 2000

[30] Cramer K. Using a translation
model for curriculum development
and classroom instruction. In:

Lesh R, Doerr H, editors. Beyond
Constructivism: Models and Modeling
Perspectives on Mathematics Problem
Solving, Learning, and Teaching.
Mahwah, NJ: Lawrence Erlbaum
Associates; 2003. pp. 449-464

[31] Harel G. What is mathematics? A
pedagogical answer to a philosophical
question. In: Gold B, Simons RA,
editors. Proof and Other Dilemmas:
Mathematics and Philosophy.
Washington, DC: MAA; 2008.

Pp. 265-290

[32] Zembat IO. An alternative
route to teaching fraction division:
Abstraction of common denominator



Students with Mathematics Learning Disabilities and Their Ways of Thinking in Fraction...
DOI: http://dx.doi.org/10.5772/intechopen.89307

algorithm. International Electronic
Journal of Elementary Education.
2015;7(3):399-422

(33] Ikhwanudin T, Suryadi D. How
students with mathematics learning
disabilities understands fraction: A case
from the Indonesian inclusive school.
International Journal of Instruction.
2018;11(3):309-326. DOI: 10.12973/
1ji.2018.11322a

[34] Brousseau G. Theory of Didactical
Situations in Mathematics. Dordrecht:
Kluwer Academic Publishers; 2002

[35] Ikhwanudin T, Prabawanto S,
Wahyudin. The error pattern of students
with mathematics learning disabilities
in the inclusive school on fractions
learning. International Journal of
Learning, Teaching and Educational
Research. 2019;18(3):75-95. DOI:
10.26803/ijlter.18.3.5

89






Section 3

Learning Disabilities
Comorbid with
Behavioral, Developmental
Disorders and Autism

91






Chapter7

ADHD as a Specific Cause for
Learning Disability

Nada Pop-Jordanova

Abstract

In the spectrum of possible causes for discrepancy between the capacity to learn
and the level of school achievement, Attention Deficit Hyperactivity Disorder
(ADHD) has an important place. The aim of this chapter is to present obtained
own results for a group of 200 pupils, mean age 10.5 + 2.35 years, and both genders,
diagnosed as ADHD following DSM-5 criteria. As psychometric tests, Kohs Block
Design Test, Achenbach CBCL, ACTeRS, Stroop Color Word Task (SCWT), and
Wisconsin Card Sorting Test (WCST) are used. Additionally, Q-EEG recording
using Mitsar 19-channel Q-EEG 201 system was performed. Obtained results
confirmed the diagnosis of ADHD as well as the presence of serious difficulties in
executive system functioning through ERP’s component extracted from Q-EEG
analysis. In the chapter, results for Q-EEG will be discussed more extensively
including subtypes. As a used nonpharmacological therapeutic approach, very posi-
tive outcome of neurofeedback treatment of these children is accentuated.

Keywords: learning problems, ADHD, psychometric tests, Q-EEG, neurofeedback

1. Introduction

Being nonattentive, nonpatient, and enable to follow the teacher instructions
during classes, children with Attention Deficit Hyperactivity Disorder (ADHD)
represent a huge problem in the educational process. They have additionally variety
of learning difficulties.

ADHD is a clinically heterogeneous neurobehavioral disorder associated with
tremendous financial costs, stress to families, adverse academic, and occupational
outcomes. In adult period, this condition is not totally overcome and stay as a huge risk
for addiction, dangerous behavior, unsuccessful occupation, high rate of divorces, etc.

The diagnostics of this condition change in different periods of time. As “a mini-
mal brain damage” or as “minimal brain dysfunction,” the condition was named
till the 1994, where for the first time, it was renamed as Hyperkinetic Disorder.
Three main symptoms, inattention, impulsivity, and hyperactivity, are listed in
both manuals, the International Classification of Diseases (ICD-10) where the
disorder is named as “Hyperkinetic Disorder” (HKD) and the fourth edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) where it is named
as Attention Deficit Hyperactivity Disorder (ADHD). In DSM-1V, the diagnostic
includes three different groups of children: the predominantly Hyperactive-
Impulsive Type, the predominantly Inattentive Type, and the Combined Type of
ADHD. It was approved that this disorder is more frequently found in boys [1] with
the ratio of boys to girls being approximately 4:1 for all three subgroups [2].
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In May 2012, American Psychological Association was revising the
Fourth Edition of the Diagnostic and Statistical Manual of Mental Disorders,
which included some changes in the section on specific learning disabilities.
Consequently, DSM-5 considers Specific Learning Disability (SLD) as a type of
Neurodevelopmental Disorder that delays the ability to learn or use specific aca-
demic skills (e.g., reading, writing, or arithmetic). In this context, SLD is a clinical
diagnosis that is not necessarily synonymous with “learning disabilities” used
mainly within the education system. SLD characterizes the specific manifestations
of learning difficulties at the time of assessment in three major academic domains,
namely reading, writing, and mathematics. The group of entities named as “Other
Neurodevelopmental Disorders” includes Intellectual Disability, Autism Spectrum
Disorder, Attention-Deficit/Hyperactivity Disorder, and Communication Disorders
and Motor Disorders. Consequently, whatever criteria for diagnostics are followed,
ADHD stays as a huge cause for learning problems.

The differences in diagnostic criteria following different manuals have influ-
enced to the different prevalence rates. As a result, HKD is estimated to be present
in approximately 0.5% of children, whereas ADHD has been reported in between
5 and 11.4% of the population [3]. The differences in diagnostics have important
implications for both, diagnosis and treatment, because depending on which crite-
ria are used, a child may or may not be considered to have a clinical disorder, which
subsequently will influence on the decision about his/her involvement in the school
process as well as the need of some treatment.

Many researchers mentioned that ADHD in reality represents a continuum
from normal to abnormal behavior. Especially, behavioral studies of children with
a predominance of inattentive type have found these children to have some specific
problems. For example, inattentive children are less impulsive and less manifest
conduct problems than hyperactive children. By contrast, they are more anxious,
socially withdrawn, and shy and have more internalizing symptoms. Additionally,
they present more frequently academic underachievement and learning problems.
Inattentive children are easily confused, stare frequently, often daydream, and
they are lethargic, hypoactive, and passive, which are not common in hyperactive
children. More specifically, in inattentive children, it was approved deficits in speed
of information processing and in focused or selective attention, whereas in the
combined type of ADHD, the problem of sustained attention (persistence) and
distractibility is more characteristic. These findings suggested that maybe inatten-
tive children should be treated as special group of disorder and not be considered
only as a form of ADHD [4].

Although genetic markers in the identification of children with ADHD were
not jet found, it was proven that dopamine-related genes are involved in the
pathogenesis (such as D1, D2, and D4) [5, 6]. Some form of heredity is additionally
confirmed with the fact that this condition could be present in the same family
members, especially in twins [7]. In a few recent findings, it was showed that atten-
tion deficit hyperactivity disorder (ADHD) shares similar genetic roots and brain
structure with autism and obsessive-compulsive disorder (OCD). The impulsivity is
characteristic behavior in all three conditions. Additionally, the brain architecture
in these conditions presents abnormal findings especially in the structure of the
corpus callosum, together with widespread disruptions in white matter. However,
children with OCD present fewer structural alterations in comparison with those
with autism or ADHD. It is the possible reason that children with autism as well
as ADHD manifest earlier specific symptoms in comparison with OCD, which
could have a start even in adolescence. Some rare genetic variants associated with
autism and schizophrenia also increase a person’s chance of having attention deficit
hyperactivity disorder (ADHD) [8, 9].
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Performing genetic analysis, eight copy number variants (CNVs) are identified,
which are more common in people with ADHD than in those without this problem.
These same CNVs are also implicated in autism and schizophrenia. In this context,
the new hypothesis arises that autism, schizophrenia, and ADHD could have similar
biological underpinnings [10]. However, findings do not approve susceptibility
genes of larger effect for ADHD, but they can identify genes of smaller effect.
Whole genome linkage studies have provided some interesting results for chromo-
somal regions that need to be further investigated.

The complexity of the ADHD phenotype combined with some genetic findings
suggests that identifying endophenotype may be a useful strategy for exact diag-
nosis. An endophenotype, i.e., intermediate phenotype, is defined as a quantitative
biological trait, which is heritable, is reliable in reflecting the function of a discrete
biological system, and is presumed to be more closely related to the genetic cause
of the disease than the clinical phenotype. The integration of these two approaches
(endophenotype and genetic variants) will possibly yield to more definitive results.
In this context, increased theta power in EEG record is supposed to be a candidate
biological marker of genetic risk for ADHD [11].

In order to find possible neurologic basis for ADHD, many imaging techniques
are used. Positron Emission Tomography confirmed that brain metabolism in
children with ADHD is lower in the areas responsible for the attention, social judg-
ment, and movement. It is confirmed also with fMRI, SPECT, or BOLD techniques.
However, Q-EEG recording appeared to be more available, inexpensive, and useful
indicator of brain metabolic activity. It is confirmed that low metabolic activity in
the area that generates the corresponding EEG signals is characterized by increasing
the slow activities (delta and theta waves) and decreasing the fast beta activities.
Strong evidence for the usefulness of the Q-EEG in the diagnostic assessment of
ADHD comes from a study performed by Monastra and his team [12, 13].

Many studies confirmed that the main brain system, which is impaired in
ADHD, is the executive system. Two parameters are specific for the executive sys-
tem: (1) arousal, as a generalized activation of the system and (2) attention/focused
activation of the system, associated with working memory, action selection, action
inhibition, and action monitoring.

As was mentioned before, endophenotype is becoming an important concept
in the study of ADHD. The endophenotype in psychiatry can be categorized as
anatomical, developmental, electrophysiological, metabolic, sensory, or psychologi-
cal/cognitive. In this way, endophenotype represents simpler indicator for genetic
mechanism than the visible behavioral symptoms. It helps to define subtypes of
a particular disorder and can be used as a quantitative trait in genetic analysis of
proband and families. In this way, Q-EEG spectrum classification of ADHD popula-
tion has been developed, defining four main endophenotypes: I subtype where
abnormal increase of delta-theta frequency range centrally or centrally frontally
is dominant; II subtype where abnormal increase of frontal midline theta rhythm
is present; III subtype with an abnormal increase of beta activity frontally; and
IV subtype characterized with an excess of alpha activities at posterior, central, or
frontal lobes [14].

Still, the complexity of ADHD influences on the underdiagnoses or misdiag-
nosis of this condition in many school children. Contrary, some hyper diagnostics
are also possible. For example, in my research, many gifted children obtained the
diagnosis as ADHD because the usual school program for them has been boring,
and they manifested hyperactive behavior. The misdiagnose could be also the result
of many comorbid disorders, which accompanied ADHD such as conduct problems,
high general anxiety, depression, speech problems, autism spectrum disorder, or
epilepsy. In this situation, the true ADHD could be overlapped by other similar
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conditions. From a neuropsychological perspective, comorbidity is considered to be
the result of the same brain and cognitive mechanisms involved in attentional and
behavioral regulations.

2. Sample and methods

The aim of this chapter is to present own results for a group of 200 pupils, mean
age 10.5 + 2.35 years, and both genders, diagnosed as ADHD. The majority of exam-
inees are boys (85%) manifesting deficit of attention and concentration together
with hyperactivity. In girls, the inattention was the main problem. In all of them,
school achievement was less than it was been expected by parents and teachers.

Beside interview and clinical examination, the diagnosis is made by multidisci-
plinary team (pediatrician, neurologist, and psychologist), according criteria noted
in DSM-5 manual. All children were tested with Kohs Block Design Test, the Stroop
Color Word Task (SCWT), and Wisconsin Card Sorting Test (WCST) and recorded
with Q-EEG. Mothers fulfilled Child Behavior Checklist (CBCL) and ADD-H:
Comprehensive Parent Rating Scale (ACTeRS). Obtained results are compared with
the results for control group, which is consisted of 50 healthy children matched by
age and gender.

The Child Behavior Checklist (CBCL) [15], fulfilled by mothers, contains 113
questions related to depression, social communication or withdrawal, somatic com-
plaints, some schizoid traits, hyperactivity, problems in the psychosexual develop-
ment, problems in the conduct, problems with the judgment, and level of anxiety.
Several forms of this instrument are available depending on the age and gender of
the examinees. Symptoms are grouped as internalized and externalized. They reflect
a distinction between fearful, inhibited, over controlled behavior and aggressive,
antisocial, under controlled behavior. The profile can contribute to a formal diagno-
sis by showing the degree of child’s deviance in behaviors that parents could observe
better than clinicians, as well as to help to organize effective therapeutic approach.

ACTeRS [16] is composed of 24 items that measure four separate entities: atten-
tion, hyperactivity, social skills, and oppositional behavior. This instrument was
developed by researchers at the University of Illinois Institute for Child Behavior
and Development. In our research, ACTeRS is fulfilled also by mothers. The instru-
ment shows the level of attention, hyperactivity, social skills, and oppositional
behavior presented on percentile scale.

The Kohs Block Design Test [17] is performance test standardized to measure
intelligence level for mental ages 3-19. The test is easy and understandable without
the need of many verbal explanations. In this context, it is especially valuable for
testing those with language and hearing difficulties. The test consists of 16 colored
cubes and 17 cards with colored designs, which the subject is invited to replicate.
Kohs cubes are used to assess the analytic, synthetic, and logic thinking. Block
design test possesses a high degree of correlation and reliability with Binet-Simon
IQ test and WISC.

The Stroop Color and Word Test (SCWT) [18] was designed to discover possible
organic cause of disorder. It assesses cognitive function and provides diagnostic
information on possible brain dysfunction due to organic lesions. The test is quick
and easy for administration, and it is based on the facts that reading words are
faster than the identification of the presented color. The validity and reliability
make it a highly useful instrument.

The Wisconsin Card Sorting Test (WCST) [19] is a neuropsychological test for
evaluating the mental flexibility (“set shifting”) when the stimulus is changed, e.g.,
the attention, the working memory, and visual processing.
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WCST and SCWT were performed using software named Computer Assisted
Neuropsychological Diagnostics and Therapy (CANDIT) developed by the Institute
of Neuropsychology, Zurich, Switzerland. Each evaluation of the child takes about
2-h duration.

The electrophysiological assessment was performed with system Mitsar
19-channel QEEG 201 (Mitsar Ltd). Quantitative EEG (Q-EEG) is a collection of
quantitative methods designed to process EEG signals. The Q-EEG includes spectral
and wavelet analyses of the EEG signals. The recording is made up of two condi-
tions, eyes closed and eyes open, lasting 5 min each. In the following, data were
recorded, while subjects were performing a visual continuous performance task
(VCPT) from Psytask program designed by the Human Brain Institute in Saint
Petersburg, Russia. This program comprises the Go/No Go task, which performance
is associated with a group of psychological operations named as executive, such as
detection and recognition of the stimulus, refreshing the working memory, initia-
tion, and/or inhibition of the behavior and monitoring of the action results. The
duration of the tasks was approximately 22 min. Separate channels for recording
a signal from the button were used for monitoring the accuracy of the test perfor-
mance and measuring the response trial.

Electrodes were placed according to the International 10-20 system using an
electrode cap with tin electrodes (Electrocap International Inc.). The input signals
referenced to the linked ears were filtered between 0.5 and 50 Hz and digitized at a
sampling rate of 250 Hz. The impedance was kept below 5 kQ2 for all electrodes. The
quantitative data were obtained using WinEEG software.

The results obtained from the psychometric measuring are presented in a form
of scores and compared with test norms, adopted by the age and gender of the
examinees, and presented in figures and tables. The results are considered to be
statistically significant at a significance level of 0.05. The data from the electro-
physiological assessment were transformed with Fourier analysis and compared
with a normative database, grouped by their age. For calculations in this research,
the statistical program STATISTICA 10.0 was used.

3. Results and discussion

(At the beginning of this part, I must confirm that presented results are a
compilation of different groups of examinees evaluated at different times, and some
of them are published in Macedonian journals).

As a start in the evaluation of children with learning problems, testing the intel-
ligence level is of primary importance. Obtained results are very useful for further
evaluation especially for exclusion of the intelligence as a factor for presented
problems. Evaluation with Kohs Block Design Test showed that ADHD children
have intellectual capacities in the norm (IQ = 96 + 13.15). Mean school notes were as
follows: mathematics 3; language 4.5; and nature and society 3 (range 1-5).

Profile obtained for ACTeRS, fulfilled by mothers, confirmed abnormal scores
in the scales for attention, social adaptation, and oppositional behavior (between
10 and 23 percentiles), which corresponds with the core symptoms of the disorder.
Boys and girls presented similar results, although boys are more hyperactive than
girls (Figure1).

CBCL fulfilled also by mothers showed for boy’s accentuated anxiety, depres-
sion, social withdrawals, and aggressive behavior. Girls are also with social with-
drawals, hyperactive, and manifest delinquent behavior (Figure 2).

The Q-EEG assessment generally showed dominant theta activity (4-8 Hz) and
deficit of beta activity (16-20 Hz) (Figure 3).
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Figure 1.
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Behavior Problems—Boys Aged 6-11
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Figure 2.
CBCL profiles for boys and givls.

Theta/beta ratio is presented in Figure 4.

The endophenotype presented in Q-EEG records is evaluated according to
Kropotov’s typology [20]. In Macedonian ADHD children (N = 200), major-
ity (48%) belongs to the combined 1 and 2 subtypes. The other 25% of children
showed very slow alpha excess (subtype 4), which corresponds to inattentive form
of ADHD mainly found in girls. In another 25%, we found high theta/beta ratio in
frontal-central cortex (subtype 1). The subtype 3 with overactive cortex is rarely
found in our sample (under 2%).

VCPT, as a part of Q-EEG analysis, showed that hyperactive children performed
significantly much omission and commission errors, longer reaction time (RT), and
high variation of the reaction time (var RT) compared with test norms (Table1).

The analysis of P3Go component (activation processes) did not showed
significant differences concerning the latency and amplitude, while for P3NoGo
component (inhibition processes), the latency is not disturbed, but the amplitude is
statistically lower (Table 2).

Generally, psychometric and psychophysiological evaluation of the examinees
confirmed the hyperactivity, average intellectual capacities, and significant number
of perseverative and nonperseverative mistakes. Results for VCPT showed signifi-
cantly higher number of omission and commission errors related to the inattention,
shorter reaction time (RT), and higher variation in reaction time (var RT) than test
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Figure 3.
Average maps of relation of EEG power spectra in ADHD children (EO upper, EC below).
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Figure 4.
Theta/beta ratio.
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VCPT ADHD Norm ttest pvalue
Omission errors (Go) 32.25 4 15.65 0.00001*
Commission errors (NoGo) 4.75 1 7.58 0.00000*
RT(ms) Go 456.89 486 -9.17 0.0001*
var RT 18.97 117 8.78 0.0000*
*p < 0.01.
Table 1.

Results for VCPT in ADHD children.

ERP ADHD Norm ttest pvalue
P3Go (ms) 32715 32789 -0.12 0.9
P3Go (mV) 973 8.55 0.77 044
P3NoGo (ms) 402.05 415.78 —0.69 0.49
P3NoGo (mV) 4.67 6.23 -2.89 0.006*
*p < 0.01.
Table 2.

Components P3Go and P3NoGo in ADHD group.

norms. Values of P3Go component in latency and amplitude are different from the
norm, while P3NoGo component showed significant difference in the amplitude.

For better understanding obtained results of analysis, a schematic presentation
of components included in executive functions of the brain is shown in Figure 5.
The components are associated with distinct psychological operations, such as
engagement operations (P3bP component), comparison (vcomTL and vcomTR),
motor inhibition (P3supF), and monitoring (P4monCC) operations. The ERP
results in our evaluated children showed significantly lower amplitude and longer
latency for the engagement (P3bP), motor inhibition (P3supF), and monitoring
(P4monCC) components, which confirm the executive dysfunction.

In the treatment of our clients, we applied behavior therapy, and especially some
biofeedback modalities. Any stimulant medication is not allowed in our country.

Figure 5.
Executive ERP components.
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We introduced biofeedback methodology in 1996 as the first team in our region.
Biofeedback is a technique, which helps to learn the control of unaware body’s func-
tions (heart rate, dermal activity, muscle tension, peripheral temperature, breathing
frequency, brain waves, etc.). Biofeedback could be peripheral or central — neuro-
feedback. Neurofeedback is a specific behavioral therapy technique used to teach or
improve self-regulation of brain activity. The goal of frequency band neurofeedback
is to activate a specific brain network.

Common protocol for neurofeedback in many studies comprised diminishing
theta activity and optimizing beta brain activity in specific skull points depending
on the Q-EEG subtype [21-24]. For our group with ADHD, we used personalized
biofeedback protocols depending on the Q-EEG subtype. Generally, we started
with 3-5 sessions of electro dermal biofeedback for diminishing anxiety and stress
level, and in the following, we used the neurofeedback, two times per week, in the
duration of 50 min for each session. Table 3 shows obtained results before and after
biofeedback application in our patients. It is clear that with this kind of therapy, we
achieved diminishing of theta, higher power of beta brain waves, changes of theta/
beta ratio, and change of brain rate parameter.

In the assessment of ADHD, patient’s theta/beta ratio is a parameter used in
many studies [24, 25]. The brain rate parameter is indicator introduced by Pop-
Jordanova N. and Pop-Jordanov J. for the evaluation of general mental arousal
[26, 27]. The values of this parameter are approved in other studies performed in
our country [28-30].

The most commonly reported finding in electrophysiological studies of children
with ADHD is increased low frequency activity (predominantly theta) compared
with age-matched normal controls. Our results are similar and correspond to the
previous research examining electrophysiological measures in children and ado-
lescents with ADHD compared with normal controls, which generally reported an
increase in theta activity [31, 32] and a decrease in beta activity [33].

Having in mind that ADHD is a complex syndrome, the diagnosis must include
large neuropsychological assessment to evaluate mainly the executive system
because the symptoms could be different from child to child. In this context, the
analysis of ERP’s component extracted from Q-EEG records is a modern approach
in the diagnosis of ADHD showing the difference in amplitude or latencies.

Van der Meere [34] supposed that the smaller amplitude of P3 component is the
result of smaller ability for the engagement of the child in the task performance.
Additionally, Keage et al. [35] obtained shorter latencies of P3 component in ADHD
patients. It must be mentioned that the executive system is changeable through the
developmental process, which suggests that ADHD could be the result of slower
developmental of some neurological parts of the brain. It is the reason why some
children overcome hyperactivity and impulsivity with maturation.

In a multicenter study [24], the theta/beta ratio was found to discriminate
ADHD patients and normal controls with high sensitivity and specificity.

In this context, Snyder and Hall [36] based on meta-analysis concluded that

Parameter Before NF (pV) After NF (pV) ttest Significance

Beta brain waves 4.86+16 8.0+1.38 5.23 p<0.01

Theta brain waves 20.95+1.38 15.29 £+ 1.38 8.47 p<0.01

Theta/beta 47 +138 20+16 45 p<0.01

Brain rate 7.86 + 0.56 822+ 0.63 6.6 p<0.01
Table 3.

Main parameters before and after neurofeedback training.
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the theta/beta ratio has much higher predictive power than rating scales do, for
separating ADHD for healthy children. However, the absolute and relative power
of theta is higher in young children than in adolescents and adults [20, 37]. High
theta/beta ratios and high theta values in ADHD can be interpreted as a result of a
developmental delay.

