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ABSTRACT

An estimated 10 million students in the United States have dyslexia and of those students, 2.5 million are estimated
to have auditory processing disorder. There is an ongoing debate on whether auditory processing disorder causes or
contributes to dyslexia or the disorders are just co-morbid. This paper examines dyslexia and auditory processing
disorder and then considers current research on the nature of the relationship between the two disorders.

Introduction

An estimated one in five individuals in the United States has a language-based learning disability (Ferrer et al., 2015,
p. 1121; Yale Center for Dyslexia). Dyslexia, commonly described as an unexpected and chronic difficulty in reading
caused by phonological processing challenges, is the most prevalent of the language-based learning disabilities (Lyon,
Shaywitz & Shaywitz, 2003, p. 1). The cause of dyslexia is not known. However, advancements in medical imaging
have highlighted structural differences between a dyslexic brain and a neurotypical brain. An emerging area of re-
search is the relationship between dyslexia and auditory processing disorder (APD), a specific deficit in auditory
processing along the central nervous system. The National Institutes of Health, citing Iliadou’s research, found that
43% of children referred for learning disabilities have APD, with 25% of children tested for learning disabilities having
co-existing dyslexia and APD (Iliadou V. et al., 2009, p. 1029; National Institutes of Health). A debate as to whether
dyslexia is caused by APD or is the result of atypical brain-based structures has begun to take shape. This paper
examines dyslexia and APD and considers current research on the nature of the relationship between the two disorders.
While this research is in its infancy, its ultimate findings will have a profound effect on the significant number of
individuals diagnosed with one or both disorders.

Background

The auditory system is crucial for the development of language. The brain’s inability to rapidly process auditory input
is a hallmark of language disorders like dyslexia (Chevalier et al., 2015, p. 1-2). There is evidence that many dyslexics
have auditory perceptual deficits (Halliday et al., 2017). At present, however, there is no research consensus on
whether auditory processing deficits cause dyslexia or whether dyslexia’s phonological processing challenges dimin-
ish auditory processing. This seems to be a classic chicken or egg problem: does one disorder cause the other?
Alternatively, do the disorders simply co-exist with one another or does one disorder create enhanced risk factors for
the development of another?
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Dyslexia

Dyslexia was identified in 1887 by a German neurologist, Adolph Kussmaul, who labeled it “word blindness” given
his observation that the affected individual had the intellectual and visual capacity to read, but yet could not (Rehnberg
& Walters, 2017, p. 72). In the same year, a German ophthalmologist, Rudolf Berlin, first used the word “dyslexia”
to describe six adult patients who lost their ability to read following the development of a lesion in the brain (Shaywitz
& Shaywitz, 2020, p. 16). In 1896, W. Pringle Morgan in England published an article in the British Medical Journal
describing the word blindness of his fourteen-year old patient (Morgan, 1896, p. 1378), which unleashed a flood of
other ophthalmologists and other physicians who noticed similar challenges in their patient populations. Today, the
Diagnostic and Statistical Manual of Mental Disorders-5 classifies dyslexia as a form of neurodevelopmental disorder
which impedes the ability to learn or use specific academic skills (e.g., reading, writing or arithmetic), noting that such
difficulties are “unexpected” (DSM-5, 2013). U.S. legislation defines dyslexia as: “an unexpected difficulty in reading
for an individual who has the intelligence to be a much better reader, most commonly caused by a difficulty in the
phonological processing (the appreciation of the individual sounds of spoken language), which affects the ability of
an individual to speak, read, and spell.” (First Step Act 2018). Sally Shaywitz, a long-time dyslexic researcher and
advocate who was instrumental in the development of the First Step Act, states that dyslexia is “characterized by the
frequent co-occurrence of high IQ and surprisingly slow reading” (Shaywitz & Shaywitz, 2020, p. 89-90). As a
neurotypical child develops phonemic awareness, she learns that specific sounds connect to letters, which can be
combined into words. In a dyslexic child, there is an impairment in the child’s phonemic awareness — a “glitch within
the language system” (Shaywitz & Shaywitz, 2020, p. 51), resulting in difficulty in breaking apart sounds.

