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Defining dyslexia has still not reached a consensus. This uncertainty may explain why only one of the seven definitions
proved satisfactory according to the four-level model. Today, dyslexia is a term that is commonly known and denotes an
innate disposition leading to reading and/or writing difficulties. Medicine, linguistics, psychology, pedagogics, social
sciences have been involved in assessing dyslexia from different angles.
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| 1. Introduction

As the art of reading became widespread and common, the condition “word blindness” was also observed and described
at the end of the 19th century by medical doctors. The condition was characterized as dramatic because the distance
between the writing skills on the one hand and the intellectual abilities on the other was great. The doctors related these
weak skills to language functions localized in the angular gyrus in the left hemisphere of the brain 23],

The American medical doctor Samuel Torrey Orton (1879-1948) called the difficulties “strephosymbolia”, which means
“twisted symbols” [4. He had observed that many of the children he worked with tended to reverse the letters or read and
write them in the wrong order. In his research, he eventually focused on language difficulties, studying over three
thousand children and adults with such difficulties. This led to a theory that the children’s reading difficulties could be
explained by the fact that the left hemisphere of the brain did not become dominant in relation to the right hemisphere of
the brain. He also pointed out that the difficulties were familial.

Based on this, Orton wanted to develop a way to learn to read and write as integrated right- and left-brain functions. He
started a school based on this idea, which consisted of “multisensory” training. This is a combination of kinesthetic
(motion-based) and tactile (touch or sensory) learning strategies integrated with the learning of visual and auditory
concepts [21,

Right up until the 1960s, children who did not learn to read and write as expected were seen as single cases, either as
developmentally disabled or as non-educationally skilled. Some were taken under the protective wings of concerned
teachers who saw these children and gave them extra instruction, often after the end of the school day.

| 2. 1950-1970
2.1. From Medicine to Educational Psychology Approach

Eventually, dyslexia was studied not only by doctors but also by psychologists, sociologists, and pedagogues. This led to
a conflict of competence between researchers and clinicians who evoked new theories about the symptoms and causes
of dyslexia. The backdrop to what occurred was the so-called “cognitive revolution"—a reaction to behaviorism, which
emphasized that psychological science could only base itself on observable factors. Fundamental to the cognitive
revolution was the idea that human activities are complex processes that require organization and planning. Noam
Chomsky developed the theory of universal grammar in the 1950s [€; Jean Piaget developed his well-known theories
about the cognitive development of the child through stages : Lev Vygotskij pointed out the importance of culture to the
child’s development B; and George Miller launched his theories on information processing . This led clinicians,
sociologists, and educators to discuss how the environment through pedagogical methods could affect the dyslexic pupil's
skills and difficulties. In 1968, the World Federation of Neurology (WFN) defined dyslexia as follows:



“A disorder manifested by difficulty in learning to read despite conventional instruction, adequate intelligence, and
sociocultural opportunity. It is dependent upon fundamental cognitive disabilites which are frequently of
constitutional origin. 2Ll

This definition has been criticized as being “an exclusion definition”, which refers to the fact that, for example,
underprivileged people or people with low IQ could be excluded from being able to receive a dyslexia diagnosis. Despite
this criticism, the definition has been used as a criterion for subject selection, especially in medically oriented research. In
a research context, this serves a purpose of avoiding cluttering comorbidities, but in clinical work, the consequences have
been more debatable.

