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Abstract

A neurological condition defined as the inability to read within the range of normal
cognitive ability. In 1887, the word was first invented by Rudolf Berlin. A person with
dyslexia, or a learning disability, has considerable trouble decoding wordsaccurately
and quickly. Conception of text and spelling are also affected. Sometimes individuals
confuse dyslexia with a visual problem. They imagine it as children writingbackwards or
inverting letters. But dyslexia are not a problematic trade with vision or with seeing
letters in the incorrect track.Kids with this matter are just as smart as others teens. From
a general estimation, minimum 5% and maximum 17-20% cases found within the
population. Since it is a brain illness, the most likely causes of this condition include low
birth weight or early birth, exposure to alcohol, nicotine, or infection during pregnancy,
as well as occasionally genetic factors. The key to the diagnosis may lie in late talking,
slowly picking up new orders, trouble spelling, trouble remembering anything's order,
difficulties with math, and trouble memorizing. It is necessary to quit treating patients in
an obnoxious manner or as propsfor other people's jokes and enjoyment. Treatment
options that may be beneficial include loud reading, large fonts for letters, developing a
vocabulary of recognized words, and providing constant love and support.
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INTRODUCTION:

Dyslexia is a common learning impairment that occurs in 4-8% of children [1,2,3]. This
condition often lasts into adulthood [4,5]. Dyslexia is not about intelligence but it is about
the brain [6]. The disorder is a neurodevelopmental disorder with reading and spelling
difficulty in the context of normal intellectual functioning, schooling and perception [7].
Reading and spelling skills can be impacted individually or in combination. Compared to
children of the same age who are not affected, children with dyslexia actually have lower
learning capacities. Usually there are issues that arise in elementary school. Dyslexia is a
complex, multidimensional disorder that has detrimental social and economic effects.

However, there has been some progress in the study of dyslexia in recent years.
For instance, it has been demonstrated that dyslexia has a strong genetic component and
that there may be changes in brain structure [8,9] and function [10,11] associated with the
condition. The knowledge gained from this study of the bibliometric nature has been
applied to a wide variety of diseases, such as endodontics, diabetes and cancer. [12].

According to the U.S., the following are the most frequent causes of school
dropouts. Department of Education research:  Lack of support for education: Many
students grudgingly leave high school because their parents don't support or encourage
their scholastic endeavours. * Special needs: Students who need extra help because of a
specific circumstance, such dyslexia or other learning issues, might stop going to high
school. * Financial concerns: dyslexia cannot be cured, and society has tremendous
difficulties in mitigating financial risks. [13].

Different definitions of dyslexia have been proposed all throughout the world.
Because of this, there isn't yet a widely recognised definition of this experience. Dyslexia,
says the International Dyslexia Association (IDA), "is a specific learning disability of a
neurobiological origin. It is characterised by difficulties with accurate and/or fluent word
recognition, as well as poor spelling and decoding abilities. The challenges are typically
attributed to lack of the phonological component of language relative to other language
skills and the ability to deliver an efficient classroom education [14].

The Diagnostic and Statistical Manual of Mental Disorders (DSM 5) categorizes dyslexia
as a unique learning disability due to its inability to read written text, its spelling issues and
its tedious and incorrect word recognition. These must have been problems which were
below the person's age-appropriate abilities for at least 6 months. IP, poor vision and
hearing, other neurological or emotional disorders, stress, unfamiliarity with academic
teaching language and insufficient educational background are not more advantageous
explanations for the problems [15].
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Historical Context:

Wortblindheit (word-blindness) was first identified by German physician Adolph
Kussmaul (1822-1902). The term "dyslexia" was first used in 1877 by German
ophthalmologist Rudolf Berlin. Many of his senior patients suffer from difficulties with
reading, even with normal vision. He believed that the disease was due to changes in the
brain.

The Greek concepts "lexis" (language or words) and "dys" (inadequate or bad) are
the basis of the word "dyslexia." The first case report of a child with progressive dyslexia
was written by British physician Dr. William Pringle Morgan in 1896. He spoke about a
14 year old named Percy F. who was smart and bright and had a lot of issues with reading.
In 1992, neurologist Samuel Orton pointed out the neurological aspect of the disease [16].
This component takes years to mature and may be intimately related with the linguistic
specialisation of the left hemisphere.

Rate and prevalence:

In the last few decades there has been extensive research on dyslexia in Western
countries. It is estimated that it occurs between 5% and 17% of school-age children [17].
A population-based study in Rochester, Minnesota reported cumulative incidence rates of
reading impairment ranging from 5% to 11% based on the different techniques employed
[18]. Estimating the prevalence of dyslexia, however, is difficult as the disease is different
in various languages, different screening procedures can be used, and there may be ranges
and variations.