The electrophysiological characteristics of ADHD obtained with Q-EEG record-
ing and recent machine-learning methods promise easy-to-use approaches that
can be complementary to the existing diagnostic tools, especially when sufficiently
large samples are used. To separate ADHD group from healthy people, neuroalgo-
rithms are used as model for multidimensional brain networks. For this reason,
subtypes of ADHD can be used as biomarkers of disorder.

For our own experience, we can conclude that quantitative EEG is a promising
approach in diagnostics of this complex disorder. In other words, for diagnostics,
it is not enough to listen parents and teachers, but it is imperative to apply a large
psychophysiological evaluation of suspected pupils. Q-EEG results can also be
helpful in predicting response to stimulant medication and in selecting protocols for
neurofeedback. So, we are facing today a renaissance of EEG. On the one hand, the
renaissance is associated with obtaining new knowledge regarding neuronal mecha-
nisms of generation of electric neuronal oscillations in spontaneous EEG as well as
regarding functional meaning of different waves in event-related potentials [38, 39].

Based on extensive research during the last decade, we now recognize the
existence of Q-EEG subtypes in ADHD patients and understand the need of differ-
ent neurofeedback protocols to correct these abnormalities. However, some of the
protocols at the first year of neurofeedback era were obtained empirically without
Q-EEG analysis. Most of the protocols use the conventional EEG in the frequency
range higher than 0.1 Hz, while EEG at lower frequencies was used in studies of a
German group at the University of Tubingen [39].

We can conclude that a Q-EEG allows to the psychologist looking for the brain
functioning in easy and cheap way.

In the therapeutic approach, neurofeedback is confirmed as an excellent tool for
training certain brain networks and thus improving the behavior, but the therapist
is still an indispensable component in the treatment. The support, the instruc-
tions, and the presence of the professional in vicinity to the child are a guaranty for
success. In some countries (i.e., Israel), different modalities of biofeedback are used
in school settings for stress management as well as for training abilities for better
achievement. In this context, our team have good experience with peak perfor-
mance training in school children and in sport [40, 41].

4, Conclusions

* In the vide spectrum of learning disabilities, ADHD takes a large part.

* The diagnosis must be done with the collaboration of teachers, parents, pedia-
trician, clinical psychologist, and child neuropsychiatrist.

* Different psychometric tests can be used, but they are not sufficient for
diagnostics.

* Evaluation of brain dynamics, especially executive functions are inevitable.

* Endophenotype represents simpler indicator to genetic mechanism than the
behavioral symptoms and is very important for treatment plan.
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* Neurofeedback confirmed its usefulness and cost-benefit as a nonpharmaco-
logical treatment. A brain-rate parameter, introduced by our team, appeared
to be more realistic in the assessment and the follow up of the obtained results.
In the future, we propose to include brain-rate-based neurofeedback training.
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Chapter 8

Developmental Dyscalculia:
Nosological Status and Cognitive
Underpinnings
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Abstract

Mathematics is one of the main challenges faced by students throughout school
life, with long-lasting impact on social life, including employability and incomes.
The development of the research on numerical cognition occurred together with the
study of math learning and its related deficits, in special developmental dyscalculia
(DD). The present chapter explores the literature on DD in two levels. First, we
discuss about the nosological status of the disorder together with considerations
about its diagnosis. Afterward we review the main research findings regarding the
cognitive underpinnings of DD, from numerical representations to domain general
processes, including working memory and language.

Keywords: dyscalculia, learning disabilities, dyscalculia diagnosis,
numerical cognition, learning

1. Introduction

Living in today’s society requires well-developed mathematical competencies.
As more cliché as this statement may sound, there is a robust scientific literature
indicating that higher mathematical competencies are associated with higher
employability and incomes [1-3], profitable financial decisions [4], and even
better health outcomes [5]. Despite this well-established body of evidence, many
adults and children, even from developed countries, struggle to perform simple
arithmetic [6].

The reasons for failing at math are diverse and include socioeconomic [7, 8],
educational [9], and emotional factors [10, 11]. Math is a complex and abstract
discipline and depends mostly of formal instruction at school. Moreover, math-
ematical knowledge is also largely cumulative, so that newer, more complex, and
abstract concepts depend on previous knowledge, which can either be acquired
intuitively, like reciting the sequence of number words, or also formally at school.
Therefore, we can say that a great part of the difficulties faced by children when
learning or performing math activities are due to the complexity of mathematics
itself. It is known that, compared to other disciplines, difficulty in learning math is
already observed in children in the first years of school [12].

Some children, nevertheless, show persistent and important difficulties in
learning math, which cannot be explained by socioeconomic, emotional, educa-
tional, psychiatric, or intellectual factors. In these cases the label developmental
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dyscalculia (DD) is often applied, and difficulties encompass a broad range of
mathematical tasks, like reading and writing numbers in different formats, com-
paring numbers and quantities, and performing the basic arithmetical operations
[7, 13-16]. Some authors also indicate deficits in abilities concerning magnitude
representation and the comprehension and use of symbolic codes to represent
numerical information [17-19]. The estimates for prevalence of DD vary from 3 to
6% of school-aged children [7, 20, 21].

Despite the relative consensus about what are the difficulties that characterize
DD, there is still some debate concerning the diagnostic criteria, neuropsychologi-
cal underpinnings, and rehabilitation strategies. In the following sections, we will
discuss in detail each of these three topics.

2. Nosological status
2.1 Diagnosis

Two main questions concern the diagnosis of DD. The first question is about the
diagnostic criteria, and in the literature on the epidemiology of learning disabilities,
three approaches are commonly reported. The discrepancy criteria are probably the
most common in research studies and define math learning disability from the dis-
crepancy between an average of above- average performance on general cognitive
capacity (often the IQ) and the low performance on standardized math tests. The
absolute threshold criteria is similar to the discrepancy criteria, but the disability
is defined solely by the low performance in a standardized math test. The response
to intervention criteria establish the diagnosis after investigating how the child
responds to a set of psychopedagogical interventions. In this way, the persistency
of the difficulty and not the discrepancy between capacity and performance is the
main criteria for diagnosis.

The second main question concerns the definition on how low the performance
in an achievement test must be in order to diagnose DD. The cutoff scores fre-
quently used are 30th, 25th, 10th, and 5th percentiles. Higher cutoff scores (25th
and 30th percentiles) are less conservative and, naturally, more prone to false posi-
tives. Lower cutoff score is more conservative when labeling children and less prone
to false positive. Some authors argue that the sample of individuals labeled under
higher cutoff scores is more heterogeneous, with their difficulties in math being
more attributable to social, educational, and motivational factors and therefore are
less stable over time [22]. On the other hand, the individuals whose performance
falls into the more conservative cutoff scores are a more homogeneous group, and
their difficulties are more probably associated to cognitive factors. Mazzocco [15]
suggests that the individuals with performance under the fifth percentile must be
identified as DD, and those with performance under the 30th percentile must be
identified as “mathematics difficulties.”

2.2 Comorbidity and cognitive heterogeneity

The investigation of DD nosology also involves studying its comorbidities with
other syndromes and how the cognitive profile varies among individuals. It is esti-
mated that only 30% of the DD children are free of comorbidities [23]. The main
comorbidities of DD are with developmental dyslexia and ADHD, with comorbidity
rates of 40% for the first [24] and between 25 and 42% for the second [23, 25].

According to Rubinsten and Henik [26], different cognitive deficits can be
the cause of difficulties in learning math, with comorbidities being mostly due
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to a combination of deficits. For example, the pure cases (for which the label

DD is applied) are due to a deficit in the abstract representation of number, in
the cognitive level, and a deficit in the functioning of the intraparietal sulcus, in
the neural level. The comorbidity of dyscalculia and ADHD would be explained
by the co-occurrence of deficits in the processing of number and in attentional
mechanisms. In turn, comorbidity with dyslexia is due to a single deficit in the
angular gyrus that would cause a deficit in associating symbols (Arabic numbers,
words) to a meaning. The cases of comorbidity would be referred as mathematics
learning difficulties (MLD).

3. Cognitive mechanisms

Following the diversity of activities involved in math and the heterogeneity of
manifestations observed in mathematics difficulties, the cognitive mechanisms
are also diverse and related to basic numerical representations, working memory,
visuospatial reasoning, and language. In the following, the literature on each of
these mechanisms will be reviewed in more detail.

3.1 Nonsymbolic representations

Humans, like all other animals, are born with only a rudimentary, language-
independent, system dedicated to grasping quantities from the environment [27].
Naturally, this system is not able to process numerical symbols, which are, from a
phylogenetic perspective, a very recent cultural invention that demands encultura-
tion in order to be assimilated by the human brain [28]. This inherited preverbal
number knowledge operates in two forms, which are considered independent
subsystems: the object-tracking system (OTS) and the approximate number
system (ANS; [27]). The OTS represents small numerosities up to four with high
accuracy and reaches its developmental plateau early in development. The ANS, in
turn, is responsible for the representation of larger numerosities analogically and,
therefore, with increasingly imprecision. One largely accepted model suggests that
the ANS represents numbers in an approximate and logarithmically compressed
fashion, according to the classical psychophysical laws of Weber and Fechner [29].

Since the last decade, the relationship between basic numerical representations
and performance on mathematics has been in the spotlight for many research
groups. A handful of evidence has indicated a positive relation between ANS
accuracy and math performance [30-37]. Moreover, it has also been shown that
children with DD are impaired even in simple tasks that tap ANS representations,
such as estimating the numerical size of a set of dots and comparing two sets of dots
(17, 38, 39].

A very well-established theory is that DD is the result of a deficit in the foun-
dational representations of numbers [14, 26]. For some researchers, this deficitary
representation of numbers lies in the ANS [17]. Other researchers, in turn, propose
that the deficitary numerical system in DD is the numerosity coding, which is
responsible for processing precise, but not continuous, numerical quantities, and in
which the whole arithmetical thinking is based on. For a detailed discussion about
these hypotheses, see Butterworth [14].

3.2 Symbolic representations

Basic numerical representations are not restricted to nonsymbolic representa-
tions. Actually, learning symbolic systems for representing numbers is a landmark
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in the development of mathematical reasoning. As children learn to speak a
sequence of numerical words, they are still devoid of any quantitative meaning
[40]. Gradually, these number words are associated with nonsymbolic numerical
representations [41, 42]. The mapping between a list of words and their respective
numerical representations (meanings) will be established gradually as children
become able to perform a range of new tasks. For example, they can use these
numeric words to label a set of objects (say “six” when looking to six dolls at a
glance). These activities only develop completely around the age of five, when
children master the principle of cardinality [43].

Schneider and collaborators [44], in a meta-analysis study, found that the asso-
ciation with performance in arithmetic tests is stronger for symbolic comparison
tasks than for the nonsymbolic ones. Furthermore, a find consistently reported by
studies indicates that children with DD exhibit weaker performance than controls in
tasks requiring comparison of symbolic numbers, like Arabic numbers and number
words [18, 38, 45-47]. According to a model proposed by Rousselle and Noél [18],
DD can also occur due to a deficit in accessing nonsymbolic representations from
numerical symbols (access deficit hypothesis).

3.3 Language

Language influences mathematics in different ways. Many mathematical tasks
rely on verbal processing, such as learning the multiplication table, writing and
reading numbers, and learning the Arabic code. According to Simmons et al. [48],
the relationship between phonological awareness (often measured by a rhyme
detection or phoneme elision tasks) and math learning is independent of measures
of vocabulary and nonverbal reasoning, thus indicating a genuine verbal-numerical
relationship.

Language skills also characterize an important landmark in the development
of mathematical abilities. A special case is the ability to convert between numeri-
cal notations, often measured by tasks of number writing and number reading,
and called number transcoding. Number transcoding is especially important early
in school life, since it demands the understanding of basic lexical and syntactic
components of Arabic and verbal numerals. As suggested by previous studies,
understanding the place-value syntax of Arabic numbers and matching it with
number words constitutes a significant landmark that young children must reach in
order to succeed in mathematical education [49].

Some scientific evidence suggests that children master the numerical codes after
3 or 4 years of schooling. During the first year of elementary school (around 7-year-
old), children still struggle to write and read Arabic numerals [50, 51]. Shortly after,
in third and fourth grades (8- and 9-year-old children), most of these difficulties
with Arabic numerals are already overcome [38]. This issue was further investigated
by Moura et al. [52] in a study using more complex number transcoding tasks and
investigating children with and without MLD. Results revealed significant number
transcoding difficulties in children with MLD. These difficulties were more promi-
nent in Arabic number writing, but the magnitude of this difference decreased
with age, indicating that children with MLD tend to reach the performance of their
typical achievers peers. Importantly, from the first to fourth school grades, most
of the errors observed in children, regardless of their achievement in mathematics,
are well explained by the syntactic complexity of numerals, as most errors were
observed in numbers with more digits, and more syntactically complex (like 1002,
4015). A detailed analysis of transcoding errors suggested that children with MLD
struggle with the syntactic structure of Arabic numerals, mainly with 3- and 4-digit
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numbers, until the fourth grade, while typical achievers seem to overcome these
difficulties around the third grade. Moreover, the acquisition of lexical primitives
seems to be well developed in typical achievers by the first year of elementary
school, while children with MLD show a small though significant proportion of
lexical errors (e.g., writing twelve as 20).

Another important evidence for this interaction between numerical and
verbal skills is the high comorbidity between DD and dyslexia. Epidemiological
studies indicate that approximately 40% of dyslexic children also have deficits in
arithmetic [24]. Some studies suggest comorbidity rates up to 70%, which may be
overestimated because of diagnostic criteria and constructs evaluated by standard-
ized arithmetic and reading tests [53]. Importantly, the comorbidity between DD
and dyslexia is greater than would be expected by chance if the two entities were
fully segregated independently. An influential hypothesis states that children with
developmental dyslexia struggle with numerical activities that rely on verbal codes,
such as number transcoding and learning arithmetic facts [54].

3.4 Working memory and attention

The association between mathematics skills and working memory and attention
has been extensively reported in the literature. In fact, a high variety of numerical
tasks including number transcoding, complex calculations, and problem solving
require working memory resources and planning. According to Rubinsten and
Henik [26], a relevant part of children with DD also present comorbid attention
deficit hyperactivity disorder (ADHD) [21, 55].

Interestingly, a brain region that is considered crucial for numerical develop-
ment, the intraparietal sulcus, is also involved in a range of nonnumerical activi-
ties, including attentional control and reasoning [56-59]. Recent studies propose
that an important cognitive mark of DD is attentional control. Gilmore et al. [60]
found that, due to strategies aiming to control for nonnumerical visual parameters,
commonly used dot comparison tasks require inhibitory control mechanisms.
Surprisingly, this executive function component is more strongly related to math-
ematics achievement than the numerical components of magnitude comparison
tasks. Similarly, Szucs et al. [61] also proposed that children with DD have more
difficulties in inhibiting irrelevant nonnumerical information than their typically
developing peers.

3.5 Visuospatial abilities

Together with working memory, visuospatial abilities are one of the most critical
abilities related to mathematics achievement, being associated mainly with perfor-
mance in multidigit calculation, mainly in those requiring borrowing and carry-
over procedures [62, 63].

Despite the evidence for a role of visuospatial skills in calculation, a pure visuo-
spatial deficit in children with DD is perhaps less clear than the other cognitive skills
discussed above, as there is no well-established visuospatial subgroup of DD. The
co-occurrence of mathematics and visuospatial deficits were widely discussed in the
context of the so-called nonverbal learning disability [64-66].

If, on the one hand, there is no consensus about a visuospatial deficit in DD,
on the other hand, many studies found that children with DD present deficits in
the visuospatial component of working memory [61, 67-73]. Importantly, the
verbal component of working memory is frequently reported as preserved in these
cases [61, 74].
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4. Conclusion

Even though the study of the cognitive basis of numerical representations and
mathematical performance is relatively new, a consistent body of scientific evidence
has already been gathered, allowing important advances in the comprehension of
the development of mathematical abilities and in the identification and remediation
of mathematical difficulties. Nevertheless, this is a broad field of study and there

are still several open questions. Currently, longitudinal and replication studies are
especially relevant [75].

Author details

Ricardo Moura®™, Suzane Garcia' and Jilia Beatriz Lopes-Silva®

1 University of Brasilia (UnB), Brasilia, Brazil

2 Federal University of Minas Gerais (UFMG), Belo Horizonte, Brazil

*Address all correspondence to: ricardoojm@gmail.com

IntechOpen

© 2020 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.

114



Developmental Dyscalculia: Nosological Status and Cognitive Underpinnings

DOI: http://dx.doi.org/10.5772/intechopen.91003

References

[1] Parsons S, Bynner J. Does mumeracy
matter more? Education. Institute

of Education, University of London:
National Research and Development
Centre for Adult Literacy and
Numeracy; 2006

[2] Dowker A. Individual Differences in

Arithmetic: Implications for Psychology,
Neuroscience and Education. New York,

NY: Psychology Press; 2005

(3] Peters E, Tompkins MK, Knoll MAZ,
Ardoin SP, Shoots-Reinhard B,

Meara AS. Despite high objective
numeracy, lower numeric confidence
relates to worse financial and

medical outcomes. Proceedings of

the National Academy of Sciences.
2019;116(39):19386-19391. DOL:
10.1073/pnas.1903126116

[4] Lusardi A, Tufano P. Debt
literacy, financial experiences,
and overindebtedness. Journal of
Pension Economics and Finance.
2015;14(4):332-368. DOI: 10.1017/
S1474747215000232

[5] Lag T, Bauger L, Lindberg M,
Friborg O. The role of numeracy and
intelligence in health-risk estimation
and medical data interpretation.
Journal of Behavioral Decision Making.
2014;27(2):95-108. DOI: 10.1002/
bdm.1788

[6] OECD. OECD Skills Outlook 2019:
Thriving in a Digital World. Paris:
OECD Publishing; 2019. DOI: 10.1787/
df80bcl12-en

[7]1 Gross-Tsur V, Manor O, Shalev RS.
Developmental dyscalculia: Prevalence
and demographic features.
Developmental Medicine and Child
Neurology. 1996;38:25-33

[8] Jordan NC, Levine SC.

Socioeconomic variation, number
competence, and mathematics

115

learning difficulties in young children.
Developmental Disabilities Research
Reviews. 2009;15(1):60-68

[9] Hattie J. Visible Learning: A
Synthesis of over 800 Meta-Analyses
Relating to Achievement. New York:
Routledge; 2008

[10] Hembree R. The nature, effects, and
relief of mathematics anxiety. Journal
for Research in Mathematics Education.
1990;21(1):33. DOI: 10.2307/749455

[11] Carey E, Hill F, Devine A, Sziics D.
The chicken or the egg? The direction of
the relationship between mathematics
anxiety and mathematics performance.
Frontiers in Psychology. 2016;6:1987.
DOI: 10.3389/fpsyg.2015.01987

[12] Mazzocco MMM, Hanich LB,
Noeder MM. Primary school age
students’ spontaneous comments

about math reveal emerging
dispositions linked to later mathematics
achievement. Child Development
Research. 2012;170:310. DOI:
10.1155/2012/170310

[13] Butterworth B. Developmental
dyscalculia. In: Campbell JID, editor.
Handbook of Mathematical Cognition.
New York, NY, US: Psychology Press;
2005. pp. 455-467

[14] Butterworth B. Foundational
numerical capacities and the origins
of dyscalculia. Trends in Cognitive
Sciences. 2010;14(12):534-541. DOI:
10.1016/j.tics.2010.09.007

[15] Mazzocco MMM. Defining

and differentiating mathematical
learning disabilities and difficulties.

In: Berch DB, Mazzocco MMM,

editors. Why Is Math So Hard for some
Children? The Nature and Origins of
Mathematical Learning Difficulties and
Disabilities. Baltimore: Brookes; 2007.
pp- 29-47



Learning Disabilities - Neurological Bases, Clinical Features and Strategies of Intervention

[16] American Psychiatric Association.
Diagnostic and Statistical Manual of
Mental Disorder. 5th ed. Washington,
DC: Author; 2013

[17] Piazza M, Facoetti A, Trussardi AN,
Berteletti I, Conte S, Lucangeli D, et al.
Developmental trajectory of number
acuity reveals a severe impairment in
developmental dyscalculia. Cognition.
2010;116(1):33-41. DOI: 10.1016/j.
cognition.2010.03.012

[18] Rousselle L, Noél MP. Basic
numerical skills in children with
mathematics learning disabilities:

A comparison of symbolic vs non-
symbolic number magnitude processing.
Cognition. 2007;102(3):361-395. DOLI:
10.1016/j.cognition.2006.01.005

[19] Wilson AJ, Dehaene S. Number
sense and developmental dyscalculia.
In: Coch D, Dawson G, Fischer KW,
editors. Human Behavior, Learning,
and the Developing Brain: Atypical
Development. New York, NY, US: The
Guilford Press; 2007. pp. 212-238

[20] Reigosa-Crespo V, Valdés-

Sosa M, Butterworth B, Estévez N,
Rodriguez M, Santos E, et al. Basic
numerical capacities and prevalence of
developmental dyscalculia: The Havana
survey. Developmental Psychology.
2012;48:123-135. DOI: 10.1037/a0025356

[21] von Aster MG, Shalev RS. Number
development and developmental
dyscalculia. Developmental Medicine &
Child Neurology. 2007;49:868-873

[22] Murphy MM, Mazzocco MMM,
Hanich LB, Early MC. Cognitive
characteristics of children with
Mathematics Learning Disability (MLD)
vary as a function of the cutoff criterion
used to define MLD. Journal of Learning
Disabilities. 2007;40(5):458-478. DOI:
10.1177/00222194070400050901

[23] Desoete A. Co-morbidity in
mathematical learning disabilities: Rule

116

or exception? The Open Rehabilitation
Journal. 2008;1:15-16

[24] Lewis C, Hitch GJ, Walker P. The
prevalence of specific arithmetic
difficulties and specific reading
difficulties in 9- to 10-year-old boys
and girls. Journal of Child Psychology
and Psychiatry. 1994;35:283-292. DOI:
10.1111/.1469-7610.1994.tb01162.x

[25] SilvaD, ColvinL, GlauertR, StanleyF,
Srinivasjois R, Bower C. Literacy and
numeracy underachievement in boys
and girls with ADHD. Journal of
Attention Disorders. 2015;19:1-12. DOI:
10.1177/1087054715596575

[26] Rubinsten O, Henik A.
Developmental dyscalculia: Different
mechanisms might not mean different
mechanisms. Trends in Cognitive
Sciences. 2009;13:92-99

[27] Piazza M. Neurocognitive
start-up tools for symbolic number
representations. Trends in Cognitive
Sciences. 2010;14(12):542-551

[28] Dehaene S, Cohen L. Cultural
recycling of cortical maps. Neuron.
2007;56(2):384-398. DOI: 10.1016/j.
neuron.2007.10.004

[29] Piazza M, Izard V, Pinel P, Le
Bihan D, Dehaene S. Tuning curves
for approximate numerosity in the
human intraparietal sulcus. Neuron.
2004;44(3):547-555. DOI: 10.1016/j.
neuron.2004.10.014

[30] Feigenson L, Libertus ME,

Halberda J. Links between the intuitive
sense of number and formal
mathematics ability. Child Development
Perspectives. 2013;7(2):74-79. DOLI:
10.1111/cdep.12019

[31] Gilmore CK, McCarthy SE,

Spelke ES. Non-symbolic arithmetic
abilities and mathematics achievement
in the first year of formal schooling.
Cognition. 2010;115(3):394-406. DOI:
10.1016/j.cognition.2010.02.002



Developmental Dyscalculia: Nosological Status and Cognitive Underpinnings

DOI: http://dx.doi.org/10.5772/intechopen.91003

[32] Halberda J, Mazzocco MMM,
Feigenson L. Individual differences in
non-verbal number acuity correlate
with maths achievement. Nature.
2008;455(7213):665-668. DOI: 10.1038/
nature07246

[33] Halberda ], Ly R, Wilmer JB,
Naiman DQ, Germine L. Number
sense across the lifespan as revealed
by a massive Internet-based sample.
Proceedings of the National Academy
of Sciences of the United States of
America. 2012;109(28):11116-11120.
DOI: 10.1073/pnas.1200196109

[34] Libertus ME, Feigenson L,
Halberda J. Preschool acuity of the
approximate number system correlates
with school math ability.
Developmental Science.
2011;14(6):1292-1300. DOI:
10.1111/j.1467-7687.2011.01080.x

[35] Starr A, Libertus ME, Brannon EM.
Number sense in infancy predicts
mathematical abilities in childhood.
Proceedings of the National Academy
of Sciences of the United States of
America. 2013;110(45):18116-18120.
DOI: 10.1073/pnas.1302751110

[36] Starr A, DeWind NK, Brannon EM.
The contributions of numerical acuity
and non-numerical stimulus features
to the development of the number
sense and symbolic math achievement.
Cognition. 2017;168:222-233. DOI:
10.1016/j.cognition.2017.07.004

[37] Starr A, Tomlinson RC,

Brannon EM. The acuity and
manipulability of the ANS have
separable influences on preschoolers’
symbolic math achievement. Frontiers
in Psychology. 2018;9:2554. DOL:
10.3389/fpsyg.2018.02554

[38] Landerl K, Bevan A, Butterworth B.

