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Abstract

The International Dyslexia Association definition of dyslexia was updated 20 years ago
and has been referenced frequently in research and practice. In this paper, researchers from
the Florida Center for Reading Research consider the components of the definition and
make recommendations for revisions. These include recognizing the persistence of word-
reading, decoding, and spelling difficulties, acknowledging the multifactorial causal basis
of dyslexia, clarifying exclusionary factors, and denoting comorbidity with other develop-
mental disorders. It is also suggested that the academic and psychosocial consequences of
dyslexia be highlighted to reinforce a preventive service delivery model. Lastly, the inclu-
sion of dyslexia within a specific learning disability category is supported.

Keywords Definition - Dyslexia - Exclusionary criteria - Multifactorial causal models -
Reading disabilities

The current definition of developmental dyslexia by the International Dyslexia Association
(IDA) was proposed 20 years ago (Lyon et al., 2003) and has been referenced frequently
in research and practice. Most states in the USA have adopted the definition in their dys-
lexia legislation or guidelines. Despite the widespread acceptance of the definition, it is
important to revisit it on occasion to assure it continues to be aligned with current research
findings. In this paper, researchers affiliated with the Florida Center for Reading Research
at Florida State University comment on the various components of the IDA definition,
pointing out where there continues to be support for components and where revisions are
warranted. Recommendations are provided at the end of each section (italicized) and sum-
marized in the conclusion.

P< Hugh W. Catts
hcatts @fsu.edu

Florida Center for Reading Research, Florida State University, 2010 Levy Avenue, Suite 100,
Tallahassee, FL 32310, USA

@ Springer


http://orcid.org/0000-0001-9522-7758
http://orcid.org/0000-0002-4564-9394
http://orcid.org/0000-0001-8173-0723
http://orcid.org/0000-0003-3855-3746
http://orcid.org/0000-0002-3243-7894
http://orcid.org/0000-0003-1603-2990
http://orcid.org/0000-0003-1836-4681
http://orcid.org/0000-0001-8858-3498
http://crossmark.crossref.org/dialog/?doi=10.1007/s11881-023-00295-3&domain=pdf

Revisiting the definition of dyslexia 283

Neurological basis

The IDA definition states that dyslexia is neurobiological in origin. Reference to a neuro-
biological basis is important for several reasons. First, it dissuades the mistaken view that
dyslexia is caused primarily by environmental factors (e.g., poor instruction) or by lack
of motivation. This is not to say that environmental or motivational factors do not play a
role in dyslexia. As noted below, dyslexia has a multifactorial causal basis that includes
neurobiological, psychological, and environmental influences. Second, reference to a neu-
rological origin is consistent with a large and growing body of research concerning the
brain basis of dyslexia. This work has been conducted across numerous labs, using a vari-
ety of approaches, including most recently ones directed at genetics and neurochemical
causes. Research clearly documents brain differences between individuals with and without
dyslexia in both structure and function (Fletcher, 2009; Norton et al., 2015). These dif-
ferences have typically been identified in the perisylvian and occipito-temporal regions of
the left hemisphere. But differences are quite variable across studies and participants, and
no specific brain-based biomarker of dyslexia has been identified (Ramus et al., 2018). In
addition, most of the research has included individuals who have already experienced read-
ing difficulties; and therefore, some of the reported differences could be the result of vari-
ability in reading experience rather than a precursor of reading difficulties. This conclusion
is countered by studies finding reduced brain activity in students with dyslexia compared
to younger students who read at the same level (Hoeft et al., 2006). There is also emerg-
ing evidence of neurological differences prior to reading instruction in those who later
evidence dyslexia or related phonological processing difficulties (Raschle et al., 2011; Yu
et al., 2022; Zuk et al., 2021). This work is quite limited compared to that involving those
who already show reading difficulties. Thus, more attention needs to be given to the neuro-
biological precursors of dyslexia to better understand the brain basis of this condition.

The observed brain differences associated with dyslexia are not necessarily indicative of
an abnormal or dysfunctional brain. There were early reports of what appeared to be abnor-
mal brain structures in dyslexia (Galaburda et al., 1985; Humphreys et al., 1990), but most
studies reveal what seem to be differences rather than deficits in brain structure and func-
tion. Some have suggested that these differences are better characterized as representing
normal variation in neurological development, similar to the variation related to musical
talent or physical agility (Protopapas, 2019). This variation could well have been encoded,
at least in part, in the human genome for thousands of years but the impact only became
apparent when reading was more widespread (Grigorenko, 2022). At that point, neurobio-
logical variation began to contribute to a culturally valued skill and those with limitations
were eventually seen as having a disability.