Aetiology

Reading is a composite ability that is acquired by combining various processes, such as
language cognition, vision, and attention. There are several hypotheses regarding how
dyslexia develops.

1. According to the phonological deficit theory, poor reading is caused by deficiencies in
loading, representing, or recovering phonemes [19].

2. According to the rapid auditory processing theory, auditory difficulties in recognising
brief or rapidly changing sounds are the reason [20].

3. According to the visual deficiency theory, dyslexia is caused by issues with the visual
magnocellular system and its relationship to the posterior parietal cortex [21].

4. The cerebellar deficit idea holds that cerebellar issues are to blame [22]. The "Causal
Modelling Framework," developed in 1995 by two developmental psychologists, John
Morton and Uta Frith, is a crucial tool that links several hypotheses regarding developing
illnesses and identifies their commonalities. The cognitive, biological, and behavioural
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levels are the three levels described by this theory. According to this concept, each of the
three is equally significant and interconnected [23].

Dyslexia-related factors:

There are several contributing aspects to dyslexia, including genetic, psychological,
neurological, and environmental variables.

1. Neurobiological factors:

A typical adult's left inferior, frontal superior, temporo-parietal, and middle
temporal areas are the main brain regions involved in single word reading, according to
neuroimaging techniques. [24]. Dyslexics have smaller or symmetric peri-sylvian language
areas than controls, according to research on the anatomy of the brain after death and
structural imaging. However, there is a lack of consistency in these studies [25].
2. Psychological factors:

Quick automated naming and poor phonological awareness are the primary
psychological causes underlying dyslexia [26, 27]. Additionally highlighted as
contributing variables include issues with fundamental perceptual processes such as
temporal processing, visual-spatial attention, and perceptual learning deficiencies [28].
3. Genetic variables:

There are many genetic and environmental risk factors, inheritance and family
history that all influence the high development of dyslexia [29]. Only a few genes are
associated with dyslexia, such as KIAA0319 or DCDC2 at DYX2, DYXI1C1 at DYXI,
ROBOI1 at DYX5, MRPL19 and C2orf3 at DY X3, and KIAAO0319L at DYX817. There
are many genes that play a role in axon guidance, neuronal migration and brain
development [30]. It is crucial to concentrate on the gene-environment link of the parental
genes operating through the environment when evaluating the gene and environmental risk
factors for dyslexia. It is not surprising that there is an association between the genotype
of the parent and the genotype of the child (genetic risk) and that a parent with an impaired
reading ability would create a negative literacy environment. [31].

4. Environmental variables:

In addition to the gene-environment link, a number of environmental risk factors
for dyslexia have been found. The changing literacy view is that reading ability cannot be
acquired as a discrete developmental phase. There's virtually no difference between
reading competence and pre-reading. It suggests that the "Home Literacy Environment,"
or the literacy-related attitudes and stimuli kids get at home, may have an impact on
preschoolers' future success as readers. The home literacy environment is a fluid concept



Banerjee, Banik, Chatterjee, & Biswas 53

that is influenced by a range of family attitudes, beliefs and practices which affect
children's development. This is likely a two-way process, as much as a "passive" effect
on the child. For example, a responding parent would probably be encouraged to read to
their child more if they were loving what they were reading. Family socioeconomic status
influences parents' attitudes to reading, types of parent-child relationships and children's
initial reading interests. Higher socioeconomic level and a broader vocabulary are more
strongly correlated, according to studies. A variety of factors such as stress in the family,
family's ability to handle the stress, and discipline methods used could affect the child's
development in the home [32].

Dyslexia paradox:

The disparity between the age at which recognition and supervision typically
occur and the age at which straightforward identification is attainable is known as the
"dyslexia paradox" [33]. This could have detrimental effects on the child's academic and
socioemotional development and make it more difficult for them to participate in
productive activities. In most nations nowadays, dyslexia is diagnosed in school grades
two, three, or above. Sadly, by the time they are diagnosed with dyslexia, they have
fallen behind their age-appropriate classmates academically and have been unable to read
for a long time. The "wait-to-fail" approach is the name given to this tactic. Initiating
interventions during what is thought to be the window of opportunity for interventions
with higher brain plasticity in kindergarten and first grade may be delayed by this "wait-
to-fail" strategy. [34].

