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Introduction

The necessity for humans to communicate in a form less 
limited by time and space led to drawings or markings on objects 
of any solid material. Communication involves transmission of 
verbal and non-verbal messages [1]. It consists of a sender, a 
receiver and channels of communication. Early humans could 
express thoughts and feelings by means of speech or by signs 
or gestures [2]. Fire, smoke, drums, or whistle were used as a 
means of communications of ideas and location. Humans have 
been using tools for millions of years but reading and writing 
are relatively new abilities which our brains were not meant 
to perform [3]. Further, the use of systematic languages with 
grammatical structure started about a hundred thousand years 
ago while reading and writing is only a few thousand years old [4].

Figure 1

The invention of writing offers humanity to keep all information 

from being lost to annals of time. It is a tool that provides society 
with a way to unswervingly record information in greater detail 
than what was possible with spoken words. Earliest forms of 
writing are found in prehistoric cave paintings which were artistic 
and realistic representations of the primitive human world [5]. 
These representations offered a visual form of communication 
intended to record events or convey vital messages. Symbolic 
communication systems are of two forms: petrograms - if they are 
drawn or painted, and petroglyphs - if they are carved. Both are 
different from writing systems in that they do not require prior 
knowledge of the spoken language. Such drawings have been 
found in the western mountains of the United States and Canada 
[6], but the earliest were found in Mesopotamia and Egypt [7-
10]. Maspero (1887) illustrated the evolution of written language 
(Fig. 1) from proto writing (realistic representation [12,13]) to 
modern writing (abstract representation recording the language 
of the writer [14]) [11].
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Figure 1:  Tableau comparatif des écritures conciformes égyptiennes et chinoises aux différentes époques et par les divers procédés 
(Comparative evolution of cuneiform, Egyptian and Chinese characters through diverse procedures and eras) [11]

Every human community possesses language, a feature 
regarded by many as an innate and defining condition of humanity. 
It was not until recently that the Kalahari San people were forced 
to accept a modern way of life, but their way of communication is 
still of that early hunter and gather societies of the past. For that 
they are judged as more primitive and less advanced than societies 
using modern writing. In its most general terms, writing is a 
method of recording information and is composed of graphemes 
(smallest units of writing that correspond with sounds), which 
may, in turn, be composed of glyphs (a specific shape, design, 
or representation of a character) [15]. This means that humans 
must learn how to use this tool encoded in the form of reading 
and writing. Writing allows societies to transmit information and 
share knowledge through the reading task [16]. 

Human communities over 5000 years of illiteracy transcended 
to highly technological ones in which reading is the functionality 
prerequisite. As such, reading transformed humanity’s intellectual 
development. Yet, some are found able to code and decode 
very easily while and others struggle. Those who perform with 
difficulty at coding or decoding are then labeled as dyslexic. 
Hearing the word “dyslexia” often reminds us of people reversing 
letters, especially children, who labeled as dyslexics, to the least 
have trouble with reading. That said, many children experience 
some difficulty with reading; in individuals labeled with dyslexia, 
the delay is typically more prolonged relative to age expectations. 

The problem is that Dyslexia is not a well–defined set. It is 
defined as a specific learning disability that is neurobiological 
in origin and characterized by difficulties with accurate and/or 
fluent word recognition and poor spelling and decoding abilities. 
There is somewhat of a consensus that dyslexia results from a 
deficit in the phonological language component that is unexpected 

in relation to other cognitive abilities and effective classroom 
instruction [17-21]. 

 This definition stems from a biological causal perspective on 
dyslexia, which begs the question: in what way/s does dyslexia 
causes the brain to function poorly or improperly? The way we 
view dyslexia comes from our understanding of people with 
neurological injuries, such as stroke or traumatic brain injury, 
who experience speech and language arrears due to the left side 
of the brain being affected [22,23]. An injury that affects the left 
side of the brain results in an impairment in language referred to 
as aphasia. Thus, these individuals struggle with several language 
skills such as speaking, listening, reading, and writing skills. For 
example, a stroke tends to affect the parts of the brain controlling 
the muscles needed for speech (tongue, mouth, lips), which often 
slows or slurs speech [23,24].  This is unlike dyslexia even though 
reading and writing in both groups is poor. In other words, in the 
stroke victim’s brain these linking areas are damaged but not in 
the dyslexic brain. This only indicates what parts of the brain are 
involved in language skills but observe individuals with dyslexia 
do not struggle with speaking or listening.

There are many speculations as to the cause of dyslexia which 
is considered a disorder. Several studies have reported causal 
genetic links. Scientists have claimed to find gene markers or 
mutations responsible for dyslexia on several chromosomes and 
thus jumpstarted the search within family structures for gene 
candidates. The Jyväskylä Longitudinal Study of Dyslexia (JLD) 
is a family risk study started in 1993 following a cohort of 200 
Finnish children, from birth to college with half at familial risk for 
dyslexia. The first candidate gene DYX1C1 was identified (first 
by Smith et. al. (1983) [25] and later confirmed based on the JLD 
data Taipale et al., 2003[26]). This reinforced the speculation that 
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dyslexia runs in families (i.e. parents with dyslexia being likely to 
have affected children), but is genetics really at fault? More than 
150 articles and three dissertations were published from the 
JLD. This study assumes genetic linkage and creates measures 
to identify at risk children and predict their future difficulties in 
literacy development [27].

This review considers an alternative explanation: that 
widespread instructional approaches may contribute to observed 
reading difficulties. The idea of Whole language was first 
proposed by Jan Comenius in 1720, a few decades after John Hart 
proposed his phonics instruction that emphasized sounds as the 
tiniest units of language that can be learned and manipulated 
[28,29]; Whole Language instead focuses on words as the basic 
units for comprehension. In the 1800s, Horace Mann, the father 
of the public-school movement in the United States, believed and 
pushed for teaching children whole-words and skip the idea that 
letters are represented by their sounds. The theories of linguist 
pioneers such as Noam Chomsky, Jean Piaget, and Lev Vygotsky 
were used to strengthen the debate against phonics in 1980s [30]. 
In the 80s and 90s, a debate between Whole Word and Phonics to 
Reading emerged forcing the United States Congress to convene 
a commission on reading [31]. The result of the commission was 
that there was no evidence for the Whole Word theory [32]. 

Researchers are now convinced that the main problem in 
struggling readers is phonological in nature [33,34]. However, 
although the phonics approach to teaching won the debate, it 
did not incur in depth change because most of those responsible 
for children’s reading development still held that word sounding 
would distract children from comprehending the meaning of 
words being read. Thus, the theory of balancing approaches 
was born where Whole Words theory was sprinkled with some 
phonics (a recent study recommended a balanced approach with 
more phonics as the solution of America’s reading problem [35]). 
The question is, what result did this new approach have on our 
children’s reading?

The context in which dyslexia has been and is still viewed 
makes it difficult for diagnosed individuals to engage in the activity 
of reading. “Dyslexia is a reading disorder that is characterized 
by slow and inaccurate reading. It affects a significant portion 
of school age children, who have a higher likelihood for poorer 
academic performance and lowered self-esteem when suffering 
from dyslexia. Currently, the diagnosis of dyslexia lacks objective 
criteria, which can decrease treatment efficacy. Diagnosis relies on 
a discrepancy between reading ability and intelligence, a measure 
which can be unreliable.” [36]. This label sends the message that 
something is cognitively wrong. Mainly, dyslexia is viewed as a 
‘glitch’ in neurological wiring and is thus treated accordingly. 

Scientists have progressed in the diverse technologies used to 
discover the cause of dyslexia. For example, in using brain imaging 
technologies, researchers hope to scientifically determine what 
sorts of reading pedagogies and interventions will most likely aid 
children with dyslexia. Other groups using biology, are looking at 

the presence of how certain immune proteins in the brain might 
be responsible for the wiring disruption in hopes to gain further 
understanding. Thus, understanding the role of hormones, 
proteins and neurotransmitters (chemicals messages transport 
between nerve cells) in the reading process may shed light on 
what is happening in a brain with dyslexia. 

Further, such labels and views naturally result in implying 
genetic causation used as evidence to support dyslexia as a 
neurological disorder. This provides the mechanism by which 
dyslexia is placed in the Diagnostic and Statistical Manual (DSM). 
Protopapas and Parrila (2018) point out that this means that 
dyslexia can be legitimately viewed as a mental health issue, 
which comes with a broad set of ideological issues, controversies 
and a sense of negative urgency and alarmism [37].

The goal of this article is to show how the label dyslexia and 
its symptoms may have come to be, what far reaching impact its 
introduction into human communities a century ago may have 
had on millions of individuals, and to directly question its genetic 
causation. To bring clarity, the discussion starts by defining what 
is meant by “Is Dyslexia A thing” to set the groundwork for how 
we should classify dyslexia. This is followed by a discussion on 
brain anatomy in relation to association areas that are responsible 
for reading, and what happens in the brain to bring about 
reading ‘disability’. Then follows a presentation of evidentiary 
interpretation of brain imaging for dyslexia and genetic causation. 
The article then explores and challenges the use of the evidence 
for abnormal brain through brain imaging, and questions also the 
evidence used for genetic causation. Exploring our reading system 
and its impact on children diagnosed with dyslexia becomes 
the next step to overturn the stigma of dyslexia. The final two 
sections attempt to close the discussion on removing dyslexia as 
neurological disorder in favor of considering brain-based views 
that require better systematic instructional modalities.

Methods

This study employed a comprehensive theoretical and 
narrative review methodology to examine the foundations of 
dyslexia, with particular focus on its neurological, genetic, and 
educational interpretations. The objective was to evaluate whether 
current definitions and interventions for dyslexia are empirically 
supported or socially constructed, and to propose a conceptual 
shift toward instructional and pedagogical frameworks. 
Throughout, this review distinguishes methodological limitations 
(e.g., small samples, analytic flexibility, inconsistent tasks) from 
ontological claims about neurobiological contributions, to avoid 
over-generalizing from replication challenges to disease status.

Literature Selection and Review Strategy

Peer-reviewed empirical studies, meta-analyses, and 
theoretical papers were sourced from databases such as PubMed, 
Google Scholar, ERIC, and PsycINFO. Search terms included: 
“dyslexia,” “reading disability,” “phonological deficit,” “genetics of 
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dyslexia,” “neuroimaging and reading,” “educational interventions 
for dyslexia,” and “cultural models of reading.” Literature was 
selected based on its relevance to one or more of the following 
domains: (1) the genetic or neurological basis of dyslexia, (2) 
theoretical models of reading acquisition and difficulty, (3) 
diagnostic frameworks and subgroup classifications, (4) empirical 
evaluations of educational interventions, and (5) sociocultural 
perspectives on literacy.

Thematic and Comparative Analysis

Thematic analysis was employed to organize findings into 
two overarching frameworks: the biomedical model, which 
attributes dyslexia to structural brain or genetic anomalies, 
and the educational model, which considers reading difficulty 
as an outcome of language exposure, instructional quality, and 
environmental context. Studies from neuroimaging (e.g., fMRI, 
ERP), genetics (e.g., DYX1C1, DCDC2), and longitudinal family 
risk cohorts (e.g., the Jyväskylä Longitudinal Study of Dyslexia) 
were critically compared with research on phonics instruction, 
multisensory learning, and sociolinguistic development. 
Methodological rigor, reproducibility, and explanatory power 
were key criteria in evaluating sources.

Evaluation of Diagnostic Models

Diagnostic practices were reviewed, including assessments 
of phonological decoding, orthographic coding, rapid automatic 
naming, and listening comprehension. Subgroup classifications, 
such as those proposed by Catts, Hogan, and Fey, were examined 
to assess overlap between dyslexic and non-dyslexic poor 
readers. This analysis aimed to highlight inconsistencies in 
the classification of dyslexia and its intersection with broader 
educational and cognitive factors.

Review of Pedagogical and Technological Interventions

The study analyzed the effectiveness and theoretical 
underpinnings of various instructional tools designed for reading 
remediation. These included GraphoGame (GG), Perception 
Attention Therapy (PATH), the Generated Question Learning 
Model (GQLM), and emerging technologies such as Virtual Reality 
(VR) and Artificial Intelligence (AI). Interventions were evaluated 
based on their ability to improve phonological awareness, fluency, 

and decoding skills, and were considered in terms of their 
alignment with educational rather than medical models.

Conceptual Synthesis

Findings were synthesized to propose a conceptual model that 
reframes dyslexia as a variable reading trajectory shaped more by 
pedagogical and sociocultural conditions than by fixed biological 
deficits. This model advocates for moving beyond medicalized 
diagnostic frameworks toward a flexible, evidence-based 
instructional paradigm that accommodates learner diversity and 
emphasizes educational design.

Results and Discussion

Reframing Dyslexia as Instruction-Sensitive Variation

The question - “Is dyslexia a thing?” stems from the reality 
that dyslexia is seen as a problem when maybe it is not a learning 
disability but failure of our instructional tools and systems to 
understand and address the learning differences of the brains 
of every individual on the spectrum. Brains are not designed to 
read or write, nor are children born with these abilities, as such, 
they must learn and be formed through instruction. By classifying 
reading and writing as language skills, we, in essence, create the 
problem that we impose a solution for. Saying that dyslexia is a 
language learning dysfunction indicates that one has a problem 
with learning. There is a plethora of educational, research-based, 
and biological challenges encountered with detection, measure, 
and diagnosis of dyslexia. One central question is – “how are the 
dyslexic populations samples chosen within research participants, 
be it academically based or biologically chosen (i.e. genetics)?” 
Understanding how dyslexia is diagnosed will create a pathway 
to better define it. Table 1 below, designed by Paracchini and 
colleagues (2007) provides the major ways dyslexia is identified 
[38]. 

Take for instance Orthographic Coding (Table 1), if children 
are given “rain” to spell, a sizable portion of them might spell 
it as “rane”. However, repetition helps differentiate words, 
pronunciations, and whether they are real or not. Good readers 
require fewer repetitions, but poor readers may have delays 
for certain reasons. Maybe here is where good, appropriate and 
tailored instruction might make a difference.