While the acquisition of language is arguably innate (Pinker, 2007, p. 5), the application of language to
reading is not. In fact, while language has been represented in humans for an estimated million years (Shaywitz &
Shaywitz, 2020, p. 45), reading and writing are more recent developments in the last five thousand years and skills
that must be taught. Language is composed of building blocks of sound called phonemes. The English language has
forty-four phonemes. (The Reading Well). These forty-four phonemes can be combined in a myriad of ways to create
words. Any difficulty in breaking apart, segmenting, and manipulating sound can create challenges in reading and
speaking.

Consider the neurological complexity of reading the word “cat”. The word “cat” has three distinct and sep-
arate units of sound — one for each letter: k, aaaa, and ¢ (Shaywitz & Shaywitz, 2020, p. 49). When a dyslexic sees
the word “cat”, she must break down the sound associated with each letter, organize the sounds in the proper sequence,
and then blend the sounds together to form one word — cat. Sometimes, a dyslexic retrieves the wrong phoneme,
mixing up one letter and its corresponding sound for another, or she orders the phonemes in the wrong sequence.
While typical readers scale to recognize the word “cat” when it appears in text, relying on their working memory, a
dyslexic’s phonemes and working memory skills are less well-developed so rapid word retrieval and sight recognition
of repetitive words is more difficult. A dyslexic’s phonological weakness does not just affect reading. It can also
interfere with expressive speech. Often, dyslexics know the “right” word to say but invert or substitute letters, causing
the “wrong” word to be said. The phonologic module “automatically assembles the phonemes into words for the
speaker and disassembles the spoken word back into its underlying phonemes for the listener” (Shaywitz, 2003, p. 45;
Shaywitz & Shaywitz, 2020, p. 55-56). Consequently, a dyslexic has difficulty with phonemic awareness, which is a
critical skill in identifying and manipulating sounds. For example, a young dyslexic would struggle with being asked
to substitute “m” for “c” to get “mat” rather than “cat.” Transforming letters on a page into their phonetic sounds is
neurological magic and happens automatically for neurotypical children, but dyslexic children never experience this
automaticity. Shaywitz calls a dyslexic’s viewpoint an “amphorous blur” — an inability to discern the segmentation
of each letter’s sound (Shaywitz, 2003, p. 43-44).

A dyslexic’s phonological weakness can be traced to specific structures in the brain that do not activate in the same
way as a neurotypical individual. The brain has two hemispheres — the left and the right. At a general level, the left
hemisphere of the brain is responsible for language, speech, comprehension, arithmetic, and writing. The right
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hemisphere plays a large part in interpreting visual information. The right hemisphere controls creativity, spatial
ability, artistic skill, and musical skill. Each hemisphere of the brain has four sections or lobes: frontal, parietal,
temporal, and occipital. The two hemispheres are connected by the corpus callosum, a thick bundle of nerve fibers
that reside beneath the cerebral cortex.

There are three neural pathways or regions of the brain that are used for reading: (i) the parieto-temporal
pathway; (ii) Broca’s area; and (iii) the occipito-temporal pathway (Shaywitz & Shaywitz, 2020, p. 74). (Fig. 1) The
parieto-temporal pathway and Broca’s area are most activated in neurotypical beginning readers, whereas the occipito-
temporal pathway is relied upon by experienced readers. The parieto-temporal pathway, located in the middle of the
brain, is where readers link letters to their corresponding sounds. Broca’s area, located in the frontal lobe of the brain,
is where the articulation of words occurs. The organization, production, and manipulation of language and speech is
dependent on this region of the brain. (Ozernov-Palchik & Gabrieli, 2018, p.16).