IMPLICATIONS OF UNTREATED DYSLEXIA:

Children's communication, school, employment, and mental health can all be
severely impacted by untreated dyslexia. Untreated dyslexia has been shown to be a major
contributor to subpar academic achievement. Anxiety and sadness may be brought on by
severe academic failure and a lack of confidence [35]. Therefore, it is conceivable that a
child with undiagnosed dyslexia could be diagnosed with a depressive condition, which
could be both antecedent and causative and obscure the primary focus of treatment. Due to
their experiences with low academic achievement, which can make school appear
unpleasant, children with dyslexia may be more likely to refuse to go. Some dyslexics
avoid reading because they are afraid of failing, which makes their problem worse. This is
referred to as the "Matthew effect of reading" [36]. Children with dyslexia are less
motivated to finish school and do not pursue higher education [37]. Adolescents with
dyslexia have been observed to exhibit higher rates of hostility, externalising conduct, and
delinquent behaviour toward their peers of the same age who are proficient readers [38].
They are also more likely to interact with the juvenile justice system, and research indicates
that between 28 and 45 percent of young people incarcerated have reading difficulties [39].
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Dyslexia early predictors:

The advantages of preventing or decreasing the numerous negative outcomes that
can be prevented or reduced, the benefit of early identification and intervention, and other
considerations all point to the potential for therapeutic value with early identification of
children's risk factors for dyslexia. At home, the literacy environment is a good predictor
of the development of early reading ability. Family history is considered to be a risk
factor and is highly heritable. Language deficits are also observed to be linked to dyslexia
and impaired speech development may be one of the early signs of dyslexia [40]. A study
in Italy revealed that the ability to attend visual spatial is a risk factor for reading ability
in kindergarten children. Nonverbal intelligence is one way in which to identify and
diagnose dyslexia. Two models have been used for diagnosing dyslexia, the reading
achievement and the intellectual quotient (IQ) discrepancy models. Remarkably, a
number of recent research have discovered a stronger genetic correlation between higher
1Q and reading difficulties. In addition, it is suggested that IQ may be a therapeutic
protective factor against dyslexia. Information is always in the active memory and is kept
in working memory. Also, working memory is demonstrated to be a large, albeit
somewhat significant predictor of reading. Children with other neurodevelopmental
disorders, such as Tourette syndrome, ADHD, ADD, OCD, and dyspraxia may also have
dyslexia; thus, children with these other disorders should be screened for dyslexic traits.

A clinician's part in the early detection of dyslexia:

A proper diagnosis and the reduction of the "dyslexia paradox" depend heavily
on early detection and care. Medical officials who deal with children must also play a
crucial part in this. They ought to be aware of this illness and focus on early warning
signs and risk factors. A comprehensive history of speech and language development,
any early issues with naming (letters, objects, or colours), and nursery rhymes should be
obtained at a child's routine follow-up in order to test for dyslexia. Allowing the child to
write freely and pointing out spelling errors is also very important. Three key
characteristics of dyslexia include bad spelling with incorrect letter alignment, delayed,
forceful reading, and inaccurate reading (misrepresentations, oversights, and interchange
of words or portions of words). Standard tests, such as single-word reading, spelling, and
fluency tests, can be used to conduct a thorough inspection following the initial
monitoring. The degree of reading difficulty has been a major and enduring factor in
identifying children with dyslexia. It is also crucial to rule out other explanations for
reading difficulties, such as organic illnesses (visual and hearing issues, brain disorders),
intellectual decline, and deficiencies (low socioeconomic background and inadequate
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stimulation).
Dyslexia management principles:

Four degrees of treatment are available for dyslexia, according to the 1989
"Multi-level model of Valatine." They regard partial performance inadequacies as
secondary causes, biological risk factors as fundamental causes, emotional and
behavioural disorders as secondary symptoms, and reading and writing difficulties as
primary symptoms [42].

Dyslexia detection method:
1. The conventional method of identifying dyslexia:

various neuroimaging methods to comprehend the biology of reading and
dyslexia. The greatest method for studying the brain networks that support successful (or
unsuccessful) reading is functional magnetic resonance imaging (fMRI). Because
electroencephalography (EEG) is sensitive to millisecond timing irregularities, it is a
good tool for analysing the processing time course. The focus of the study then switches
to neuroimaging research on developmental dyslexia, with an emphasis on the
neurological impacts of remediation, the neural activation time course, and the brain
networks activated during reading. Studies that serve as models for the various
approaches are chosen. According to this study, the dyslexic brain has underactivated
crucial reading neural networks. [43].

Adults from fMRI who are regarded to be at risk for dyslexia were compared to a
similar age and gender group for changes in brain activation in response to visual stimuli
with varied demands for literacy processing. Stimuli included pictures, well-known brand
logos, and written words that were either more complex (called "orthographic") or
frequently spelt using early learnt standards (called "alphabetic"). Brain responses
differentiate between the presentation conditions as a function of group within several
cortical regions [44].