Table 1. Reading-related measures to dissect cognition of reading [38].

Measures Description Example

Single-word reading Most commonly used test in dyslexia diagnosis. Individuals read aloud 
unrelated words of increasing difficulty until some error threshold is reached.

Cat

Chair Mushroom

Television

Dictionary

Laboratory

Spelling Used in dyslexia diagnosis. Test’s ability to spell real words of increasing 
difficulty and various types.

Phonological decoding Ability to convert printed letter strings into speech sounds according to 
phonetic rules. Involve the reading of pseudowords.

Siglop

Dorkit

Pamdin
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Orthographic coding

Test the ability to recognize a word as a unit without fragmenting it. Tested 
by reading irregular words that cannot be decoded by phonetic rules alone. Yacht Salmon

In the “forced choice” test individuals identify real words from pseudowords 
that would produce the same sounds. Rain or rane? Fite or fight?

Homonym choice Similar to “forced choice” but the two test words are both real words 
pronounced the same but with different meanings. 7 days = Week or weak?

Phonological awareness
Ability to recognize and manipulate phonemes. Individuals move phonemes 
around within the same word or swap them between words. Also known as 

“spoonerism.”

Rapid automatic naming Ability to rapidly retrieve the names of visually stimuli (numbers, colors, 
objects). This skill is associated with reading fluency and language ability.

From the literature, it seems that a single mechanistic cause 
for dyslexia has fueled the debate, yet this may be unlikely. It is 
well accepted that the core deficit in dyslexia is phonological, but it 
remains uncertain whether this phonological processing deficit is 
the primary etiology or that it might be secondary to impairment. 
The Auditory Processing Theory (APT) [39-43], the Visual 
Processing Theory (VPT) [44,45], and the Phonological Deficit 
Theory (PDT), [46-49], are touted as competing mechanisms 
for dyslexia. APT resulted from the finding that dyslexics display 
poor performance on several auditory tasks including frequency 
discrimination. Researchers found abnormal neurophysiological 
responses to various auditory stimuli [45], and a failure to 
accurately characterize short sounds and fast transitions used as 
phonemic contrasts [50]. VPT is a visual impairment that occurs 
as the processing difficulties of letters and words on a page 
which may also include phonological deficit. A growing body of 
evidence shows deficits in rapid perceptual and motor learning on 
nonverbal tasks for dyslexia [51-56].

Many of both APT and VPT studies replication attempts failed 
to find these deficits, or such deficits were found only on small 
subgroups; there were also inconsistencies between predictions 
and empirical results, which renders these two theories as 
inconclusive for mechanisms underlying or causing dyslexia 
[57,58]. It was suggested that APT predicts the PDT, but this was 
shown to be incorrect [50]. Casini and colleagues (2018) contend 
that “the temporal sampling theory, has put temporal processing 
back in the center of attention” [39]. This new theory proposed 
by Goswami [59], assumes that phonological coding of speech 
depends on how auditory cortical network sample speech at 
different oscillatory frequencies [60,61]. In a recent study, it 
was found that their data supports “that basic sensory abilities 
are significant longitudinal predictors of growth in phonological 
awareness in children”, while the same time acknowledge, 
“whether impaired auditory processing underlies these 
phonological difficulties is debated” [40]. This means that their 
results are limited to the set of participants being studied at the 
time. Similar conclusion can be reached in the case of Perrachione 
and colleagues (2016), who found evidence for deficits in rapid 
perceptual and motor learning [62].

Nevertheless, many educators and researchers still cling 
onto APT and VPT, which could indicate a perception that these 

mechanisms might work in tandem with PDT. Therefore, it can be 
reasoned that this leaves the PDT as the cognitive foundation for 
dyslexia [49,63]. It is more widely accepted that poor reading is 
more likely a result of phonological issues. The set of poor readers 
contains two groups: the dyslexics and the garden-variety poor 
readers as coined by Stanovich [64]. A recent study shows that 
dyslexics display poorer implicit learning than the controls and 
garden-variety poor readers [56]. A meta-analysis suggested that 
dyslexics have shown inferiority in phonological processing, but 
later studies contradicted these findings [65]. Neither APT, VPT, 
nor PDT established any real mechanisms to explain effective 
differences between a poor reader and a dyslexic which leaves it 
all to speculation. Research has shown that PDT also accounts for 
phonological issues in language other than English [66,67]. Valtin 
(2010) argues that dyslexics and poor readers “both experience 
the same weakness in spelling and reading”, supporting the 
fact that these distinctions are still in need of a true difference 
definition [68]. The choice of these tests (Table 1) clearly indicates 
an incapability of researchers to provide the field with any basis 
for identifying and differentiating dyslexics from poor readers. 
What criterion should be used to parse out these two ‘brains’ 
when there exists no real test of any anatomical differences? 

Protopapas and Parrila argue that existing evidence supports 
difference rather than disorder, cautioning against inferring 
pathology from group contrasts alone [37,69]. Such studies 
[70,71] that found abnormalities in dyslexic brains are flawed 
and have been criticized. They had too small sample sizes and 
claimed evidence for participants with neurological or psychiatric 
conditions and impairments which were not limited to written 
language [69]. Ramus and colleagues (2018) reported that 
evidence was lacking for structural differences between the brains 
of persons with dyslexia and typically developing readers [72]. 
These differences are also plagued with inconsistent results, and 
fundamental methodological issues [72]. The lack of noticeable 
anatomical difference between dyslexic and non-dyslexic brains, 
or between poor and good readers warrants better psychometric 
techniques. Table 1 shows the various psychometric techniques 
used to diagnose dyslexia, but with these standards, anyone with a 
reading difficulty could be classified with dyslexia based on these 
tests. For example, poor readers may present similar phonological 
deficits as dyslexic readers. Tallal (1980) proposed that children 
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labeled as poor readers (including the set of dyslexia) may 
have trouble processing brief or rapid changing aural events 
even if used in speech or not [44]. An explanation in UK Essays 
(2018) attempts to bring such differentiable clarity in arguing 
that “genuine dyslexics are those who despite having average 
intelligence struggle with reading while ‘poor readers’ are those 
who struggle with reading because of intellectual weakness and 
other demographic and sociocultural factors” [73]. In other words, 
this suggests that those suffering with dyslexia have reading 
disorders without any measurable signs of intellectual weakness. 

The work of Stanovich (1991) provides discrepancy 
criterion by assuming that poor readers with a high aptitude 
were neurologically and cognitively different from poor readers 
with a low IQ [65]. The problem with this differential criterion 
is that it uses IQ tests which are flawed and plagued with racial 
biases [74-81]. Elliot and Gibbs (2008) contend that “attempts to 
distinguish between categories of ‘dyslexia’ and ‘poor reader’ or 
‘reading disabled’ are scientifically unsupportable, arbitrary and 
thus potentially discriminatory”[82]. Rice and Brooks (2004) also 
suggest that the task of differentiating these readers fell short 
because it may be diagnosed under one method but not another, 
and the lack of solid definition renders it a construct [83]. The 
point is that the classification between poor readers and dyslexics 
readers is so far subjective and needs work. 

If IQ fails as a measure of intelligence, how would it then be 
measured? Humans existed long before reading and writing was 
invented, but they were more than capable of problem solving. 
In some sense, intelligence in these communities was measured 
based on listening comprehension and problem solving. I grew 
up in a community where story telling was the central means of 
communication due to most of the older folks in the village being 

illiterate. My father could not read or write because he never went 
to school; it was luxury in that time, but he ran his household in a 
very intelligent way. Thus, a starting point could be to determine 
the effective differences between reading comprehension and 
reading ability. Catts, Hogan, and Fey (2003) classified the set of 
poor readers into four categories (Table 2) by measuring such a 
difference [84]. 

Table 2. The measure of the discrepancy between reading ability and 
reading comprehension.

Category w o r d 
recognition

l i s t e n i n g 
comprehension

Nonspecific good good

Hyperlexic good poor

Dyslexic poor good

Language Learning Disability (LLD) poor poor

The two-dimensional spectrum shown in Figure 2 clearly 
shows that the majority of the participants’ data congregate toward 
the center [84]. This indicates that these categorical distinctions 
are questionable [84]. I proposed to define intelligence as the 
discrepancy between reading ability and listening comprehension 
coupled with the capacity to complete a task in a reasonable time. 
Reasonable time means the time response for an experienced 
person to complete a task multiplied by a factor of 5 [85]. Low 
intelligence could be attributed to an individual who would 
underperform in all three areas however, this still might not be 
enough of a criterion to parse out dyslexics from poor readers. 
Without evidence for clear anatomical difference, I argue that it is 
nearly impossible to distinguish the dyslexic reader from the poor 
reader [83].

Figure 2

Figure 2:  Interpretation of a scatter plot by Catts, Hogan, and Fey (2003) representing listening comprehension vs. reading ability scores 
of poor readers split into four subgroups [84]. The red circle represents where more than 75 % of participants fell in the experiment.
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One major problem that social research methodologies 
face is repeatability in the same sample sets and in the same 
time frame, as well as simply replicating studies across several 
samples to confirm findings. In most natural sciences, experiment 
repeatability does not change the experience of the sample as 
it does with experimentation in social sciences. Repeatability 
changes outcomes because participants experience a learning 
effect which could skew the experiment’s results. So then, a 
person that appears dyslexic in one trial may improve with the 
next trial run. Coding and decoding are just tasks and cannot 
be the basis for a judgement of one’s intelligence. To decipher 
language depends on experience and training, just as with any 
other task. It could be argued that poor performance on a task 
does not means low intelligence. Everyone functions at different 
levels on the task spectrum that goes from nonlanguage-based 
(NLB) tasks to language-based (LB) tasks [16].

From Fig 2. we see that a person suffering from attention 
deficit disorder is a person that lacks ability to focus which 
causes them not to gain experience in listening or reading; but 
in the case of dyslexia or hyperlexia, what would be that factor 
preventing them from gaining experience in reading (dyslexic) 
or gaining experience in listening (hyperlexia)? If dyslexia or 
hyperlexia do exist, then these individuals’ learning is limited by 
their environment. Siegel (1992) asserts that there is absolutely 
no scientific data to suggest that only intelligent people have 
dyslexia or that people considered of low intelligence cannot 
suffer from dyslexia, which brings this IQ criterion or listening 
comprehension theories to their knees [86]. 

The time has come for the community and the field to rethink 
what it is to really classify dyslexic traits as part of a disorder at all. 
All children have problems with reading and need to be coached, 
some simply more or differently than others.

Human Brain and Spoken Language

To understand how reading difficulty develops in a human 
brain means that we must have good sense of brain anatomy and 

the associated regions that are involved in reading processes. 
The cerebrum is the largest section of the brain, divided into 
two hemispheres (the left and the right: the outer grey matter 
covering the surface of the cerebrum called the cerebral cortex 
and the inner medullary region called the white matter). Each has 
four lobes: the frontal cortex (blue), the parietal cortex (yellow), 
the temporal cortex (green), and the occipital cortex (red) (Fig. 
3). The frontal lobe processes learning, planning, and problem 
solving, and controls personality, behavior, body movement, and 
speech. The occipital lobe receives stimuli input from the eyes 
and controls eye movement as well as associations of visual 
information with other lobes. The parietal lobe is responsible 
for the sense of self/other and orientation of ourselves in space, 
in relation with our five senses. The temporal lobe receives and 
processes auditory and smell stimuli, recognizes speech, and 
deals with short term memory. These four areas are correlated to 
the way humans perform visual, auditory and kinesthetic tasks. 
The parietal-temporal-occipital association cortex is specifically 
necessary for identifying the nature of the stimuli, and the frontal 
association cortex is crucial for planning apposite behavioral 
responses to the stimuli.

The surface of the brain is occupied mostly by the association 
cortices, which are generally in charge of the complex processing 
that happens between the arrival input in the primary sensory 
cortices and the generation of behavior. All stimuli responses 
are perceived through one or a combination of these lobes. The 
sensory inputs to the brain are sight, hearing, taste, smell, and 
touch. Projections from the primary and secondary sensory, 
motor cortices, the thalamus, and the brainstem are inputs to 
the association areas. For example, the things our eyes see are 
processed in the visual system that is inside of the occipital cortex 
and in parts of the temporal and parietal cortices. Outputs from 
the association areas reach the hippocampus, the basal ganglia 
and cerebellum, the thalamus, and other association areas.

Figure 3

Figure 3:  Illustration of various regions of the brain involved in reading.
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These association regions of the human brain are specialized 
for processing language information. The classic model for 
handling language concentrates on two important brain regions 
of the left hemisphere, which work together to comprehend and 
produce language: Wernicke’s area (green) alongside the posterior 
superior temporal gyrus for the reception and comprehension of 
language, while the Broca’s area (blue) alongside the posterior 
inferior frontal gyrus deals with expression/articulation of speech 
(Figure 3). Modern empirical research shows that language 
is engaged and fully integrated with many neural processes 
[87,88]. The superior and middle temporal gyri are in the left 
hemispheric area (path from auditory cortex to temporal pole and 
temporoparietal junction), areas where words are processed [89]. 
Most language-related brain activities occur in the left side of the 
brain, yet in some people both sides are used nearly equally, and 
in a small number, this dominance for language is on the right side. 

There is a neural connection between Wernicke’s and Broca’s 
regions that process and exchange information. Further, in the 
white matter areas there are many neuronal connections between 
the sections of the brain embroiled in language and vision [90]. 
The visual word form area (VWFA) located in the left ventral 
occipito-temporal cortex is used for distinguishing the shapes of 
the words we see and behaves as a decipherer between the visual 
system and the language regions. There is plethora of evidence 
from dyslexia and normal reading development studies that 
suggest the VWFA is a core function in skilled reading [91,92]. 
It is believed to be associated in the acquisition of literacy in 
diverse writing systems [93]. The nerve fibers that make up these 
connections develop and change during infancy and childhood 
and provide a growing underpinning for the ability to understand 
and use language [94]. 