The occipito-temporal pathway, located at the posterior of the brain, is where the primary visual cortex re-
sides. This neural pathway identifies words through visual perception and is referred to as the “Visual Word Form
Area”, given that the visual cortex identifies whole words with automaticity (Shaywitz & Shaywitz, 2020, p. 82). Af-
ter a reader analyzes a word multiple times, an exact neural model of that word — how it is spelled, how it is pro-
nounced, and what it means — is developed. Shaywitz pointed out that it used to be thought that the neural model of
words was permanently stored in the occipito-temporal system (Shaywitz, 2003, p. 79), but today it is hypothesized
that the occipital-temporal region is an ““ “interactive” neural mode where information from multiple inputs, including
phonological (sound-based), orthographic (visual), and semantic (meaning-based), are integrated and synthesized”
(Shaywitz & Shaywitz, 2020, p. 76).

NON-DYSLEXIC BRAIN vs. DYSLEXIC BRAIN WHEN READING

Non-Dyslexic Dyslexic

Parieto-Temporal Area
} Usually, the novice A
reader uses this area,
in combination with
Broca's Areq, to slowly
analyze new words,

Broca’s Area
This is the area
that processes
articulation and
usually helps us
connect sounds
to letters. Notice
the larger size.
This areo is being
over utilized fo
compensale.

Occipital-Temporal Area
¥ \ This is the word form area

of the brain. For most people,
when a word is read several times,
the brain makes o neural model of it
that includes spelling, pronunciation,
ond the meaning of the word.

Broca's Area

Research in neuroscience reveals that the brain functions differently in people with dyslexio than those without it
These structural and neural differences maoke it more difficult for people with dyslexia to read, spell and write, For
example, in the left brain hemisphere, three dominant creas of the brain are usually activated for reading, but in
those with dyslexia, only one area of the brain is being stimulated.

Figure 1. A Comparison of Key Brain Areas in Dyslexics and Non-Dyslexics. Accessed at http://cogni-
tive.com.sg/understanding-dyslexia/.

For a dyslexic, the neural pathways necessary for phonological analysis are mis-wired, resulting in a phonologic im-
pairment that interferes with spoken and written language. The lack of electrical activation of the parieto-temporal
pathway results in a dyslexic reader’s struggle to link letters to sounds. Further, the diminished activity in the occipito-
temporal pathway contributes to a dyslexic reader’s challenge with automatic word identification. This degradation
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of automaticity in retrieving words negatively impacts reading skill. A dyslexic compensates for the weakness in
these two neural pathways by overusing Broca’s area (Shaywitz & Shaywitz, 2020, p. 80). Even though a dyslexic
can use Broca’s area and other auxiliary systems to read, it is a slow process given that the storage and retrieval of
neural models of words is diminished.

It is estimated that 50% of children with a “first degree” relative like a parent with a dyslexia diagnosis will
also be diagnosed with dyslexia (Ozernov-Palchik & Gabrieli, 2018, p. 17). It should be noted that there is research
on the identification of specific genes that may contribute or cause dyslexia, as well as examination of the volume of
white and grey matter in one’s brain and its possible relationship to dyslexia (Kraus & White-Schwoch, 2013; Cheva-
lier et al., 2015, p.1-2). While those areas are outside of the scope of this paper, it is hoped that this research will lead
to greater insights in the identification and intervention strategies most effective for dyslexics.

Auditory Processing Disorder

Auditory Processing Disorder (APD) is a learning disorder that affects how the brain processes what a person hears.
APD has been referred to as the “auditory equivalent of dyslexia” (Bellis, 2002, p. i). APD is not a hearing-based or
ear-based auditory problem, but rather a deficit in the central auditory system — the portion of the central nervous
system that runs from the ear to the brainstem. In other words, APD is a deficiency in how an individual’s central
nervous system uses or processes auditory information. It is estimated that 2.5 million students, about 5% of the
student population, have APD (Hearing Health Foundation).