Recommendations

Reference to the neurobiological basis of dyslexia in the IDA definition is well supported.
However, more evidence is needed to understand what aspects of the neurobiological basis
are causes versus consequences of dyslexia. Also, the characterization of the neurobiologi-
cal basis as a disorder or deficit should be avoided as it is in the current definition. In
addition, it should be made clear that although a neurobiological basis is primary, envi-
ronmental factors may also play an additive role to increase (or decrease) the likelihood of
dyslexia.
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Difficulties in word reading

The primary characteristic of dyslexia according to the IDA definition is unexpected dif-
ficulties in word reading, spelling, and decoding. We discuss the unexpectedness of these
difficulties in a later section and focus here on the difficulties themselves, primarily those
involved in word reading. One of the challenges of operationalizing this aspect of the defi-
nition is that the presence of difficulties in word reading is not a categorical condition. It
is not something you have or do not have, like a broken bone. Rather word-reading ability
is distributed in a continuous fashion with the majority of students at or near the middle
of the distribution and smaller numbers of students toward the lower and higher ends of
the distribution. As such, there is no point on the distribution that represents where typi-
cal word reading ends and problematic word reading begins. The decision concerning this
point is left to practitioners, researchers, and policymakers. Some argue that the division is
higher on the distribution, and that one in five children has the condition (Shaywitz, 1996),
whereas many others, our group included, argue that dyslexia represents a more severe
condition experienced by 5-10% of students (see Fletcher et al., 2019). Regardless, the
continuous nature of word-reading ability highlights the fact that those with more severe
and less severe word-reading problems are on the same continuum of word-reading ability
and differ by degree. As a result, they likely share many of the same risk factors and con-
sequences and can both benefit from intervention tailored to their needs (Catts & Petscher,
2022). Thus, the current national focus on dyslexia could have wider implications for all
readers on the lower end of the word-reading distribution.

Nature of word-reading difficulties

The nature of the word-reading difficulties associated with dyslexia varies with the orthog-
raphy being read (Seymour et al., 2003; Ziegler & Goswami, 2005). The complexity of the
orthography affects early reading acquisition, with difficulty increasing as the orthography
moves from simple to complex in syllabic structure and from shallow to deep regarding
inconsistencies and complexities in orthography-to-phonology relationships. English tends
to be an outlier in terms of alphabetic orthographies in that it is both deep and contains
complex syllable structure. This puts particular pressure on developing readers who are
reliant on applying orthographic-to-phonological relationships to read unfamiliar words.
Seymour et al. (2003) reported that the acquisition of word recognition and decoding skills
occurs more slowly in deep orthographies (e.g., English, French, Portuguese) than in shal-
low orthographies (e.g., Finnish, Greek, Italian, Spanish). The effect of the orthographic
complexity also impacts the primary symptoms of dyslexia. In shallow orthographies, such
as Spanish, in which there is a consistent relationship between speech sounds and sym-
bols, individuals with dyslexia have particular problems with the speed of word reading. In
more opaque orthographies such as English, those with dyslexia show persistent problems
in both speed and accuracy of word reading.

Descriptions of the diversity in written language systems and the impact on acqui-
sition are deeply entrenched in Anglophone and Eurocentric/alphabetocentric perspec-
tives. Little consideration is given to non-European writing systems promoting a one-
dimensional view of script variation, namely, spelling—sound consistency (see Daniels
& Share, 2018). Reductionist approaches to describing similarities across orthographies
suggest that writing systems show a certain amount of accommodation to the properties
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of the language they represent (see Verhoeven & Perfetti, 2017), with the understanding
that reading universally involves phonology at the lowest level allowed by the writing
system (Perfetti, 2003). As such, dyslexia in non-alphabetic languages varies in how the
writing system makes demands on both phonology and non-phonological systems. For
instance, while Chinese reading depends on basic phonological skills of the readers, it
also places unique demands on orthographic skills and knowledge sources. Specifically,
visual-orthographic processing difficulties have been suggested to be associated with
dyslexia in Chinese (see McBride et al., 2022). Although our focus here is on possible
revisions to the current IDA definition of dyslexia, it is important to consider that some
of the limitations associated with the current definition may extend to other non-alpha-
betic orthographies, whereas others may not.