The combinatory nature of language provides the learner with 
a basic level for decoding and fluency, and higher order processes 
for drawing inferences and deriving meaning [95]. Meaning that 
the learner must retain in a luxuriant vocabulary, oral language 
skills, and reading skills [96]. Learners must also connect concepts 
born within their environment with more global concepts to 
comprehend and acquire knowledge on broader ideas. Language 
is responsible for how humans categorize objects, apportion 
visual attention, encode smells and musical tones, construe and 
remember events, stay oriented in spacetime, execute mental 
mathematics, reason about time, decides financial matters, 
experience and express emotions, etc... Individuals who have had 
hindrance to the acquisition of language (e.g. deafness from birth 
and no access to other tools of communication) show radically 
alternate neurological activations and cognitive processes [75,97].

In reading, brain areas such as the visual and speech neural 
systems activate. Neural connections are formed in the brain 
between the VWFA and language areas responsible for speech 
processing as we learn to read [98]. Vision assesses the word 
form encountered and associates with language areas to give 
meaning. Both the phonology-to-semantics and orthography-

to-phonology pathways are activated when reading and have 
been shown to depend on individual experience [99-101].  Thus, 
the act of practicing, training and learning reading solidifies 
exchanges between the pathways involved in writing and speech. 
This engagement modifies and shapes the brain functionality 
and modularity for the systems involved in language processing 
[3,102,103], and reinforces the connections between the VWFA 
and spoken language regions including Broca’s and Wernicke’s 
areas [104]. fMRI studies show that training support in reading 
increases brain activation in speech neural pathways compared to 
controls [103]. Some researchers have suggested that difficulties 
in the process of language development are linked to foreseeable 
neurological and comprehension upcoming challenges [105]. 
Neural connections are created from our experience (even from 
the womb) throughout our development. Plasticity, the ability 
of the brain to heal and continue to grow, is responsible for the 
dramatic reshaping of neural pathways from different experiences 
throughout our development.

The brain’s reading circuitry is composed of cortical centers 
channeling reading data from vision, auditory, and language 
areas. If hindered, these pathways may display unusual activation 
patterns resulting in reading skill challenges [106]. Wandell and 
Le (2017) suggest that extensively assessing reading circuitry 
instead of focusing solely on pathways highly specialized for 
reading, reveals other areas not unique to reading which are 
also impaired [107]. In learning to read, successful outcomes 
will manifest in efficient integration of vision signals with speech 
and language centers. Therefore, an appropriate evaluation of 
reading impairment should be using encompassing assessments 
of function and dysfunction of vision, audition, and language 
pathways as they interact. 

Evidentiary Support for Brain Abnormality and 
Dyslexia’s Genetic Causation through Genetic 
Association

 Our understanding about dyslexia soared since brain imaging 
and genetic technologies emerged in the 1990s. Imaging tools 
allowed researchers to obtain specific images of the brain statically 
or live while performing and processing diverse language or non-
language-based tasks. 

Functional magnetic resonance imaging (fMRI) is a tool 
believed, among many applications, to have the potential to 
identify those children who are at-risk for dyslexia.

fMRI has illuminated group-level differences in reading 
networks; however, current evidence does not support its use to 
identify at-risk children at the individual level. 

fMRI allows gathering and overlapping brain images from 
tested participants and extracting and standardizing rules for 
doing so. Brain imaging results in dyslexia research are obtained 
in several ways. Researchers can either have participants perform 
a series of standardized test measures of phonemic awareness, 
then decide of a threshold under which any participant will 
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be considered ‘dyslexic enough’ to be assigned to the dyslexic 
group. After these tasks, participants undergo fMRI scanning, 
and their brain activities recorded while doing specific tasks. 
Lastly, researchers average the visible areas highlighted under 
these tasks, compound them across all participants in that group, 
and then compare these images to the aggregated ones of non-
struggling readers. An alternative design is to assign the said 
brain imaging session to all participants first, study the activation 
areas of each participant and assign them to groups based on 
a certain threshold of activity. The next step is to assess whom 
the participants are, based on their profile, and see if those of 
a ‘dyslexic profile’ (e.g., as having parents with dyslexia, having 
low phonemic awareness scores and so forth), have patterns of 
activations that correlate to the profile. Then the final step is to 
aggregate the findings to see if there are any differences between 
those with a dyslexic profile and others. This is evidently not 
exhaustive of all the ways researchers have treated brain imaging 
results but are the most common approaches.

Huber and colleagues (2018) suggest that changes in the 
white matter predict a host of reading abilities in children who 
have not yet learned to read [108]. The implication is that these 
unique signatures might indicate alternative patterns in anatomy 
that could lead to challenges in learning to read. Hoeft and 
colleagues (2011) showed that fMRI and DTI results, highlighting 
brain functions associated with reading in dyslexic children, 
were better predictors of reading performance after 2.5 years 
than standardized behavioral measures [109]. These findings 
come from small samples and require cross-site replication 
and out-of-sample validation before any clinical use. They 
suggested that their findings isolate prefrontal brain regions as 

critical regions for processing reading, which researchers must 
specially focus on. Saygin and colleagues (2013) showed a strong 
relationship between the left arcuate activation and structural 
volume (connecting anterior and posterior language region), and 
phoneme blending performance in pre-reading kindergartners 
[110]. This region has been found to be smaller in at-risk 
kindergartners. Further, Perrachione and colleagues (2016) posit 
that the brain plasticity which determines our ability to learn new 
things is reduced in dyslexics [62]. 

Figure 4 shows that dyslexics display less neural adaptation, 
which Perrachione and colleagues’ reason as an impairment 
which shows up mainly in reading as in deciphering letters and 
mapping them to sounds [62]. They qualify reading as a daunting 
cognitive task which requires much plasticity. These results 
show reduced neural adaptation during speech processing at 
the group level; they neither establish abnormality nor isolate 
a necessary neurobiological cause. Other researchers have 
classified the differences observed in the dyslexic population as 
support for brain abnormalities [37]. For example, the earliest 
evidence for anatomical anomalies came from the brain of a 
few postmortem subjects (4 men & 3 women) with reading 
difficulties [70,71]. These groups observed the absence of the 
typical leftward asymmetry of the planum temporal and found 
ectopias in the left hemisphere perisylvian regions. It is believed 
these microstructural differences gave rise to gross anatomical 
differences which cause a reduction in gray matter volume [111]. 
Disorder as hinted to in this context implies defect in a ‘dyslexic’ 
brain. Such findings highlight group differences in anatomy in 
some studies, but sampling and comorbidity concerns limit causal 
interpretation for dyslexia per se.

Figure 4:  Neural Adaptation for dyslexic and non-dyslexic brain. Perrachione and colleague found significant adaptation reduction (how 
hard our brains process stimuli. The brain will adapt to constant stimuli right away but must work hard for a changing stimulus. That is, 
time decrease in sensory responsiveness to a stimulus) in the perisylvian areas for speech processing for the dyslexia group compared to 
controls [62]. On the right the dyslexic brains are working harder to process speech no matter what the stimuli are.

The use of fMRI techniques is broad and allowed to gather very 
diverse results and information about dyslexia, yet this system 
and its use have major flaws, and the challenges experienced with 
fMRI motivates complementary use of ERPs (excellent temporal 
resolution) alongside fMRI, while recognizing each method’s 
limitations.

fMRI takeaway. Convergent fMRI work identifies group-level 
differences within reading-related networks and shows that 
instruction is associated with neural change, but current evidence 

does not yield a sensitive or specific individual-level biomarker 
for dyslexia. Small samples, task heterogeneity, and analytic 
flexibility limit generalization; thus, fMRI is valuable for theory 
and mechanism, not diagnosis or gatekeeping.

 ERPs permit direct observation of information processing 
by real-time imaging of the neural system’s responses to sensory 
stimulation [112,113]. ERPs data average brain responses to 
a few equivalent trials obtained from electroencephalogram 
(EEG) data [113]. The system collects polarity data (P-positive 
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evoke potential, N-negative evoke potential) mapped out to time 
in milliseconds and corresponding to sensory and cognitive 
processes which highlight cortical activity while doing a task 
(e.g., reading). Research usually classifies these components in 
the following format: P100-N100, P200, N200, P300, N400, P600 
and MMN. Each of these codes relates to specific activation brain 
profiles while reading over a given period. P100-N100 are the 
process-regions the most studied by researchers and believed to 
distinguish between dyslexic and non-challenged readers. N100 
data particularly is used as evidence to separate dyslexic, from 
regular, and poor readers [114]. ERP studies commonly report 
atypical timing/amplitude for phonological processing (e.g., N1/
MMN/N400) in groups with reading difficulty, consistent with 
phonological accounts, but these effects remain group-level rather 
than diagnostic [115–118].

ERP takeaway. ERP studies consistently reveal group-level 
timing differences in phonological and lexical processing among 
poor readers and those labeled with dyslexia. However, current 
evidence shows insufficient classification accuracy for reliable 
individual diagnosis or for cleanly distinguishing dyslexia from 
other forms of poor reading. Because ERP components are task-
modulated and can overlap, and because ERPs have limited 
spatial specificity, they are best used to test mechanisms and 
track training effects at the group level—not for diagnosis or 
gatekeeping of services.

Other approaches to figuring out a cause to dyslexia are 
biological approaches. Social sciences have connected and 
contrasted fMRI images with variations in behavior and candidate 

genes [119]. Researchers have pushed further into the realm of 
genetics to find additional singularities and unique profiles for 
dyslexia. Several research groups [105,120] concluded that people 
presenting dyslexic traits showed different processing patterns 
in language areas of the brain while performing letter/sound 
encoding and decoding tasks. These types of studies support such 
ideas as dyslexic traits being hereditary. For example, DeFries and 
colleagues (1987) believed that finding inheritance patterns could 
reveal causation and facilitate diagnosis and risk assessment 
[121]. Some family risk studies have been done in attempt to 
establish a genetic link such as the JLD longitudinal study [27], 
or the Colorado twin study (CTS) [121,122]. The CTS reports 
evidence that genetic influence outweighs the environmental 
one for phonological and orthographic deficits [122]. Thus, this 
finding was used to establish the etiological comorbidity of a 
genetic and an environmental basis or the interaction of several 
different genes in the appearance of dyslexic traits. 

Figure 5. Illustration of Genome-Wide Association: “The first 
steps of a GWAS are: 1/ identifying the disease or trait to be studied 
and selecting an appropriate study population (for example, cases 
and controls for a disease, or an unselected population sample for 
a trait). 2/ Genotyping can be performed using single nucleotide 
polymorphism (SNP) arrays combined with imputation or whole-
genome sequencing (WGS). 3/Association tests are used to identify 
regions of the genome associated with the phenotype of interest 
at genome-wide significance, and meta-analysis is a common step 
to increase the statistical power to detect associations. 4/ Causal 
variants are usually not directly genotyped but are in linkage 
disequilibrium with the genotyped SNPs.” [123].

Figure 5:  Illustration of Genome-Wide Association: “The first steps of a GWAS are: 1/ identifying the disease or trait to be studied 
and selecting an appropriate study population (for example, cases and controls for a disease, or an unselected population sample for a 
trait). 2/ Genotyping can be performed using single nucleotide polymorphism (SNP) arrays combined with imputation or whole-genome 
sequencing (WGS). 3/Association tests are used to identify regions of the genome associated with the phenotype of interest at genome-
wide significance, and meta-analysis is a common step to increase the statistical power to detect associations. 4/ Causal variants are 
usually not directly genotyped but are in linkage disequilibrium with the genotyped SNPs.” [123].
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Geneticists developed techniques to connect genes mutations 
to traits. Single gene disorders (disorders associated to one isolated 
gene and its mutations) are identified successfully by Linkage 
Analysis and Quantitative trait locus (QTL) linkage studies which 
have highlighted the first gene-trait connection on chromosome 
6 for reading challenge [124]. Genetic linkage analyses have been 
applied to the entire human genome and discovered candidate 
genome loci that appear connected to reading disabilities. That 
said, linkage approaches have been found to fail to detect linkage 
for groups of genes exerting a small effect such as what exists in 
complex disorders (disorders expressed through several genes 
influences). It is here that this type of methods also carries issues 
that put it in question. 

With further advancement in the field of genetics, researchers 
have claimed the discovery of regions and corresponding processes 
patterns appearing in the presence of specific genetic markers (i.e., 
mutations). This opened the way to speculating as to why dyslexia 
seems to be inherited in families, with high concordance between 
oral and written language disorders [38]. Several candidate genes 
for dyslexia have consequently been reported in the literature 
of which DYX1C1, DYX5, DCDC2 and KIAA0319 are the most 
prominent. DYX1C1 was isolated on chromosome 15[25] (Smith 
et. al., 1983), but findings lack consistent replication [38]; DYX5 
on chromosome 3 (ROBO1 gene on DYX5 region believed to be 
responsible[125], but one family with severe dyslexia lacked this 
mutation[126]; DCDC2 and KIAA0319 on chromosome 6 [127], 
replicated within several studies[128,129], however, a number 
of studies show that the diminution in these genes’ expressions 
is not enough to cause dyslexia [130-132]. Further, Raskind and 
colleagues (2013) posited that certain reading disabilities with 
decoding challenges (real or fake words) have connections with 
such gene markers [133]. Some effects observed (in connection 
with reading challenges) were replicated with chromosomes 6 
and 18 [134].

The central genetic tool used in genetic linkage analysis is 
a statistical approach called Genome-Wide Association Study 
(GWAS) (Fig. 5). However, GWAS with its vast impact on Biology, 
Neuroscience, and Psychology is not without controversy and 
limitations, which brings into question our understanding of the 
role genetics plays in complex traits such as dyslexia. Its limitations 
include: 1/ high rates of false positives, 2/ only a small part the 
heritability observed for reading skills, 3/ no identification 
of the causal variants and genes, 4/ failure to isolate complex 
traits’ gene expression of origin, 5/ inability to detect epistasis in 
humans, 5/ the signals observed may be due to cryptic population 
stratification, and 6/ has only small clinical predictability [123]. 