The central auditory system is responsible for the recognition, localization (direction of the source of a
sound), and discrimination of sound (isolation of sounds from one another). The cochlea, commonly referred to as
the inner ear, are mirror-shaped and filled with fluid, and are deeply embedded in the skull’s petrous bone, one of the
hardest and most dense bones in the human body. The hardness of the bone is important because it prevents the fluid
from being absorbed into the bone.

All acoustic information is relayed from the outer ear to the cochlea. The cochlea then transmit the acoustic
information to the auditory or cochlear nerves, and the cochlear nerves then transmit the acoustic information to the
brainstem. Inside the cochlear nerves, there are an estimated 28,500 nerve fibers (Moore, 1992, p. 26). These nerve
fibers are divided into two types: (i) type 1 myelinated fibers that connect to inner hair cells in the cochlear nuclear
complex, which comprise 95% of the auditory nerve fibers; and (ii) type 2 unmyelinated fibers that connect to outer
hair cells, which comprise 5% of the auditory nerve fibers (Chermak & Musiek, 1997, p.28). Myelination refers to
the fatty sheath that surrounds neurons. Myelination enhances efficient electrical transmission of acoustic information.
Several studies point to the possible correlation of the amount of white matter, which is found in the deeper tissues of
the brain, with nerve fibers covered in myelin, and reading fluency and accuracy (Chevalier et al., 2015, p. 2; Lebel
et al., 2019), noting that more research is needed.

After an acoustic signal travels from the cochlear nucleus to the brainstem, it continues its journey to the
auditory cortex (Figure 2). The auditory cortex is located in the temporal lobe of the brain, which is mainly responsible
for understanding language (Chermak & Musiek, 1997, p. 45). The brain can then synthesize the information and
bring it to where it needs to go. Important skills needed to process this acoustic information are phonemic awareness
and word decoding skills. The listener must be able to identify the spoken phonemes to be able to understand the
information. Another important factor in processing this information is the interpretation of the language, which takes
place in Wernicke’s area, which is close to the auditory cortex. Wernicke’s area is responsible for comprehending the
speech sounds, specifically receptive language (Shaywitz, 2003, p. 66).
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Figure 2. Auditory Processing System. Accessed at https://study.com/academy/lesson/what-is-auditory-processing-
disorder-symptoms-treatment.html.

If the central auditory system is not functioning correctly, information does not make its way to the auditory cortex
intact. Therefore, individuals with APD can often completely lose sounds because those sounds do not make it to the
auditory cortex in the brain for processing. Since the individual loses part of what she is hearing, it is difficult for her
to comprehend all sounds and to put the words into an ordered context. This inability to make the acoustic signal
travel all the way to the auditory cortex is what makes auditory processing slower or more interrupted.

Research seems to conclude that APD is not a single disorder, but rather a collection of functional deficits
(Chermak & Musiek, 1997, p. 1). There are different types or presentations of APD, including deficits in decoding
sounds and the formation of words, the integration of sounds, poor prosody (patterns of rhythm and intonation in
speech), associative deficiencies, and output-organization (organization and then production of speech). What is clear
is that individuals diagnosed with APD experience challenges in isolating and hearing sound in environments where
there is competing noise. Auditory discrimination and pattern recognition is therefore more challenging, with perfor-
mance or accuracy declining the more there are competing noises in the individual’s environment. Understanding
how an individual’s auditory processing challenges relates to the development of language based processing disorders
has yet to be fully explored.

Does Dyslexia or APD Come First?

Considerable research supports the view that many dyslexics also have auditory processing deficits (Halliday et al.,
2017, p. 140). It is estimated that 10% of the general population has an abnormal range for learning skills, of which
37% of that population will have dyslexia and 46% will be co-morbid with APD (Cunha et al., 2019, p. 120, citing
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Dawes & Bishop, 2010). Recent research found that forty percent of children with dyslexia have another diagnosed
neurological disorder (Snowling et al., 2020, p. 505). Those other neurological disorders, besides APD, include at-
tention deficit disorder (ADHD), dysgraphia, dyscalculia, developmental coordination disorder, and others (Sakellar-
iou, 2016, p. D-27).