Returning to English, much of the ambiguity associated with pronunciation concerns
vowels, with variation being resolved by considering the consonantal context in which
vowels occur (see Venezky, 1999). In a corpus analysis, Kessler and Treiman (2001)
found that the consistency of vowel pronunciations increases significantly when the
syllable coda is considered. There is a large body of evidence suggesting that English
requires developing readers to process multiple grain sizes between orthography and
phonology to help resolve vowel ambiguity (e.g., beat vs. head; see Ziegler & Gos-
wami, 2005). Thus, the evolution of decoding skills to support the use of multiple grain
sizes between orthography and phonology allows vowel pronunciations to be “tuned”
to represent the probabilistic constraints of the orthographies (see Steacy et al., 2019;
Treiman et al., 2006). Difficulties with phonological skills associated with dyslexia
limit the growth of important decoding skills at multiple grain sizes, which results in
children with dyslexia exhibiting a general tendency to process only partial information
about words and to further rely on other sources of information that are considerably
less efficient (see Harm & Seidenberg, 2004; Stanovich, 1984). This is consistent with
the view that children with dyslexia may be over-reliant on a global processing strategy
that affords insufficient attention to individual letters or groupings of letters (Compton
et al., 2014; Ehri & Saltmarsh, 1995) and the corresponding phonological representa-
tions. Furthermore, a lack of sufficient attention to orthographic-to-phonological con-
nections when reading words limits the ability of children with dyslexia to tune vowel
pronunciations to better represent the probabilistic constraints of the orthographies (see
Steacy et al., 2021a, 2021b; Steacy et al., 2021a, 2021b), significantly limiting word
reading development over time. Thus, linguistic complexities related to English orthog-
raphy, along with phonological processing difficulties associated with dyslexia, result in
a unique set of symptoms involving word reading.

Another aspect of word-reading difficulties that should be considered in defining dys-
lexia is the persistence of these difficulties. At the beginning of instruction, a sizable num-
ber of children may score at the lower end of the distribution and below a designated cutoff
score (Catts et al., 2009). Some of these children will have dyslexia, whereas others will
be off to a “slow start” because of other factors, such as limited preschool literacy experi-
ence or speaking one or more languages at home that differ from the language of instruc-
tion in school. With quality instruction and experience, most children will respond well in
the short term and no longer perform below the cutoff score in word reading (Blachman
et al., 1999; Kieffer, 2008). However, for children with dyslexia, it is expected that with-
out early, intensive, and ongoing intervention, word reading, decoding, and spelling prob-
lems will persist, even into adulthood (Shaywitz et al., 1999). Even with such instruction,
children with dyslexia may continue to experience some difficulties, especially in spelling
(Maughan et al., 2009). Therefore, including the notion of persistence in defining dyslexia
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should help differentiate children with dyslexia from those who initially show some word-
reading limitations but who later perform in the expected range.

Word-reading difficulties as a synonym for dyslexia

Rather than including word-reading problems as a symptom of dyslexia, some have argued
that dyslexia is best thought of as a synonym for a reading disability (Elliott & Grigorenko,
in press; Protopapas, 2019). According to this view, dyslexia is not considered a condition
that underlies word-reading difficulties but rather the name or label for the disability. This
view does acknowledge that the disability is not due to a lack of reading instruction or the
result of an intellectual, hearing, or visual disability. A definition focusing on word-reading
difficulties is more easily operationalized in most contexts and is especially well suited for
educational settings. Schools are well equipped, for the most part, to assess and evaluate
reading performance. Defining dyslexia exclusively on the basis of difficulties learning to
read words could provide educators with a clear target for diagnosis and intervention. Of
course, decisions still would need to be made concerning how severe and persistent the
word-reading difficulties need to be, but focusing specifically on children’s reading devel-
opment could take some of the mystery away from dyslexia and offer clear directions for
educational practice.