Besides, the evidence from GWAS seem to really suggest that 
effects within the whole genome are diffusely responsible for 
dyslexic traits. Goldstein (2009) became the first to argue that in 
pointing to everything, there is the danger that GWAS could be 
pointing at “nothing” [135]. Schumacher and colleagues (2007) 
made the point that linkage findings for dyslexia do not completely 
overlap in the various independent studies [136]. In specific GWAS 

studies about 20 candidate loci have related to dyslexia traits 
[133]. Critics argue that GWAS will eventually find connections 
with the human genome in its entirety when it comes to this set of 
traits; also, many of the correlations highlighted in disorders may 
not necessarily have a one-to-one correspondence with biological 
substrates. Further, most of the regions highlighted correspond 
to genetic loci which do not code for protein-making processes, 
and this creates a new genetic challenge, because proteins express 
traits [133]. These numerous logistic, statistical, and ideological 
problems make any inference about the true existence of a full 
“disorder” called dyslexia very difficult. 

Challenging Current Views

Individuals labeled and/or diagnosed as dyslexic differ in 
fact in behavior, cognition, and biological aspects, and their 
place on the spectrum of dyslexic symptoms is extremely varied. 
For instance, several studies found strong correlations between 
dyslexia and mathematical disabilities [137,138]; and yet others 
do find close to giftedness on these same aspects. Some studies 
have connected the difference between genders (in matters of 
science for example) to genetics [138]; It was also not long ago 
that Noble prize winner Dr. James Watson made a connection 
between genetics, intelligence and race [139]. A fact that is 
largely refuted when conditions are reversed between genders 
or race. These genetic-based finding are effectively rejected 
by the majority now. “Genetics influence on political attitudes 
correlates with genetic influence on traditional personality traits 
but longitudinal analysis suggests that personal traits are not 
causal [139].” In the same way, longitudinal studies show that by 
age 10 mathematical difficulties are outgrown in more than half 
of the children considered [140]. A similar effect is observed with 
dyslexia participants in the JLD study [141-143] showing that 
adults (who were thought genetically bound to dyslexia) tend to 
overcome reading difficulties later in life [140]. 

 Our current methodologies in neuroimaging or genetics, 
within their designs and outcome interpretations, suffer from 
questionable associations that can often lead to incorrect 
conclusions. Indeed, the neuroimaging community has seen 
emerging evidence that the results presented in studies of brain 
imaging are weak [37,91,92,144-149]. Unlike what has been 
portrayed, findings that highlight under-activation and activation 
‘atypicality’ (occipitotemporal area, inferior parietal lobule and 
others) in specific commonly accepted areas of dysfunction in 
dyslexia are actually quite average and not necessarily in higher 
number in these groups than the general population. 

Many of the reported neural differences in dyslexia have 
emerged from small sample studies and remain unreplicated. 
Structural and functional findings often diverge across research 
groups, and the statistical practices in fMRI research—such as 
reliance on peak-threshold clusters without full unthresholded 
maps—make it difficult to detect consistent weak effects. As 
Protopapas and Parrila (2018) explain, these methodological 
issues hinder meta-analyses and undermine the claim of a 
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consistent neurobiological ‘signature’ of dyslexia [37]. While 
Ramus (2004) advocates for a reinterpretation of neurobiological 
data in dyslexia, the evidence still falls short of supporting the 
notion of a disrupted neurodevelopmental process [150].

Additionally, an fMRI session costs on average $1,000 per 
session, causing replicability and sample representativeness 
issues. Issues may also be caused by equipment manufacture 
differences, differences in software used to analyze and interpret 
data, diversity of statistical thresholds to determine neural 
activity, or even ill-designed studies with weak theoretical base 
for design, research questions, and predicted outcomes. Data 
suggests that only 39% of psychological studies are replicable, 
quite an austere limitation for fMRI study reliability [151-
154].  Also, because fMRI signals are partly understood, results 
generalization cannot be trusted, neither should it be used 
on an individual basis for diagnostics [155]. Additionally, the 
claims of anatomical differences found in dyslexic participants 
were refuted [69]. The study design was flawed with too small 
a sample size and participants had neurological or psychiatric 
conditions and impairments that were not limited to language. It 
is true that some patterns do seem to be repeated in a portion 
of the studies available (e.g., occipitotemporal cortex issues), but 
again, the conclusions made do not match the results. Although 
Perrachione and colleagues’ findings (Fig. 4) might more likely 
be for dyslexia, this in no way supports dyslexia as a neurological 
disorder [62]. Given heterogeneous tasks, small single-site 
samples, and analytic flexibility, many reported contrasts may not 
generalize; accordingly, current fMRI evidence should not be used 
for individual diagnosis.

These results are consistent with differences in neural 
adaptation during language tasks, but they neither establish 
abnormality nor isolate a necessary neurobiological cause. 
[62]. Further, their experiment is testing neural adaptation 
in LB activities which is already difficult for dyslexics.  Fig. 2 
demonstrates that the dyslexic group tends to be associated with 
improved listening comprehension [84], which means that the 
result of Perrachione and colleagues is limited to their small sample 
group (26 dyslexics and 25 controls) [62]. However, it is well 
demonstrated individuals with dyslexia develop compensatory 
systems that improve their neural plasticity [105, 156].  Non-
verbal learning processes in young and older dyslexics showed 
that the learning gain of the dyslexic group after a three-day long 
visuospatial training was larger than non-dyslexics especially for 
the younger group [157]. Dyslexics in general took more time 
and did not surpass non-dyslexics, but they started from a much 
lower place and came to a similar level in their problem-solving 
accuracy.

There is still the issue of being able to present a clear 
explanation for what the differences observed really mean, 
especially when it comes to fundamental developmental questions 
such as studying children’s pre- vs. post reading problems arising 
as compensatory behaviors and training happen. Some have 
pointed to how little research is available in that realm, much 

less fMRI studies [157]. As Protopapas and Parrila (2018) argue 
very clearly, “all relevant findings are correlational, and typically 
concern group differences”; thus, so far, the issue is simply an 
issue of differences which leads us to another dilemma [37]. 
Mainly, that demonstrating difference does not have a one-to-one 
correspondence with disorder. Take for example as mentioned 
before, the fact that what is recorded in fMRI studies are signals 
that are transformed into pixels and associated with neuron 
activity (these two elements are completely unrelated), and that 
the individuality of each brain is then lost in the averaging of 
these pixels between the groups observed. Then that average is 
associated (again without any direct relation) with the time spent 
and cognitive processes on a task. 

The brains of every individual are like faces. That is, take 
two random people on the street, their brains’ anatomies and 
functions will not be identical. These kinds of variations have 
to be well understood before it becomes clear how different the 
‘dyslexic brain’ truly is. When it comes to dyslexia, there is still too 
important of a lack of consistency between individual patterns of 
activation in reading tasks. Protopapas and Parrila (2018) argue 
that there is a lack of evidential basis for the “typical” dyslexic 
pattern. As such, any difference can be classified as “atypical” 
[37]. They looked at activation in the VWA and found no evidence 
with which to classify participants with reading difficulties 
as “atypical”. The takeaway is “that the existing fMRI findings, 
suggesting that the area’s most consistently activated among a 
group of good readers are not entirely identical with the area’s 
most consistently activated among a group of poor readers, do not 
imply that any of the good or any of the poor readers do in fact 
exhibit overall similar or different patterns of activation, typical or 
atypical” [37]. Protopapas and Parrilla (2019) have further argued 
that “if one wishes to demonstrate abnormality, then a completely 
different type of work is necessary to establish that well-specified 
brain properties are outside of some independently established, 
brain-based and brain-specific criteria” [69]. The abnormality 
must be determined before the onset of acquisition of such, or 
else whatever is discovered will likely be an outcome rather than 
a cause of the skill level.

Researchers have simultaneously turned to genetics but 
understanding how genetic traits are passed on from parent 
to children raises the question: how does dyslexia’s genetic 
transmission compare with, for example, Huntington’s disease 
or sickle cell disease? Genetic diseases are generally a result of a 
mutation or alteration in DNA sequence. This can be hereditary or 
somatic (caused by environmental factors). 

Classical monogenic disorders provide a useful contrast: 
Huntington’s disease (autosomal-dominant CAG expansion in 
HTT) and sickle-cell disease (autosomal-recessive HBB variant 
with heterozygote protection against malaria) show high-
penetrance variants with predictable inheritance patterns 
[158]. By contrast, developmental dyslexia is not a single-gene 
disorder: convergent evidence indicates polygenic liability—
many common variants of very small effect interacting with 
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environment. Consequently, even statistically reliable loci and 
polygenic scores show low individual-level predictive value and 
limited transportability across populations; they are not suitable 
for diagnosis or for gatekeeping access to services [123,134,135]. 
Practically, this implies prioritizing instructional supports: well-
designed teaching improves reading outcomes [16,159].

Mutations in the genome are really just noise for the for 
most part and are on average harmless (meaning: most common 
genetic variants have small effects and are typically benign at 
the individual level) [158].  Observe that in complex traits these 
mutations work in tandem with whole genome with very small 
effects. This is why GWAS is implicating the whole genome. 
Dyslexia is believed to be due to polymorphisms in certain genes. 
The prevalent nature of dyslexia itself, in the population, does 
not imply that it is a disorder with genetic determinism. For an 
illustrative parallel, in our society, left-handedness was thought 
to be an ailment but now, the perspective on handedness has 
evolved and it is just seen as a less frequent trajectory of normal 
developmental routes [37]. In the context of dyslexia, the LRRTM1 
gene was tagged for taking part in the development of left-
handedness but was also associated to dyslexia [160]. As it stands 
today, several research groups found no evidence nor were able to 
replicate these results, confirming the gene connections studied 
[161-163]. At best, results are weak or debatable based on their 
sample sizes, populations sampling, and choice of statistical tools 
or power. 

Such gene associations in complex trait are quite difficult 
and speculative. For example, a prior connection was made 
between visceral laterality, hand preference and dyslexia but was 
later discounted [164]. Similarly, in the dyslexia specific genes/
language traits (CMIP and ATP2C2), associations were identified in 
both a cohort with Specific Language Impairment, and a sampled 
group with low language skills from the Avon Longitudinal Study 
of Parents and Children (ALSPAC) [165]. The latter had the same 
profiles except for the CMIP association. However, when looking 
at the entire ALSPAC sample, which is more representative of the 
general population, no such associations emerged. Therefore, 
associations findings of this nature must be questioned when 
results appear in small samples but not in more representative 
ones. 

In the JLD, children were classified as familial-risk based on 
parental dyslexia, not on ERPs. ERPs were used within this cohort—
beginning at birth—to reveal group-level timing differences in 
speech/auditory processing and to examine associations with 
later language and reading; however, current evidence does not 
support ERPs as a reliable individual-level diagnostic tool. To 
study reading abilities in potentially at-risk pre-reading children, 
very little brain imaging techniques are available [166,167]. Yet, an 
ability to predict propensity for reading challenges development 
is important for children to alleviate their associated struggles. 
Findings in neonates and prereaders show associations between 
early ERP patterns and later language/reading outcomes [114, 
166], yet predictive performance remains group-level; ERPs have 

not yielded a robust, individual-level biomarker for diagnosis 
[27,113].

Genetics takeaway. Evidence to date supports a polygenic, 
small-effect architecture for reading-related skills. Findings are 
largely correlational, show limited out-of-sample prediction, and 
do not specify a necessary neurobiological cause or a clinically 
useful individual-level test. These facts are compatible with gene–
environment interplay and reinforce the primacy of instruction 
and progress monitoring for improving outcomes.

In other words, the occurrence of specific patterns along 
with the increased incidence and statistical likelihood of reading 
impairment recorded after starting to read, forms the basis of these 
early brain pattern/disorder assumptions. If a high correlation 
is found between unique pre-reading patterns and post-reading 
developmental reading problems, then further conjectures are 
made as to the cause of the issue found. Current ERP evidence 
identifies group-level differences in the timing of phonological 
and lexical processing, but classification accuracy is insufficient 
for reliable individual-level diagnosis or for discriminating 
dyslexia from other forms of poor reading [168]. As such, a poor 
reader could be classified as dyslexic or vice versa. As exciting as 
ERPs results may also be, like fMRIs, its research literature is still 
mixed and inconsistent [113]. 

Mainly, the neural activities recorded between the various 
groups occur on a spectrum and averages are normally reported; 
thus, each finding only demonstrated differences in how 
individual brains perform on task not abnormality across brains. 
Though a good technique, ERP also suffers from component 
overlap issues which makes different experimental conditions 
difficult to interpret. Also, some measurements are plagued with 
noise, and due to the inverse problem (inference of the position of 
the current sources from electrode potentials), location of neural 
activities is difficult to pinpoint [169]. 

Methodologically, ERP components can overlap and are 
modulated by task parameters; combined with the inverse 
problem, this complicates interpretation in reading studies [113], 
echoing broader ERP cautions about component modulation 
[169]. That is, in most situations the effect of outcome magnitude 
and outcome probability are not clear, and contradicting evidence 
is seen between component and behavioral adjustment. Some 
cases combining fMRI and ERP provide better results and is a 
possible way to rid these studies of the inverse problem.

Moreover, the JLD findings did not confirm complete separate 
and unique profiles of both at risk and non-at-risk children, 
the groups overlapped on their risk and a number of other 
characteristics [27]. That being said, Lyytinen and colleagues 
underlined the difference that by second grade, 33% of half of the 
at-risk children got an official diagnosis of dyslexia versus only 
9% of the non-at-risk children. This pattern indicates elevated 
familial risk alongside substantial overlap between groups, 
underscoring non-determinism and low individual predictive 
value; familial risk likely reflects both heritable and environmental 
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factors rather than a singular necessary cause. Current findings 
are consistent with a polygenic, small-effect architecture: they 
indicate familial and genetic contributions to some reading-
related skills but do not yield a sensitive or specific diagnostic 
marker, nor a necessary biological cause of dyslexia in individuals. 
The alternative conclusion is that dyslexia is more likely due to 
environment impact with Stanovich’s Matthew Effect as the causal 
mechanism (i.e. poor reading environment breeds poor readers - 
good reading environments create good readers which explains 
the early intervention measures of JLD) [65]. 