Wechsler’s intelligence tests, published in the period 1949 to 1967, are probably the tests that have been most commonly
used to map cognitive profiles in both clinical and research settings. The typical dyslexic 1Q profile has been presented as
low scores in the following four subtests: Arithmetic, Coding, Information, and Digit pan, abbreviated to the so-called ACID
profile. Thus, the researchers would naturally look for an ACID profile when investigating possible dyslexia, compatible
with the WNF’s definition. In practice, this meant that people with an IQ score lower than 85 points, which includes 17% of
the population, could not be diagnosed with dyslexia. For an overview of the tests, please see Frank 12,

2.2. Groupings by Function Analysis

In the 1960s, Johnson and Myklebust focused on children who had problems with information processing, which could
inhibit comprehension, speech, reading, mathematical or logical reasoning 13!, The difficulties observed in reading and
writing were categorized. Visual dyslexia characterized the difficulties of those who were unable to learn words as a whole
or had difficulties with visual discrimination. Difficulties in reversing words or letters while reading or writing were a typical
symptom of this group. Auditory dyslexia characterized the difficulties of those who failed to synthesize the phonemes
they heard into a visual component like a letter or a word.

Later, Boder extended this grouping to three different types of dyslexia. Dysphonetic dyslexia reflects deficits in
associating symbols with sounds 4. Typical reading errors would include letters being omitted, or the meaning of the
word being distorted, and typical misspellings would be of a sound nature, e.g., the /t/ and /g/ being pre-exchanged.
Dyseidetic dyslexia reflects a deficit in the ability to perceive letters and whole words as configurations, or visual gestalts,
but not difficulties with the auditory processing. Mixed dysphonetic—dyseidetic dyslexia is a combination of both types of
difficulties and difficulties in perceiving letters and words as visual gestalts.

| 3.1970-2000
3.1. Deficits within the Phonological System

A turning point in the view of subgroups of dyslexia came with research, which refuted that dyslexia could be explained by
difficulties in remembering sequences of visual symbols—so-called visual dyslexia L2LEIL7 |nstead, Vellutino pointed out
that much research supports the theories that dyslexia (reading disability) is due to either difficulties with one or more
aspects of linguistic functions or specific difficulties with visual/verbal integration. This represented the beginning of the
explanation model, which has been dominating for a long time, namely that dyslexia is closely related to a difficulty in
processing linguistic elements. By testing phonological awareness, rapid phonological retrieval, and phonetic transcoding
in working memory, Snowling and Hulme found that people with dyslexia had special difficulties with what was collectively
referred to as phonological processing 8l. Phonological awareness (PA) is defined as a conscious access to the sound
components of the spoken language and the ability to manipulate these sounds. Phonological awareness is a
metalinguistic skill that requires conscious attention and reflection on linguistic structures. Phonological awareness is
therefore associated with other skills, such as general cognitive abilities, verbal short-term memory, and perception of
speech 12,

The linguistic approach to dyslexia contributed to questioning the validity of the discrepancy criteria from the 1970s and
1980s. The Connecticut Longitudinal Study identified a representative sample of 445 preschool children and followed
them for many years. An important finding was that children aged 6 to 18, who either had a discrepancy between 1Q and
reading scores or no such discrete but low reading scores, showed no difference in reading development compared to a
control group 29,



3.2. Dyslexia and Access to Lexicon: The Theory of the Double Deficit

A combination of difficulties within the phonological system, which is shown both by misproduction and difficulty with rapid
automatized naming (RAN), has proven to be characteristic of people with major dyslexic difficulties, regardless of the
linguistic affiliation. According to some research, these two components appear to be independent of each other. RAN is a
skill composed of several factors, such as attention, perception, concept formation, memory, phonology, semantics, and
motor skills. Difficulties with RAN are related to reading difficulties in several ways. One explanation is that deviations in
the magnocellular system will lead to slower processing of visual stimuli, which in turn will lead to slower identification of
letters. Another explanation is that RAN deficits can be an indication of a general dysfunction when it comes to processing
in visual, auditive, and motor domains, in addition to the orthographic and phonological processing systems. When
difficulties with PA and RAN are both present, the dyslectic impairments seem more pervasive and severe 211,

3.3. Neuroanatomical Aspects
Deviant Hemispheric Dominance of Language

Again, dyslexia attributed to deviant laterality in terms of the hemispheric dominance of language was in focus. The
theories whereby elevated testosterone content in the mother during pregnancy affects the pattern of brain asymmetry
received much attention [22[2324125] The theories were seen as controversial but became a source of inspiration for
looking at dyslexia in new ways. In the 1990s, new techniques were adopted in brain research, such as
electrophysiological measurements (EEG) and brain scans (MRI). This allowed one to “see” depictions of the brain
structure and function under given conditions.