However, defining dyslexia on the basis of reading difficulties alone has some potential
shortcomings. Primary among these is the lack of consideration of the cognitive precursors
associated with dyslexia. Whereas it is acknowledged below that these precursors are often
quite variable, taking attention away from them has implications for early identification
and treatment. Word-reading measures often have floor effects in the early stages of learn-
ing to read, and as such, it can be difficult to determine which children will have persistent
difficulties based on these measures alone (Catts et al., 2009). Therefore, also considering
underlying cognitive factors could provide useful information for early identification. Spe-
cifically, early difficulties in phonological processing and other aspects of oral language
often foretell word-reading problems and could serve to identify risk for dyslexia prior to
reading failure (Catts et al., 2015; Compton et al, 2006). Furthermore, linguistic difficulties
associated with dyslexia can impact academic performance well beyond word reading. For
example, limitations in phonological memory can be especially problematic for listening
comprehension across a variety of academic situations such as teacher-directed oral read-
ing or note taking and comprehension of classroom discourse or lectures. Phonological
memory difficulties can also impact reading comprehension. Thus, failing to acknowledge
limitations in phonological processing and other precursors could lead to these problems
being ignored in intervention.

Recommendations

The primary characteristic of dyslexia is severe and persistent difficulties in the accuracy
and/or speed of word reading, decoding, and spelling. The continuous nature of word-read-
ing ability should be taken into consideration in operationalizing the definition. Whereas
there are some advantages to defining dyslexia solely on the basis of word-reading difficul-
ties, definitions should also specify potential underlying causal factors to assure early iden-
tification and intervention to address difficulties beyond word reading. More evidence is
needed, but such a definition may better distinguish children who are at risk for persistent
reading difficulties from those with more short-term difficulties.
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Difficulty with the phonological component of language

The current IDA definition proposes that word-reading difficulties “typically result from
a deficit in the phonological component of language.” Indeed, there is considerable evi-
dence of a link between dyslexia and significant difficulties in the storage, retrieval, and
awareness of the sounds of language (Melby-Lervag et al., 2012; Peterson & Pennington,
2012; Snowling et al., 2019). Whereas the evidence linking phonological processing dif-
ficulties to dyslexia is quite strong, there is notable inconsistency in the association (Catts
et al, 2017; Pennington et al., 2012; Snowling, 2008; Snowling & Melby-Lervag, 2016).
This work suggests that not all individuals with dyslexia have difficulty with phonological
processing and not all those who demonstrate such difficulties develop significant word-
reading problems. There are, however, alternative explanations for finding inconsistency in
the association. First, when cut-points are placed on continuous distributions, measurement
errors can produce spurious changes in classification from one time or measure to the next.
Second, when groups are defined by extreme scores in phonological processing or read-
ing at time one and the other at time two, regression to the mean will produce additional
spurious changes in classification. It should be possible to model the magnitudes of these
spurious effects and thereby determine the extent to which true differences in classifica-
tion exist. Regardless of the outcome of this work, there is growing evidence that factors
beyond phonological processing play a causal role in dyslexia. These include limitations
in oral language (Price et al., 2022; Snowling & Melby-Lervag, 2016), processing speed
(Norton & Wolf, 2012), visual processing (Bosse et al., 2007; Joo et al., 2018), and pro-
cedural learning (Lum et al., 2013; O’Brien & Yeatman, 2020; but see West et al., 2021).
Family history and environmental factors, such as childhood trauma, heavy metal exposure,
and poverty, have also been linked to reading difficulty (Blodgett & Lanigan, 2018; Dela-
ney-Black et al., 2002, Evens et al., 2015; 2016). As noted above, the latter adverse envi-
ronmental factors are not viewed as primary causal factors, but can interact with other risk
factors to increase the likelihood of experiencing severe and persistent reading difficulties.

Collectively, these findings have led to the proposal of multifactorial causal models of
dyslexia (Catts et al., 2017; Catts & Petscher, 2022; Compton et al., 2006; O’Brien & Yeat-
man, 2020; Pennington, 2006; 2012; Snowling, 2008; Spencer et al., 2014; van Bergen
et al., 2014). These models propose that multiple factors combine and interact to increase
the probability of difficulty in learning to read. As such, multifactorial causal models are
probabilistic rather than deterministic. In other words, multiple risk factors work in con-
junction to increase the probability of difficulties in learning to read rather than any one
factor or combination determining that an individual will have these difficulties (Catts &
Petscher, 2022). In addition, risk can be moderated by positive influences that serve as pro-
tective or promotive factors to counteract risk factors (Haft et al., 2016).