Developmental dyscalculia and basic
numerical capacities: A study of
8-9-year-old students. Cognition.
2004;93(2):99-125. DOI: 10.1016/j.
cognition.2003.11.004

117

[39] Mazzocco MMM, Feigenson L,
Halberda J. Impaired acuity of the
approximate number system underlies
mathematical learning disability
(dyscalculia). Child Development.
2011;82(4):1224-1237. DOL:
10.1111/j.1467-8624.2011.01608.x

[40] Sarnecka BW, Lee MD. Levels

of number knowledge during early
childhood. Journal of Experimental
Child Psychology. 2009;103(3):325-337.
DOI: 10.1016/jjecp.2009.02.007

[41] Gallistel CR, Gelman R. Non-verbal
numerical cognition: From reals to
integers. Trends in Cognitive Sciences.
2000;4(2):59-65. DOI: 10.1016/
S1364-6613(99)01424-2

[42] Krajewski K, Schneider W. Early
development of quantity to number-
word linkage as a precursor of
mathematical school achievement and
mathematical difficulties: Findings from
a four-year longitudinal study. Learning
and Instruction. 2009;19(6):513-526.
DOI: 10.1016/j.learninstruc.2008.10.002

[43] Le Corre M, Carey S. One,

two, three, four, nothing more: An
investigation of the conceptual sources
of the verbal counting principles.
Cognition. 2007;105(2):395-438. DOI:
10.1016/j.cognition.2006.10.005

[44] Schneider M, Beeres K,

Coban L, Merz S, Susan Schmidt S,
Stricker J, et al. Associations of non-
symbolic and symbolic numerical
magnitude processing with
mathematical competence: A meta-
analysis. Developmental Science.
2017;20(3):e12372. DOI: 10.1111/
desc.12372

[45] De Smedt B, Gilmore CK. Defective
number module or impaired access?
Numerical magnitude processing in first
graders with mathematical difficulties.
Journal of Experimental Child
Psychology. 2011;108(2):278-292. DOI:
10.1016/jjecp.2010.09.003



Learning Disabilities - Neurological Bases, Clinical Features and Strategies of Intervention

[46] De Smedt B, Noél MP, Gilmore C,
Ansari D. How do symbolic and
non-symbolic numerical magnitude
processing skills relate to individual
differences in children’s mathematical
skills? A review of evidence from brain
and behavior. Trends in Neuroscience
and Education. 2013;2:48-55. DOI:
10.1016/j.tine.2013.06.001

[47] Landerl K, Kélle C. Typical and
atypical development of basic numerical
skills in elementary school. Journal

of Experimental Child Psychology.
2009;103(4):546-565. DOI: 10.1016/j.
jecp.2008.12.006

[48] Simmons F, Singleton C, Horne]J.
Phonological awareness and visual-
spatial sketchpad functioning
predict early arithmetic attainment:
Evidence from a longitudinal study.
European Journal of Cognitive
Psychology. 2008;20:711-722. DOL:
10.1080/09541440701614922

[49] Geary DC. From infancy to
adulthood: The development of
numerical abilities. European
Child Adolescent Psychiatry.
2000;2(22):1111-1116. DOI: 10.1007/
s007870070004

[50] Geary DC, Hoard MK, Hamson CO.
Numerical and arithmetical cognition:
Patterns of functions and deficits in
children at risk for a mathematical
disability. Journal of Experimental Child
Psychology. 1999;74(3):213-239

[51] Geary DC, Hamson CO, Hoard MK.
Numerical and arithmetical cognition:
A longitudinal study of process

and concept deficits in children

with learning disability. Journal of
Experimental Child Psychology.
2000;77(3):236-263

[52] MouraR,Wood G, Pinheiro-ChagasP,
Lonnemann J, Krinzinger H, Willmes K,
et al. Transcoding abilities in typical

and atypical mathematics achievers: The
role of working memory and procedural

118

and lexical competencies. Journal
of Experimental Child Psychology.
2013;116(3):707-727. DOI: 10.1016/j.
jecp.2013.07.008

[53] Landerl K, Moll K. Comorbidity
of learning disorders: Prevalence
and familial transmission. Journal
of Child Psychology and Psychiatry.
2010;51:287-294

[54] Simmons FR, Singleton C. Do weak
phonological representations impact on
arithmetic development? A review of
research into arithmetic and dyslexia.
Dyslexia. 2008;14(2):77-94. DOI:
10.1002/dys.341

[55] Currie J, Stabile M. Child mental
health and human capital accumulation:
The case of ADHD. Journal of Health
Economics. 2006;25(6):1094-1118. DOLI:
10.1016/jjhealeco.2006.03.001

[56] Corbetta M, Shulman GL. Control
of goal-directed and stimulus-driven
attention in the brain. Nature Reviews
Neuroscience. 2002;3(3):201-215. DOI:
10.1038/nrn755

[57] Goodale MA, Milner AD,
Jakobson LS, Carey DP. A neurological
dissociation between perceiving
objects and grasping them. Nature.
1991;349(6305):154-156. DOI:
10.1038/349154a0

(58] Jung RE, Haier R]. The parieto-
frontal integration theory (P-FIT) of
intelligence: Converging neuroimaging
evidence. Behavioral and Brain
Sciences. 2007;30(2):135-154. DOI:
10.1017/S0140525X07001185

[59] Ungerleider LG, Haxby JV. “What”
and “where” in the human brain.
Current Opinion in Neurobiology.
1994;4(2):157-165. DOI: 10.1016/
0959-4388(94)90066-3

[60] Gilmore C, Attridge N, Clayton S,
Cragg L, Johnson S, Marlow N, et al.
Individual differences in inhibitory



Developmental Dyscalculia: Nosological Status and Cognitive Underpinnings

DOI: http://dx.doi.org/10.5772/intechopen.91003

control, not non-verbal number
acuity, correlate with mathematics
achievement. PLoS One.

2013;8(6):e67374. DOI: 10.1371/journal.

pone.0067374

[61] Szucs D, Devine A, Soltesz F,
Nobes A, Gabriel F. Developmental
dyscalculia is related to visuo-spatial
memory and inhibition impairment.
Cortex. 2013;49(10):2674-2688. DOI:
10.1016/j.cortex.2013.06.007

[62] Moeller K, Pixner S, Zuber J,
Kaufmann L, Nuerk HC. Early place-
value understanding as a precursor
for later arithmetic performance-A
longitudinal study on numerical
development. Research in
Developmental Disabilities.
2011;32(5):1837-1851. DOI: 10.1016/j.
ridd.2011.03.012

[63] Raghubar K, Cirino P, Barnes M,
Ewing-Cobbs L, Fletcher J, Fuchs L.
Errors in multi-digit arithmetic and
behavioral inattention in children with
math difficulties. Journal of Learning
Disabilities. 2009;42:356-371. DOLI:
10.1177/0022219409335211

[64] Cornoldi C, Mammarellal,

Fine JG. Nonverbal Learning
Disabilities. Oxford: Oxford University
Press; 2016

[65] Drummond CR, Ahmad SA,
Rourke BP. Rules for the classification
of younger children with nonverbal
learning disabilities and basic
phonological processing disabilities.
Archives of Clinical Neuropsychology.
2005;20(2):171-182. DOI: 10.1016/j.
acn.2004.05.001

[66] Rourke BP, Conway JA. Disabilities
of arithmetic and mathematical
reasoning: Perspectives from neurology

and neuropsychology. Journal of
Learning Disabilities. 1997;30:34-46

(671 Bull R, Espy KA, Wiebe SA. Short-
term memory, working memory,

119

and executive functioning in
preschoolers: Longitudinal predictors
of mathematical achievement at age 7
years. Developmental Neuropsychology.
2008;33:205-228

[68] Geary DC. Mathematics and
learning disabilities. Journal of Learning
Disabilities. 2004;37:4-15

[69] Hitch GJ, McAuley E. Working
memory in children with specific
arithmetical learning difficulties. British
Journal of Psychology. 1991;82(3):375-
386. DOI: 10.1111/j.2044-8295.1991.
tb02406.x

[70] Keeler ML, Swanson HL. Does
strategy knowledge influence working
memory in children with mathematical
disabilities? Journal of Learning
Disabilities. 2001;34(5):418-434. DOI:
10.1177/002221940103400504

[71] Passolunghi MC, Siegel LS. Short-
term memory, working memory, and
inhibitory control in children with
difficulties in arithmetic problem
solving. Journal of Experimental Child
Psychology. 2001;80(1):44-57. DOI:
10.1006/jecp.2000.2626

[72] Passolunghi MC, Siegel LS. Working
memory and access to numerical
information in children with

disability in mathematics. Journal

of Experimental Child Psychology.
2004;88(4):348-367. DOI: 10.1016/j.
jecp.2004.04.002

[73] Swanson HL. Cognitive
processes that underlie mathematical
precociousness in young children.
Journal of Experimental Child
Psychology. 2006;93:239-264

[74] Ashkenazi S, Rosenberg-Lee M,
Tenison C, Menon V. Weak task-

related modulation and stimulus
representations during arithmetic
problem solving in children

with developmental dyscalculia.
Developmental Cognitive Neuroscience.



Learning Disabilities - Neurological Bases, Clinical Features and Strategies of Intervention

2012;2(Suppl. 1):S152-S166. DOI:
10.1016/j.dcn.2011.09.006

[75] Noél MP, Turconi E. Assessing
number transcoding in children.
European Review of Applied
Psychology. 1999;49(4):295-304

120



Chapter 9

Learning Disabilities in Children
with Autism

Ingrid Ya I Sun, Ana Carolina Martins Cortez
and Fernanda Dreux Mivanda Fernandes

Abstract

Children with autism spectrum disorders often present signs of cognitive strate-
gies that are not within the expected developmental profile. Therefore, it should
be expected that the learning process of children with this disorder should be the
focus of several studies regarding schooling and literacy. Unfortunately, that is not
the real situation. In this chapter, the authors propose to present an overview of the
available literature about learning, reading, and literacy in children with the autism
spectrum disorders and report results of studies about the association between
executive functions and reading abilities in children with autism spectrum disor-
ders that attend to regular and special schools in Brazil.

Keywords: autism, children, language, learning, reading

1. Introduction

This chapter aims to gather and integrate studies on the development and neuro-
cognitive processes involved in learning by children with autism spectrum disorder
(ASD). It is believed that we need to know the neuropsychological foundations of
learning for transmitting teaching.

Fonseca [1] describes that, although learning capacity is inherent to several spe-
cies, the human is the only species that transmits teaching intentionally.

The literature reports that difficulties in learning conditional relationships
between stimuli and concepts can lead to restrictions on an individual’s life and
limit their social interaction.

Communication plays an important role in integration of auditory and visual
stimuli. This way, the understanding of the environment arises from the interaction
between people, and learning is a result of the relationship created through sensory
stimuli.

2. Learning by children with ASD: language, social, and cognitive factors

It is known that language occurs mostly by meaningful experiences and situa-
tions. Although it depends on cognitive development, physiological integrity, and
linguistic abilities, the environmental demands and support have an essential role in
the child’s learning process. The construction of a socially shared code that leads to
the assignment of meaning to the world’s various elements and experiences depends
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on the interaction with other significant persons. Language and memory are also
dependent on meaningful situations and experiences. Abilities acquired through
systematic training, despite frequently presenting fast results, are discarded as fast
as they are acquired if they are not used or associated with meaningful contexts.

Based on these ideas, it seems reasonable to suppose that children with autism
spectrum disorders present some disadvantage in the learning process because they
have a social inability that is inherent to the ASD features, with varied degrees of
impairment in social interactions. This way, it is accepted that language impairment
of children with autism is not necessarily associated with linguistic structures,
although they are affected in some children. Language impairments of children
with ASD are essentially related to pragmatic abilities, also involving different
levels of inabilities, from the lack of contact to subtle difficulties regarding interac-
tion and conversation abilities. This is another reason why it is fundamental to
understand the child’s context and environment, to assess the impact of each child’s
inabilities and design intervention plans that address the most efficient and timely
intervention.

Several recent studies show that including families in the therapeutic process of
children with ASD increases better outcomes and prognosis than traditional one-
on-one therapeutic approaches.

Authors like Winnicot [2] consider emotional health as the development’s
“back bone,” allowing cognitive and linguistic development and therefore enabling
successful learning processes. Regardless of the causal relation and of the hierarchy
among these areas of development, the importance of emotional health to learning
is unquestionable. Perceiving and processing sensorial information and positively
assimilating and interpreting information in order to build and learn healthily and
creatively—that is, so that cognitive processing really occurs—depend on emotional
health.

Studies that focus on the importance of engaging parents and caregivers are
increasing in number and impact, with results increasingly consistent showing that
the quality of life of parents and caregivers as well as their involvement in the inter-
vention processes with children with ASD has a positive influence in the outcomes
of these processes.

The symptoms often found that ASD individuals also fit in the attention deficit
hyperactivity disorder (ADHD) diagnosis, leading researches to compare learning
performance between individuals with ASD and ADHD. Both diagnoses present
significant impairments in cognitive performance, and it is important to make
considerations from the neurocognitive perspective, raising questions and studies
that involve tasks that require skills such as executive function (EF), theory of mind
(ToM), language, and even correlations between them, seeking possible relations of
causality.

EF is currently defined as a cognitive process necessary to define a goal and
accomplish it, including the skills needed for it. Among them, working memory,
inhibitory control, and cognitive flexibility are included. Working memory is the
ability to rescue information previously stored to accomplish a task. Inhibitory
control is the ability to suppress any actions or information that may interrupt or
hinder the execution of the task or planning.

EF is closely linked to communicative skills, impacting learning, autonomy,
and social life of the individual with ASD. This, in part, makes it difficult to
understand the direct impact of EF impairment on children with ASD. Even the
studies do not yet reach a consensus on impairments in EF in this population. Some
studies indicate deficit and risk indicating the causal relationship between EF and
other abilities, while others show that individuals with ASD do not present greater
impairment than other groups with typical development (TD), developmental

122



Learning Disabilities in Children with Autism
DOI: http://dx.doi.org/10.5772/intechopen.89234

language disorder (DLD), and ADHD, indicating that this may not be the central
impairment of the disorder.

Some researchers, including Kado and collaborators [3], report in their paper
that the working memory performance of children with ASD and ADHD is similar,
but their performance is below when compared with TD children, even when
matched with IQ and school age. However, other researchers like Roleofs and
collaborators did not find significant differences in working memory between
adolescents and adults with ASD and intellectual disability when compared with
individuals without ASD matched with IQ [4]. In an attempt to understand the
interdependence of working memory with language, some studies separate the
assessment of this cognitive ability between visual or spatial working memory and
verbal working memory. A very interesting research that tries to understand the
relation of working memory and language ability was Hill’s paper in 2015 [5]. The
working memory was evaluated and compared in 5- to 8-year-old children with
ASD and DLD. In this study, children with ASD were separated into two groups:
children with and without language impairment. Children with proper language
had better performances than children with language impairment. In addition,
children with ASD and impaired language performed similarly to children with
DLD in most verbal working memory tasks, but none of these groups differed in
visual working memory tasks, suggesting their interdependence. This also happens
with inhibition control.

The findings of inhibitory control studies in children with ASD are diverse.
Some indicate significant losses, while others find no differences compared to
ADHD and DT. A widely used test to verify this ability is Stroop, which requires a
refined language skill. Corbett and his collaborators [6] performed several inhibi-
tory control tests, with and without the need for verbal expressive language. In
the test, requiring verbal ability, children with ASD and ADHD had worse perfor-
mances than TD children. In the test where the verbal expressive ability was not
required—children should heard or saw a certain number to answer or not—chil-
dren with ASD performed worse than children with DT and ADHD. However, it is
important to note that, even in the test of visual working memory, which supposed
to not requiring expressive language, the task required a linguistic ability.

And the same pattern happens in researches that attempt to assess cognitive
flexibility [7] using tasks that require some level of language, comprehensive or
expressive.

The fact that neuropsychological assessments are intended to assess language
and are not sensitive to these skills has been a frequent problem in most proposed
assessments. In general, these assessments are made by psychologists who don’t have
deep knowledge to determine language failures or even to distinguish or define the
language structures required for that. Many misjudge language only as an expres-
sive or verbal act, which is conceptually wrong, or disregard the cultural component
of language, or even fail to evaluate language ability alone, often considering the
cognitive strategies used by the child as language ability or otherwise. And as noted
above, this knowledge is essential to clarify a possible causal relationship or to shed
light on the possible association between cognitive and language areas, not only in
children with ASD.

3. Learning to read
For children with typical development, learning to speak can naturally come

out observing and participating in moments and situations of communication with
their parents and their community.
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In contrast, the act of learning to read and write is a complex task, composed of
multiple interdependent processes, including understanding how the visual sym-
bols correspond to spoken language [8].

There is a range of articles that discuss the importance and interdependence of
good oral language development for the success of written code acquisition, since
writing is considered a representation of language.

The literature of clinical neuropsychology reports that an assessment of cogni-
tive strengths and weaknesses is useful for children with any developmental or
learning disorder [9]. Considering the heterogeneity of the clinical settings of
children with ASD, assessing and understanding the child’s individual strengths and
weaknesses help better focus school plans and medical treatment and understand
the possible areas of difficulty [9, 10].

Westerveld et al. [11] argue that learning to read is just another challenge for
children with ASD. In their study, they found that approximately 30-60% of these
children present some difficulty to develop literacy. It is important to highlight that
even higher functioning children are also part of the statistics.

Jones et al. [12] described that the cognitive heterogeneity of children with ASD
is an element that makes it difficult to characterize the academic difficulties of this
population. In addition, they report that cognitive abilities may not be congruent
with their writing operations.

In their paper, Fletcher and Miciak [9] argue the fact that some children have
deficits in cognitive tests may not necessarily indicate causal direction in a child’s
learning difficulties. A cognitive deficit does not indicate “why” a child has a learn-
ing problem.

Another possible justification found in the literature for this variation in the
development of reading and writing in children with ASD is the individual differ-
ences in language skills in the areas of phonology, semantics, and syntax [11, 12].

Davidson and Weismer [10] describe that reading disabilities can be classified
based on problems that arise in decoding or comprehension abilities. It’s impor-
tant to know the history of reading instruction for children with exceptional
educational needs to consider what is known about reading abilities in individuals
with ASD [13].

Gabig [14] in her study with children with ASD, who reduced performance in
areas such as vocabulary, may have negative influences on skills such as phonologi-
cal processing. In addition, she found that some abilities related to decoding ability
appear to be relatively intact.

Richardson and Heikki [8] discuss that the reasons for the phonological deficit
in autism are still not clear but certainly interfere in the quality of mental represen-
tations and in the quality of the lexical, creating a poor link between the phonologi-
cal awareness and reading skills.

Other authors question whether insufficient performance in reading skills are
from specific verbal material defects or the consequence of perceptual, temporal, or
long-term memory failure problems [15].

Overall, studies indicate that although the ability to recognize written words
may be similar to that of typically developing learners, children with ASD tend to
have deficits in integrating information. That is, they have difficulty retrieving and
integrating meanings necessary for reading comprehension, including the ability
to create connections between content read with prior knowledge and the ability to
make inferences [16].

The literature describes that most children with autism show average ability
to recognize words while reading and to accurately spell words for age and grade
level. In contrast, what the literature cannot yet explain is whether phonological
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awareness accompanies the good performance of phonetic decoding presented by
children with autism [14].

There are several studies that speculate if children with ASD would perform
poorer when decoding pseudowords than when reading sight words because of
a rote memorization of the visual shape of words. Most of their results indicated
that children with autism do not show preference for the visual recognition of sight
words over the decoding of pseudowords. It suggests that ASD children are capable
of using visual and phonological recognition process to identify written words.
Thus, studies lead us to believe that children with autism can benefit from other
access channels to achieve good reading and writing performance.

Hyperlexia is frequently one condition presented by children with ASD. It
is characterized by a child’s precocious ability to read (far above what would be
expected at their age). As with all individuals, children with hyperlexia have a wide
range of skills and deficits. The high abilities to decode do not exclude the possibil-
ity that children may have a cognitive, language learning and/or social disorder.

What experts argue is that content that can be “formally” taught can be more
easily learned by children with ASD. Already “intuitive” content such as phonologi-
cal awareness skills would be less understood by this population.

Corso et al. [17] tested the correlation between reading tasks and different
neuropsychological functions. They concluded that the strongest significant cor-
relations occurred during executive functions tasks.

Pellicano [18] pointed out that there are no studies that explicitly investigate the
nature of executive functions in autism, arguing that there are only researches with
the fractionation of these functions, that is, as if just one of these components can
be specifically affected in autism.

It is also often possible to find studies that compare the performance of children
with ASD in theory of mind abilities (ToM). Some studies report that children with
executive function deficits but with intact theory of mind abilities are hardly found.

Since the use of theory of mind abilities is essential to the mental and behavioral
functioning, understanding the nature of these skills cannot be discarded during
the assessment of reading and writing skills [19].

One of the reasons why individuals with ASD may have difficulties in represent-
ing situations involving theory of mind may be explained by the fact that they have
difficulty integrating clues that are relevant to the context and self-representation.

This would be a justification for the text comprehension difficulties so often
observed in this population, especially the difficulties related to understanding
pragmatic and nonliteral aspects of language.

Deficits in the functioning of EF and literacy may differ between disturbances.
Assessing them and identifying their deficits can provide information on which sys-
tems may be impaired and, most importantly, what can be done to stimulate them.