These theories were, to some extent, exploited educationally. The balance model of dyslexia describes the relationship
between reading and the function of the two brain hemispheres [28], Beginner reading is primarily controlled from the right
hemisphere of the brain but shifts to the left half of the brain as the child learns to read. In some children, this shift does
not occur, and they develop a type of dyslexia in which they continue to rely on a right-hemispheric visuo-perceptual
analysis of writing (P-type dyslexia). In other children, the shift over to the left hemisphere occurs prematurely, and they
develop a type of dyslexia in which the visual recognition of writing is not sufficiently automated (L-type dyslexia). These
different types of dyslexia must have different training programs, which are called hemisphere-specific stimulation 2.

The Hypothesis of Deviations in the Cerebellum

If reading and writing are to become functional, the skills must be automatized. The cerebellum is involved in the
coordination of motor skills, balance, and muscle tone, but it is also involved in the automation of motor skills and in
adapting the control of learning. According to Fawcett and Nicolson, cerebellum damage has led to difficulties with
attention and working memory and with dyslexic symptoms when reading (28],

The Theory of Deviant Temporal Processing

Temporal processing implies the time spent to perceive, interpret, and produce sequential visual or auditory stimuli.
Language is produced in sequences, and reading and writing are also activities that require similar temporal processing.

According to Tallal's theories of auditory processing, the ability to distinguish different sounds in a fast tempo is a crucial
linguistic building block 229 A brain that does not distinguish quickly enough does not have the ability to distinguish
between language sounds, which is a prerequisite for a child to learn to read. Hence, deviations in one or more of these
processing skills can cause reading to degrade B1132],

Additionally, deviations in the transient visual system, which reveals movements and changes in figures, is considered
important for transmitting what one sees peripherally when reading [23l. The hypothesis of deviations in the magnocellular

system comes from observations made by people with dyslexia who say that letters seem to move around or lie over each
other [24],

New Definitions

The notion of the relationship between language and dyslexia showed that phonological problems were a common feature
in people with reading/writing difficulties, regardless of the 1Q goals BIB8l. An interesting and important debate regarding
dyslexia began in the mid-1990s with a definition of dyslexia proposed by The Orton Dyslexia Society Research
Committee in 1994:



“Dyslexia is one of several distinct learning disabilities. It is a specific language-based disorder of constitutional
origin characterized by difficulties in single word decoding, usually reflecting insufficient phonological processing.
These difficulties in single word decoding are often unexpected in relation to age and other cognitive and academic
abilities; they are not the result of generalized developmental disability or sensory impairment. Dyslexia is manifest
by variable difficulty with different forms of language, often including, in addition to problems with reading, a
conspicuous problem with acquiring proficiency in writing and spelling”4

The discrepancy criterion was no longer found valid, which was particularly clarifying when it came to the group with
measured 1Q between 70 and 85—the so-called “garden-variety” group. Low IQ could no longer be used as an exclusion
criterion from being diagnosed with dyslexia. Towards a Definition of Dyslexia”, Lyon (1995) describes this as a theory-
driven working definition that should be changed in accordance with research.

The fact that the field was constantly changing is shown by a definition that emerged from the British Dyslexia Association
(BDA) three years later:

“Dyslexia is a complex neurological condition which is constitutional in origin. The symptoms may affect many areas
of learning and function, and may be described as a specific difficulty in reading, spelling and written language. One
or more of these areas may be affected. Numeracy, notational skills (music), motor functional and organisational
skills may also be involved. However, it is particularly related to mastering written language, although oral language
may be affected to some degree"38l

In line with both the WFN and the Orton Society/Lyon definitions, BDA 1998 defines dyslexia as an innate difficulty.
Reading, spelling, and writing are described as areas of difficulty, but in addition, there are difficulties that clinicians
recognize, namely comorbid difficulties with mathematics, motor skills, attention, and with interpreting symbols, such as
sheet music.