How these auditory processing deficits are related to dyslexia is unknown — is it the cause of dyslexia or a
contributing risk factor? Current research cannot yet answer this question definitively, but experts agree that auditory
processing deficits are, at a minimum, an early warning sign of dyslexia. For example, the American Speech-Lan-
guage-Hearing Association (ASHA) has stated that “auditory perceptual abilities influence language development —
particularly the pre-literacy skills.” Sakellariou argues that “some research indicates that auditory processing skills
could be the primary shortfall in dyslexia” (Sakellariou, 2016, p. D-28). When an individual has APD, it makes it
harder to “detect and process speech patterns” (Sakellariou, 2016, p. D-28). APD may not cause dyslexia, but it seems
to make a dyslexic’s ability to clearly discern and segment sounds more challenging. Starting with an evaluation of
an individual’s auditory processing is useful because any deficiency can be diagnosed at an earlier age than dyslexia.
There is evidence that phonological deficits are present in preschool children, well before reading instruction begins
(Snowling et al., 2020, p. 504).

There are two principal challenges in understanding the relationship among APD and dyslexia. First, there
is not consensus definition of dyslexia. The lack of an agreed-upon definition of dyslexia means that there is incon-
sistent criteria for diagnosis. If there is inconsistent criteria for a diagnosis of dyslexia, then the role of any auditory
processing deficit may go undetected. Second, the lack of a holistic approach to the evaluation, identification, and
intervention strategies applied to co-occurring APD and dyslexia is also problematic. Any significant delay in iden-
tifying and intervening earlier in children’s lives, when neural circuitry may be more receptive to intervention, creates
learning challenges down the road.

Expansion of Dyslexia’s Diagnosis

With respect to the first challenge, the most common definition of dyslexia as a “specific” learning disability means
that the individual’s intellectual skills are not deficient, and thus cannot serve as the explanation for the dyslexia
(Snowling et al., 2020, p. 502). The cause must be something “specific” neurologically. Over time, inconsistent
definitions of dyslexia have served to encompass within the diagnosis of dyslexia a wide range of other learning
disabilities, thereby masking appropriate identification and targeted intervention strategies not only for dyslexia, but
for the other learning disabilities that are present.

The broadening of the definition of dyslexia results from an increase in the prevalence of dyslexia in school-
aged children, which could emanate from greater awareness or overly broad diagnoses (Snowling et al., 2020, p. 506).
The typical phonological awareness challenges that a dyslexic has does not necessarily result from or lead to a diag-
nosis of APD, but blurring the lines between dyslexia and other learning disorders, such as ADHD, working memory
challenges, or executive functioning or organizational struggles, may obscure, rather than illuminate, any connection
between dyslexia and APD. Because phonological deficits are tied to dyslexia, it overlooks the fact that phonological
skills themselves are multi-dimensional as well. If early language problems result in downstream phonological diffi-
culties, then the additional challenges relating to organization, comprehension, and word de-coding are likely to be
materially affected. The development of vocabulary, syntax (arrangement of words to form sentences), and speech,
may also play arole. Another risk of the expansion of the definition of dyslexia is that it may include individuals with
more serious language difficulties that cause chronic difficulties in expressive and/or receptive language (Snowling et
al., 2020, p. 505). It is estimated that of the dyslexic children population, 40% had significant language impairment
(Snowling et al., 2020, p. 505). The development of consensus criteria to assign a dyslexia diagnosis is missing.
Without clarity of diagnostic criteria, individuals suffer from mis-identification or under-identification of one or more
neurologically-based learning disorders.
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A Holistic Approach to Evaluating, Identifying, and Developing Intervention Strategies