4. Important considerations for clinical intervention in SLP

The intervention approach may consider all areas of oral or written language
where the children have deficits. It’s important to associate information about
the student’s facilitating routes, whether auditory, visual, or motor. This way, the
therapist should investigate whether the influence of several processing modalities
obtain a more comprehensive understanding of the child’s potential perceptual
abilities.

Bosseler and Massaro [20] describe that technology is also being used in educa-
tional settings as an effective method of getting children engaged.
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Some authors argue that if we guarantee the use of materials that address the
different routes, learning can occur simply due to multiple exposures without
necessarily having feedback and formal interference from the therapist. Although
Bosseler and Massaro observed that children profited from seeing and hearing,
spoken language can better guide language learning than modality alone.

What we should expect is that stimulated content must be learned operatively,
processed, stored, and related to a set of experience to apply functionality and use it
in a meaningful way.

Currently, there are already some available therapeutic methods that can be
developed by parents at home. However, there are not yet numerous clinical articles
that allow a more accurate interpretation of the results. Thus, there are limitations
in measuring the effectiveness of these approaches in treating autistic children,
especially in the long-term.

There are authors who emphasize how important it is to encourage these types
of family-based therapeutic approaches as key interveners; however, understand
that caregiver training should be done very carefully so that such interventions
are not inadequately developed and reinforce difficulties and changes in child
development.

5. Conclusion

As we have seen, environmental support plays an essential role in the child’s
learning process. The findings suggest that children with autism spectrum disorders
(ASD) have some disadvantage in the learning process due to their inherent social
disability to ASD characteristics.

The literature describes that parental support and engagement in interven-
tion processes with children with ASD positively influence the outcomes of these
processes. Therefore, the intervention process should encompass all the possibilities
and resources of oral and written language stimulation, associated with the infor-
mation and collaboration presented by the caregivers.

The learning disabilities of children with autism exist, and our ultimate goal for
these children is to create a connection between learning and functionality.
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Chapter 10

Contradictions around
Inter-collegial Collaboration
Regarding Differentiated
Assessment for Pupils with Dyslexia
in Greek State Secondary Schools

Maria Rontou

Abstract

This chapter discusses the issue of inter-collegial collaboration regarding dif-
ferentiated assessment and marking for students with dyslexia in two Greek state
secondary schools. Activity theory is used to analyse the contradictions that arise
around the issue of differentiated assessment for pupils with dyslexia from data
collected from interviews with headteachers, teachers, pupils and parents and field
notes from observation across two schools. The analysis demonstrates that contra-
dictions are created when participants try to achieve their goals for differentiation
by the lack of staff meetings and collaboration between colleagues in the same
school. The findings suggest the necessity of a staff meeting in the beginning of the
school year regarding students with dyslexia requiring support and differentiation
or the introduction of a list of pupils with dyslexia and their profiles.

Keywords: pupils with dyslexia, inter-collegial collaboration, differentiated
assessment, contradictions, secondary schools

1. Introduction

This chapter discusses the issue of inter-collegial collaboration regarding
differentiated assessment and marking for students with dyslexia in two Greek
state secondary schools. Collaboration between colleagues is necessary for dyslexia
provision. Mackay suggests that portraits on all pupils with specific learning dif-
ficulties including individual teaching and learning strategies should be available
to all staff [1]. The introduction of student profiles was an example of a successful
initiative taken by SENCOs in Hunter-Carsch study [2]. SEN directories and student
profiles were introduced in one school in order to increase the effectiveness of com-
munication between SEN staff and curriculum subject teachers. Pollock and Waller
also mention the difficulty of special needs teachers to communicate with all subject
teachers about individual students [3]. They suggest that a list of pupils requiring
support circulates regularly emphasizing their particular needs. They also suggest
that all teachers communicate regarding students with dyslexia.
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As far as the Greek context is concerned, Arapogianni reported lack of contact
and collaboration of teachers with other professionals [4]. Lappas also reported
lack of communication and collaboration between learning support teachers and
mainstream teachers in Greek primary schools because of the lack of responsibility
of the headteachers for the provision for specific learning difficulties, which lay only
with the learning support teachers [5]. In my study, I used similar methods (semi-
structured interviews) to investigate if inter-collegial communication is effective
from the perspective of parents, pupils and teachers and headteachers but not learn-
ing support teachers and policy agents as Lappas [5] did. Furthermore, my study was
carried out in secondary schools as opposed to primary schools in Lappas [5].

1.1 Theoretical framework

A theoretical framework was needed for this study that explores human learning
within organizational systems in a collective way. Activity theory and the work of
Engestrom provided one such framework [6]. Sociocultural activity theory was initi-
ated by Vygotsky when he tried to explain the learning process by arguing that learn-
ing enables people to think or do something beyond their capability and this is done
in a historical, cultural and social context, with one or more people [7, 8]. Vygotsky
believed that human activity happens when the subjects, those whose actions are
analysed, resolve a shared problem, an ‘object’, by using ‘tools’ to achieve a goal [9].
Engestrom [6] describes how the current understanding of activity theory has evolved
through three generations of research. The first generation contributed to activity
theory the idea of ‘mediation), which was represented in Vygotsky’s [8] triangular
model (Figure 1) linking the subject and the object through mediating artefacts [6].

In the second generation, which was developed from Leontev’s writing [6, 10, 11],
Engestrom expanded the triangular representation of an activity system to enable
the examination of activity systems at an organizational level as opposed to a focus
on the individual actors operating with tools [12]. This expansion of the Vygotskian
triangle represents the social or organizational elements in an activity system
through the addition of the elements of community, rules and division of labour
(see Figure 2).

Activity theory was selected as a theoretical framework for the data collection
and analysis of this study because it allowed the inclusion of different groups of
participants and the investigation of the relationship between them. The second
principle of activity theory, multi-voicedness, was useful for this study as it allowed
the investigation of multiple points of view on the same issue, that of the EFL
teachers, the students, the parents and the Ministry of Education [6].

Tocls

‘acts N Outcome/
subllects | g » Object |~ Goal [—» !

result

Figure 1.
The principal velationship in an activity system.
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Figure 2.

Second generation of activity theory.

Therefore, the subjects of learning of the activity system in School 1, the
school where the study took place, are English as a Foreign Language (EFL)
teacher 1 and one student with dyslexia, George (see Figure 2). A possible object
of learning, that is, what the subjects are working on, is differentiated assess-
ment [12]. The goal in an activity system is the result of the ‘creative effort’ that
can be met when the problems are resolved [13]. A possible goal in this study
is the inclusion of students with dyslexia.

The community representing the wider sociocultural influences includes the
context of the activity, that is, the people who are concerned with the same object:
the headteacher of the school, the other students and teachers, the Local Education
Authority (LEA) and the Ministry of Education [12, 14]. Therefore, the activity is a
collective one and not an individual action of the teacher only or the students only [6].

The division of labour in this study refers to the division of tasks between the
EFL teacher, the headteacher and student. The rules are the principles regulat-
ing the actions of the participants and they can be both written and unwritten,
for example, the national policies on dyslexia and their interpretations by the
headteacher of the school as well as the routines and professional practices of the
teachers [12].

Since activity theory is deeply contextual and studies specific local practices, it
is often linked with the use of case study (e.g. [6, 15, 16]) that takes context and its
details into account [17]. An appropriate design for this study using activity theory
as a theoretical framework was a case study. A case study was suitable for this study
as itaimed to go into sufficient detail and explore the complexities of dyslexia
provision and multiple sources were necessary for the collection of data [17].

1.2 Methodology
1.2.1 Methods

The study included multiple methods for triangulation purposes, which is a
characteristic of case studies [18]: semi-structured and unstructured ethnographic
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interviews with two EFL teachers, one teacher of Greek, two headteachers, one
student with dyslexia and his parents and lesson observation with field notes and
digital audio recording of EFL lessons.

The interviews with participants were carried out in the Greek language and
they were transcribed and were translated into English. This process involved
construction of meaning and interpretations by the transcriber and translator [19].
One problem was that the interviews were in spoken form transcribed in the Greek
language, which had to be translated in written form in the English language. This
created a problem of equivalence.

The case studies in this paper are ethnographic because this study had a longitu-
dinal element as it included the researcher’s contact with the participants in schools
and their houses over a long period of time [20]. The researcher spent 13 weeks
collecting data with School 1 participants and 16 weeks collecting data with School
2 participants. The researcher also kept contact with EFL teacher 2 and attended
seminars with her the year after the study.

The data were analysed using activity theory in order to investigate the perspec-
tive of the different groups of participants and the relationship between them
as well as the relationship between the participants and the tools, the rules, the
community and the division of labour and how these influence the achievement
of participants’ goals. The analysis focused on patterns in teachers’, students’ and
parents’ needs as well as on the contradictions in the achievement of the partici-
pants’ goals. Contradictions are tensions or dilemmas that arise from the processes
within and between the elements of the activity system and become the object
of collaborative learning [9]. Therefore, the aim of the analysis is to identify the
contradictions that appear when the teachers, students and parents try to work on
their objects as well as the factors that created these contradictions. Contradictions
between elements of the activity system are indicated in the figures by lightning-
shaped arrows [16].

1.2.2 Context and participants

The data for this study come from two state secondary schools in Athens, School
1 and School 2. School 1 was an upper secondary school while School 2 was a lower
secondary school. The data used in this paper from School 1 involved an EFL
teacher, a headteacher, a student with dyslexia, George and his parents. George was
17 years old and attended the second year of senior high school. He was diagnosed
with dyslexia at the age of 14. He attended EFL lessons up to B class at a language
school. EFL teacher 1 had 19 years of teaching experience, 6 out of which were at
the state sector. The data used in this chapter from School 2 involved an EFL teacher
and a headteacher. EFL teacher 2 had 19 years of teaching experience, 8 of which
were at the state sector.

The selection of schools was guided by convenience, that is, the accessibility of
schools and the availability of individuals in them due to professional contacts [21, 22].
The researcher was also informed by the headteacher that there were students with
dyslexia in the school. The EFL teachers that participated in the study were teachers
who had pupils with dyslexia in their classes and who agreed to participate in the
study after being informed about its aims and procedure.

The criterion for choosing students was a dyslexia diagnosis and their parents’
informed consent to participate in the study. In order not to identify the school
and the participants, pseudonyms were used for the students and the teachers’
names were replaced with codes like EFL teacher 2, headteacher 2, mother 1 and
father 1 [23].
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The researcher was not a teacher at the schools in which the research was
conducted but was a teacher permanently employed by the Greek Ministry of
Education working in another LEA. Although she was not an employee in the two
schools, the researcher was part of the same culture, had gone through the same
educational system, had grown up and went to school in the same area as the first
school and had lived in the area of the second school.

2. Findings
2.1 The parents’ perspective in School 1

I next investigate whether teachers in School 1 collaborate with each other for
dyslexia issues. I explore the issue from the perspective of the parents, the student,
the headteacher, the EFL teacher and the teacher of Greek of School 1.

George’s parents were especially unhappy with the lack of information to teach-
ers about the students with dyslexia in their classes. George’s father complained that
when he went to the school the year before the research was carried out to talk to the
teachers, he was told that George had not informed teachers about his ‘diagnosis’
(Extract1):

Extract 1. Interview with George’s parents.

F1... last year was his worst year at school

M it was the worst yes

F1 he felt ... something with the teachers, I had gone two or three times. When I
tell [teachers] ‘he has [dyslexia]’, ‘he hasn’t told me’ eh how hasn’t he told you?
If George is expelled for five days don’t teachers tell each other? That is don’t you
notice this problem?

M teachers don’t collaborate with each other

F1 yes this is my problem, that is, I went nuts last year.

Furthermore, George’s father felt disappointed the year before the study took
place when he saw that George’s diagnosis was the first on the pile when the teacher
of Greek opened the folder in front of him:

Extract 2. Interview with George’s parents.

F1... and last year when the teacher of Greek opened the folder the paper
[diagnosis] that we had taken that he has a problem was on top so how come they
not know?

As aresult of not being informed, some teachers refused to differentiate testing
for George, for example, they refused to examine him orally:
Extract 3. Interview with George’s parents.

Mol not only did they not know that theve was a problem that is, ... when we went
George was finishing the first four months and they hadn’t even gone to the trouble
of telling him come to tell us [the answers] orally’

Last year, the history teacher refused to examine George orally and the same
happened this year also with the theoretical subjects of Principle of Economic
Theory and Principles of Management and Administration of Business and
Services:
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Extract 4. Interview with George’s parents.

F1 Last year while he was writing history and he says can I say it orally?’ because
George will make a mistake, ‘it doesn’t matter George’, she says, why doesn’t it
matter?

Mol It doesw’t matt- George she says, ‘instead of 18 you get 15, ‘why did I get 157
‘Because there is no clear meaning’... I can tell you ovally’, ‘eh now [how can we do it]
M When did this happen?

Mol Now now, this has happened now as well

M With teachers of Greek?

Mol I can’t remember if it happened with a teacher of Greek, it has happened
with a theovetical subject that you could say it ovally that is. In economics and in
business management it has happened sometime.

George’s and his parents’ object in the activity system in Figure 3 during the
year before the research was carried out was to inform George’s teachers about
his diagnosis. Their goal was to make sure teachers differentiated their teaching
and assessment for George. The teachers are not in the subject position as I cannot
know if they wanted to be informed or not considering at least two of them were
not willing to examine George orally. There was a contradiction in the teachers’ not
being informed about and not using the tool of George’s diagnostic report, which
made the object and the goal difficult to meet. This contradiction could have been
resolved by either the parents going to the school at the end of the first 4-month
period or the student telling the teachers about his diagnosis after getting his exam
result. The goal of differentiated assessment and marking was not achieved with the
history teacher last year even after she was informed about his diagnosis by George
(Extract 4).

2.2 George’s perspective for the current year

Because of his past year’s experiences, George decided to inform the teachers of
the subjects for which he would have to take exams for entering university about his
dyslexia from the beginning of this school year as he wanted to be given good grades
in these subjects (Extract 5, lines 340-341). It is interesting though that George
informed only the specialization subject teachers about his dyslexia and not the
general education subject teachers such as the EFL teacher and a teacher of Greek
whom I interviewed because he did not care about these subjects. His parents also
mentioned this (Extract 5, lines 336-337).

However, it seems that last year’s situation is being repeated this year as two
teachers, the teachers of Development of Applications in Programming and
Principles of Management and Administration of Business and Services, have
refused to examine George orally or at least to differentiate their marking in exams
although they were told that he had difficulty expressing his thoughts in written
form and he wanted to be examined orally (Extract 5).

Extract 5. Interview with George’s parents.

332 M But he went and told them himself in specialization subjects

333 Mol In specialization

334 M Teachers of the rest of the subjects didn’t know

335 Mol Yes yes yes

336 F1 But he doesn’t care

337 Mol We said this that he doesn’t cave at all for the geneval education subjects
338 but where he cared ... he went alone
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339 M Ah he went
340 Mol And he said from the start ‘I have dysgrafia, I want you to pay attention
341toit’

The activity system of School 1 in terms of George’s object for the current year
(informed specialization teachers) is presented in Figure 4. Second generation of
activity theory [6] is applied to analyse this theme as both George and his cur-
rent teachers belong to the same institution and the same community with the
same rules. George’s object was to be taught by specialization teachers who were
informed about his dyslexia and differentiate his assessment and marking of his
paper. He knew from previous experience that his specialization subjects’ teachers
would not be informed about his dyslexia in the beginning of the year. For this
reason, he informed them about it although it was not his responsibility to do so.
George’s behaviour was innovative; he tried to solve the problem in the activity
system on his own, subverting the rules of the activity system of School 1, the
usual practices that require the headteacher to inform teachers about students’
diagnoses rather than the students themselves. George’s innovative behaviour led
to the partial achievement of his goal, which was differentiation in assessment
and marking, as two teachers still refused to differentiate their marking. I showed
that George’s parents and George would have liked to have informed teachers on
students’ diagnoses in order to have the provision he deserves but this was not
always the case.

2.3 Professionals’ perspectives in School 1
I next explore whether headteacher 1 informed teachers about the students with

dyslexia in School 1 and how a teacher from the lower secondary school informed
EFL teacher 2 from the upper secondary school (School 1).

Tool:
Geoorge's
diagnostic report

. Ohject: Guoal:
S:uh:]ects: Jnférmcd Differentiated
George ’ . o
- teachers on his Eb assessment
dyslexia
dingnosis
Rules: Community: Division of labour
Teachers’ George’s Parents hetween parents,
COMMon previous Leachers teachers and
practice (teacher of History, headteacher 1

Leacher of Greek),
headteacher

Figure 3.
George’s object and goal for previous year.
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Tool:
George's
diagnostic report

. Object:
Suhject: waal:
Geo f " Informed ('P'lE;]_‘ ated
L specializution Differentiate
specialization teachers on —I-r assessment
teachers students with and marking
dyslexia
L J
Rules: Communily: Division ol labour
teachers und Genrge's parents, between teachers,
students’ other students, headteacher 1 and
praclice headteacher 1 students
Figure 4.

Informed specialization teachers.

When I started the study in School 1, the headteacher told me that the teach-
ers who have students with dyslexia in their classes are always informed about the
students with dyslexia and the children are supported:

Extract 6. Interview with HT1.

M Have all the teachers been informed?
HT1 Yes, always when a student comes, when such a student exists the teachers who
teach the specific class are informed and this child is helped because of this problem

This interview gave me the impression that the headteacher talked generally
about what is done in schools regarding dyslexia, not what happened in his school.
I came to this conclusion because when I met the EFL teacher a month earlier she
was not informed by the headteacher about this issue but by a teacher of Greek from
the lower secondary school in the same building. This is what I wrote in my field
notes about this:

Extract 7. Field notes.

She [the EFL teacher] wasn't informed by the headteacher about the fact that these
students have dyslexia because both she and the headteacher came to the school
this year. A teacher of Greek from the lower secondary school told her about these
students because she had taught them at lower secondary school.

At an organizational level, there is no collaborative mechanism between the
lower secondary and upper secondary school to exchange information on students
with dyslexia. At an individual level, the teacher of Greek from the lower secondary
school (subjects, Figure 5) gave information on the student with dyslexia (George)
to the EFL teacher in the upper secondary school in order to facilitate my study.

She gave the information that the EFL teacher (subject) needed to receive in order
to differentiate her teaching. In this way, she subverted the rules of professional
practice, which require that the headteacher informs teachers about students with
dyslexia (contradiction). The teacher of Greek offered the EFL teacher a ‘what
artifact’ that she could use to achieve the goal of differentiated teaching.
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Tool: What artitact:

Subjects: information abont George

Teacher of Grock
from lower
seeondary school,

EFL teacher 1 (thject: 1
Trom upper pxchange . “[11_(.':11.. )
seconday information on L> ditferentiation
sehonl dvslexia

Rules: Community: [ Division of

Teuchers Heuadteucher 1, labour between

prafessional other teachers headteacher and

Practive teachers

Figures.

Teacher of Greek and EFL teacher 1 exchanging information.

This artefact influenced the community in School 1, that is, the headteacher and
possibly other teachers in School 1. When my research started, the teacher of Greek
from the lower secondary school informed EFL teacher 1. EFL teacher 1 probably
searched for students’ diagnostic reports. She must have asked the headteacher
to give her the reports or tell her who the students with dyslexia were since she
mentioned to me the other two students with a diagnosis of dyslexia during the
study. She mentioned a boy in January (there is another boy who is supposed to have
[dyslexia]... Interview with T1) and a girl in February:

Extract 8. Interview with T1.

T1... theve are students like I said, a female student there is in the other class, who,
while she has a paper [diagnosis], I don’t see her facing this problem.

When I talked to the teacher of Greek of George’s class in December she was not
aware of George’s diagnosis of dyslexia either:
Extract 9. Field notes.

She [the teacher of Greek] didn't know that George had a diagnosis, she hasn't seen
his writing yet as they haven't written an exam yet and it is the first year that she
teaches his class. She didn't happen to see his file with his report either.

This suggests that in the beginning of the year there was no appropriate staff
meeting or no other effective way of informing teachers on students with dyslexia.

When I asked the EFL teacher later during the study, in January, if she collabo-
rates with the headteacher about dyslexia issues, she said that she does in order for
the headteacher to inform her about students with dyslexia. However, he does not
tell her how to examine them because he probably does not know either:

Extract 10. Interview with teacher 1.

M Do you collaborate with the headteacher?

T1 Look... I collaborate so that they tell me first of all who they ave ...
M Has he told you what to do in exams?

T1 No there isn’t such a thing, because who knows? Who knows?

In Figure 6, the activity system of School 1 is presented. The learning object for
EFL teacher 1 and the teacher of Greek is to receive information on students with
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Tools:
Diagnostic reports,
Minislry's policy

Subjecls:
Headteacher 1, Object:
],lfl'L }Eﬂ'ﬂl;r 1, information to teachers on
Gfﬁ‘_’.ﬁer o sludenls wilh dyslexia and
ree / their examination
Fi ¥
Rules: ‘ Community: Division of
Teachers’ Other leachors lahour hetween
UU}I‘{[I:J.?]IL Education headteacher 1 and
practice Ministry teachers
Figure 6.

Headteacher 1-EFL teacher 1 collaboration.

dyslexia and on how she can examine them. The headteacher’ object is to inform
teachers in his school about the students with dyslexia. However, it seems that the
he did not inform teachers at the beginning of the year (September-October).
Therefore, his object was not met by him but by the junior high school teacher who
informed the EFL teacher about George’s diagnosis. It is possible that headteacher
1 and EFL teacher 1 collaborated in the middle of the school year regarding the
diagnostic reports since EFL teacher 1 seemed to know about them as I men-
tioned before.

In this section, I showed that in School 1 EFL teacher 1 and a teacher of Greek
would have liked to be informed by the headteacher on the students with dyslexia
but this did not happen in the beginning of the school year. EFL teacher 1 was
informed by a teacher of Greek from the lower secondary school instead.

2.4 Collaboration between EFL teacher and teachers of Greek in School 1

Next, I discuss the collaboration between EFL teacher 1 and the teachers of
Greek in School 1 around the examination of students with dyslexia.

EFL teacher 1 admitted that she does not collaborate with teachers of Greek of
the same school as she believes that in Greek subjects the oral examination is much
easier than in EFL even if the student with dyslexia is weak in the subject in which
s/he is examined:

Extract 11. Interview with T1.

M And with the teachers of Greek? You said you haven’t talked to them.

T11 haven’t talked to them because, look, they deal with Greek. The oral examina-
tion is much easier. How can I examine him ovally in a foreign language? That is,
it is as if I am asking someone who doesn’t speak Greek to be examined ovally in
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Greek. In what can I examine him exactly? I talk to him let’s say and he doesn’t
[talk back].

The second generation of activity system is used for this theme as both EFL
teacher 1 and the teacher of Greek belong to the same institution (School 1) and
therefore the same community. The EFL teacher’s object (object in Figure 7) was to
have information on how they learn better and what difficulties they face and her
goal was to examine the students with dyslexia like George orally (goal).

The teacher of Greek who taught George’s class wanted to be informed on the
students with dyslexia in her class (object) but this did not happen in the beginning
of the school year (Extract 9). She was also interested in examining students orally
(goal) when I told her that George wanted to be examined orally:

Extract 12. Field notes.

Therefore, there is a systemic contradiction in the activity system of School 1
(Figure 7) in the lack of an appropriate tool (how artifact) for the information of
teachers on dyslexia issues and the establishment of collaboration among them.

Therefore, there is a systemic contradiction in the activity system of School 1
(Figure 7) in the lack of an appropriate tool (how artifact) for the information of
teachers on dyslexia issues and the establishment of collaboration among them.