In multifactorial causal models, phonological processing difficulties continue to be
viewed as a prominent causal factor, but other factors operate in combination with it, and,
in some cases, in place of it, to increase the likelihood of dyslexia (Catts & Petscher, 2022).
Such a proposal is consistent with recent arguments that developmental disorders in gen-
eral are best explained by a constellation of strengths and weaknesses rather than “core
deficits” (Astle & Fletcher-Martin, 2020). This would seem to be especially true for dif-
ficulties with reading development. The development of accurate and fluent word-read-
ing abilities relies on numerous linguistic, cognitive, socioemotional, orthographic, and
instructional factors that act and interact in various ways and change over time (Cain et al.,
2017; Catts & Petscher, 2022). As such, difficulties in learning to read are likely due to
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individual differences and experiences across many factors. An important implication of
the multifactorial causal basis of dyslexia is the recognition that there is variability in the
cognitive and neurobiological presentation of the condition. That is, beyond word-reading
difficulties, there will be no consistent cognitive or neurobiological profile or profiles that
characterize those with dyslexia. These individuals will vary in their cognitive strengths
and weaknesses and environmental influences that have led them to have difficulties in
learning to read. Highlighting the multifactorial basis of dyslexia also allows the defini-
tion to apply to both alphabetic and non-alphabetic writing systems. Whereas phonological
processing difficulties are also a risk factor in the latter orthographies, other factors (e.g.,
visual-orthographic processing) may play a more prominent role (McBride et al., 2022).

Recommendations

The IDA definition should highlight the multifactorial causal basis of dyslexia, while also
referencing phonological processing as a primary difficulty given its strong support as a
causal factor. We also prefer the phrase “difficulty in phonological processing” rather than
“deficit in the phonological component of language.” The latter suggests a more general
disorder in phonology rather than the specific variation in phonology associated with dys-
lexia. Moreover, difficulty with the phonological component could include an articulation
disorder, which is not central to dyslexia, but may sometimes be present as a comorbid
condition.

Exclusionary criteria

The IDA definition also states that “a deficit in the phonological component of language
is unexpected in relation to other cognitive abilities and provision of effective classroom
instruction.” Most definitions of dyslexia include exclusionary criteria such as these, but
these criteria are typically in reference to word-reading difficulties, not difficulties with
phonological processing. This distinction may not be problematic for some when referenc-
ing phonological abilities relative to “other cognitive abilities,” but as discussed below,
there is still disagreement concerning this criterion. What is particularly problematic with
this part of the definition is the implied relationship between difficulty with phonological
processing and effective reading instruction. Indeed, reading instruction, once underway,
has been shown to impact phonological processing (Hogan et al., 2005), but the phonologi-
cal processing difficulties that often underlie dyslexia are generally believed to be consti-
tutional in origin and independent of reading instruction (Snowling et al., 2019; cf. Castles
& Coltheart, 2004). This does not take away from the importance of considering reading
instruction in the identification process; rather it requires that reading difficulties and not
phonological processing difficulties be unexpected on the basis of effective classroom
instruction.

Referencing instruction

The IDA definition does include an important qualifier concerning instruction. Specifically,
it states that instruction should be “effective.” A criterion related to effective instruction is
an important part of the definition because it helps to distinguish between those children
who have not been taught to read from those who have been taught but have not learned to
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read. Without such a qualification, children who experience less than optimum early read-
ing instruction could be wrongly identified as having dyslexia. Reports that many children
find themselves in such conditions should encourage caution in considering how best to
account for the role of instruction in the identification of dyslexia (Seidenberg, 2017).

Even with the qualifier of effective instruction, there is the challenge of quantifying
it. Research clearly documents the components of effective instruction in word reading,
which has been captured in meta-analytic summaries (Suggate, 2016; Wanzek et al., 2016),
and increasingly, teachers are being trained in how to use them (Drake & Walsh, 2020).
However, there are important obstacles that limit the transmission of increased teacher’s
knowledge that result in variability in quality of instruction (e.g., Denton et al., 2003). This
variability is seldom well quantified and incorporated into decisions concerning dyslexia
identification. For example, in practice, eligibility decisions are rarely focused on how well
teachers are teaching and only coarsely measure response to instruction via progress moni-
toring. Such distinctions may not be worrisome for decisions involving students with the
most significant word-reading difficulties, but it could be problematic for decisions con-
cerning students performing slightly above or slightly below a cutoff score or students who
encounter many challenges to reading achievement in school. More attention needs to be
given to how to account for the quality and quantity of instruction in diagnosing and iden-
tifying dyslexia.