From a different angle in the discussion, most studies fail to 
address what happens to at-risk children who are adopted at 
birth into non-at-risk families and vice versa. Twenty percent of 
adopted kids in 2014 had a learning disability such as dyslexia. 
Further, children adopted from non-English speaking groups 
experienced greater rates of dyslexia [170], but since their family 
histories are often unknown it is hard to say if this phenomenon 
is genetic or just due to the transition to a new language. There 
are adoptive parents’ testimonies that seem to suggest that 
babies are less likely to develop dyslexia even when adopted into 
families with dyslexic siblings, provided these families have an 
intervention process already in place [171]. Thus, this likelihood 
of second language speakers experiencing dyslexia-like symptoms 
points to environmental factors. Waldman (2017) argues that 

since a sudden language loss contributes to learning issues, then 
schooling of second language speakers should be continued in 
their first language and should be part of the post-adoption plan 
for adopted children [171]. 

Another possible way to resolve the causal argument 
of genetics vs. environment in dyslexia might be to explore 
monozygotic twin studies. The CTS study showed interesting 
comparisons between identical and fraternal twins for dyslexia, 
citing concordances in the ranges of 68% for identical twins and 
38% for fraternal twins [172]. This leaves to interpret the rest 
of the equation to possible influence from the environment (on 
whether or not individuals with the same genetic code do develop 
the same disorders) or to possible error in the researchers’ design, 
tools, or computations. Now should there be an actual error, at 
any level, such differences between mono and dizygotic twins, 
and what that entails for genetics, would come into question. A 
recent study shattered some of these foundational assumptions 
in Genetics reporting that monozygotic twins are not actually 
necessarily 100% genetically identical but show DNA methylation 
differences caused by their cell lineage dissimilar origins [173]. 

Illustrative thought experiment (not empirical data). 
Consider a twin/adoption scenario (Table 3) designed to separate 
polygenic liability from Matthew-effect environments.

Table 3: Matrix of adoption scenarios with at-risk and non-at-risk parents and development of dyslexic traits after adoption.

At-risk twins Non-at-risk twins

Non- at-risk Parents 0 X2 x 0 X2 x

At-risk Parents x 0 x x 0 x

Design Conditions No dyslexia intervention/manipulation, groups data compared based on gathered information

Expected Outcome

1. If dyslexia is genetically-based then results should reveal a high likelihood that at-risk children will develop dyslexia at 
equal rates no-matter the household.

2. If dyslexia is not genetically-based, but environment-dependent, then non-at-risk children should exhibit dyslexia at similar 
rates as children classified to be at risk when raised in at-risk environments. (See the Matthew effect theory).

Twin studies models have been used to find correlation 
between music traits or political attitudes and genetics. Similarly, 
correlations are being made between genetics and dyslexia traits.  
Dyslexia, considered a complex trait, has been suggested to have 
two mechanisms in traits development. Gene mutations involved 
are both working independently to bring about the trait but may 
also signal or interact with each other (epistasis) which in turn 
has an additional effect (besides single mutations’ effects) on 
forming the trait.  If we assume any of these mechanisms to be 
true, speculative conclusions will point to outcome 1 (Table 3). 
Results are mixed in the literature. The evidence supports that 
if we were to run our thought experiment, outcome 2 would be 
the likely conclusion. Chomsky states that “If a child is placed 
in an impoverished environment, innate abilities simply will 
not develop, mature, and flourish. To take an extreme case, a 
child who wears a cast on its legs for too long will never learn to 
walk, and a child deprived of appropriate nutrition may undergo 
puberty only after a long delay, or never, though there is no doubt 

that walking and sexual maturation are innately determined 
biological properties. Similarly, a child brought up in an institution 
may have ample experience and nutrition, but still may not 
develop normally, either physically or mentally, if normal human 
interaction is lacking [174]”.

We must remember that reading is decoding and encoding 
language. America is in a reading crisis, yet we see the same 
reactionary response to the phenomenon of dyslexia as with the 
obesity crisis, looking towards finding genetic links. America’s 
obesity problem is truly behavioral which may have created 
epigenetic profound transformations that could have then been 
passed down through genetic means. Dais and Ressler (2014) 
showed that when rats were shocked as they were expose to 
acetophenone, they would shudder at the mere smell of it [175]. 
Not only was this true in the parents but also their offspring which 
showed the same behavior. The animals had abnormally low 
sperm counts after exposure to the chemical which also showed 
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in non-chemically exposed offspring [176]. This has far reached 
implications; it shows that life’s experiential effects can be passed 
on to offspring even if they occur before they are born. Could then 
the cause of dyslexia only be epigenetic? I find it interesting that 
it is supposed that dyslexia is a disorder but that its solution does 
not require medication. 

Another interesting parallel can be drawn between the obesity 
crisis and dyslexia [177]. Consider the significant difference 
between causality and propensity. The genetic markers found 
responsible for the development of obesity have also been shown 
to change whenever obese parents change their environment 
and lifestyle. Although “genetically” and phenotypically obese, 
pregnant mothers can change the phenotypical and epigenetic 
outcome of their offspring by reducing their own obesity [178]. 
An environmental change can drastically reverse weight outcome 
over one single life course. Therefore, generations baring obese 
gene pools can tip the balance for future generations, and though 
passing on markers, these could be dormant in new generations 
that now do not develop obesity. Thus, any environment 
conducive to obesity can “wake up” these markers in next 
generations and create a more obese population. In other words, 
genes ‘responsible’ for obesity may not necessarily be the cause 
but could be symptoms of obesogenic environments.  

Now consider dyslexia. What if, the growth of dyslexia in 
America was indeed a direct symptom of an enabling and gene-
influencing environment where America finds itself near the 
bottom of all rankings when it comes to reading proficiency [179]; 
an America where literacy is a serious educational challenge [180] 
and connected to endemic poverty [75,181]. Thus, any genetic 
connections deemed the cause of dyslexia, though indeed real, 
could in reality be a symptom of a failing reading environment 
rather than a direct biological cause. Perhaps the education 
context that we have set for our generations in America has 
lasted and been impacting enough to be conducive to “shut down” 
markers acting in the production of proteins involved in cognitive 
systems that support reading abilities. This question is worth 
asking and investigating. 

As we know, this chicken and egg, nature vs. nurture debate 
is a hard one. The toggle between genetics and environment, in 
parsing out which is responsible for what in human behavior, is 
one gargantuan endeavor, but a worthy one. Here at this ideological 
junction, I connect nature and nurture, genes and environment in 
venturing to argue that though activated genes markers may be 
involved in the development of reading difficulties, these same 
markers may simply be activated by the environment, and thus 
the issue could very well be due to how we teach, not how our 
genotype is made. Development is complex; it evolves at the 
crossroad of heredity, the pressures of both nature and nurture, 
cognition and how all these interact within each individual [37]; 
but this does not mean actual genetic determinism.

We concede that there might be epigenetic factors that could 
be at play, but in view of the controversies brought up, genetics 

cannot, at least at this point, be causal as the lack of reading 
experience can explain the differences between a dyslexic and 
non-dyslexic brain. Changes due to epigenetics is erasable as its 
influences are transmitted from a cell to its progeny. Epigenetic 
tags are placed by acetylation of histones, methylation of DNA, or 
phosphorylation of proteins that causes genes to be expressed in 
specific tissues, at specific developmental stages, or in learning 
and memories. In the JLD study 9% of the non-at-risk children 
had dyslexia by eighth grade. Here, environment causality can 
be speculated, and as such, perhaps epigenetics is at work in at-
risk children. For example, the search for a culprit causal gene by 
the Finnish study [125] with DYX5 candidate found that 19 of the 
21 participants had an underlying gene mutation, but the most 
severe dyslexic individuals did not have it. Their conclusion may 
make sense statistically; however, statistical correlations are not 
the nail in the coffin either. The absence of the mutation in the 
most dyslexic person may be hinting that dyslexia does not have a 
genetic cause. Therefore, if brains are not wired for reading, then 
corresponding neural pathways cannot have a genetic cause. Brain 
connectivity in the normal reading experience is created through 
human experiences, and via the Matthew effect these connections 
are reduced in dyslexia. Moreover, though technology has greatly 
advanced, dyslexia is still quite a mysterious question that has not 
found solid data on which most of the field finds consensus.

Learning to Read

Reading is an elaborate ability or task exclusive to humans 
that permeates the entire modern society through educational 
systems and the need to communicate [93]. It is the process that 
maps written symbols to spoken language. Humans are born 
hardwired to speak and learn to speak because their environment 
is immersed in spoken language. They speak by being spoken to 
and no one must teach them to talk. According to Shafer (1998) 
Chomsky thought that reading and writing would work the same 
way [30], however, it is not so easy. This concept of correlating 
reading to language acquisition is attributed to Kenneth Goodman 
who claims Chomsky’s work as an inspiration. Craig (1994) 
reviewing Piaget and Chomsky’s theories concludes that “One 
cannot read (the development of the cognitive schemata) without 
having some “feeling for” the material”, such that when student is 
excited about reading have emotional interaction with text that 
aloe their cognitive structure to be dynamic [182]. Chomksy, Piaget 
and Vygotsky set the stage for Smith and Goodman to infer that 
learning to read is as innate as learning to speak and “developed 
the theory of a unified single reading process that comprises an 
interaction between reader, text and language” [183].

Our eyes are used to read but sound is the starting point. To 
become an avid reader, a child must figure out the pronunciation 
of the words they hear and know and then connect the sound to 
letters on the page being read. Writing humans-developed code to 
denote speech sounds, and which must be cracked for individuals 
to become readers [184]. A fallacious assumption that typically 
underlies reading instruction in education is that learning to read 
is a natural process and with ample exposure to text, readers 

http://dx.doi.org/10.19080/OAJELS.2026.03.555620


How to cite this article: Horace Crogman. Is Dyslexia a Thing? A Theoretical Review of Diagnostic, Genetic, and Instructional Frameworks. Open Access 
J Educ & Lang Stud. 2026; 3(4): 555620. DOI:  10.19080/OAJELS.2026.03.5556200016

Open Access Journal of Education & Language Studies 

will ultimately solve how words work [185], much like learning 
to talk [186]. However, neuroscience has demonstrated that 
the human brain isn’t wired to read [187]. To become an avid 
reader, one must excel at decoding five categories of language 
structures (morphemes, phonemes, syntax, lexemes, context) 
that must come together to make communication meaningful. It 
was demonstrated that having less reading experience makes it 
difficult to excel in reading and thinking critically [188].

The brain’s unique capacity to form new circuits allows it 
to connect different regions that provide humans with the skill 
to code and decode. To be able to read, structures in our brain 
that were designed for things such as object recognition must be 
rewired. Structures in the brain that were created for such things 
as object identification have to be rewired to be able to read [184]. 
Based on Chomsky’s 1950s work, many educators utilize Whole 
Language approaches suggesting that, at the sight of an unknown 
word, a teacher advises a child to gaze at the picture and then 
guess, leading people to use context and visual clues to read 
words. This approach may work in speaking but not for reading. 
The key is for the reader to understand the context or the meaning 
of the story. Let’s say that the child came to the word vehicle, the 
advice would be to look at the picture (provided one exists) and if 
the child said car, it would be deemed correct. This approach has 
been the system used in most American schools for more than a 
half century [189, 190], and may be responsible for its endemic 
literacy problems. 

Let’s focus on phonics which in their simplest fashion is 
understanding and using phoneme. This is the smallest unit of 
phonology and is the basic unit of sound which causes a change 
of meaning in a language, but that doesn’t have meaning on its 
own. However, a series of phonemes do have a special meaning: 
morphemes which are the basic unit of morphology and are 
the smallest meaningful units of language. Reading requires 
that symbols map onto speech and meaning. This relationship 
among visual symbols and writing systems is referred to as the 
orthographic system of a language [191]. Knowing the sound of 
each letter and combining sounds of letters by breaking words 
into syllables is central to reading. When children perform this 
mapping, their vocabularies come into play to identify the words 
they are reading. The relationship between symbols and sound are 
consistent across some languages, such as Finnish, Italian, French, 
and Spanish, but in other such as Kanji, English, and Danish, 
this not the case. Thus, such inconsistencies can be puzzling to 
learners of the English language [192]. 

In English, words are constructed through vowels (“a,e,i,o, and 
u”, and “y” and “w”. It includes the diphthongs “oi, oy, ou, ow, au, 
aw, oo” and others) and consonants (all letters that stop or limit 
the flow of air during speech: “b, c, d, f, g, h, j, k, l, m, n, p, qu, r, s, 
t, v, w, x, y, z, ch, sh, th, ph, wh, ng, and gh”). Breaking words into 
syllables helps with pronunciation. Through instruction, a learner 
will understand how to count syllables and use stress techniques 
to know how to pronounce words according to a language’s 

standards. Thus, learning phonics does allow the reader to 
decipher new words. To decode a language, one must be familiar 
with its rules. Splitting up words that have two middle consonants 
helps to identify the syllable involved, for example hap/pen, 
bas/ket, let/ter etc., with the only exceptions of the consonant 
digraphs. This suggests that a “never split up” consonant digraph 
represents only one sound (“th”, “sh”, “ph”, “th”, “ch”, and “wh”). 

Let’s takes the “ph” digraphs, used to make the sound “ph” 
instead of using “f”; for instance, the word “decipher”, how would 
a child know how to spell the word with “ph” as he/she would 
hear the sound “f”, and spell it with “ph”? What rule governs this 
altered usage? It is not clear how p and h sound put together make 
an “f” sound either. There is more than 22,000 words using “ph” in 
English. Word etymology in English creates more confusions than 
solutions. The usage of “ph” in English was borrowed from Latin-
based languages such as French and Spanish. The origin of “ph” 
itself came from the Greek into Latin.