2.5 Inter-collegial collaboration in School 2
Headteacher 2 told me that she informs teachers about dyslexia issues, on
dyslexia diagnoses in the school and on the relevant guidelines:

Extract 13. Interview with HT?2.

HT2 we give ... information to teachers around the problem and the dyslexia
certificate as well as the velevant guidelines.

It seems that headteacher 2 did inform the staff in her school about the above
issues as EFL teacher 2 was fully informed about the students with dyslexia when

Tovls: What artitacts: Thagnostic reports
How arlifacl: tool [or exchanging
information among teachers

Suhjects: Object: Goul:
FFIL. teacher 1, IELE]['I‘[I':*.LLHII un Oral
Teacher of George's dyslexia examination

Creek and learning
L
Rules: Community: Division of
Teachers' Other leachers, labouwr between
COINITION headteacher 1 teachers
practioe
Figure7.

Information on George’s learning.
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I first discussed the issue with her. EFL teacher 2 was also informed about the
Education Ministry’s guidelines regarding students with dyslexia. Therefore, head-
teacher 2’s object of informing the teachers about students with dyslexia diagnoses
and about the guidelines was achieved (Figure 8).

However, EFL teacher 2 was not aware of School 2’s collaboration with the
diagnostic centres that headteacher 2 told me about. This suggests that headteacher
2 has not informed EFL teacher 2 on the issue, which means that her object of
informing teachers was partially met.

I also asked EFL teacher 2 if she collaborates with teachers of Greek in her school
and she replied that when a teacher in the school suspects that a student has dyslexia
s/he discusses it with the other teachers (Extract 14, lines 384—385). She asks what

Tools:
Education Ministry's
euidelines
Subjects: Ohject: Goal: L
Headteacher 2 Inform teachers Smdm}ts with
EFL Teacher 2 ahont dyvsloexia :) d}'&l(_z\;m support
diagnoses and and inclusion
suidelines
Rules: Community: Mvision of lahour
Education Teachers, hetween headteacher 2
Ministry's lidueation and tcachers
Policy Ministry
Figure 8.
Information from headteacher 2 to teachers.
Tool:
School policy
1L
Subjects: Ohject: Goal:
FFL leacher 2, Collaboralion Divalexiy supporl
teachers of ﬁ on dyslexia E:’ and inclusion
Greel iases

N

Rules: Community: Dvivision of
Teachears Olher lahour helween
COIICT teachers, teachers
practice headteacher

Figure 9.

Collaboration of EFL teacher 2 with teachers of Greek.

142



Contradictions avound Inter-collegial Collaboration Regarding Differentiated Assessment...
DOI: http://dx.doi.org/10.5772/intechopen.91922

other teachers do in their classes only if she has a serious problem and if the student
cannot follow the lesson at all (lines 389-391).
Extract 14. Interview with T2.

383 M Is there collabovation with teachers of Greek ... ?

384 T2 When someone suspects there is an issue s/he discusses it with the
385 other colleagues to see if something is going on. If an issue arises, of

386 course we discuss it

387 M To see what the others do, how the student behaves in their lesson and
388 such.

389 T2 Only if I have a serious problem.

390 M Mmm.

391T2 And I see that a child can’t follow the lesson at all ...

In Figure 9, EFL teacher 2’s and teachers’ of Greek object of collaboration
on dyslexia issues is met. Furthermore, in School 2, headteacher 2 effectively
informs teachers about students’ diagnoses and the guidelines from the Ministry of
Education.

3. Conclusion

In this chapter, data related to the themes of collaboration across schools and
inter-collegial collaboration were analysed. The analysis showed that the collabora-
tion of colleagues in the same school was not effective in School 1, which influenced
dyslexia provision offered by the EFL teachers and other teachers. On the other
hand, collaboration of colleagues in the same school was more effective in School 2.
Therefore, second generation of activity theory was used to the extent that the data
allowed its use and it was demonstrated by the analysis that inter-organizational
learning and boundary crossing did not take place in my study. This happened
because my study is not an intervention study that aims to bring professionals from
different backgrounds together to work on a common object.

This study demonstrated that a ‘how artifact’ is needed in order for the contra-
diction of the lack of communication between colleagues to be resolved. A staff
meeting is necessary in secondary schools in the beginning of the school year in
which headteachers inform teachers on the students’ with dyslexia diagnoses.
Regular staff meetings need to be organized during the school year in order for
teachers of the same school to exchange information on students’ with dyslexia
difficulties, behavioural problems and progress and the teaching techniques they
use. According to Mackay and Hunter-Carsch and Pollock and Waller, portraits or
profiles on all pupils with specific learning difficulties need to be available to all
staff in schools [1-3].
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Chapter11

The Child with Learning
Difficulties and His Writing:
A Study of Case

Edgavrdo Domitilo Gerardo Morales

Abstract

The purpose of this paper is to present one child with learning difficulties writ-
ing process in multigrade rural elementary school in México. It presents Alejandro’s
case. This boy lives in a rural area. He shows special educational needs about
learning. He never had specialized attention because he lives in a marginalized rural
area. He was integrated into regular school, but he faced some learning difficulties.
He was always considered as a student who did not learn. He has coursed 2 years
of preschool and 1 year of elementary school. Therefore, this text describes how
child writes a list of words with and without image as support. Analysis consists to
identify the child’s conceptualizations about writing, his ways of approaching, and
difficulties or mistakes he makes. The results show that Alejandro identifies letters
and number by using pseudo-letters and conventional letter. These letters are in an
unconventional position. There is no relationship grapheme and phoneme yet, and
he uses different writing rules. We consider his mistakes as indicators of the learn-
ing process.

Keywords: writing difficulties, learning difficulties, writing learning,
writing process, special education

1. Introduction

One of the purposes of Mexican education system is that students acquire con-
ventional writing during first grades in elementary school [1]. This purpose consists
of students to understand the alphabetical code, its meaning, and functionality. In
this way, they can integrate into a discursive community.

The elementary school teacher teaches a heterogeneous group of children [1, 2].
Some students show different acquisition levels of the writing. This is due to literacy
environment that the family and society provide. Thus, some children have had
great opportunities to interact with reading and writing practices than others.
Therefore, some students do not learn the alphabetical principle of writing at the
end of the scholar year. They show characteristics of initial or intermediate acquisi-
tion level of the writing. In this way, it is difficult for children to acquire writing at
the same time, at the term indicated by educational system or teachers.

In addition, there may be children with learning difficulties in the classroom.
Department of Special Education teaches some children. Students with special
educational needs show more difficulties to learn than their classmates [3].
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They require more resources to achieve the educational objectives. These authors
point out that special educational needs are relative. These needs arise between
students’ personal characteristics and their environment. Therefore, any child may
have special educational needs, even if he/she does not have any physical dis-
ability. However, some students with learning difficulties do not have a complete
assessment about their special educational needs. On the one hand, their school is
far from urban areas; on the other hand, there are not enough teachers of special
education for every school. In consequence, school teachers do not know their stu-
dents’ educational needs and teach in the same way. Thereby, students with learning
difficulties do not have the necessary support in the classroom.

Learning difficulties of writing may be identified easily. Children with
special educational needs do not learn the alphabetical principle of writing
easily; that is, they do not relate phoneme with grapheme. Therefore, children
show their conceptualizations about writing in different ways. Sometimes,
teachers censor their students’ written productions because they do not write
in a conventional way. Children with special educational needs are stigmatized
in the classroom. They are considered as less favored. At the end of the scholar
year, children do not pass.

Therefore, the purpose of this paper is to present one child with special edu-
cational needs writing process in a Mexican multigrade rural school. This text
describes how the child writes a list of words with and without image as support.
Analysis consists to identify the child’s conceptualizations about writing [4], his
ways of approaching, and difficulties or mistakes he makes. These mistakes are the
indicators of learning process [5].

This paper presents Alejandro’s case. This boy lives in a rural area. He shows
special educational needs about learning. He never had specialized attention
because he lives in a marginalized rural area. He was integrated into regular school,
but he faced some learning difficulties. He was always considered as a student who
does not learn. Therefore, this text describes Alejandro’s writing, what he does after
2 years of preschool and 1 year of elementary school.

2. Children with learning difficulties and their diagnosis

According to the National Institute for the Evaluation of Education [6], Mexican
education system provides basic education (preschool, elementary, and secondary
school) for students with special educational needs. There are two types of special
attention: Center of Multiple Attention (CAM, in Spanish) and Units of Service
and Support to Regular Education (USAER, in Spanish). In the first one, children
with special educational needs go to this Center. These children receive attention
according to basic education and their educational needs. In the second, specialized
teachers on special education go to school and provide support to students. These
teachers provide information to school teachers too. In this way, there is educational
equity and inclusion in Mexican school [7].

Mexican education system proposes the psycho-pedagogical assessment to
identifying students with special educational needs [3]. Teacher identifies student
with more difficulties. Specialized teacher applies several predetermined tests
individually. This assessment is organized as follows:

1. Physical appearance: Teacher describes the child’s physical characteristics.

These features indicate the type of food the student eats, care his or her
person, the parents’ attention, among other elements.
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2.Behavior observed during the assessment: In this section, the teacher should
record the conditions in which the assessment was carried out: child’s attitude,
behavior, and interest.

3.Child’s development history: This section presents conditions in which preg-
nancy developed, physical development (ages in which child held his/her head,
sat, crawled, walked, etc.), language development (verbal response to sounds
and voices, age in which said his/her first words and phrases, etc.), family
(characteristics of their family and social environment, frequent activities,
etc.), hetero-family history (vision, hearing, etc.), medical history (health
conditions, diseases, etc.), and scholar history (age at which he/she started
school, type of school, difficulties, etc.).

4.Present condition: In this, there are four aspects:

a. It refers to student’s general aspects: intellectual area (information process-
ing, attention, memory, understanding, etc.), motor development area
(functional skills to move, take objects, position of his/her body, etc.),
communicative-linguistic area (phonological, semantic, syntactic and
pragmatic levels), adaptation and social interaction area (the child’s skills to
initiate or maintain relationships with others), and emotional area (the way
of perceiving the world and people). In each one, it mentions the instru-
ments he suggests, although there is not enough information about them [3].

b.The second aspect is the curricular competence level. Teacher identifies
what the student is capable of doing in relation to established purposes
and contents by official curriculum.

c. The third aspect is about the learning style and motivation to learn. It
presents physical-environmental conditions where the child works, their
interests, level attention, strategies to solve a task, and the incentives he
receives.

d.The fourth aspect is information about the student’s environment:
factors of the school, family, and social context that influence the child’s
learning.

Psycho-pedagogical assessment allows to identify children’s general educational
needs. In this way, the school teacher could have information about the students’
difficulties. However, it is a general assessment. It contains several aspects and does
not go deeper into one.

Therefore, this paper does not propose a new assessment. It consists of present-
ing one child’s writing difficulties, his ways of conceptualizing writing, and some
mistakes he gets to make.

3. Students with learning difficulties and their scholar integration
Since 1993, Mexican system education has tried to offer special education ser-
vices to students with special educational needs in basic education [8]. The first step

was to promote the integration of these children in regular education classrooms.
However, only insertion of the student in the school was achieved. Therefore, the
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system of education searched for mechanisms to provide advice to teacher. In this
way, student with learning difficulties can be attended at the same time in the
classroom [8].

Educational integration has been directly associated with attention of students
with learning difficulties, with or without physical disabilities [8]. However, this
process implies a change in the school. For this, it is necessary to provide informa-
tion and to create awareness to the educational community, permanent updating of
teachers, joint work between teacher, family, and specialized teachers.

At present, Mexican education system looks at educational integration as process
in which every student with learning difficulties is supported individually [9].
Adapting the curriculum to the child is the purpose of educational integration.

Curricular adequacy is one of the actions to support students with learning
difficulties [10, 11]. This is an individualized curriculum proposal. Its purpose is to
attend the students’ special educational needs [3]. At present, Mexican education
system indicates that there should be a curricular flexibility to promote learning
processes. However, it is important to consider what the child knows about particu-
lar knowledge.

Regarding the subject of the acquisition of written language, it is necessary to
know how the children build their knowledge about written. It is not possible to
make a curricular adequacy if teachers do not have enough information about their
students. However, children are considered as knowledge builders. Therefore, there
are learning difficulties at the process.

4. Alejandro’s case

This section presents Alejandro’s personal information. We met him when we vis-
ited to his school for other research purposes. We focused on him because the boy was
silent in class. He was always in a corner of the work table and did not do the activi-
ties. For this, we talked with his teacher and his mother to know more about him.

Alejandro is a student of an elementary multigrade rural school. He was 7 years
old at the time of the study. He was in the second grade of the elementary school.
His school is located in the region of the “Great Mountains” of the state of Veracruz,
Mexico. It is a rural area, marginalized. To get to this town from the municipal head,
it is necessary to take a rural taxi for half an hour. Then, you have to walk on a dirt
road for approximately 50 min.

Alejandro’s family is integrated by six people. He is the third of the four sons.

He lives with his parents. His house is made of wood. His father works in the field:
farming of corn, beans, and raising of sheep. His mother is a housewife and also
works in the field. They have a low economic income. Therefore, they receive a
scholarship. One of his older brothers also showed learning difficulties at school.
His mother says both children have a learning problem. But, they do not have any
money for attending their sons’ learning difficulties. In addition, there are no
special institutes near their house.

The boy has always shown learning difficulties. He went to preschool for
2 years. However, he did not develop the necessary skills at this level. At classes, this
child was silent, without speaking. Preschool teachers believed that he was mute.
Nevertheless, at scholar recess, he talked with his classmates. Alejandro was slow to
communicate with words in the classroom.

When he started elementary school, Alejandro continued to show learning diffi-
culties. At classes, he was silent too. He just watched what his classmates did. He did
not do anything in the class. He took his notebook out of his backpack and just made
some lines. Occasionally, he talked with his classmates. When the teacher asked him
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something, Alejandro did not answer. He looked down and did not answer. He just
ducked his head and stayed for several minutes.

When Alejandro was in second grade, he did different activities than his class-
mates. His teacher drew some drawings for him and he painted these drawings.
Other occasions, the teacher wrote some letters for him to paint. The child did every
exercise during several hours. He did not finish his exercises quickly. Sometimes he
painted some drawings during 2 h.

Although Alejandro requires specialized attention, he has not received it. He
has not had a full psycho-pedagogical assessment at school by specialized teach-
ers. His school does not have these teachers. Also, the child was not submitted to
neurological structural examination or neurophysiological studies to exclude an
organic origin of his learning difficulties. His parents do not have enough financial
resources to do this type of study for him. In addition, one specialized institution
that can do this type of study for free is in Mexico City. It is so far from child’s house.
It would be expensive for the child’s parents. Therefore, he is only attended as a
regular school student.

For this reason, this paper is interested in the boy’s writing process. This is
because Alejandro coursed 2 years of preschool and 1 year of elementary school;
however, he does not show a conventional writing yet. In this way, it is interesting to
analyze his conceptualizations about writing and difficulties he experiences.

5. Methodology

The purpose of this paper is to know the child’s ways to approach writing spon-
taneously and his knowledge about the writing system. For this, the author used a
clinical interview. He took into account the research interview guide “Analysis of
Disturbances in the Learning Process of Reading and Writing” [12].

The clinical interview was conducted individually. We explored four points, but
we only present two in this text: to write words and to write for image.

Interviewer took the child to the library room at school. There were no other
students. First, the interviewer gave the child a sheet and asked to write his name.
Alejandro wrote his name during long time. Interviewer only asked what it says
there. He answered his name: “Alejandro.” Next, the interviewer asked the child to
write some letters and numbers he knew. Alejandro wrote them. The interviewer
asked about every letter and number. The child answered “letter” or “number,” and
its name.

Next, the two writing tasks were the following:

1. To write words: The interviewer asked the child to write a group of words from
the same semantic field in Spanish (because Alejandro is from Mexico) and
one sentence. Order of words was from highest to lowest number of syllables.
In this case, interviewer used semantic field of animals. Therefore, he used
following words: GATO (cat), MARIPOSA (butterfly), CABALLO (horse),
PERRO (dog), and PEZ (fish). The sentence was: EL GATO BEBE LECHE (The
cat drinks milk). The interviewer questioned every written word. He asked the
child to show with his finger how he says in every written production.

2. To write for image: This task was divided into two parts. The first analyzed the
size and second analyzed the number.

Interviewer used the following image cards: horse-bird and giraffe-worm
(Figure 1). Every pair of cards represents a large animal and a small animal.
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Figure 1.
Cards with large and small animals.
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Figure 2.
Cards for singular and plural.

The purpose of this first task was to explore how the child writes when he looks
at two images of animals with different size. The animal names have three syllables
in Spanish: CA-BA-LLO (horse), PA-JA-RO (bird), etc. In this way, we can see how
the child writes.

The interviewer used the following pair of cards for second task (Figure 2).

First card shows one animal (singular) and the second shows some animals
(plural). In this way, we search to explore how the child produces his writings when
he observes one or more objects, if there are similarities or differences to write.

The interviewer asked what was in every card. Next, he asked the child to write
something. Alejandro wrote something in every picture. Afterward, the interviewer
asked the child to read every word that he wrote. Child pointed with his finger what
he wrote.

After, the interview was transcribed for analysis. We read the transcription. The
author analyzed every written production. He identified the child’s conceptualiza-
tions about writing. He compared the written production and what the child said. In
this way, the analysis did not only consist to identify the level of writing development.
This text describes the child’s writing, the ways in which he conceptualizes the writ-
ing, the difficulties he experienced to write, and his interpretations about writing.
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6. Alejandro’s writing

This section describes Alejandro’s writing process. As we already mentioned,
Alejandro is 7 years old and he studies in the second grade of the elementary
school. His teacher says the child should have a conventional writing, because he
has already coursed 1 year of elementary school, but it is not like that. Most of his
classmates write a conventional way, but he does not.

We organized this section in three parts. The first part presents how Alejandro
wrote his name and how he identifies letters and numbers; the second part refers to
the writing of words; and the third part is writing for picture.

6.1 Alejandro writes his name and some letters and numbers

The first part of the task consisted of Alejandro writing his name and some
letters and numbers he knows. His name was requested for two reasons. The first
reason is to identify the sheet, because the interviewer interviewed other children in
the same school. Also, it was necessary to identify every written productions of the
group of students. The second reason was to observe the way he wrote his name and
how he identified letters and numbers.

The interviewer asked the child to write his name at the top of the sheet. When
the interviewer said the instructions, Alejandro was thoughtful during a long time.
He was not pressed or interrupted. He did not do anything for several seconds. The
child looked at the sheet and looked at everywhere. After time, he took the pencil
and wrote the following on the sheet (Figure 3).

The interviewer looked at Alejandro’s writing. He asked if something was lack-
ing. The interviewer was sure that Alejandro knew his name and his writing was not
complete. However, Alejandro was thoughtful, and looked at the sheet for a long
time. The interviewer asked if his name was already complete. The child answered
“no.” The interviewer asked the child if he remembered his name. Alejandro denied
with his head. So, they continued with another task.

Alejandro has built the notion of his name. We believe that he has had some
opportunities to write his name. Perhaps, his teacher has asked him to write his
name on his notebooks, as part of scholar work in the classroom. We observed that
Alejandro used letters with conventional sound value. This is because he wrote three
initial letters of his name: ALJ (Alejandro). The first two letters correspond to the
beginning of his name. Then, he omits “E” (ALE-), and writes “J” (AL]). However,
Alejandro mentions that he does not remember the others. This may show that he
has memorized his name, but at that moment he failed to remember the others, or,
these letters are what he remembers.

Subsequently, the interviewer asked Alejandro to write some letters and num-
bers he knew. The sequence was: a letter, a number, a letter, another letter, and
number. In every Alejandro’ writing, the interviewer asked the child what he wrote.
In this way, Alejandro wrote the following (Figure 4).

A

Figure 3.
Alejandro’s name.
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Letters and numbers written by Alejandro.

For this task, Alejandro wrote for a long time. He did not hurry to write. He
looked at sheet and wrote. The child looked at the interviewer, looked at the sheet
again and after a few seconds he wrote. The interviewer asked about every letter or
number.

We can observe that Alejandro differentiates between letter and number. He
wrote correctly in every indication. That is, when the interviewer asked him to
write a letter or number, he did so, respectively. In this way, Alejandro knows what
he needs to write a word and what is not, what is for reading and what is not.

Also, we can observe that the child shows a limited repertoire of letters. He did
not write consonants. He used only vowels: A (capital and lower) and E (lower). It
shows us that he differentiates between capital and lower letter. Also, he identifies
what vowels and letters are because the child answered which they were when the
interviewer asked about them.

6.2 Writing words from the same semantic field

Asking the child to write words spontaneously is a way to know what he knows or
has built about the writing system [12]. Although we know Alejandro presents learn-
ing difficulties and has not consolidated a conventional writing, it is necessary to ask
him to write some words. This is for observing and analyzing what he is capable of
writing, what knowledge he has built, as well as the difficulties he experiences.

The next picture presents what Alejandro wrote (Figure 5). We wrote the
conventional form in Spanish next to every word. We wrote these words in English
in the parentheses too.

At the beginning of the interview, Alejandro did not want to do the task. He was
silent for several seconds. He did not write anything. He looked at the sheet and
the window. The interviewer insisted several times and suspended the recording
to encourage the child to write. Alejandro mentioned he could not write, because
he did not know the letters and so he would not do it. However, the interviewer
insisted him. After several minutes, Alejandro took the pencil and started to write.

Alejandro wrote every word for 1 or 2 min. He required more seconds or minutes
sometimes. He looked at the sheet and his around. He was in silence and looking at
the sheet other times. We identified that he needs time to write. This shows that he
feels insecure and does not know something for writing. He feels insecure because
he was afraid of being wrong and that he was punished by the interviewer for it.

It may be that in class he is penalized when he makes a mistake. There is ignorance
because he does not know some letters, and he has a low repertoire of the writing
system. Thus, Alejandro needs to think about writing and look for representing it.
Therefore, this is why the child needs more time to write.

We identified that the child does not establish a phoneme-grapheme relation-
ship. He only shows with his finger from left to right when he read every word.

He does not establish a relationship with the letters he used. In each word, there is
no correspondence with the number of letters. The child also does not establish a
constant because there is variation in number and variety of letters sometimes.
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in D h A4 gato (cat)
[ FO:U mariposa

butterfly)
Nepn
O caballo (horse)

l:TClCn,E perro (dog)
EB 5 ] U" pez (fish)

P % l-\) FEIEEZ‘.D bebe leche

(The cat drinks milk)

Figures.
List of words written by Alejandro.

Alejandro used letters unrelated to the conventional writing of the words.

For example, when he wrote GATO (cat), Alejandro used the following letters:
inpnAS. It is possible to identify that no letter corresponds to the word. Perhaps,
Alejandro wrote those letters because they are recognized or remembered by him.

Alejandro shows a limited repertoire of conventional letters. This is observed
when he uses four vowels: A, E, I, O. The child used these vowels less frequently.
There is one vowel in every word at least. When Alejandro wrote PEZ (fish), he
used two vowels. We observed that he writes these vowels at the beginning or end
of the word. However, we do not know why he places them that way. Maybe thisisa
differentiating principle by him.

There is qualitative and quantitative differentiation in Alejandro’s writing. That
is, he did not write any words in the same way. All the words written by him are
different. Every word has different number and variety of letters. When two words
contain the same number of letter, they contain different letters.