Referencing intelligence

As noted above, the IDA definition references “other cognitive abilities” in defining dys-
lexia, but does not specify them. This lack of clarity can be problematic in practice. For
example, there is a long and well-documented history of educators, clinicians, and families
conflating “cognitive abilities” and “intelligence,” even relying on the now debunked 1Q-
achievement discrepancy to determine diagnosis of learning disabilities, including dyslexia
(Merecer et al., 1996; Stuebing et al, 2002). Although requirements for an IQ-achievement
discrepancy have been removed from some definitions and eligibility criteria for dyslexia,
intelligence is often still referenced. One need look no further than the definition in the 21st
Century Dyslexia Act (2021-2022), a bill introduced in the 2021-2022 US Congress to
designate dyslexia as its own category within Individuals with Disabilities Education Act
(IDEA). This bill defines dyslexia as characterized by ... unexpected difficulty in reading
for an individual who has the intelligence to be a much better reader.” Unfortunately, many
are drawn to this way of conceptualizing dyslexia, especially given the portrayal of highly
intelligent or creative individuals with dyslexia in popular media (e.g., Davis & Braun,
2004; Eide & Eide, 2023). To be clear—there are extraordinary individuals with superior
intelligence who also have dyslexia. However, like the majority of the population, most
individuals with dyslexia have normal or even below normal intelligence (Siegel & Himel,
1998). Furthermore, children with dyslexia who have lower 1Qs demonstrate reading dif-
ficulties, underlying causal factors, and instructional response patterns similar to children
who have higher 1Qs (Stuebing et al., 2015; Tanaka et al., 2011).

Referencing listening comprehension
Given the limitations of applying an IQ-achievement discrepancy to the definition,

researchers have proposed using differences between listening and reading comprehen-
sion levels as an alternative criterion (Badian, 1999; Erbeli et al., 2018; Stanovich, 1991;
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Wagner et al., 2020). Importantly, poor reading comprehension relative to listening com-
prehension may have a functional use in educational contexts. One example is the provi-
sion of assistive technology. Assistive technology in the form of text-to-speech improves
reading comprehension for individuals with reading disabilities, including dyslexia (Wood
et al., 2018). However, there is no reason to expect that listening to text-to-speech would
be helpful for individuals whose listening comprehension is no better than their reading
comprehension. In addition, an individual who demonstrates difficulty with both listening
and reading comprehension would seem to have a greater need for language enrichment or
intervention than would an individual whose difficulties are limited only to reading. These
distinctions could inform both identification and treatment of reading difficulties and dis-
abilities, including dyslexia.

Wagner and colleagues (2020, 2022) investigated these possibilities in a series of stud-
ies examining the population prevalence of dyslexia operationalized as reading comprehen-
sion that is worse than listening comprehension. Obviously, other operationalizations of
unexpected poor reading could have been used; however, their reasoning was quite simple:
if one struggles to read the words on the page fluently, then reading comprehension should
be worse than listening comprehension. Three main conclusions emerged from these stud-
ies. First, samples of poor readers will contain more readers whose reading is consistent
with their listening comprehension than unexpected poor readers. Second, individuals with
unexpected poor reading can be found across the distribution of reading performance. Indi-
viduals with well-above-average language skills who struggle with word-level reading may
demonstrate relatively poor reading compared to oral language but still perform near aver-
age relative to peers. Third, the prevalence of dyslexia is better represented as a distribu-
tion that varies as a function of severity as opposed to any single number. Moreover, that
distribution can be modeled and used for identification purposes (Wagner et al., 2023).
One challenge facing a discrepancy approach like this is the complexity of measuring read-
ing and listening comprehension. There can be considerable variability from one measure
of comprehension to the next (Cutting & Scarborough, 2006; Keenan & Meenan, 2014).
As such, if measures are not carefully chosen and matched, interpretation of discrepancies
between reading and listening comprehension can be compromised.