Now the story is not finished because there is an exception 
to the exception. Consider the word “shepherd”, it is pronounced 
“shep/herd” and not “sheferd” like we would expect based on 
what was explained about that digraph.  

Languages’ rules should exist to help a learner navigate 
through the language and find consistencies, but too many 
exceptions bring confusion for many. Word stress techniques 
also lack logic within the English language. Thus, learners are 
faced with having to rely heavily on rote memorization without 
a clear understanding of WHY the elements they must learn are 
constructed the way they are. Contemporary English orthography 
and usage include numerous irregularities that can challenge 
learners. For example, what makes the p silent in the word 
“psychology”; who decided so? 

Author reflexivity. I was diagnosed with dyslexia, yet the 
major issue I faced is the use of tenses, and some specialized usage 
of plural and singular verbs. We learn that “You” is referencing to a 
single person, however for some reason you can’t be used with this 
structure: “you is”; yet one must say, “he/she is”. Further, I learned 
to say and write, “I was…” and “I have…” which was confusing 
because the subject “I” is singular. In some cases, we use verbs 
conjugated to the singular with ‘I’ (was), and in another instance 
we use a verb conjugated to the plural (have). Why could I not 
say “I has”? This is confusing and frustrating at least for me. This 
personal note is anecdotal and not part of the evidence synthesis.

Children constantly would put words together in ways that 
adults do not do. For children “you is” makes sense based on the 
rules we have drilled in their mind as they learned to navigate 
language. Children go on saying hitted or goed for hit and go in the 
past tense respectively, and many other constructions which are 
logic but that adults consider erroneous. 

Research has shown that the effects for such instructional 
efforts are more modest than those for first-language learners 
[192-194]. For example, Spanish speakers do benefit from 
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phonics, but the payoffs are less than what their native English 
classmates because the speaker of the first language already 
knows the meaning of the word. However, a baby or very young 
infant from a non-English speaking country does not have this 
issue because English becomes their first language.

Another issue that affects how a child learns to read is culture. 
A child learning to read English but coming from a Hispanic culture 
would put stress over different syllables than a US-born English 
speaker. Similar issues are also true even within born English 
speaking groups. Take for instance how the diagraph “th” is not 
pronounced in the Black American culture and its use of Ebonics 
(Negro English - most spoken form of English in that group, coming 
from the enslaved Africans’ language from the Caribbean, North 
America, West Africa). For some words such as hand or past, the 
consonant at the end is dropped (i.e., “han” and “pas” [195,196]. 
Some varieties of American Ebonics are a mixture of languages 
associated with Creole formations in the Caribbean. Numerous 
Creole-speaking slaves were brought from the Caribbean to settle 
the original thirteen colonies, helping to shape American Ebonics 
[197, 198].  Thus, should we not consider what impact these shifts 
would have had on such students’ writing, reading and speaking? 
The way we decode written word is akin to how we speak our 
language. The large variety of rules and exceptions in phonics 
associations and constructions does present a serious challenge 
for learners, especially those who learn differently, and as such, 
would influence the need to use alternative approaches.

How might all this influence a child’s reading potential? Some 
brains see the world around them in a very deductive way, as 
such the rules learned are applied to continue their progression 
in reading. When logic fails for these children, they become stuck 
and disinterested because these exceptions are without logic. 
Again, what are the fundamental rules for spelling a word with 
“ph” instead “f”, and why not accept that both as correct? Why is 
there a “p” in psychology or why does a letter need to be silent? As 
hinted earlier on how children construct words, my nephew is just 
learning how to use the past tense, and utilizes expression such 
as, “he hitted me….”. These constructions are a logical progression 
and are refined as the child engages more in instruction, but 
what if the rules also caused disengagement and disinterest in 
learning as a result? What effect can this have on children’s brain 
development? Could dyslexia actually be the result of how some 
children’s brains react to the illogical parts of language?

The Impact of Dyslexia Diagnosis on Children

One of the most common learning and reading disabilities in 
young populations is dyslexia, the most common language-related 
learning disability [199,200]. It is estimated that as high as 20% 
of the population has some form of dyslexia [201], which puts this 
issue in a crisis mode. Overtime, as the demand for literacy skills 
increases in school, children suffering with dyslexia often struggle 
more but this may mainly be because we are forcing instruction 
to brains that are not wired to process reading in the same way 
as most of the population. Reading is important and there are 

terrible consequences for not being able to read, at least that is 
what society with its experts would have us think. 

Reading occurs in the brain as a direct result of instruction 
[202]. It has been reported that individuals with dyslexia 
experience negative academic attainments such as dropping 
out of school [203], and psychosocial development issues like 
low self-esteem, poor social interaction, behavioral problems, 
anxieties etc., as compared to non-dyslexics [204-206]. Although 
there are no national studies conducted regarding prevalence of 
dyslexia in the prison population, headlines speak loud such as 
the study that found that 48% of prisoners with dyslexia, and 
two-thirds of them struggled with reading comprehension. This 
study sampled 253 prisoners at random from 130,000 prisoners 
in Texas [201]. Another headline claimed that according to the 
Bureau of Justice Statistics Special Report on the Educational 
and Correctional Populations, the percentage of state prison 
inmates who have not finished high school or obtained their GED 
includes 66% of inmates with a learning disability and 59% with 
a speech disability (possible symptom of dyslexia). These issues 
and implications are less about dyslexia than about a society that 
makes individuals with differences feel out of place. For instance, 
children with learning disabilities benefitting from in-class 
support or inclusive programs are more accepted by their peers, 
and experience less loneliness than those who went through self-
contained special education instruction [207].

The problem here is that we have built a society that 
marginalizes individuals who drop out of school or fall behind. 
Thus, the inequality gap is larger for such individuals. My 
father was illiterate but was functional and never spent a day 
in prison because there was trade programs designed to assist 
such individuals. This is not saying that all children should not 
be brought at necessary reading level, but that we must build 
multifaceted pathways that break down the inequality gaps and 
respond to social bullying in responsible ways. We have created 
a monolith society on reading. The above statistics and much 
of the literature on reading disabilities suggest that not being 
able to read is correlated to incarceration. In 2020, the Federal 
Bureau of Prisons reported that African Americans make up 
38.2% of the prison population. However, Blacks represent only 
is 13% of the US population. This disparity is a result of racialized 
discrimination [208]. The incarnation rate of Blacks at least 
tripled the rates for Hispanic and Whites in every US state [208]. 
Black males with dyslexia experience more challenges because 
they face both racial discrimination and are overrepresented in 
special education. This is due to their misdiagnosis for cognitive 
or behavioral disorders rather than being placed in remediation 
programs for dyslexia [209, 210]. This can contribute significantly 
to the reading gap. There is no evidence that people commit crime 
because they can’t read, and these correlations are coincidental or 
spurious at best, while the real culprit is society’s inequality gap 
and constant bullying of people who exhibit differences.

Dyslexia occurs in people of all backgrounds and intellectual 
levels. It is considered a language processing disability although 
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the majority of children classified do not have problem with 
speaking, and many such children are very articulate. If, according 
to the literature, people suffering from dyslexia are very intelligent 
and may be gifted in physics, art, design, math, computer science, 
drama, electronics, sales, mechanics, music, and sports, then it 
would seem logical that dyslexia is not really a valid diagnosis. In 
some sense, we can think of a brain with dyslexia as the portion 
of the population with left handedness, which would (unlike 
dyslexia) not be classified as a disorder. The response to effective 
intervention is shown to increase activation of neural pathways 
which may result in recovery or creation of compensatory 
neural networks [149]. Compensation has to do with alternative 
strategies used to improve reading while recovery refers to the 
normalization of weak component processes of reading [211]. 
Pathways are created due to compensatory mechanisms which is 
in line with the notion that dyslexia is not a single phenotype with 
weakness in one type of neural pathway, but rather that it involves 
many interacting cognitive and neural processes [212]. So where 
is the problem?

Further, an additional aspect to consider is the effect of 
poverty, and its connection to the assumption that dyslexia is a 
brain disorder. First, there is no concrete evidence that dyslexia 
is a disorder as many have pointed out. However, poverty does 
impact literacy. That being said, the literature has made a clear 
demarcation between dyslexia and literacy. The question is, does 
difficulty in reading impact human comprehension which in 
turn affects literacy [and thereby creates the perfect conditions 
for poverty to emerge]? It has been shown that children in 
concentrated neighborhoods are at greater risks of failure: low 
standardized test scores, poor grade retention, and very high 
dropout rates, meaning that children who grow up in such areas 
will have lower educational expectations and outcomes [213]. It is 
also well known that 1/ children from homes of poverty are less 
exposed to nuances in language [214], 2/ poverty can impact the 
brain development adversely [215], and 3/ poverty experience 
heightens children’s stress level which in turn affects learning 
[216]. Is poverty genetic?

Again, this article is not suggesting that we should not help 
children who experience a difficulty in reading. Our society 
depends on literacy, and as such, it is important that all children 
learn to read at the highest possible level. Developmental dyslexia 
has been associated with depression, anxiety, lower self-esteem, 
attention deficits and often, behavioral problems [217], but the 
question is - is this not a result of failed diagnoses and instruction 
rather than genes? This association can be found in Black children 
due to the misunderstandings of their cultural norms in the 
classroom [75]. It is also a result of frustration, as dyslexic children 
are forced into a context that does not seem to account for the 
difference in their brain wiring. The fact is, this is not only true of 
dyslexic children but for all groups that experience discriminatory 
shifts.

Tasks, the Brain, and Reading

From cognitive science we’ve learned that our brain allows 
us, with more or less ease, to maneuver a myriad of spatial and 
verbal cognitive tasks. We can divide tasks between non-verbal 
(non-language-based or NLB) and verbal (language-based or 
LB) [16]. It stands to reason that the brain is a task machine and 
due to individuality, some brains are better suited for some tasks 
than others due to both genetic and environmental conditions. All 
tasks are cognitive and thus require mental processing. The brain 
performs tasks through the means of small biological computers 
called neurons which process information and formulate 
responses. The brain specialized regions are responsible for such 
tasks as problem solving, decision making, and planning, and 
other regions to support and interpret the sensory information 
intake and processing of taste, smell, hearing, seeing and other 
information (Fig. 3). The brain processes information by using 
parallel computing, intaking information of a single behavior and 
splitting it into component parts. By using parallel processing, 
our brain can intake information and produce a response at 
great speed. For instance, when eating a banana, there is sensory 
information that identifies the object (this is a banana), controlled 
motor information (lifting banana to the mouth & chewing), and 
involuntary motor information (salivate) for the brain to process. 

Reading is a task for the brain just as much as eating banana 
is one. The eyes are used to scan words and decode them using a 
combination of brain areas. A skilled reader must crack the code 
of the written text; some brains do it better than others.  Brains 
were not made for singing, playing chess, or, for reading but more 
so to manage tasks, and compute how to maneuver about the 
environment. The fact that two brains are not wired in exactly 
the same way, we’ve come to understand that different brains 
perform different tasks differently [37,16]. How well a child learns 
language is more dependent on their environment than anything 
else. Take soccer, it is an NLB task that all humans understand 
requires them to kick a ball around; yet not everyone is a skilled 
soccer player, and we would not dare label the least ball-kicking-
talented individuals as having a faulty brain or some ball-kicking 
disorder. Like reading, children fall all over the spectrum range 
of abilities just as anyone would in soccer or for that matter any 
tasks.  

Dyslexia is the result of how humans decode and encode 
language phonologically [75,219]. LB tasks tend to be more 
difficult for the brain than spatial-temporal maneuverings. All 
readers depend on decoding, therefore, say a child comes to a 
word that is unknown to them, the teacher must guide the child 
to focus on the letters of the word to decode it. Success in this 
instance will be grounded on the child’s prior knowledge about 
how letters and combinations of letters that are represented in 
speech sounds. There should be no guessing, no getting the gist 
of it. Trebeau Crogman (2018) found mixed results in LB and 
NLB task solving abilities between so-call normal children (non-
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dyslexic) and children with reading difficulties. Both groups 
performed worse of better than the other depending on the 
type of subtasks. Thus again, there might be a need to rethink 
how we label children as dyslexic [157]. Crogman (2017) has 
argued that much of this is due to the failure of finding/providing 
the right type of instruction. Instruction (tasks given) thus has 
not accounted for the uniqueness of children’s brains or their 
cultural – language backgrounds [75]. Systemic instruction tends 
to force upon all children common sets of rules to get their brain 
to perform reading and writing tasks, which some brains just 
outright resist. This resistance is called language-based disorder 
of phonological processing and phonemic awareness [68]. When 
a brain becomes disinterested, it is unwilling to expend mental 
energy on that subject. The question for instruction is - how does 
one recaptures this interest? 

Children are getting a limited exposition to phonics, and as 
such, generally lack the ability to derive new words they have not 
come across previously.  It is said that 5 to 20 % of the school-
aged children have dyslexia, however, if this method alone did 
cause dyslexia, much more children should have been diagnosed 
with it; meaning that the problem of reading has multiple causes. 
Further, the children we label as dyslexics are those who already 
experience delays over a longer period, but this may just be due 
to the environment they exist in. Ignoring these initial facts may 
compound the problem over time. Spelling for example, requires 
good proficiency in phonics, and is a skill lacking in most school-
aged children [219,220]. I speculate that many of the children 
diagnosed as dyslexic are those who already had a lack of interest 
for reading due to frustrations with essential processes (such as 
the rules detailed above), practices and instruction styles in the 
process of their language development. In essence, these children 
may have built a resistance to mainstream schooling. Therefore, 
the set of children selected for various genetic studies could be 
generally flawed from the onset which in turn biases the outcome 
of these studies. 