The second challenge is to develop a holistic approach to evaluating, identifying, and developing intervention strate-
gies for dyslexia and/or APD. Today, there is not comprehensive agreement on the diagnostic standards for either.
The way an individual is referred for evaluation may impact the interventions prescribed. Typically, school-aged
children are referred for a dyslexia evaluation by a clinical neuropsychologist after chronic or persistent difficulty with
reading is evidenced in school. That means a child may be in second or third grade before an evaluation for dyslexia
is completed. Children referred for APD evaluation are typically in first or second grade and evaluated by audiologists.
Standard procedures for diagnosing APD usually include audiological tests, auditory brainstem tests, and auditory
processing tests (ASHA). These tests may be influenced by cognitive factors, such as sustained auditory attention.
The association between attention and auditory processing suggest that APD diagnostic criteria should be reconsid-
ered, as they do not currently routinely include cognitive diagnostic measures.

Because of specialization by professionals evaluating for dyslexia, APD or other learning disabilities, co-
morbid diagnoses may be overlooked, even though there may be neurodevelopmental similarities. This impacts the
creation of successful intervention strategies. For example, there is significant co-morbidity of APD and ADHD, and
this has led to confusion in identification and specific interventions (Stavrinos et al., 2018, p. 1). Best practice clinical
guidelines for the treatment of ADHD include a combination of medication along with behavioral interventions (Cen-
ters for Disease Control and Prevention). Medication is not, however, a recommended treatment for children with
APD. Interestingly, performance on auditory tasks such as discrimination of sound in noise, temporal processing, and
auditory attention improves in children following a course of Ritalin or its equivalent stimulant that is prescribed to
children with ADHD (Centers for Disease Control and Prevention).

Different viewpoints among audiologists, clinical neuropsychologists, and other professionals such as speech
language pathologists, exist for a number of reasons, including the heterogeneity of symptoms, variations in the defi-
nition of APD and dyslexia and other learning disorders, the lack of a reference standard for diagnosis, the relationship
between auditory perceptual deficits and language disorders, and the particular treatment approach(es) that follow
from the diagnosis. A cross-functional approach to evaluating children identified with any one of dyslexia, APD or
even ADHD, should result in earlier intervention to address weaknesses in neural systems. It is also likely that con-
tinued advancements in technology will increasingly assist in diagnosis. Functional magnetic resonance imaging and
electrophysiology have contributed to an enhanced understanding of the brain’s structural aspects and its relationship
with language-based learning disabilities. Cerebral maturation and cognitive development are interdependent pro-
cesses, and stages of cognitive development have associated stages of myelination and dendritic branching throughout
childhood and into adolescence (Chevalier et al., 2015, p.2). While it is unlikely that brain imaging will become
standard screening, the early discernment of under-performing areas of the brain would, without doubt, aid interven-
tion strategies, particularly for dyslexia, in an effort to rewire the brain’s circuitry.

Conclusion

An estimated 10 million school-aged children have dyslexia (United States Census Bureau; International Dyslexia
Association; Shaywitz & Shaywitz, 2020, p. 7, 29). An accurate assessment of how many of these dyslexic children
also have APD is not known but estimates range as high as 25 percent (Iliadou V. et al., 2009, p. 1029; National
Institutes of Health). Many dyslexics are not ever evaluated for APD. Hence, it is not known whether APD is a
contributing risk factor or a cause of dyslexia’s language-based neurological deficits.

Embracing the multi-dimensional nature of auditory processing and dyslexia is needed to address the learning
challenges faced by a significant percentage of our fellow students. Societal stigmas associated with a range of learn-
ing disorders have lessened and educational environments are slowly learning to be more attuned to possible early
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diagnosis and intervention. Developing holistic evaluation and intervention efforts will lead to greater human poten-
tial outcomes for these individuals.
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