When Alejandro wrote MARIPOSA (butterfly), he used five letters. The number
of letters is less than what he used for GATO (cat). Maybe he wrote that because the
interviewer said “butterfly is a small animal.” This is because the cat is bigger than
the butterfly. Therefore, it may be possible that he used lesser letters for butterfly.

In Spanish, PERRO (dog) contains five letters. Alejandro wrote five letters.

In this case, Alejandro’s writing corresponds to the necessary number of letters.
However, it seems that there is no writing rules for him. This is for two reasons:
first, because there is no correspondence with the animal size. Horse is larger than
dog and Alejandro required lesser letters for horse than for dog. Second, CABALLO
(horse) is composed by three syllables and PERRO (dog) by two. Alejandro used
more letters to represent two syllables. In addition, it is observed that thereisa
pseudo-letter. It looks like an inverted F, as well as D and B, horizontally.

When Alejandro wrote PEZ (fish), the interviewer first asked how many letters
he needed to write that word. The child did not answer. Interviewer asked for
this again and student said that he did not know. Then, interviewer said to write
PEZ (fish). For several minutes, Alejandro just looked the sheet and did not say
anything. The interviewer questioned several times, but he did not answer. After
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several minutes, Alejandro wrote: E. The interviewer asked the child if he has
finished. He denied with his head. After 1 min, he started to write. We observed
that his writing contains six letters. Capital letters are predominated.

Alejandro used inverted letters in three words. They may be considered as
pseudo-letters. However, if we observe carefully they are similar to conventional
letters. The child has written them in different positions: inverted.

May be there is a writing rule by Alejandro. His words have a minimum of four
letters and a maximum of six letters. This rule has been established by him. There is
no relation to the length of orality or the object it represents.

We can identify that Alejandro shows a primitive writing [4]. He is still in
writing system learning process. The phoneticization process is not present yet.
The child has not achieved this level yet. He only uses letters without a conventional
sound value. There is no correspondence to phoneme-grapheme, and he uses
pseudo-letters sometimes.

6.3 To write for image

Write for image allows us to know what happens when the child writes some-
thing in front of an image [12]. It is identified if there is the same rules used by the
child, number of letters, or if there is any change when he writes a new word. It may
happen that the length of the words is related to the size of the image or the number
of objects presented. In this way, we can identify the child’s knowledge and difficul-
ties when he writes some words.

6.3.1 The image size variable

The first task is about observing how the child writes when he is in front of two
different sized images. That is, we want to identify if the image size influences on
his writings. Therefore, two pairs of cards were presented to Alejandro. Every pair
of cards contained two animals, one small and one large. The interviewer asked
Alejandro to write the name on each one (Figure 6).

Based on the writing produced by Alejandro, we mentioned the following:

Alejandro delimits his space to write. When he wrote for first pair of words, the
child drew a wide rectangle and he made an oval and several squares for the second
pair of words. The child wrote some letters to fill those drawn spaces. It seems that
Alejandro’s rule is to fill the space and not only represent the word.

When Alejandro writes the words, we identified that he presents difficulty in
the conventional directionality of writing. He wrote most of words from left to
right (conventional directionality), but he wrote some words from right to left (no
conventional). For example, the child started to write the second word on the left.

{\"-

@} TRl

;:aballf:- (horse)

—aA W] -

pajaro (bird) -

Figure 6.
Horse and bird writing.
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He wrote seven letters. He looked at the sheet for some seconds. After, he continued
to write other letters on the right. He wrote and completed the space he had left,
from right to left.

Alejandro shows two ways to write: left-right (conventional) and right-left
(no conventional). When he wrote the last word, the child wrote one letter under
another. There was no limited space on the sheet. Alejandro wrote it there. The child
has not learned the writing directionality.

When we compared Alejandro’s writings, we identified that the number of
letters used by him does not correspond to the image size. Although the images were
present and he looked them when he wrote, the child took into account other rules
to write. The six names of animals had three syllables in Spanish and Alejandro
used nine letters for CABALLO (horse) and eleven for PAJARO (bird). The letters
used by him are similar to the conventional ones. However, these are in different
positions. There are no phonetic correspondences with the words. The child shows a
primitive writing. Alejandro has not started the level of relation between phoneme
and grapheme yet. We can believe that the boy wrote some letters to cover the space
on the sheet. Alejandro takes into account the card size instead of the image size.

After writing a list of words, the interviewer asked Alejandro to read and point
out every word he wrote. The purpose of this task is to observe how the child relates
his writing to the sound length of the word. When Alejandro read CABALLO
(horse), he pointed out as follows (Figure 7).

Alejandro reads every word and points out what he reads. In this way, he justifies
what he has written. In the previous example, Alejandro reads the first syllable and
points out the first letter, second syllable with the second letter. At this moment,
he gets in conflict when he tries to read the third syllable. It would correspond to
the third letter. However, “there are more letters than he needs.” When he reads
the word, he shows the beginning of phoneticization: relation between one syl-
lable with one letter. This is the syllabic writing principle [4]. Nevertheless, he has
written more letters. Therefore, Alejandro says “o0” in the other letters. In this way,
we can point out that Alejandro justifies every letters and there is a correspondence
between what he reads and what he writes.

When Alejandro reads the second word, the child pointed out as follows
(Figure 8).

Alejandro makes a different correspondence syllable-letter than the first word.
Although his writing was in two ways, his reading is only one direction: from left to
right. The first syllable is related to first three letters he wrote. The second syllable is
related to the fourth letter. But, he faces the same problem as in the previous word:
“there are many letters.” So he justifies the other letters as follows. He reads the third
syllable in relation to the sixth and seventh letter. And, reads “o” for the other letters.

When interviewer showed the next pair of cards, Alejandro wrote as
following (Figure 9).

ca ba llo o0 o 0 0

[V ] ]
2! Tones

Alejandro reads “caballo” (horse).
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Figure 8.
Alejandro reads “pdjaro” (bird).
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Figure 9.
Giraffe and worm writing by Alejandro.
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Figure 10.
Giraffe writing.

When the interviewer shows the pair of cards to Alejandro, the child said “It’s a
zebra” So, the interviewer said “It’s a giraffe and it’s a worm” and pointed out every
card. The interviewer asked Alejandro to write the name of every animal. First, the
child draws a rectangle across the width of the sheet. Next, he started to write on
the left side inside the rectangle. He said the first syllable “JI” while writing the first
letter. After, he said “ra,” he wrote a hyphen. Then, he said “e” and wrote another
letter. At that moment, he looked at the sheet and filled the space he left with some
letters (Figure 10).

Alejandro shows different rules of writing. These rules are not the same as
previous. He delimited the space to write and filled the space with some letters.
The child tries to relate the syllable with one letter, but he writes others. There is a
limited repertoire of letters too. In this case, it seems that he used the same letters:
C capital and lower letter, A capital and lower letter, and O. We believe that he uses
hyphens to separate every letter. However, when he wrote the first hyphen, it reads
the second syllable. We do not know why he reads there. Alejandro had tried to use
conventional letters. He uses signs without sound value. In addition, there is no
relation phoneme and grapheme.

When Alejandro wrote GUSANO (worm), he drew a rectangle and divided it
into three small squares. Then, he drew other squares below the previous ones.
After, he began to write some letters inside the squares, as seen in the following
picture (Figure11).

Alejandro used other rules to write. They are different than the previous.
Alejandro has written one or two letters into every box. At the end, he writes some
letters under the last box. There is no correspondence between what he reads and
writes. There are also no fixed rules of writing for him. Rather, it is intuited that he
draws the boxes to delimit his space to write.
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Figure 11.
Worm writing.
Figure 12.
Cards with one cat and four cats.
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Figure 13.
Alejandro writes GATO (cat).

6.3.2 Singular and plural writing

The next task consists to write singular and plural. For this, the interviewer
showed Alejandro the following images (Figure 12).

Alejandro drew an oval for first card. This oval is on the left half of the sheet. He
wrote the following (Figure 13).

Next, the interviewer asked Alejandro to write for the second card, in plural. For
this, Alejandro draws another oval from the middle of the sheet, on the right side.
The child did not do anything for 1 h 30 min. After this time, he wrote some differ-
ent letters inside the oval (Figure 14). He wrote from right to left (unconventional
direction).

Alejandro wrote in the opposite conventional direction: from right to left. He
tried to cover the delimited space by him. His letters are similar to the conventional
ones. Also, there are differences between the first and the second word. He used
lesser letters for first word than the second. That is, there are lesser letters for singu-
lar and more letters for plural. Perhaps, the child took into account the number of
objects in the card.

The writing directionality may have been influenced by the image of the
animals: cats look at the left side. Alejandro could have thought he was going to
write from right to left, as well as images of the cards. Therefore, it is necessary to
research how he writes when objects look at the right side. In this way, we can know
if this influences the directionality of Alejandro’s writing.
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Alejandro writes GATOS (cats).

Figure 15.
Cards with one rabbit and three vabbits.
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Alejandro writes CONEJO (rabbit).

Alejandro writes CONEJOS (rabbits).

With the next pair of images (Figure 15), the interviewer asked Alejandro to
write CONEJO (rabbit) and CONEJOS (rabbits).

Alejandro draws a rectangle in the middle of the sheet for the first card (rabbit).
He said “cone” (rab-) and wrote the first letter on the left of the sheet. Then, he said
“jo” (bit) and wrote the second letter. He said “jo” again and wrote the third letter.
He was thoughtful for some seconds. He started to write other letters. His writing is
as follows (Figure 16).

At the beginning, Alejandro tries to relate the syllables of the word with first two
letters. However, he justifies the other letters when he read the word. There is no
exact correspondence between the syllable and the letter. As well as his writing is to
fill the space he delimited.

Alejandro takes into account other rules for plural writing. He drew a rectangle
across the width of the sheet. Starting on the left, he said “CO” and wrote one letter.
Then, he said “NE” and drew a vertical line. After, he said “JO” and wrote other
letters. His writing is as follows (Figure 17).

Alejandro writes both words differently. He reads CONE]JO (rabbit) for first
word and CONEJOS (rabbits) for the second. Both words are different from each
other. But, he wrote them with different rules. This is confusing for us because there
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are vertical lines between every two letters in the second word. We believe that the
child tried to represent every object, although he did not explain it.

In summary, Alejandro shows different writings. He used pseudo-letters and
conventional letter. These letters are in unconventional positions. There is no rela-
tionship between grapheme and phoneme yet; and, he uses different writing rules.

7. Conclusions

We described Alejandro’s writing process. According to this description, we can
note the following:

Alejandro is a student of an elementary regular school. He presents learning dif-
ficulties. He could not write “correctly.” However, he did not have a full assessment
by specialized teachers. His school is so far from urban areas and his parents could
not take him to a special institution. Therefore, he has not received special support.
Also, there is not a favorable literacy environment in his home. His teacher teaches
him like his classmates. Usually, he has been marginalized and stigmatized because
“he does not know or work in class.”

We focused on Alejandro because he was a child who was always distracted
in class. We did not want to show his writing mistakes as negative aspects, but as
part of his learning process. Errors are indicators of a process [5]. They inform the
person’s skills. They allow to identify the knowledge that is being used [13]. In this
way, errors can be considered as elements with a didactic value.

Alejandro showed some knowledge and also some difficulties to write. The child
identifies and distinguishes letters and numbers. We do not know if he conceptual-
izes their use in every one. When he wrote, he shows his knowledge: letters are for
reading, because he did not use any number in the words.

The writing directionality is a difficulty for Alejandro. He writes from left
to right and also from right to left. We do not know why he did that. We did not
research his reasons. But, it is important to know if there are any factors that influ-
ence the child to write like this.

The student does not establish a phoneme-grapheme relationship yet. He is still
in an initial level to writing acquisition. He uses conventional letters and pseudo-
letters to write. There are no fixed rules to write: number and variety of letters.
However, we observed student’s thought about writing. He justifies his writings
when he reads them and invents letters to represent some words.

There is still a limited repertoire of letters. He used a few letters of the alphabet.
Therefore, Alejandro needs to interact with different texts, rather than teaching him
letter by letter. Even if “he does not know those letters.” In this way, he is going to
appropriate other elements and resources of the writing system.

Time he takes to write is an important element for us. He refused to write for
several minutes at the beginning. After, he wrote during 1 or 2 min every word. As
we mentioned previously, we believe that Alejandro did not feel sure to do the task.
Perhaps, he thought that the interviewer is going to penalize for his writing “incor-
rectly.” He felt unable to write. Therefore, it is important that children’s mistakes are
not censored in the classroom. Mistakes let us to know the child’s knowledge and
their learning needs.

We considered that class work was not favorable for Alejandro. He painted let-
ters, drawings, among others. These were to keep him busy. Therefore, it is impor-
tant for the child to participate in reading and writing practices. In this way, he can
be integrated into the scholar activities and is not segregated by his classmates.

About children with learning difficulties, it is important that these children
write as they believe. Do not censor their writings. They are not considered as
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people incapable. It is necessary to consider that learning is a slow process. Those
children will require more time than their classmates.

Special education plays an important role in Mexico. However, rather than
attending to the student with learning difficulties in isolation, it is necessary that
the teacher should be provided with information and the presence of specialized
teachers in the classroom. In this way, the student with learning difficulties can be
integrated into class, scholar activities, and reading and writing practices.

We presented Alejandro’s writing process in this paper. Although he was consid-
ered as a child with learning difficulties, we identified he shows some difficulties,
but he knows some elements of the writing system too.
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Transition Possibilities for
Adolescents with Intellectual
Disabilities into Adulthood
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and Gloria Thupayagale-Tshweneagae

Abstract

Transition possibilities for adolescents with intellectual disabilities into adulthood
remain a complex issue and often neglected by the healthcare system and non-health-
care system. Given the responsibilities and roles that the healthcare system, non-
healthcare system and families have to fulfil to address the transition possibility issue,
the lack of knowledge, skills and resources negatively impacts on the transition pos-
sibility. In favour of situating adolescents with intellectual disabilities into adulthood,
the provision and development of working skills need to be prioritised. Transition
possibilities are to be considered to all adolescents with intellectual disabilities.

Keywords: adolescents, adulthood, intellectual disabilities, transition and possibility

1. Introduction

Adolescence is a time of transition, involving multidimensional changes, namely
biological, psychological and social [1]. These changes occur simultaneously and at
different paces for each adolescent. Extant literature reports that the world is home
to 1.2 billion adolescents aged between 10 and 19 years. Transition for adolescents is
not only biological, but it also includes emotional transition [2]. The United Nations
statistics has reported that there are more than 600 million people with disability
and that 80 million live in Africa. There is also an estimation that more than 300,000
adolescents have intellectual disabilities. Majority of adolescents with intellectual
disabilities (IDs) adolescents would be excluded from acquiring some education and
employment opportunities, as well as to suffer discrimination Nyangweso [3]. In
addition, Meleis, Sawyer, Im, Messias, Schumacher [4] transition is perceived to be
complicated. Adolescents with IDs will grow into adulthood as a result of improved
healthcare and related technologies. Pandey and Agarwal [5] wrote that even though
transitions are almost normal as they happen often, it is, however, very challenging
for adolescents moving into adulthood especially for those with intellectual disabili-
ties who may remain wholly dependent on their parents for emotional wellbeing.

This chapter provides a clear and detailed definition of the concept of
transition, transition of adolescents with intellectual disabilities (IDs), followed
by governmental intervention. Transition possibilities for adolescents with ID
are discussed under various roles of the government, healthcare workers and
communities.
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2. Transition as a concept

The concept of ‘transition’ has been in existence for more than three decades. It is
among the concepts that are debated on its meaning and uses in literature. Transitions
occur throughout life and are the processes faced by all humans, from birth, to adoles-
cence and to adulthood, from being immature to mature and from being dependent to
independent [6]. Transition is often associated with movement from a more shielded
environment to a more self-directed environment. It is characterised by the abil-
ity to make decisions and to take care of oneself [7]. Transition also includes many
adjustments that have to occur in life. Such events include leaving parents to boarding
school, leaving home after parental death to an orphanage and all other life events that
may render one to transit from one area to another [8]. Chick and Meleis [9] sum-
marises transition by defining it as ‘a passage or movement from one state, condition
or place to another’ (p239). Ally et al. [10] are of the opinion that transitions are
aimed at improving one’ quality of life. It is a movement from one area of dependency
to one area of independence, where one can do activities of daily living with minimal
assistance. The authors further noted that it is about the cognitive and adaptive
functioning of the individual. The process of transitioning is very difficult for most
adolescents and could be particularly difficult for those adolescents with intellectual
disabilities [11]. Shaw and DeLaet [12] define transition as a process, a point in time
and a perception. As a process, transition needs people with ID their families, caregiv-
ers and the healthcare system to work together towards a common goal. The authors
argue that transition entails the period starting from the anticipation of transition
until the new status and change have been achieved. Lastly, the authors are of the view
that transition depends on the individuals’ interpretations of what transition mean to
them rather than being an event. Furthermore, this depends upon the setting in which
the transition process takes place. Eighteen years is globally believed to be an age of
maturity, and hence adolescents when they turn 18 are expected to have reached a
certain level of independence and are able to make life decisions such as employment
and career. In accordance with Patterson and Pegg [13] past history reflects that
adolescents with IDs were devalued and not allowed to live independently. These
assumptions and beliefs pose challenges for those who are intellectually disabled.

3. Transition of adolescents with intellectual disabilities

Intellectual disability is characterised by several limitations in mental, emotional,
cognitive and physical functioning. People with intellectual disabilities display very
problematic behaviours that require attention at all times [14]. The definition of
intellectual disability is also wrought with many controversies. To date there is no
single definition that is acceptable for all. For instance, it is believed that people with
intellectual disability’s social and practical skills differ significantly from what is
accepted as normal by his or her society (American Association of Intellectual and
Developmental Disabilities (2011 cited in Aldersey [15])). On the contrary, Werner
[16] and Lancaster et al. [17] define ID as characterised by significant limitations
in intellectual functioning with an IQ below 75 which originates before the age
of 18 years. To this end, intellectual disability has been defined by limitations in
intellectual functioning and adaptive behaviours. They need more attention and
assistance to cope with activities of daily living Shogren and Plotner [18].

The transition of adolescents with ID into adulthood is challenging in that they
are expected to go through psychological and social maturation just like their able
counterparts. There is a range of issues associated with transition of adolescents
with ID into adulthood. They include rehabilitation and special education issues.
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However, in most countries, especially developing countries, they do not have
structures in place to assist them achieve this milestone [8]. Most often, there are no
programmes and policies suited for addressing their needs.

Disability is a developing concept in Africa as it is entrenched within the culture
[19]. In the African context, disability is associated with supernatural causes that
affect the way family members would treat the individual with ID [20]. Aldersey
[15] posits that disability in Africa is a formation of one’s culture. Etiyiebo and
Omiegbe [20] also support this view that culture defines an individual with intel-
lectual disability as less than human. The two studies quoted above gave examples
of other studies in Africa, such as Botswana, Zimbabwe and Cameroon, that define
intellectual disability according to norms of the society they live in. These negative
stereotypes in most of the African countries have led to the exclusion of individuals
with ID from the mainstream society [21]. This has even led to some families to hide
their adolescents allowing them to grow in isolation with no proper transition. It is
therefore not surprising that in most of Africa, there is lack of relevant policies for
individuals with ID, and this poses many challenges for them and their families.
Most of these challenges relate to social, occupational and parental issues.

3.1 Social challenges with transition of adolescents with intellectual disability

Lack of support and labelling of individuals with ID by communities are some of
the challenges that affect adolescents with ID. These lead to isolation and loneliness.
Other studies [2, 22, 23] also reported that individuals with ID are ridiculed, not
supported and unaccepted by the society they live in. Stigma and discrimination,
especially in African countries where disability is associated with witchcraft and
other supernatural causes, influence the way the individuals with ID are treated.
Incidences of individuals with ID being locked in the houses and hidden from the
larger society are still rife in some parts of Africa [24].

Adolescents with ID may not even have the opportunity to volunteer for some
activities in their communities. Friendships and peer interactions are limited mostly
because other peers with no ID may react negatively towards those with ID, and it is
because they have differing conceptions of friendships [25].

3.2 Occupational challenges with transition of adolescents with intellectual
disabilities

Adolescents with ID face many challenges, especially in developing countries.
There are very few schools open to adolescents with ID. The majority of them end at
the seventh grade. This is especially true if they come from poor families who may
not afford few private schools. In a study by Malapela [26], she found that out of
the 25 adolescents admitted in two special schools in South Africa, only one of them
was given a vocational job after completion. In other countries, there are social
grants with which these individuals and their families depend on, whereas in other
countries where there are no disability grants, their livelihood is dependent on their
parents and families. Pandey and Agarwal [5] reported that adolescents with ID are
most likely not to be employed and less likely to complete secondary education.

3.3 Leisure challenges with transition of adolescents with intellectual disabilities
It is generally believed that leisure promotes emotional and psychological
wellbeing for individuals with ID [27]. Leisure activities develop general skills and

adaptive behaviours. However, in most countries leisure activities for individuals
with ID are limited or non-existent Majoko [28]. Lack of leisure or recreational
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activities leave the individual with ID to have television as an only option. For some
who do not have television, they spend most of the time in the house watching
movements of their people depending on the degree of their disability. For some,
parents may not allow their adolescents with ID to play with others for fear that
they would be hurt, mocked or ridiculed. Jerome, Frantino and Sturmey [29] see
this as being overprotective, which does not benefit the individual with ID as tak-
ing risks of being hurt is part of growing up. All these are daily challenges faced by
these individuals.

3.4 Parental challenges

Literature has reported stress and depression for parents of adolescents with
ID. Parents experience caregiver burden because in most cases they are left alone to
care for their adolescents with no external assistance. In most instances, the parents
are responsible for attending to all the activities of daily living for their adolescents
with ID. A study conducted in United Kingdom by Rogers [30] reported that
parenting an individual with intellectual disability incapacitates the whole family.
It puts more pressure and burden on the family as more attention is needed from
parents and mothers of these individuals to assist them to achieve activities of daily
living including bathing, feeding, mobility, toilet training, socialising and others.
The caregiver burden is aggravated by lack of professional support and unavail-
ability of services. The American Psychological Association (2016) is of the view
that where there is support and services the caregiver burden would be lessened. In
other countries, where there is absence of such facilities or the lack of knowledge
about their existence, then parental stress can be exacerbated [26].

4, Governmental interventions

Transition of adolescents with ID into adulthood has been a concern not just for
researchers but for national governments as well. Most governments encourage the
principle of inclusion in schools and employment [7]. In some instances, policies
have been developed that encourage inclusion and provide more opportunities
for adolescents with ID aiming at maximising their interaction with the wider
community.

In South Africa, for instance, a number of legislative regulations and policy
framework have been developed to protect individuals with intellectual disabilities
from exploitation, vulnerability and discrimination. However, numerous concerns
and challenges have been reported regarding their care, treatment and rehabilita-
tion that are detrimental to their general wellbeing and their future prospects.
According to the policy guidelines on child and adolescent mental health and
reconstruction and development programme (RDP), adolescents with ID are still
faced by many challenges in their transition to adulthood. It is for this reason that
transition possibilities need to be prioritised.

The Mental Health Care Act No.17 of 2002 that directs care, treatment and
rehabilitation of adolescents with intellectual disabilities states that individuals
with ID have the right to a sheltered employment and fair treatment. However, the
demands of this act have not been realised fully, and this impacts negatively on their
transition.