47 individuals (16 dyslexics and 31 controls) had their brain activity monitored
using fMRI and Event-Related Potentials (ERP) throughout two distinct, counterbalanced
sessions. The participant silently read aloud while periodically criticising simple words
that led to logical or illogical conclusions. The fMRI and ERP activation during sentence
reading and semantic processing were examined for each subject, and a comparison
between a dyslexic and a healthy subject was also carried out. When assessing sentence
reading, each word in a sentence is taken into account. A left-lateralized language
network activated during sentence reading. Both an electrical N400 effect with sustained
left anterior source localisation after 240 ms and activation in the inferior frontal and



Dyslexia in Elementary Classrooms: A Review 56

superior temporal cortical areas of the left hemisphere were indicative of semantic
processing.

Semantic processing in inferior parietal areas and sentence reading in inferior
parietal and frontal regions were both less active in dyslexics. Furthermore, this suggests
that semantic loss during sentence reading reduces responses in left anterior brain areas in
dyslexic individuals [45].

2. Techniques for extracting features:

This approach compares those who struggle mostly with slow, dull reading with
those who have fewer reading faults. the eye movements of eleven age-matched dyslexic
boys. The results from the controls were noted while reading lists of pseudo-words and
text paragraphs. Comparisons between research show that the present German dyslexic
eye movement findings are different from English-based findings by having a lower
frequency of regressions (perhaps because German is more regular) and a longer fixation
period (probably because Italian syllabic complexity).

Eye movements show a keen interest in understanding the specifics of reading challenges
experienced by people with developmental dyslexia. In Bulgarian, a Cyrillic script
language with proper spelling, the kids repeat passages. The texts contained target terms
whose length and frequency were measured.

Eye movements during this period revealed highly significant group differences
as well as interactions between the group component and word length, frequency, and
total fixation times. It was believed that the oculomotor and perceptual demands of
reading were still more similar to the non-reading exercise. The study's dyslexic and
control subjects had to read aloud a series of fictitious words, like GUFT. The consonant
strings were made by substituting consonants for the vowels of the pseudo-words. The
spatial arrangement of pseudo-words and consonant strings was same. The eye
movements of dyslexic and control readers were the same in the visual search test, but
they differed significantly in the reading task. The idea that problems with oculomotor
function or visual perception are the primary cause of developmental dyslexia was
disproved by these findings [46].

3. Feature selection techniques:

A pre-processed Hidden Markov Model with two hidden states is used to
measure each person's eye movements in the reading dyslexic and control groups. The
two states of the model resemble fixations and saccades, two components of the eye
movement signal. A one-dimensional linear Bayes classifier uses each item of the
transition matrix as a feature. It has been demonstrated that using this method to control
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eye movements during the most basic nonverbal task can result in comparatively good
performance. Thus, feature extraction was suggested in this work [47].

4. Classification-based techniques for identifying dyslexia:

This approach uses a genetic algorithm (GA) for extraction and a self-organising
map (SOM) to detect eye movement signals in both horizontal and vertical directions.
They came to the conclusion that the likelihood that the patient was healthy rose with
reading speed. Six features were extracted from the data set using an inductive modelling
technique, and these features were then fed into a self-organising map (SOM). The SOM
created three clusters, demonstrating the suitability of the suggested approach for
automated dyslexia analysis [49]. According to a different study, feature selection has
been used for numerous applications where data contains hundreds of thousands of
features. The authors used relevance to project a new context for feature selection.

1. Eye movement-based dyslexia detection methods:

A novel data source for studying the information search process is eye tracking. The
majority of information science research employing eye tracking data has focused on
eye fixations. A method for separating the features of eye movements from the temporal
and frequency domain was created by some researchers. They were able to demonstrate
that the classification based on Back Propagation (BP) had a higher detection
accuracy than the Bayes network result. Analyzing the potential for dyslexiadetection
using simply the eye movement signal was the major objective. A straightforward
feature selection technique was used to choose a subset of meaningfulfeatures from the
extracted time and frequency domain characteristics. [51,52,53].

CURRENT SCENERIO:

As per World Population Review, it is estimated that 5-10% of all people in
mostcountries, up to 700 million people globally (Table I), have some degree of dyslexia.
According to the Dyslexia Association of India, research showed that 10-15% of
Indian children are dyslexic [54,55].

Name of country Percentage
Belgium 5%
Nigeria 11%
Britain 4%
Finland 10%
Norway 3%
Poland 4%
Russia 10%
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Greece 5%
Italy 1.3-5%
Japan 6%
Singapore 3.3%
Slovakia 1-2%
USA 8.3%

Table I:

Worldwide scenario in percentage

Conclusion

Classroom-based intervention programs that focused on vocabulary development,
phonological awareness, and reading proficiency were beneficial for kindergarten-aged
children who were identified as being at-risk for reading issues [56].

In India, dyslexia has gotten very little research attention, despite being a significant
educational issue and a hidden disability. The education sector has also been negatively
impacted by the coronavirus disease 2019 (COVID-19) pandemic, leading to school
closures and online learning, which may have exacerbated the problem.
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