A Causal Model

The many theories about what dyslexia is and how dyslexia can be explained have led to a lot of uncertainty and
disagreement among researchers, clinicians, in the school system, and, not least, in those concerned. One conclusion of
this divergence is that there are several theories that can explain dyslexia, but no one theory alone can give an
unambiguous explanation.

The causal model put forth by Morton and Frith provided a structural approach to several types of deviations 2. Figure 1
illustrates their four basic interactive levels of explanation. The symptomatic level concerns observable behavior, to be
understood at the cognitive level by underpinnings that have to be tested out, and which, again, can be understood or
based on known or anticipated biological factors. Further, the environmental level implies the culture in which the person
grows.

Symptom level

Reading, writing, literacy

Environmental level | Cognitive level

Domain  general: Attention, STM/WM/LTM (auditory, visual),

Home executive functons
Education Domain  specific. language  (comprehension, processing),
Intervention phonological awareness,
Biological level

Brain, genetics/heredity, sender, laterality

Figure 1. Basic causal model. From Morton and Frith B2, Notes: levels (in bold) refer to the original model form Morton
and Frith 391, Descriptions of each level from Helland 9,

| 4. 2000-2020
4.1. 2000-2010, New Definitions

A cross-cultural study led by the Italian scientist Paulesu and his international team introduced exciting and challenging
dyslexia research by the new millennium 1. It focused on whether dyslexia differs in different languages and cultures. An



international group of students with dyslexia was tested at the four levels described by Morton and Frith 1995, and
modern brain scanning methods were applied. It was concluded that the underlying cognitive and biological factors in
people with dyslexia are universal.

Similar views were promoted by the English researcher Elaine Miles #2. She pointed to the dominant role the Anglo—
American language has played in dyslexia research and stressed the importance of bringing out research in different
languages. This applies not only to the various orthographic features of the written languages, such as the degree of
transparency or depth, but also to the role that linguistic inflection patterns, tonality, and logographic fonts can play in how
to define dyslexia. This was also reflected in studies of variations in Chinese dyslexia [43]. Other researchers underlined
that writing is as equally important a factor in dyslexia as reading and that cognitive skills that are known to be essential in
reading also affect writing 24l These new approaches were mirrored in concurrent definitions—first, in the definition by the
International Dyslexia Association (IDA) in 2002:

“Dyslexia is a specific learning disability that is neurobiological in origin. It is characterized by difficulties with
accurate and/or fluent word recognition and by poor spelling and decoding abilities. These difficulties typically result
from a deficit in the phonological component of language that is often unexpected in relation to other cognitive
abilities and the provision of effective classroom instruction. Secondary consequences may include problems in
reading comprehension and reduced reading experience that can impede growth of vocabulary and background
knowledge. 4]

Five years later, a new BDA definition used the terms “literacy” and “language related skills” and included not only
cognitive factors but also intervention, with a special focus on digitalization and the role of the teacher:

“Dyslexia is a specific learning difficulty which mainly affects the development of literacy and language related skKills.
It is likely to be present at birth and to be lifelong in its effects. It is characterised by difficulties with phonological
processing, rapid naming, working memory, processing speed, and the automatic development of skills that may not
match up to an individual’s other cognitive abilities. It tends to be resistant to conventional teaching methods, but its
effects can be mitigated by appropriately specific intervention, including the application of information technology
and supportive counselling”4€!