As I mentioned earlier, tasks fall either within LB or NLB 
types. LB tasks require the language regions of the brain to 
process language-based information, and NLB tasks require the 
brain to process visual and spatial information. Brain imaging 
science has shown that tasks that are unfamiliar to the brain 
require increased mental effort. In fMRI studies, as a task gets 
progressively harder, more activity is present in the brain, the 
prefrontal cortex in particular. The amount of mental effort 
decreases with the addition of instructions with sensory stimuli 
and repetition. Sensory stimuli arouse the brain’s curiosity and 
launch the initiation or birth of questions. Because of the difference 
of each individual brains, instruction cannot be a monolith but 
must be flexible enough to generate questions in the mind of the 
learner while utilizing their cultural framework [75]. When tasks 
are performed, neuron pathways are created and later reused to 
perform tasks with much less mental effort the next time they 
are invoked. Further, learning interventions help to create new 
pathways in dyslexic brains. Learning comes through the ability to 

repeat the process over and over again. Some brains require this 
repetition more than others. 

Shaywitz and colleagues (1999) explains that there is no 
evidence that poor readers (PR) catch up in their reading skills and 
estimate that 70% of dyslexic children remain dyslexic as adults 
[221]. However, this does not address the issue whether dyslexic 
children can actually compensate to become more functional in an 
environment that does not accommodate their brain differences. 
The increases in connectivity patterns within and between 
deficient reading networks has been identified as compensation 
mechanisms [222]. Shaywitz and colleagues (2002) show that 
hyperactivation increases with age which means that dyslexics 
become more functional in their LB activities [223]. Research 
has shown that hyperactivation in dyslexic individuals in the 
frontal regions [224], frontal-subcortical networks [225], and in 
the right hemisphere regions [227]. Seemingly confirming that 
compensatory mechanisms are developed overtime in dyslexic 
individuals. In the subcortical regions in the basal ganglia, including 
the caudate nucleus, the increase in hyperactivation is statistically 
significant in adults compared to children with dyslexia, which 
implies an increased dependence on the articulatory processes 
for compensatory strategies as they aged [228].

Dyslexic children still do communicate very well in spoken 
language and with all the problems outlined over the years, 
so many are successful in various fields as adults; it stands 
to reason that these children found ways to compensate. For 
example, dyslexics excel in NLB tasks with sharper peripheral 
vision, and in seeing the bigger picture [229], finding the odd 
one out [230], pattern recognition [231], spatial knowledge 
[232], picture thinking [230], entrepreneurship [233], and are 
highly creative [230]. Adults with dyslexia frequently describe 
developing compensatory strategies—for example, occasional 
word insertion during reading or writing and difficulty fully 
externalizing ideas in text [16]. Consistent with these reports, the 
author has at times experienced word insertions and challenges 
capturing all thoughts on the page and has developed strategies 
to manage them. Framing dyslexia as evidence of a “faulty brain” 
risks pathologizing individual differences and can misdirect both 
research and practice.

Intervention and Sensory Stimuli Learning, The Game 
Changer

Language has been around long before writing. However, there 
was a need to code language to preserve human development for 
its advancement (i.e. encoding language acts as a memory for 
human development).  Humans before language showed excellent 
craftsmanship and may even have been great thinkers, however, 
oral traditions often caused shifts and exaggerations. This created 
drawbacks in how information was passed on. As humans became 
able to read and write, they then could record their works for 
the coming generation to build upon with more authenticity. 
Thus, reading is important because we have made it so. Reading 
is essential to decode past works which means that literacy is 
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correlated with human progress. It is forced upon all brains, but 
some do resist the process and demands which is what “dyslexic” 
brains seem to do. This review contends that many students with 
dyslexia remain functional in non-literacy domains and often 
develop compensatory strategies.

Language has existed long before writing, yet there was a 
growing need to codify language to preserve and advance human 
development. Encoding language acts as a memory for human 
progress, allowing for the transmission of knowledge across 
generations [233]. Even before the development of written 
language, humans demonstrated impressive craftsmanship and 
intellectual capacity. However, oral traditions often led to shifts, 
exaggerations, and distortions over time, creating challenges in 
the accurate transmission of information [234]. The advent of 
reading and writing enabled humans to record their knowledge, 
allowing future generations to build upon these works with 
greater accuracy and authenticity [235]. Reading has become 
essential because it allows us to decode and preserve the works of 
the past, correlating literacy with human progress [236]. Although 
reading is a skill imposed on all brains, some resist the process, 
as seen in individuals with dyslexia. Dyslexic students may lack 
proficiency in reading, but they are often functional and capable, 
compensating for their challenges in other ways, highlighting the 
adaptability of the human brain [237].

As such, poor reading is critical enough that special attention 
is required in the form of assessment and remediation at the 
earliest possible stages. The quest for any educational structure 
seeks to understand how to motivate this brain to be interested 
in the process of learning to read. Looking at adults with dyslexia, 
nearly all are functional in their NLB/LB tasks because they have 
learned to compensate and manage essential LB skills (reading, 
spelling, deciphering…). Acquired skill sets are built through an 
interaction between the sense and the environment [238, 239], 
and as such, developing a tool that engages the senses would 
be effective to improve dyslexia’s functionality. Shaywitz and 
colleagues (2003) explain that an increased reliance on the right 
frontal, temporal and anterior cingulate regions is observable 
in struggling adult readers who have compensated [224]. Some 
researchers believe that compensation may result from response 
to reading intervention, since it causes changes in neural patterns 
[240]. Also, compensation seems to be manifested in the form 
of enhanced pathway functionality in people with dyslexia, such 
as coming up to par with control subjects’ left temporo-parietal 
region activity profile for example [241]. Intervention also seems 
to affect neural networks which are not typically dedicated to 
reading to a greater extent in challenged readers than normal 
readers. There is a movement to explore these pathways as 
the structures that may allow or support compensatory gains 
[149,240]].

One hurdle dyslexics face is that much of the remediation 
approaches focus on LB which only compounds and reinforces 

dyslexia’s difficulties. NLB approaches are multisensory by 
nature and have been shown to work more effectively in engaging 
dyslexic learners [35]. Measuring improvement in reading 
performance from stimuli outcome, over time, has demonstrated 
the effectiveness of sensory stimuli-based interventions [27,242]. 

In coming up with a reasonable solution for reading 
problems, as early as kindergarten years, several strategies 
come to mind which have proven effective. These tools are 
based in a multisensory foundation engaging all senses, which 
include story-telling, non-language-based strategies with a relief 
from language-based drilling, engagement and play (Generated 
Question Learning model (GQLM)), Graphogames (GG), and 
Perception Attention Therapy (PATH) methods. The PATH 
approach to reading is NLB while digital storytelling and GG are 
combining NLB and LB approaches but because they are all multi-
sensory approaches, they serve as effective interventional tools 
that will combat reading difficulties at all ages. With the advent of 
artificial intelligence (AI) and virtual reality (VR) more unique and 
sophisticated methologies are emerging to remedy the problems 
faced by dyslexics.

Multisensory approaches provide better outcomes with 
struggling learners [16]. There is a consensus among researchers 
that interventions such as evidence-based, phonics-based 
interventions are by far the most effective. Rose (2006) contends 
that multisensory methodologies (connection building between 
sound and symbol) can help a struggling student to persevere 
[243].  In a broader sense, this type of learning must invoke 
sensory stimuli to draw out learners’ curiosity and capture 
their attention. It is tantamount to creating a “wow factor” or 
conceptual conflict through which the learners’ interests are 
peaked (GQLM). In this newly found perseverance, practice may 
help where otherwise tedious LB-based drills may fail. At this 
point the connection between sound and symbol is best realized. 
The multisensory processing of information is part of daily life, 
whereby the brain integrates the information from different 
modalities (senses) into a coherent mental perception [244,245]. 
Therefore, creating an effective reading system based on multi-
sensory approaches constitutes better pathways to support 
struggling readers (see Figure 6). It is paramount to relieve the 
text-heavy demands and instead to focus on the determination 
of the struggling readers’ language baseline through speech. The 
first step is to find the oral language intersection (OLI) (finding all 
words that are common to the group), and using only the words 
from this baseline to teach writing and spelling of these words 
could be the foundation of learning to read in a friendlier format 
for dyslexics. Subsequently, words from this intersection would be 
used to tell and write stories. This process should be repeated till 
mastery of this baseline is achieved. Additionally, any new words 
added would first need to be connected to visible and known 
objects, mastered and comprehended in oral language before 
textual exposure. Table 4
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Figure 6:  Schematic of a supporting reading system for all readers. a/ determine baseline of oral language (intersection of words). b/ daily 
practice starts with PATH training for the recommended 15 minutes of visual process enhancement. c/ series of multisensory interventions 
tools to allow students to master the known words. d/ next level represents repetition until mastery or addition of new words after mastery.

Table 4: Interventions and technologies for reading difficulty/dyslexia: targets, designs, comparators, outcomes, and citations. Abbreviations: RCT 
= randomized controlled trial; BAU = business-as-usual; ES = effect size; AUC = area under the ROC curve; WCPM = words correct per minute; 
RTI/MTSS = Response to Intervention / Multi-Tiered System of Supports; DDE = Batteria per la Dislessia e la Disortografia Evolutiva.

Intervention / 
program Core target Design & 

comparator
Sample & 

dosage
Key outcomes (n / 

ES)
Durability / 

follow-up
Notes & 

limitations

Systematic phonics 
(meta-analytic)

Explicit grapheme–
phoneme teaching; 

decodable text

Meta-analysis of 
experiments vs 
less systematic/

BAU

K – 6 ; 
classroom & 

tutoring

Mean ES on 
d e c o d i n g / w o r d 
reading d≈0.41; early 
start d≈0.55; smaller 
but positive for text 
c o m p r e h e n s i o n 

[246]

Effects generally 
persist with 
c o n t i n u e d 

instruction

Effects vary by 
c o m p a r a t o r /
dose; strongest in 
c o m p re h e n s ive 

literacy

Digital storytelling 
/ multimedia 
s t o r y b o o k s 
(teacher-authored 

e-books)

N a r r a t i v e 
c o m p r e h e n s i o n ; 
vocabulary; oral 
language that supports 
reading comprehension

RCTs of 
m u l t i m e d i a 
e n h a n c e m e n t s 
(animation vs 
static; with/

without 

sounds) and 
RCTs of e-books 
vs print; meta-
analyses of 
t e c h n o l o g y -
e n h a n c e d 

storybooks

T y p i c a l 
preschool/K 
c o h o r t s 
(ages ~4–6). 
E x a m p l e s : 
n = 1 3 6 
r a n d o m i z e d 
to static vs 
animated vs 
i n t e r a c t i v e 
a n i m a t e d 
e - b o o k s 
over 4 wks; 
a d d i t i o n a l 
RCTs with 
3–5 sessions 
and multiple 
enhancement 

cells

A n i m a t e d /
visually aligned 
e n h a n c e m e n t s 
improve story 
comprehension and 
target vocabulary 
vs static/print; 
background music/
sounds often do 
not help (can 
depress receptive 
vocabulary). Meta-
analyses show 
small benefits for 
c o m p r e h e n s i o n 
( g ⁺ ≈ 0 . 1 7 – 0 . 2 4 ) 
and expressive 
v o c a b u l a r y 
(g⁺≈0.20), with a 
recent comparison 
m e t a - a n a l y s i s 
reporting g⁺≈0.242 
for comprehension 
and g⁺≈0.660 for 
vocabulary for 
digital vs print, 
moderators noted 

[247].

Mostly posttests; 
limited long-term 
m a i n t e n a n c e 

reported

Not dyslexia-
specific; effects 
depend on design 
quality (align 
visuals with 
narration; avoid 
distracting audio/
hotspots). Use as 
adjunct to explicit 
c o d e - f o c u s e d 
instruction, not a 

replacement.
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S u p p l e m e n t a l 
s m a l l - g r o u p 
explicit reading 
instruction (Tier-2 

style)

PA, word analysis, 
fluency, comprehension 

(~30 min/day)

Q u a s i -
e x p e r i m e n t a l 
with comparison

~ n = 7 0 
Grade-2 (incl. 