Given all the limitations that affect the transition possibilities, proper under-
standing of transition possibilities in the context of intellectual disabilities needs
urgent attention. There must be a change that would have positive impact in the
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lives of individuals with ID. These changes must take cognisance of their level of
mental, physical, social and emotional functioning.

5. Transition possibilities

There are numerous transition possibilities that could be done to assist ado-
lescents with ID. Most of these possibilities centre on what governments and
healthcare workers can do to mitigate the many challenges associated with their
transitions. The possibilities for governments are on policy development and
involvement of other stakeholders. For healthcare workers, the main theme is on
educating different players such as parents, families and communities.

6. The role of governments

Poor outcomes for adolescents with ID on employment, education and
social activities call for an active path for changing the post high school scenery.
Governments can strive to make transition easier by ensuring structures that
accommodate adolescents with ID are in place. Firstly, governments should ensure
that all the schools from primary to secondary have facilities for special education.
Such an arrangement will ensure that adolescents with ID and those without ID are
taught in the same schools. Arrangements could be made that in such schools there
will exist common courses that are taken together such as physical education. This
will have multiple benefits for all. Adolescents with no ID will be able to accept
those with ID and can understand their shortcomings and be able to assist them.

Firm friendships can be built at this stage, and this would ensure that adoles-
cents with IDs leisure time are well taken care of [5]. The authors reported that
adolescents with ID believe that they are just like others and consider themselves
able to interact with peers with no ID. Research by Kurth and Mastergeorge [31]
suggest that inclusive education has more enhanced academic results for students
with disabilities.

The use of technology in such schools will also improve the academic outcomes
for students with ID. Therefore, governments should strive to make all this available
for adolescents with ID. Maxey and Beckett [7] posit that special education which
is in the same environment with the mainstream education plays a vital role on how
adolescents with ID are perceived by both the teachers and their peers. Currently
in most countries, especially in developing countries, there are very few special
schools, hence governments should be encouraged to build some and make them
inclusive.

Governments can also expand employment opportunities for adolescents with
ID. These they could do through collaborating with employment agencies. A study
done by Plotner and Mashall [32] in the United States found that 28.4% of adults
with ID were in formal employment compared to 71% of those adults without
ID. However, in developing countries the statistics would even be lower. Adolescents
with ID should be taught courses that would link them with particular employment
opportunities.

Community centres that are open for adolescents with ID need to be in place.
The government can achieve this by forming partnerships with community agen-
cies. The benefit of this would be that it would allow for integration of adolescents
with ID into the community. Pallisera et al. [33] argued that transition partnerships
and collaboration are key factors in the facilitation and fostering of the transition
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process. This means an inclusion of a wide range of professionals, agencies, centres
or services throughout the transition process.

Healthcare services are fragmented in most countries. For adolescents with ID, this
would compound the problem of caregivers; hence, the governments need to bring
them together. In most countries there are no services tailored for adolescents. There are
health services for children and for adults, and there are very few for adolescents such as
youth centres. This gap in service provision should be attended to, and youth-friendly
services and skill centres should be made available even for adolescents with ID.

7. The role of healthcare workers

In order to ensure successful healthy transitions in healthcare, partnership work
with families, communities, societies, education and other relevant stakeholders
is needed. Ramalhal et al. [34] assert that nurses have the responsibility to assist
individuals and their families to deal with the transition process. On the contrary,
Shaw and DeLaet [12] argue that the physicians should take the first critical step to
improve the transition process to adult-oriented healthcare. According to Meleis’
Transition Theory, nurses are the partners of individuals and their families as they
will be able to follow changes and outcomes regarding the transition process.

Healthcare workers are also responsible for educating parents on the adolescent’s
condition and what parents should expect. This would lessen the stress and ensure
that parents know what to do with their adolescents. Education should focus on
the adolescent behaviour. This would help parents to develop healthy relationships
with their adolescent. This education should involve not just primary caregivers but
extended family such as siblings, grandparents, aunts and other significant parties.

Healthcare workers are also charged with explaining to families about the level
and scope of healthcare services that are available for such individuals. In most
cases, families get confused because they are not aware of services that are available
to adolescents with ID. Healthcare workers can facilitate their formation so that
families can support and encourage each other.

Families should also be educated on the importance of a friendly, safe and
stimulating environment to enable adolescents with ID to maximise their potentials
and to cushion emotional and behavioural challenges [26]. Internet should be used
where possible, and computer skills should be developed. Seal [35] and Seal and
Pockney [36] hold a strong view that the use of the Internet allows individuals with
ID to express themselves.

Provision of counselling is another viable transition possibility [26]. Individuals
with ID should be counselled if they get frustrated in their inability to solve prob-
lems and be encouraged if they are able to solve problems on their own. Healthcare
in most countries is very fragmented; healthcare workers should support their
integration so that counselling is offered with other services. This would ensure that
individuals with ID receive total quality care when is needed.

In a study by Malapela [26], it was found that the majority of parents lacked the
knowledge and skill to care for their adolescents with ID. The study recommended
that educating caregivers on the care of their adolescents and knowledge about their
limitations would promote positive transition outcomes.

8. The role of communities

Teaching communities and socialisation of the intellectually disabled children into
the community are the key factors that form the basis for assisting adolescents with
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IDs transition into adulthood. If communities understand the abilities and limitations
of adolescents with ID, they would have a nondiscriminatory attitude that would
assist in the transition outcomes for individuals with ID. A non-judgemental and
nondiscriminatory attitude is key towards achieving healthy transition experience.

Community partnerships with parents and professionals would relieve parents
from being alone in the care of their intellectually disabled. Therefore, working
together as a team would ensure a healthy transition of individuals with ID. For
transition to bring about change and difference, individuals, their families and
health and non-healthcare professionals should make necessary efforts and changes
that enable these individuals and their families to adapt to their new roles and
expectations. A community approach is necessary to assist these individuals, their
families and their caregivers adapt to new changes and routines. Therefore, com-
munity education is essential to ensure that transition process promote positive
experiences.

More community resources should be available and accessible to support these
individuals and their families during the transition experience and process.

9. Conclusion

Positive transition of adolescents with ID would ensure improvement of quality
of life for individuals with ID. Governments and other stakeholders need to further
develop the policy framework needed to assist individuals with ID and related
interventions. Education, employment and leisure are key to a fruitful integration
of individuals with ID in the mainstream society. Studies quoted in this chapter sup-
port those individuals with ID to have the same opportunities as for all individuals
without ID. Prioritisation of provision and development of working skills are the
determining factors for facilitating transition of adolescents with IDs into adult-
hood. The need for further research is necessary to ensure that adolescent with ID
can live an independent life.
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Chapter13

Speech Therapy Work with
Children Having Specific
Language Impairment: Algorithms
and Personalization

Tatiana Volodarovna Tumanova
and Tatiana Borisovna Filicheva

Abstract

The concept of “personalization” is rather strengthened in pedagogy. At the
same time, in Russia in the field of special pedagogy and, in particular, in speech
therapy, there is an urgent need for personalized influence with specific language
impairments. A review of Russian classical and modern data on the comorbidity of
speech, language, motor skills, and other processes in children with specific lan-
guage disorders is presented. The rationale for personifying speech therapy work in
children with specific language impairments was justified. The scientific positions
of the authors with respect to personalization in the field of differential evaluation,
developmental effects, and prevention of systemic consequences of specific lan-
guage impairments in children are indicated. The groups of personalized means and
aids of influence of a speech therapist for specific language impairments in children
are indicated. The directions of further development of the indicated problem of
personalization of speech therapy work are determined.

Keywords: personalization, children of preschool age, personalized means and aids
of speech therapy work, specific language impairment in children, personalized
diagnostic profile, comorbidity of speech, language and motor disorders

1. Introduction

In world science, and in Russian speech therapy, in particular, the issues of
differential evaluation and in-depth study of specific language disorders in children
are dynamically developing [1-3]. The manifestations and symptoms revealed by
the authors determine the understanding of the underlying mechanisms of such a
state as “specific language impairment.” This allows to study in detail the structure
of impaired development, to determine strategies and directions of developmental
effects of speech therapy. Therefore, in Russian science, the search for further ways
of a transdisciplinary study of the problem of helping children with SLI remains
very relevant in special pedagogy in general, and speech therapy, in particular. It
can be stated that in modern speech therapy, as a science, it is defined as a number
of contradictions. On the one hand, there is a need to find new and improving
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existing approaches to the speech therapy work with children with SLI. On the
other hand methodological, substantive, organizational, and other aspects of new
and modernized approaches to solving the designated problem are insufficiently
developed. The resolution of the existing contradictions, of course, occurs, and will
continue to take place in scientific research of several generations. However, today,
we can say that a personalized approach in speech therapy work with SLI children
meets the abovementioned social challenges and contributes to effectively overcom-
ing pressing contradictions in general, inclusive, and special education.

In Russian pedagogy, interest in the development of a personalized approach
can be traced in the writings of scientists starting last century [1]. There are dif-
ferent interpretations of personalization in education, which allows interpreting
this phenomenon in different ways. Personalization can be explained as the process
of gaining by a subject universal human, socially significant, individually unique
properties and qualities that allow him to fulfill a certain social role in an original
way, creatively build communication with other people, and actively influence their
perception and assessment of their own personality and activities [2]. At the same
time, the term “personalization in education” is often used in Russian scientific
research, interpreted extremely variably as: a special form of organization of the
educational process, taking into account the peculiarities of personal differences
of students [3]; one of the directions of modernization of the system of continuous
education; a process aimed at the development of students’ abilities and interests
[4]; a factor of development of cognitive activity of trainees; and a means of
building a personal educational route [5]. The personalization of education is also
considered as a didactic principle, according to which the content and all other ele-
ments of the educational process should be determined and built on the basis of the
interests, needs, and aspirations of persons involved in educational activities [6].

The variability of interpretations, however, reflects the general focus of educa-
tional processes in Russia on the dynamic development of such pedagogical para-
digms that put the student’s personality and his multidirectional interests and needs
at the center of pedagogical processes.

Moreover, the relevance of a personalized approach in the field of evaluation
and development work of a speech therapist with SLI children seems logical.

2. Speech therapy impact at SLI in Russia: algorithms or personalization?

For many decades, Russia has developed stable algorithms for speech therapists:
how to work with children with specific language impairments. Those algorithms are
based on the classic Russian level approach to assessing the linguistic and speech sta-
tus of such children [7]. For many decades (since the 60s of the last century), Russian
speech therapy has developed an understanding of the essence of SLI as a develop-
mental speech\language disorder that has signs of systemic underdevelopment of all
language components and embraces all speech processes [8]. In this regard, in Russia,
national models for evaluation of children with SLI have been identified and are
successfully operating to date. These models bring together an interdisciplinary team
of specialists, which conducts a comprehensive examination of children, evaluates
the state of various functions, and formulates a conclusion and recommendations
for working with a particular child (psychologist, pediatrician, neurologist, speech
therapist, teacher-representative of the school, and if necessary, other specialists).
The speech therapist as part of this team conducts his assessment. It can be variable
in technology and didactic materials, but always includes: collecting data on the
development of language and speech of the child and the speech environment in his
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family, understanding of speech and language structures, the state of vocabulary,
grammar, phonetics, dialogical and monologue utterances (in relation to the age
indicators of normative development). The diagnostic program also includes exami-
nation of the state of operations of language analysis and synthesis (starting from

3 to 4 years of age), the state of the basics of literacy (from 6 years old), and later
(from 7 to 8 years) an examination is added to the above writing, reading, counting
operations, and other educational skills. For many decades, scientific research data,
covering various regions of Russia, confirmed the idea of professor R.E. Levina,

and, later, professor T.B. Filicheva that the speech-language status of children with
SLI can be understood as very different, varying within different levels: from the
first level (lowest) to the fourth level (somewhat close to the lower limits of the age
norm) [7-9]. The national practice of speech therapy allows detecting a delay in the
development of speech/language in children from 2 to 3 years of age with a norma-
tive state of intelligence and hearing, in order to subsequently consider these children
as a risk group for detecting SLI in them, starting from 3 years. Accordingly, it is from
this age in Russia that it is customary to designate a condition revealed in a child not
as delayed, but as a disordered development of language and speech. The context of
this approach is reflected in the national psycho-pedagogical classification of speech\
language disorders [9]. In Russian speech therapy, a hierarchy of short level charac-
teristics has been established that testifies to the underdevelopment of the processes
of language and speech in children with SLI, starting from the age of three:

* The first level characterizes practically nonspeaking children who understand
the extremely limited volume of words. They use single simple words, amor-
phous root words, sound complexes, and parts of words, sounds associated
with what is named, not combining them into a phrase. There are no word end-
ings, understanding and use of prepositions is not observed. Word formation is
not available. A child cannot compose a story on his own. Monological speech
is practically absent. A dialogue with such a child shows his active use of non-
verbal means of communication. The phonetic side of speech is significantly
disturbed; sounds from different phonetic groups are not formed. Children do
not understand the tasks aimed at distinguishing the verbal sounds.

* The second level—the beginning of the sentence development: children begin to
combine two or three words into a simple sentence. However, these sentences
are characterized by violations of structure and content. Understanding of
speech lags significantly behind these normotypic children. Children skip or
distort prepositions, as well as morphemic parts of words, which allow dif-
ferentially denoting the number, size, gender of objects, objects actions and
signs, and other categorical qualities. The initial attempts to form words with
significant structural and substantive errors may manifest. Children enter into
a dialogue, but do not initiate it, rather respond in one or two words. There is
still a tendency to use nonverbal means of communication. Children cannot
talk about events, retell the text, etc. Tasks related to distinguishing the verbal
sounds are not feasible. The pronunciation of different groups of sounds is
characterized by multiple violations.

* The third level characterizes using a simple sentence with multiple lexical and
grammatical errors. For children at the third level, it becomes possible to draw
up simple and even some types of complicated sentences. Nevertheless, in
these sentences, there are obvious errors: omissions and rearrangement of the
order of the sentence parts, replacement of the end of words, replacement of
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prepositions, multiple lexical changes and errors (e.g., according to the genus-
specific characteristics of words). Children can actively engage in dialogue,
but there is a steady tendency toward a passive role. Self-compilation of the
story, retelling of the text, becomes possible. At the same time, expressed
errors are allowed in the transmission of the text, its composition, cause and
effect, logical and temporal relationships. Word formation and change of
words by grammatical categories is characterized by persistent, constant errors
(choice of morpheme, choice of grammatical model, word design, etc.). The
ability to distinguish some sounds of the native language appears. However,
sounding phonemes do not differentiate as should be in accordance with the
age of children. They found disturbed pronunciation of sounds from different
phonetic groups.

* The fourth level characterizes residual manifestations of mildly expressed
underdevelopment of vocabulary, grammar, phonetics, and storytelling.
Single, but persistent manifestations of impaired development of language
and speech are noted in almost all areas, but as minimal manifestations. Such
micro-manifestations in the underdevelopment of speech and language, how-
ever, are systemic. They show the need for further continuation of the work of
the speech therapist [8, 10].

These characteristics of the level assessment of the state of speech and language in
children, on the one hand, represent an algorithmized understanding of the fact that
underdevelopment of the studied processes of varying severity can be observed in
SLI. However, on the other hand, this approach already determines personalization in
assessing the language and speech of a child with SLI (if there are common charac-
teristics of underdevelopment inherent in one or another level). The speech-language
data of each child are compared with indicators of the age norm. At the same time,
indicators of insufficient development of language and speech inherent in each
specific child are revealed. In accordance with such a layered approach, confirmed
by hundreds of scientific studies and many decades of scientific and practical work,
speech therapists in Russia successfully perfect effective algorithms for optimal
care for children with SLI. These algorithms are based on determining the level of
development of language and speech capabilities that correspond to the current state
of the child, and the level that is promising and achievable for him in the course of
development work, taking into account the social needs of the child [8, 10, 11].

Currently, these speech therapist work algorithms are reflected in training
programs for children with SLI (e.g., programs for overcoming SLI in preschool
children) [12].

Such training programs for children offer speech therapists a simple and trans-
parent algorithm of work. It includes a plan for working with a child (with first,
second, third, or fourth level of underdevelopment of speech-language processes),
the content of the work, the main guidelines for the formation of the lexical, gram-
matical, phonetic, and syntactic possibilities of children, as well as the potential
results that the speech therapist seeks in his work.

So, in working with children whose level of speech and language capabilities is
assessed as the minimum (first level), the speech therapy is aimed at:

* development of understanding of speech: to teach according to the instructions
of a speech therapist to recognize and show objects, actions, signs, understand
the generalizing meaning of a word, differentially perceive who and where,
and understand appeal to one or more persons, grammatical categories of the
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number of nouns, verbs, guess objects according to their description, deter-
mine elementary cause-effect relationships;

the development of active speech activity: in any phonetic design, to name
parents, close relatives, imitate the cries of animals and birds, sounds of the
world, musical instruments; give orders—go, sit, give; make up the first
sentences from amorphous root words (mama pi—mama, go to sleep), convert
imperative verbs into singular verbs of the present tense, make sentences
according to the model: (a) Who? what does? (b) Who? what does? what? (e.g.,
Katia (mom, dad) is sleeping; Anna drinks milk). Simultaneously, exercises
are conducted to develop memory, attention, logical thinking (remembering
2-4 objects, guessing the removed or added object, remembering and selecting
pictures of 2-4 parts).

As a result of speech therapy work at this stage of the formation of speech\lan-

guage development, children learn to correlate objects and actions with their verbal
designation, to understand the general meaning of words. An active and passive
dictionary should consist of the names of objects that the child often sees; actions
performed by himself or others, of some of his states (cold, warm). Children need to
communicate with the help of elementary two-three-word sentences. Verbal activity
can be manifested in any phrases without correction of their phonetic design.

Teaching children with a second level of speech/language development involves

several areas:
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* development of understanding of speech: includes the formation of the ability

to listen to the converted speech, to highlight the names of objects, actions, and
some signs; the formation of understanding the generalized meaning of words;
and preparation for the perception of dialogical and monological speech.

activation of speech activity and the development of lexical and grammatical
means of the language: learn to name words made up of one to three syllables
(cat, bed, coat, puppy), teach initial inflection skills, then derivation (number
of nouns, mood and number of verbs, possessive pronouns “my—mine,” nouns
with diminutive suffixes, categories of case of nouns).

development of active phrase: construction and use models of simple sen-
tences—noun plus a coordinated verb in the indicative mood of the singular
present tense, noun plus a coordinated verb in the indicative mood of the
singular present tense plus a noun in the indirect case (of type “Misha, sleep,”
“Misha is sleeping,” “Lilia drinks milk™); assimilation of simple preposi-
tions—on, at, in; combining simple sentences into short stories; strengthen
the skills of drawing up proposals for demonstrating actions based on ques-
tions; memorization of short couplets and nursery rhymes. Moreover, any
phonetic design of independent expressions available to the child is allowed,
while attention is paid to the correct grammatically significant elements (end-
ings, suffixes, etc.).

development of the pronunciation: to learn to distinguish between speech

and nonspeech sounds to determine the source, strength, and direction of
sound; to clarify the correct pronunciation of the sounds available to the child;
develop the sounds at the level of the syllables, of the sentence, words, form
the correct sound-syllabic structure of the word; to learn to distinguish and
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reproduce clearly syllabic combinations of sounds with different stresses,
voice strength, and intonation; and play the syllables with a concourse of
consonants.

As a result of speech therapy work by the end of this stage of education, chil-
dren should have a simple phrase, learn to coordinate the main parts of a sentence,
understand and use simple prepositions, categories of case, number, time, and
gender. The ability to answer questions with a short sentence, to maintain dialogue,
is supposed. The understanding of some grammatical forms of words, simple
stories, short tales is expanded. Work on the syllabic structure of words ends with
the assimilation of the rhythmic-syllable pattern of two-syllable and three-syllable
words. Sound disturbances are permissible.

Education for children with a third level of speech/language development includes:

* the development of speech understanding, the ability to listen to the speech
addressed to person, to differentially perceive the names of objects, the actions
of signs; to develop an understanding of more subtle meanings of generalizing
words, to prepare for mastering monologic and dialogical speech.

* the formation of the phonetic system of the language:

(a) the development of the ability to differentiate listening oppositional speech
sounds: whistling-hissing, voiced-deaf, hard-soft, etc., then, working out these
differentiations in pronunciation; (b) consolidation of the pronunciation of poly-
syllabic words with various variants of the concordance of consonants, the use of
these words in speech; (c) strengthening the skills of sound analysis and synthesis
(analysis and synthesis of a simple syllable without consonants, emphasis on the
initial vowel/consonant in a word, analysis and synthesis of syllables with conflu-
ence of consonants, emphasis on the final consonant/vowel in a word, division of a
word into syllables, analysis and synthesis of 2-compound words, etc.).

* literacy training: acquaintance with letters corresponding to correctly pro-
nounced sounds; learning the elements of sound-alphanumeric analysis and
synthesis when working with syllable and word schemes; read and write single
syllables, words, and short sentences. Preparation for mastering elementary
writing and reading skills includes consolidating the concepts of “sound,” “syl-
lable,” “word,” “sentence,” “story,” analysis and synthesis of sound-syllabic and
sound-alphabetic structures.

* the development of lexical and grammatical means of language. This section
includes not only an increase in quantitative, but primarily qualitative indica-
tors: the expansion of the meanings of words; the formation of the semantic
structure of the word; the introduction of new words and phrases into speech
of nouns with a diminutive and magnifying meaning, with the opposite mean-
ing. The ability to explain the figurative meaning of words (golden hands,
sharp tongue etc.). Select unambiguous nouns for adjectives (sharp—knife,
sauce, razor, seasoning; dark—shawl, night, coat); form names of objects
from the action names; explain logical connections (Nata escorted Sofia—who
came?), to pick up synonyms (bold—brave).

* the development of detailed phrasal speech phonetically correctly formed; for-
mation of dialogue skills; expanding the skills of composing a narrative story
based on the events of a given sequence, drawing up sentences with different
types of subordinate clauses, strengthening the ability to compose stories from
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a picture, a series of paintings, by presentation, by demonstrating actions,
transforming a deformed text; and the inclusion in the stories of the beginning
and end of the plot, elements of fantasy.

As a result of speech therapy work children should master the skills of using
simple and complex sentences, be able to take part in dialogue; be able to compose
a story from a picture and a series of pictures, retell the text, have a grammatically
correct spoken language in accordance with the basic norms of the language; it is
phonetically correct to make statements, conveying the syllabic structure of words,
to master some elements of literacy (reading and typing letters, syllables, and short
words). However, they may have some lexical, grammatical, and phonetic inaccura-
cies, the elimination of which should be combined with teaching children complex
forms of speech, which is proposed to be done at the next stage of training.

Teaching children with the fourth level of speech\language development provides
areas of work related to their comprehensive preparation for school:

* Improvement of the lexical and grammatical means of the language: expansion
of the lexical stock in the process of learning new words and lexical groups (shell,
tusks, museum, theater, exhibition etc.), activation of word-formation processes
(complex words, adjectives with different correlation values, prefixes with tinted
values), exercise in the selection of synonyms, and antonyms, giving them expla-
nations (mean—greedy, kind—merciful, funny—sad, etc.), explain the figura-
tive expression of words and whole expressions (burn with shame, wide soul),
transform the names of male professions’ gender into feminine names (typical
for Russian), and convert one grammatical category into another (read—reader).