That comorbidity had been ignored or avoided in research by studying “pure” groups was criticized. Due to the
relationship between speech, language, and reading disorders, it was argued that to understand these disorders fully, the
relationships between them must be considered both on a cognitive and etiological basis 4. A few years later, the
working definition presented in the Rose Report identified the cognitive factors typical of dyslexia and identified dyslexia
as a continuum rather than a binary impairment 4&!:

“Dyslexia is a learning difficulty that primarily affects the skills involved in accurate and fluent word reading and
spelling. Characteristic features of dyslexia are difficulties in phonological awareness, verbal memory and verbal
processing speed. Dyslexia occurs across a range of intellectual abilities. It is best thought of as a continuum, not a
distinct category, and there are no clear cut-off points. Co-occurring difficulties may be seen in aspects of language,
motor coordination, mental calculation, concentration, and personal organization, but these are not, by themselves,
markers of dyslexia. A good indication of the severity and persistence of dyslexic difficulties can be gained by

examining how the individual responds or has responded to well-founded intervention™48

4.2.2010-2020

In their summary of the current understanding of dyslexia, Peterson and Pennington concluded that much progress had
been made in understanding dyslexia “9. It is a brain-based and neurodevelopmental disorder, multifactorial and
universal in nature. Advanced use of brain scanning methods and analyses, as suggested in EEG, and of longitudinal
design using fMRI have enhanced the understanding of dyslexia BY[BLIB2] Additionally, modern eye tracking methods
have shed further light on how the dyslexic brain works during reading 52l Along with these research methods, frequent
comorbidities with other learning disabilities, such as ADHD, language, and mathematic impairment, are in focus 1541,
Additionally, the dominance of the Anglo—American language, and hence, problems related to deep orthography, which
may have biased the understanding of dyslexia, was questioned in multicultural studies [22[E6I571[58](59],



Thus, currently, dyslexia is seen as a complex disorder that varies from person to person, building on the biological,
linguistic, psychological, and pedagogical knowledge. According to Snowling, Hulme, and Nation, scholar have still not
reached a consensus on what dyslexia is. Rather, they argue that:" ...loosening the criteria for dyslexia has influenced
common understanding of the condition and led to diagnostic confusion 4. In the longer term, the use of the term may
need to change ...... that loosening the criteria for dyslexia means that a far wider range of individuals now receive the
label; furthermore, by understanding the cooccurrence of dyslexia with other disorders, scholars reach a better
understanding of the heterogeneity of its manifestations” (p. 501). Further, they conclude that this multi-dimensionality of
dyslexia is complex, but to fail to acknowledge this complexity cannot be defended ethically.

With this connotation of dyslexia, a definition recently codified in U.S. law (PL 115-391) is not promising. Here, dyslexia is
defined as

“an unexpected difficulty in reading for an individual who has the intelligence to be a much better reader”, as referred to in
Shaywitz 611,

This is definitely loosening the grip of any evidence-based understanding of dyslexia, as it is pointing back to the WNF
definition of 1968.

| 5. Evaluation of the Different Definitions

Applying the model by Morton and Frith B2, only two of the definitions reported here meet its requirements. The WNF
definition (1968) denotes a symptom (difficulty in learning to read), cognitive traits (adequate intelligence), biological traits
(constitutional origin), and environment (sociocultural opportunity). However, as dyslexia is seen as a multifactorial
disorder, the four levels are inadequately described in this definition. The second definition that reaches the requirements
is that of the BDA 48], which defines symptoms (affects the development of language and literacy skills), the cognitive
level (difficulties with phonological processing, rapid naming, working memory, processing speed, and the automatic
development of skills that may not match up to an individual's other cognitive abilities), the biological level (present at birth
and to be lifelong in its effects), and environmental level (effects can be mitigated by appropriately specific intervention,
including the application of information technology and supportive counselling). Four of the definitions include
comorbidities [B7[381[46]148] \yhile two include intervention 8481 The |atest definition codified in U.S. law (PL 115-391) only
includes reading and intelligence at the cognitive level.
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