ELLs)

Significant gains on 
word attack, passage 
c o m p r e h e n s i o n , 
p h o n e m e 
s e g m e n t a t i o n , 
ORF; ES not always 

reported [248]

Not stated

Multiple related 
papers; add study-
specific n/ES if 
citing more than 

one

GraphoGame Rime 
(UK, independent 

RCT)

Game-based rime/
phonics practice

Pupil-randomized 
RCT vs BAU

3 9 8 
randomized, 
≈ 3 6 2 
a n a l y z e d ; 

~6–9 h play

No overall impact on 
reading/spelling vs 
BAU; small subgroup 
effects with 
adequate exposure 

[249]

Post & delayed 
(after summer): 
small subgroup 
gains maintained

Active BAU 
likely dampened 
marginal gains; 
limited dose–

response

G r a p h o G a m e 
( d e v e l o p e r - l e d 

small trials, UK)

Rime & phoneme 
practice

Small quasi-
e x p e r i m e n t a l /

pilot

S a m p l e s 
≤~50; ~12 
wks, 10–15 

min/day

Rime: reading 
d ≈ 0 . 6 6 / 0 . 5 3 ; 
spelling d≈0.91; 
decoding d≈1.43. 
Phoneme: reading 
d ≈ 0 . 2 2 / 0 . 4 3 ; 
spelling d≈0.45; 
decoding d≈0.60 

[250]

~ 4 - m o 
maintenance

E x p e r i m e n t e r 
presence; needs 
i n d e p e n d e n t 

replication

G r a p h o G a m e 
(Zambia field trial)

L e t t e r – s o u n d 
mastery & early 
decoding (transparent 

orthography)

Class-randomized 
field study; 
multiple delivery 
models vs control

N = 5 7 3 
b a s e l i n e ; 

n≈312 post

ANCOVA on spelling/
decoding significant; 
partial η²≈.04; 
t e a c h e r + s t u d e n t 
exposure strongest; 
ES not reported 

[251]

Not stated

E c o l o g i c a l l y 
valid; attrition; 
h e t e r o g e n e o u s 

implementation

PATH / movement 
f i g u r e – g r o u n d 

training

Visual timing (dorsal 
stream); fluency; 

attention; WM

R a n d o m i z e d 
c l a s s r o o m 
allocation vs 
guided reading 

(Raz-Kids)

n=42 (Grades 
2–3); 12 wks, 
2×/wk, 30 min

PATH > control on 
reading fluency, 
attention, visual/
auditory WM 
( g r o u p × t i m e 
effects); d/η² not 
reported [66,242, 

252,253,254]

Some short-term 
maintenance

Single site; small n; 
author-involved; 
needs blinded 
p r e r e g i s t e r e d 

replicatio

Action Video 
Games (dynamic 

visual attention)

V i s u o - a t t e n t i o n a l 
control; eye movements

3-arm RCT (two 
AVG arms + 

control)

Dyslexic 8–13 
yrs: AVG-R 
n=22; AVG+ 
n=23; control 

n=19

↑text reading 
accuracy, rate, 
comprehension after 
5 h total training; 
moderate–large ES 

[255,256]

Short-term

Mechanism likely 
visuo-attentional; 
r e p l i c a t i o n s 

emerging

VR rehabilitation 
(VRRS)

M u l t i c o m p o n e n t 
c o g n i t ive - l i n g u i s t i c 

training via VR

I n d i v i d u a l 
randomization: 
VRRS vs 
c o n v e n t i o n a l 

therapy

n=24 (EG=12, 
C G = 1 2 ) ; 
72×60 min 
over ~6 mo; 
tests T0/T1/

T2=12 mo

EG ↑ non-word 
correctness & 
reading speed (e.g., 
χ²≈21.26 & 17.90, 
p<.001), maintained 
at 12 mo; mixed-
effects show higher 
VCI & IQ trajectories 

[257]

12-m

onth maintenance

Small n; wide age 
range; rank-based 
tests; promising 

but preliminary

VR/XR experiential 
learning (higher-

ed)

E n g a g e m e n t /
immersion; conceptual 
understanding (non-

reading context)

C o u r s e - l e v e l 
comparison: VR-
taught vs non-VR 

sections

105 students 
across 3 terms 
( c a l c - b a s e d 

physics)

VR M=78.6 (SD 
1.96) vs non-VR 
M=64.48 (SD 7.50); 
t=4.74, p=0.0016; 
engagement ↑[258]

Course duration

Not dyslexia-
s p e c i f i c ; 
observational (no 
randomization); 
d e l i v e r y - t e c h 
context, not 
reading outcomes

AI screening — 
eye-tracking / 

handwriting

Early identification; 
RTI/MTSS tiering

Model validation 
vs gold-standard 
s c r e e n e r /

diagnosis

E x a m p l e s : 
n=69 & n=165 
eye-tracking 
SVM; n=207 
& n=1064 
handwrit ing 

ML

Metrics include 
accuracy ~80–97%, 
AUC ~0.90 (0.897–
0.912), sens ~79–
85%, spec ~86% 

[259-261]

R e - v a l i d a t e 
a n n u a l l y ; 
c r o s s - s i t e 

generalization

Many datasets 
s m a l l / c u ra t e d ; 
risk of overfitting; 
require AUC + 
sens/spec + PPV/
NPV and human-

in-the-loop
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A I - a d a p t i v e 
decoding/fluency 
support (Project 
LISTEN: CMU 

Reading Tutor)

Guided oral reading 
with ASR; adaptive help 

& text leveling

Year-long school 
evaluations; plus 
7-mo SSR vs 

Reading Tutor

n=131 (Gr2–3, 
y e a r - l o n g ) ; 
n=178 (Gr1–4, 

7 mo)

Year-long: third-
graders in AI 
tutor and human 
tutoring outgained 
controls on Word 
C o m p r e h e n s i o n 
( E S ≈ 0 . 5 6 / 0 . 7 2 ) ; 
human > AI on Word 
Attack (ES≈0.55). 
7-mo: Reading 
Tutor > SSR on 
word recognition 
(ES≈0.68), fluency 
(ES≈0.46), blending 
(ES≈0.54), spelling 
(ES≈0.54); no 
advantage on 
r e a d - a l o u d 
c o m p r e h e n s i o n 
(Project LISTEN 
school studies) [262]

Not reported

Not dyslexia-
d i a g n o s e d 
samples; older 
ITS/ASR system 
but clearly AI-
adaptive; supports 
AI tutoring impact 
under school 

conditions

GQLM (Generated 
Q u e s t i o n s 

Learning Model)

M e t a c o g n i t i v e 
q u e s t i o n i n g ; 
c o m p r e h e n s i o n 
monitoring; motivation

C o n c e p t /
theory (no 

RCT)

No dyslexia-specific 
outcome trials; use 
as framework [238, 

239,263]

Include as adjunct 
to evidence-based 
decoding/fluency 

instruction

A I - f a c i l i t a t e d 
f o r m a t i v e 
assessment within 
an ungrading 

framework

Equitable grading; 
i m p ro ve m e n t - s c o re 
focus; AI described for 

feedback/automation

Theoretical article 
+ single-group 
pre/post pilot (no 
AI tool trial; no 

control)

n = 4 0 
u n d e r g r a d s 
(intro physics)

Repeatedmeasures 
A N O V A 
F ( 2 , 7 8 ) = 5 5 . 8 4 , 
p<.001; η²≈.35; 
pairwise d: 
b a s e l i n e → a c t u a l 
− 0 . 4 9 ; 
b a s e l i n e → n e w 
−1.75; actual→new 
−1.42; AI use 
described but not 

tested [264]

Not reported

Not dyslexia/
r e a d i n g ; 
a s s e s s m e n t -
reform context, 

not AI efficacy

N e u r o i m a g i n g 
change after 
r e a d i n g 

intervention

Group-level neural 
plasticity with 

instruction

Systematic review 
+ ALE meta-
analysis of post-
intervention fMRI

8 fMRI 
experiments 
e n t e r e d 
into ALE; 
total n≈173 
(22 studies 
d e s c r i b e d 

overall)

Significant increases 
in activation after 
intervention in 
L thalamus, R 
insula/IFG, L IFG, R 
posterior cingulate, 
L middle occipital; 
supports group-
level change, not an 
individual diagnostic 
biomarker [262] 

[240]

N/A (neural 
endpoints)

Small samples & 
h e t e r o g e n e o u s 
methods; use 
to support 
“ i n s t r u c t i o n 
changes the 
brain,” not to 
compare program 

efficacy

Age constraints are evident for certain technology-mediated 
interventions: PATH appears most effective from approximately 
age seven [252,253], whereas GraphoGame has been evaluated 
beginning around school entry (~5–6 years) with mixed findings 
across contexts [264,265]. By contrast, storytelling and play-
based multimodal activities can begin in the preschool years and 
may be amplified when combined with code-focused instruction 
and perceptual training at school age. Complementing these 
approaches, AI-enabled supports have emerged along two tracks: 
(a) AI-adaptive oral-reading tutors that adjust text level and 
feedback in real time [266,267], and (b) AI screeners using eye-
tracking or handwriting to triage students for human follow-up 
[259-261]. Taken together, multisensory-structured instruction, 

targeted perceptual training, narrative-language activities, and 
AI tools—implemented with attention to cost and access—
offer complementary avenues to improve reading fluency and 
comprehension, particularly when evaluated with transparent 
outcomes and equitable deployment. Finally, group-level 
neuroimaging syntheses indicate that instruction is associated 
with changes in activation in language and attentional circuits, 
underscoring plasticity rather than a single diagnostic biomarker 
[240]. This may suggest that using purely sensory stimuli as 
NLB without any correlation to LB tasks might be a solution to 
educating and supporting individuals with dyslexia. 

Schneps (2014) suggests also that, “neurological difference 
drives the engine of society to create the contrasts between hot 
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and cold that lead to productive [231]. Impairments in one area can 
lead to advantages in others, and it is these differences that drive 
progress in many fields”. Fundamentally, learning is perceptual, 
which means creating long-term changes in perception and may 
seem as ruling out short term perceptual changes due to sensory 
adaptation. However, repetition of sensory stimuli leads to long 
term changes. It is for this reason that studies show a positive 
effect of using music with children with dyslexia for example [268-
270]. The repetition-based model proposed here has the potential 
to help and warrants more empirical application research in 
support of struggling readers.

Limitations

This review is intentionally theoretical and narrative rather 
than a registered systematic review or meta-analysis. As such, 
it synthesizes findings across diverse literatures to advance a 
conceptual argument, but it does not estimate pooled effect sizes 
or provide a formal risk-of-bias rating for each study. Below we 
outline the main constraints on inference.

Scope and methods. We did not preregister a protocol, apply 
PRISMA/AMSTAR procedures, or conduct a GRADE appraisal. 
Inclusion relied on iterated database and citation-chaining 
searches; decisions were made to maximize conceptual coverage 
rather than exhaustiveness. Grey literature and non-English 
sources were not systematically searched, raising the possibility 
of publication and language bias.

Construct and measurement heterogeneity. Studies 
operationalize reading outcomes variously (decoding accuracy, 
fluency/WCPM, spelling, comprehension), often with different 
instruments, timelines, and cut-scores. Cross-study comparisons 
are therefore approximate, and measurement non-equivalence 
may inflate or mask apparent differences. Orthographic depth, 
grade/age, and language status (monolingual vs bilingual) further 
limit direct comparability.

Study quality and precision. Many primary studies—especially 
in neuroimaging, VR, visual-timing, and classroom technology—
use small, single-site samples, convenience recruitment, and 
author-developed tasks. Blinding is uncommon; fidelity and 
dosage reporting are inconsistent; effect sizes and confidence 
intervals are often missing. Analytic flexibility (multiple 
outcomes/contrasts without correction) raises the risk of false 
positives.

Neurobiological inference limits. Imaging findings 
summarized here are largely group-level and correlational. 
Reverse inference is a concern, and current evidence does not 
yield a reliable, individual-level biomarker of dyslexia. Reported 
post-intervention activation changes demonstrate plasticity, not a 
unique disease signature or necessary cause.

Genetic evidence limits. Most effects are small and polygenic; 
early candidate-gene findings have mixed replication. Population 
stratification, phenotype heterogeneity, and gene–environment 

interplay constrain strong causal claims about specific variants or 
pathways.

Intervention evidence maturity. Several approaches discussed 
(e.g., GraphoGame in some contexts, visual-timing/PATH, VR-
based training) include promising but preliminary studies (small 
n, quasi-experimental designs, developer involvement). Active 
BAU comparators and limited dosage/follow-up make it difficult 
to isolate program-specific impacts or generalize to other settings 
and orthographies.

AI-related evidence. AI screeners (eye-tracking/handwriting) 
often report high accuracy/AUC on curated datasets; external 
validity, calibration (PPV/NPV), fairness across demographic 
groups, and prospective impact on student outcomes remain 
under-tested. AI-adaptive tutoring studies exist but are not 
dyslexia-specific and vary in quality; vendor reports are frequently 
observational. Automation bias and data privacy were outside this 
review’s scope.

Generalizability and equity. Samples over-represent WEIRD 
contexts and under-represent multilingual learners, lower-SES 
communities, and minoritized groups. Because instructional 
opportunity and school resources vary widely, effect sizes from 
one context may not translate to another. Implementation costs 
and access constraints are rarely analyzed.

Policy recommendations. The discussion of DSM categorization 
is normative as well as empirical. Service access, insurance rules, 
and educational law differ by jurisdiction; therefore, impacts 
of reclassification may not be uniform. Our recommendations 
should be interpreted as hypotheses to be tested in policy and 
implementation studies, not as settled conclusions.

Data dependence. We did not re-analyze primary datasets and 
relied on authors’ reported statistics. Any errors or omissions in 
the original publications propagate to this review.

Time sensitivity. Rapid developments in AI, ed-tech, and 
reading instruction mean that some findings may be superseded 
by newer trials or updates after this manuscript’s search window.

Implications for interpretation and future work. Given these 
limitations, conclusions should be read as weight-of-evidence 
judgments, not definitive causal claims. Priorities include 
preregistered, multi-site RCTs with diverse samples; common, 
standardized outcome batteries (including long-term follow-
up); routine reporting of effect sizes, CIs, fidelity, and costs; open 
data/materials; prospective impact evaluations for AI tools (with 
fairness audits); and policy experiments that compare needs-
based support models with diagnosis-gated systems on equity 
and outcomes.

Conclusion

Current findings in genetics, neuroimaging, and longitudinal 
risk cohorts are heterogeneous and largely correlational: they 
show group-level differences in reading-related networks but 
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do not yield a reliable, individual-level biomarker suitable for 
diagnosis or for defining a singular neurobiological disorder. 
More importantly, the clinical utility of a DSM label for dyslexia 
is limited when compared with an instructional-needs approach: 
outcomes are driven chiefly by access to effective, monitored 
instruction and timely escalation for non-responders. Framing 
dyslexia as a uniform medical disorder risks gatekeeping support 
behind a clinical label, introduces inequities linked to insurance 
and evaluation access, and can distract from the core remedy—
evidence-based reading instruction.

Recommendations

This review recommends removing dyslexia from the DSM 
and adopting an instruction-sensitive educational framework 
that identifies students through performance and progress-
monitoring rather than categorical diagnosis. In practical terms, 
systems should (i) use RTI/MTSS models with clear entry 
criteria based on decoding accuracy, fluency, and spelling; (ii) 
mandate progress-monitoring and rapid intensification for 
non-responders; (iii) ensure universal access to structured 
literacy irrespective of medical labeling; and (iv) reserve clinical 
evaluation for comorbidities (e.g., language disorder, ADHD) 
that warrant medical management. This policy shift should be 
evaluated against explicit criteria—reliability, equity of access, 
and measurable improvements in reading outcomes—so that 
removing DSM status improves, rather than jeopardizes, the 
support students receive.
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