* Development of phrasal speech: to consolidate the skill of using sentences in
reference words, to expand the volume of sentences by introducing homoge-
neous members of sentences.

* Improve coherent statements, ability to build dialogue and monologue, rein-
force storytelling skills, retelling with elements of fantasy and creative stories.

* Improvement of the pronunciation in speech: to consolidate the skills of
clear pronunciation and distinguishing of delivered sounds, automate their
correct pronunciation in polysyllabic words and statements, to bring up the
rhythmic and melodic coloring of speech.

* Preparation for mastering elementary writing and reading skills: reinforce
the concepts of “sound,” “syllable,” “word,” “sentence,” learn to analyze and
synthesize reverse and direct syllables and monosyllables—two, three complex
words, learn to make letters, split alphabet, syllables, words and read them,
develop optical-spatial and motor-graphic skills, and prepare for a fluent

sequential reading with awareness of the meaning of what was read.

As aresult of speech therapy, preschool children should be as close as possible to
age norms. This is manifested in the spontaneous, faultless possession of dialogical
and monologue speech, namely: the ability to adequately formulate questions and
answer the questions of others, to tell in detail and logically about the events of the
real world, to retell literary texts close to the original, carry out creative storytelling,
etc. Accordingly, the lexical and grammatical structure of the language is formed in
children. So, children adequately understand and use the various parts of speech,
simple and complex prepositions, possess the full knowledge of word formation
and inflection for the full extent specified for the specified age. The phonetic design
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of children’s speech should fully comply with the norms of their native language. In
addition, children have sufficiently formed operations of sound-syllabic analysis
and synthesis and elementary literacy skills (reading and typing some letters, syl-
lables, short words) [7].

3. Methodology

The material below is aimed at achieving the goal: to identify personalization
opportunities in working with children with SLI. It is traditionally considered that
algorithms of speech therapy with SLI take into account an individual approach to
working with children. The individual approach is an important psychological and
pedagogical principle, according to which the educational characteristics of children
take into account the individual characteristics of the development of each child (psy-
chological features, abilities, psychological characteristics, the child’s perception of
the impact on him, etc.) [13]. In the context of speech therapy work with SLI children,
a personalized approach is an equally important principle according to which medi-
cal, psychological, pedagogical, and social markers and criteria for their impaired
development are taken into account in working with each child from the standpoint
of further prediction and implementation of optimally effective speech therapy. With
this understanding of the problem, there is no equal sign between the individual and
personalized approaches in speech therapy work with SLI children. The need for a
holistic algorithm-based work with these children is determined to reasonably take
into account the combination of individual and personalized approaches [10, 11, 14].

Russian studies in this area show the variable correlation of the speech-
language capabilities of SLI children with emotional-volitional, communicative,
motor, spatial-orienting, visual (as later acquired) disorders [10, 11, 14, 15]. For
example, the data of recent years allow to speak about the multi-level comorbidity
of symptoms and components (in the context of the codependence of impaired
speech, language, motor, and other processes) in children with language disorders
[16-18]. The levels of comorbidity states identified in preschool children with SLI
were determined (based on the results of the analysis of data from a survey of
language, speech, motor, optical-spatial, graphic processes). The level of micro-
comorbidity is characterized by a slightly pronounced correlation of motor and
speech\language disorders with the relative safety of spatial possibilities. The level
of meso-comorbidity indicates a persistent, pronounced correlation of violations
of speech-language processes (intonation, prosodic, pronunciation, phonological,
lexical-grammatical) and motor sphere (myofunctional and motility of the fingers)
along with partial violation of spatial possibilities. The level of macro-comorbidity
characterizes stable, systemic combination and pronounced correlation of mani-
festations of speech\language disorders covering all speech processes and language
components, and motor disorders covering differentiated myofunctional abilities
and movements in the shoulder girdle, hands, and fingers with the accompanying
pronounced impairment of spatial capabilities [16, 17]. Below is a summary data
illustrating the phenomena of comorbidity in children with SLI (Table 1).

All of the above allow us to draw a number of conclusions that are fundamen-
tally important for the personalization of speech therapist work with SLI children as
part of an interdisciplinary team of specialists:

* in children with SLI, violations of the development of not only speech and
language, but also other processes (motor, spatial and other) are detected;

* manifestations of the severity of these disturbed processes and their compat-
ibility can be variable for each child;
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Levels of Presence of conjugate/codependent violations

comorbidity

states

Level of micro- Insignificant degree of correlation of violations of pronunciation and distinction of
comorbidity sounds, weak correlation of indicators of reduced understanding of the lexical and

grammatical meanings of words and their use in self-expression mainly with indicators
of violations of articulation, weak correlation between indicators of impaired speech,
language processes and movements of fingers, wrists, shoulder girdle; spatial gnosis
and praxis relatively preserved.

Level of Pronounced correlation of speech language processes (intonation, prosodic,

meso-comorbidity pronunciation, phonological, lexical and grammatical) correlating with the indices of
motor sphere insufficiency (myofunctional and motility of fingers, wrists etc.) along
with partial violation of spatial gnosis and praxis.

Level of macro- Systemic combination and confidently pronounced persistent correlation of
comorbidity manifestations of speech-language impairments, covering all speech processes
and components of the language, and motor impairments, covering differentiated
myofunctional abilities and movements in the shoulder girdle, hands, and fingers with
associated pronounced disorders of spatial gnosis and praxis.

Table 1.
Characteristics of comorbidity levels of speech-language and motor-spatial capabilities of preschool children
(5-6 years).

* in this regard, the identification of personal indicators and characteristics of
processes disturbed in a child (linguistic, speech, motor, spatial and others)
will determine the need for personalization in working with each SLI child,
including not only a speech therapist, school teacher, psychologist in the
multidisciplinary team, but also other potentially necessary specialists.

All of the above allows to determine the subject of study: the search for reason-
able personalized directions, content, means, aids, technologies for working with
SLI children.

Between 2010 and 2018 at Moscow State Pedagogical University (Russia,
Moscow), the authors conducted a study that covered 460 children with SLI
5-6 years of age, attending educational institutions and receiving the help of a
speech therapist using algorithmic educational programs adopted in Russia. These
were children whose state of language and speech was assigned to the third level out
of four possible levels (according to the national assessment model). At the same
time, among the population of children selected for the experiment, half had visual
impairment (myopia or strabismus). This led to the formation of two experimental
groups—group 1 (230 children with SLI and with good vision) and group 2 (230
children with SLI and impaired vision). For both experimental groups, an examina-
tion that combined the following methods was applied:

* standardized examination of language and speech used by speech therapists in
Russia (the scheme of this examination was indicated above, the results were
recorded in individual protocols for each child);

* diagnosis of the state of movements of the shoulder girdle and fingers accord-
ing to indicators of completeness, strength, coordination, etc. using Pablo
System technology (the results were recorded in individual electronic protocols
provided by the software);

* diagnostics of the state of mobility, balance, and coordination using Habilect
technology according to the criteria of maintaining equilibrium, coordination
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of movements of the upper and lower extremities, occupancy, stability of
movement, etc. (the results were recorded in individual electronic protocols

provided by the software).

For children of the second group (SLI and visual impairment), ophthalmologists
were additionally involved in the examination, who for each child gave a profes-
sional opinion (on the presence of myopia or strabismus) and formulated recom-
mendations for the teachers’ work: what conditions, exercises, and aids are needed
for each child, depending on state of his vision.

4, Results

A comparative analysis of the protocols for examining children in the areas
outlined above made it possible to personally assess for each child with SLI the
starting state of language, speech, motor, and spatial processes. For the second
group (children with SLI and visual impairment), ophthalmologists added personal
data on the state of visual functions. Thus, as a result, for each child with SLI, a
database of linguistic, speech, motor, and visual (for the second group) processes
was collected and analyzed. This information is reflected in personal diagnostic
profiles, examples of which are given below (Figures 1-3).

Figure 1 illustrates a piece of data reflecting part of the overall assessment pro-
cedure: the assessment of the quality of statements and stories of a child with SLI
and myopia (with\without using of personalized supports) in tasks: No. 1—making
a simple sentence based on 1 picture, No. 2—making a simple sentence based on 2
pictures, No. 3—making a simple sentence based on verbal help, No. 4—compiling
a story based on a picture, No. 5—composing a story based on a series of paintings,
No. 6—composing a story based on verbal help, No. 7—composing a creative story
based on a picture. Studies have confirmed that the use of personalized supports
when working with a speech therapist with such children gives a pronounced
positive effect already at the initial stages of training. The work of a speech thera-
pist for a long time with a child with SLI is all the more effective, provided that in
the general algorithm of work those personalized aids and technologies are used

5 i i k]

exercise 1 exercise 2 exercise 3 exercise 4 exercise 5 exercise 6

Figure 1.
The profile of the state of connected statements of a child 1 (SLI and myopia) with\without the use of
personalized support at the stage of primary linguistic diagnostic procedures.
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Two-finger grip state indicators (vight and left hand) of a child 1 (SLI and myopia).
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Figure 3.
Indicators of movements of the right/left leg of a child 1 (SLI and myopia).

that help the child with a particular comorbid state of impaired linguistic, motor,
spatial, and other processes.

Figure 2 shows a piece of the personal data of child 1 according to the indicators
of two-finger pinch capture (right and left hands), demonstrating how accurately
and strongly the sensor is captured by different fingers.

Figure 3 shows a piece of the personal data of child 1 on the indicators of leg
movements forward, backward, right, and left (right and left legs), showing how
accurately and fully the movements are made.

A generalized analysis of the data for each child with SLI has become the
basis for planning and implementing personalized exposure programs, designed
for 1 year (divided by month and week), for a speech therapist as a member of
an interdisciplinary team of specialists. The speech therapist compiled a work
plan, based primarily on what starting indicators are recorded in the child in
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No Theme of the lesson The purpose of the lesson
Week 1
1 Singular and plural nouns Learn to use singular and plural nouns
2 Singular and plural nouns Continue to learn to use singular and plural nouns
3 Word and sentence To teach to understand and use the concepts of “word,”
“sentence”
4 Sounds of speech To teach to understand and use the concept of “Speech
Sounds,” to distinguish speech sounds from nonspeech
5 Simple sentences To strengthen the skills of compiling and understanding
simple common sentences
Week 2
1 Verbs singular and plural Learn to change verbs in the singular and plural categories
2 Verbs singular and plural Continue learning to change verbs in the singular and
plural categories
3 Simple sentences To strengthen the skills of compiling and understanding
simple common sentences
4 Vowels (A, U) To strengthen the skills of distinguishing and
pronunciation of sounds “A-U”
5 Vowels (O) To strengthen the skills of distinguishing and
pronunciation of sound “0”
Week 3
1 Nouns with a diminutive meaning To learn to form and use nouns with a diminutive meaning
2 The phrase “quality adjective + To learn to select and coordinate quality adjectives with
noun” nouns
3 Model sentence: Who? What To strengthen the skills of making sentences on the model
doing? of “Who? What doing?”
4 Preposition “on” To strengthen the skills of distinguishing and
pronunciation of preposition “on”
5 Consonant sounds To strengthen the skills of distinguishing and consonant
sounds (1-2 consonants, the most accessible for the child)
Week 4
1 Nouns with a diminutive meaning To learn to form and use nouns with a diminutive meaning
2 Model sentence: Who? What To strengthen the skills of making sentences on the model
doing? of: “Who? What doing?"
3 Model sentence: Who? What To strengthen the skills of making sentences on the model
doing? Where? of: “Who? What doing? Where?"
4 Preposition “in” To strengthen the skills of distinguishing and
pronunciation of preposition “in”
5 Consonant sounds (P-B) Clarify the pronunciation and distinction of sounds “P-B”
Table 2.

A fragment of the sample work plan of a speech therapist with a child 1.

language, speech processes. An exemplary fragment of such planning is shown
below (Table 2).
However, this plan included areas of work for the development shoulder girdle,
finger movements, body movements, leg mobility, as well as those exercises that
the ophthalmologist recommended for training the visual muscles. Accordingly, all
these exercises were performed by the child either in the process of linguistic tasks,
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or as independent trainings as a dynamic lesson fragment (using the technologies of
Pablo System and Habilect, according to the plan designed by the program of these
hardware-computer technologies). “Gymnastics for the eyes” took 2-3 minutes
during each lesson and, according to the recommendations of the ophthalmologist,
was an obligatory part of the lesson for those children who had visual impairments.
Other teachers of the school (physical education teacher, music teacher, and draw-
ing teacher) in their plan of work with each child made personal, substantive, and
technological changes based on what were the personal capabilities and needs of
each child. The clearly planned work allowed each specialist to carry out his func-
tions, but this was done in mandatory coordination between all team members.

In addition to personalizing the content and areas of work, personalized tools and
technologies were identified that increase the effectiveness of the speech therapist
working with SLI child.

Figure 4 shows the personal data of child 1 obtained when assessing linguistic,
speech, motor, and spatial processes primarily (relative to age norm data), and
reflects the constancy and stability of the mistakes made when performing lan-
guage, speech, and motor-spatial tests. Figure 4 demonstrates the improvement in
the child’s performance under the condition of a single administration of personal-
ized aids. After provided prolonged (14 weeks) personalized assistance from an
interdisciplinary team of specialists, the improvement in the results of child 1 was
clearly shown. After each prolonged period of personalized training, a team of
specialists discussed the results, drafted amendments and changes to the content,
technologies and auxiliary means of working with SLI child. Typically, in speech
therapy for SLI, algorithmic exposure programs involve 2 years of training for
children with a third level of speech and language development before they reach
the next, fourth, level of language development.

At the end of the school year, the results of personalized work with children
involved in experimental groups (E group 1—SLI, E group 2—SLI and visual
impairment) were analyzed. Each child passed the final assessment according to
the same parameters and criteria as before personalized learning. The linguistic
and speech processes of all children in the experimental groups turned out to
be much higher than at the beginning of the year in all assessment parameters.
According to the national model for assessing language and speech status, almost

35
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Figure 4.
Generaliged indicators of process evaluation of a child 1 (SLI and myopia).
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Language development level Egroup1 E group2 CAgroup1 CA group 2

(according to the national

model) pre post pre post pre post pre post

Level I1I 100 20 100 22 100 72 100 82

Level IV 0 80 0 87 0 28 0 18
Table 3.

Analysis of language development data for childven with SLI involved in experimental and comparative groups
(pre- and post-training) (%).

all children have been changed status from third to fourth level. At the same
time, the comparative analysis groups (CA groups), which included children of
a similar age who received the work of a speech therapist according to standard
exposure algorithms (CA group 1—SLI, CA group 2—SLI and visual impair-
ment) in most cases remained at the third level of speech\language development
(Table 3).

Table 3 shows data that convincingly show that in the vast majority of cases, the
dynamics of language development are higher in those children with ALS who were
trained according to personalized programs.

Motor and spatial assessment data using Pablo System and Habilect technologies
recorded a personal dynamics for each child, reflecting an improvement in the state
of mobility, coordination, strength, motor control in the fingers, wrists, elbow,
shoulder, as well as in the movements and coordination of the trunk and legs.

The ophthalmologist’s data for children with SLI and visual impairments showed
varied dynamics (mainly from stabilization of indicators to their slight improve-
ment—81%). The remaining 19% of cases were characterized by an ophthalmolo-
gist as a “progressive” course of visual impairment.

5. Discussion

Such data on the impact of personalized teaching aids, which have multiple
reproducibility in the study of children with SLI in Russia, subsequently provide
weighty reasons for substantial optimization of general, particular, and specific
algorithms of speech therapy and developmental influence. At the same time, a
personalized approach to it should be understood as a harmonious component
of the general scientific and methodological support of the holistic process of
psychological and pedagogical assistance for specific language impairment. The
effectiveness of this approach seems to be optimal when the following conditions
are met: reasonable integration with other approaches strengthened in science and
practice, competent use of classical and modern scientific data from the field of
speech therapy and related sciences, taking into account variable and combinatorial
components in the structure of SLI, based on understanding personalized needs
and capabilities of children, the relationship in the interdisciplinary team. The per-
sonalization of speech therapy is advisable on the planning and implementation of
the content and directions of work, the choice of aids and technologies of influence,
logical interaction with other members of the interdisciplinary team.

It is possible to clarify the interpretation of the concept of “personalized aids
that ensure the effectiveness of speech therapy work in children with SLI” as a
system of various ideal and material objects, including artificially created ones, in
order to optimally form language and speech processes in children, as carriers of the
necessary information and as instrument. They are integrated at the linguodidactic,
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logical-semantic, optico-ophthalmological (as prescribed by the ophthalmologist),
motor-spatial, and information-technological levels of the problem under study. It
is logical to believe that personalization will be in demand in the work of a speech
therapist as part of an interdisciplinary team.

Let us consider, for example, the personalization of the content and means of
speech therapy work with schoolchildren with SLI and visual impairment (squint
and myopia) in the direction associated with the improvement of their coherent
expressions. The content of this speech therapy area is traditionally algorithm-
driven, based on the appropriate techniques adopted in speech therapy. In parallel,
in the context of the joint work of a speech therapist, parents, teachers of physical
culture, music, drawing, an ophthalmologist, personalized exercise programs were
developed and implemented for such children (depending on the states of comor-
bidity of speech-language, spatial, optical and motor processes identified for each
child) as well as personal plans to perform special visual exercises and workouts.
These directions of speech therapy may be changed in content due to child visual
impairment. So, in Russian speech therapy, usually a story-description of an object
is one of the first forms of work in teaching SLI child storytelling. However, for
a child with SLI and visual impairment, we can built a different algorithm that
combines analysis and construction: a simple sentence—a fragmentary/holistic
dialogue—a narrative story—a descriptive story—a creative story (all types of
work are based on a special interactive touch panel with elements of feedback

Groups of Characteristics of aids

personalized

aids

Lingvodidactic Aids that are designed to teach children who have SLI (means to ensure optimal

motivation to express, generate intention, plan, select speech means, implement and
control speech). These means are personalized depending on what type of statements is
“starting” for each child (simple or complex sentence, fragmentary or holistic dialogue,
etc.), what are the personal indicators of language capabilities (in terms of diagnostic
parameters) and preferences of the child on the subject of statements (“Game,” “Animal
Care,” “Sport,” “T'V” etc.), what are the personal indicators of each child when performing
diagnostic tests (reflected in the appropriate personal diagnostic profile). On this

basis, for each child, separate models of statements are selected, objects that motivate the
statement, graphic images and problematic communicative situations, individually take
into account the variable set of words denoting objects, signs, actions, phenomena; solved
range of grammatical and phonetic problems.

Optical-spatial Means that allow optimizing the training of schoolchildren with SLI and visual
impairment, taking into account the peculiarities of the optical-spatial capabilities of these
children. These tools provide a linear organization of the stimulus material, its location in
space, the possibility of correlating eye movements with hand movements (with tactile and
visual row tracking), a fixed increased image size, its contour, detail, etc. These aids are
personalized, for example, depending on the recommendations of the ophthalmologist.

So children with squint (depending on the squinting eye) are invited to have visual rows
on the left (or right); for children with one type of squint, verticalization of images is
suggested, and with another type, horizontal position of images. Children in the process
of occlusion are given the location of the stimulus material from the “better seeing” eye.
Children who are in the process of pleoptic and orthoptic treatment (associated with
correcting squint and restoring the ability to fusion-merging two images together) can

be offered optical-spatial conditions that are close to those that are suitable for children
with myopia (e.g., the increased size of images and their spatial image). The angle of
visual stimulus material for children with squint and amblyopia—90 degrees, for children
with myopia—40 degrees. When teaching children with myopia, you should monitor the
wearing of glasses during class, set a timer that regulates visual loads in time, use “visual
pauses” and visual exercises, determine the optimal distance between the eyes of the child
and the stimulus material, spatial arrangement of cards relative to each other, etc.
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Groups of Characteristics of aids

personalized

aids

Light-chrome Means that take into account the presence of visual impairment in children with

SLI. These means provide additional illumination, illumination orientation, and color
indication of various actions in the context of holistic activities (e.g., speech-language
and subject-practical). These means cause the realization of sufficient illumination of
the room, the location of an additional light source for children with squint in the side of
the space in which the doctor recommends (e.g., in the state of occlusion), light indicator
lights that signal the eye movements horizontally (from left to right) for children with
myopia and variably—horizontally or vertically —depending on the type of squint;
compliance with the rules of color contrast, the introduction of the contour of the image
(e.g., for children with amblyopia—high, medium, or low degree of image contour), its
small saturation with small details—for children with myopia and so on. It is necessary
to use “anti-glare” materials for graphic presentation—for children with a high degree of

amblyopia.
Logical- Analytical-synthetic tools that help optimize the formation of coherent expressions
semantic in children with SLI, taking into account their language and cognitive abilities. These

are tools that help analyze, plan, and implement the meaning, content, storyline of
statements. These aids are personalized depending on what the indicators of each child
are according to the results of the diagnostic profile, what are the difficulties in analyzing
and planning speech utterances (difficulties in identifying text composition, transmitting
cause-and-effect, temporal, spatial relationships; personal relationships between actors,
retelling, creative narration, etc.), what is the nature of difficulties in exercising control
over statements (intermediate or final character). Accordingly, for some children it is
crucially important to use (as a means) a detailed orated plot analysis, with a consistent
analysis of its compositional structure, the introduction of appropriate graphic symbols;
for others, it is important to learn to interpret (explain) certain words and expressions,
marking difficult to understand and explain words; for the third, strengthening the
work on the logic and verbal designation of grammatical relations, and for the fourth,
the unification of all these logical and semantic means in the framework of chains and
consecutive occupations.

Information Means that with the help of appropriate information technology solutions ensure the

technology formation of coherent statements in SLI children with visual impairment. It can be
audio, video, multimedia, telecommunication technology, and so on. Personalization of
these funds is determined in accordance with the existing visual impairments, relevant
recommendations, and prohibitions from the ophthalmologist.

Table 4.
Personalized aids of forming coherent utterances in children with SLI and visual impairment.

communication). These directions were carried out with the support of condition-
ally selected groups of personalized teaching aids for children, depending on their
content, materialized, technological, visualized, audio, motor saturation.

The identified groups of personalized aids used in the formation of coherent
statements in preschool children with SLI with visual impairment are presented in
Table 4.

The effectiveness of speech therapy work, combining algorithmic, individual,
and personalized approaches is much higher than with standard work. These
combined approaches are being extremely significant in the light of the accomplish-
ment of tasks to improve the quality of life of children with language impairment
and their families.

6. Conclusion

At present, the idea of applying a personalized approach along with algorithmic
and individual approaches is very popular and dynamically developing in the
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context of improving speech therapy in Russia. In particular, aspects of personal-
ized care for children with SLI are being developed. Given the diverse comorbidity
of the state of disturbed verbal and nonverbal processes in these children, the
personalization of the content, means, and technologies of the speech therapist
working with such children will vary significantly, including depending on the
scientific, technological, informational, and social resources of society.

The use of a personalized approach in speech therapy seems optimal when there
are real conditions for rational integration with other approaches strengthened
in science and practice. It depends under competent use of classical and modern
scientific data from the field of speech therapy and related sciences, accounting for
variable and combinatorial components in the structure of a systemic speech and
language impairment understanding of the personalized needs and opportunities of
children (social, activity, educational, etc.), the relationship in the work interdisci-
plinary team of specialists, attracting justified technological solutions, etc.
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