Referencing race, ethnicity, linguistic diversity, and poverty

The IDA definition states that dyslexia is a specific learning disability (SLD), aligning it
with the SLD category of IDEA. Although the IDA definition makes no mention of race,
linguistic diversity, or poverty, IDEA does so explicitly, stating that SLD does not include
learning problems that are primarily the result of visual, hearing, or motor disabilities, of
intellectual disability, of emotional disturbance, or of environmental, cultural, or economic
disadvantage (Individuals with Disabilities Education Act, 2004). Reauthorizations of
IDEA go one step further, requiring states to monitor regularly whether “significant dispro-
portionality” based on race and ethnicity is present at the state and local education agency
levels for three indicators: (1) identification of children with disabilities, (2) placement of
children with disabilities in educational settings, and (3) incidence, duration, and type of
disciplinary actions for children with disabilities.

On the surface, these exclusionary criteria are important, scientifically and practically.
They help to clarify the genesis of the reading difficulty that children may be experienc-
ing and inform how it might be best treated. Yet, despite these provisions in the law and in
policy, disproportionality in special education by race and ethnicity has been observed for
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over half a century (Skiba et al., 2016; Terry et al., 2023; Office of Special Education Pro-
grams, 2023). The evidence base exploring factors that may contribute to disproportional-
ity is mixed. Historically, research findings have pointed to a general over-representation
of students from specific race and ethnic subgroups (Cruz & Rodl, 2018; Sullivan & Bal,
2013). Alternatively, recent research findings have pointed to a general under-representa-
tion (Morgan et al., 2015, 2017). Differences in the findings make clear that dispropor-
tionality is complex and multi-dimensional, and requires approaches that elevate the inter-
sectionality of factors associated with the educational experiences of racially, ethnically,
culturally, and linguistically diverse students with disabilities, including dyslexia. Multifac-
torial causal models of dyslexia, like those proposed earlier, may prove quite beneficial in
this regard.

It is in this context that we argue that the definition of dyslexia either as an SLD, as cur-
rently operationalized in IDEA, or as a separate category, as operationalized in proposed
legislation, should attend explicitly to issues of race, ethnicity, linguistic diversity, and pov-
erty. Certainly, one way to address this issue is to take an inclusionary approach rather than
an exclusionary one. That is, the definition could state explicitly that dyslexia occurs across
all languages, races, ethnicities, and socioeconomic categories. A proportion of students
in all these groups will experience a severe and persistent reading difficulty that requires
intensive support across the lifespan to treat the condition in the classroom, in the home,
and in the workplace. However, such statements alone do little to address systemic and his-
torical biases that permeate the identification, eligibility, and treatment processes. Indeed,
there is not only evidence of over- and under-representation of specific student populations
in eligibility categories but also evidence that the provision of services for treatment of
these conditions differs for these groups (Terry et al., 2023). Simply put, even when pro-
vided with an IEP to treat dyslexia, some student groups are much less likely to receive
effective intensive interventions that adequately respond to their needs. Such findings com-
plicate the execution of our recommendations that, for example, the quality of instruction
be considered in the definition. It will be difficult to validly and reliably identify dyslexia in
conditions where some groups of students are neither receiving appropriate instruction in
the classroom to simply learn how to read nor receiving appropriate intervention in more
intensive settings when they have been taught but have not learned to read.

The persistent disproportionate representation of students from specific race and ethnic
subgroups suggests that, in practice, the decision-making process is influenced by social
factors that promote bias and discrimination. Meanwhile, the persistent under-representa-
tion of students from these subgroups in research suggests that, in science, the generation
of rigorous, relevant, and generalizable evidence to address their needs as individuals with
dyslexia is inadequate (Lindo, 2006; Sullivan et al., 2020). Researchers have warned of the
limitations of taking a color-blind approach to studying development, disability, and edu-
cational achievement (Bruno & Iruka, 2022; Muthukrishna et al., 2020; Terry et al., 2023).
Educators, too, should heed these warnings, as the negative consequences are quite real
for diverse learners with heterogeneous, developmental disabilities like SLD and dyslexia.
Popular media reports of dyslexia as a condition reserved only for White and affluent fami-
lies, as well as the difficulties children and families from historically and systemically mar-
ginalized schools and communities face when trying to acquire appropriate diagnosis and
treatment, are becoming commonplace (Carr, 2022a, 2022b). These reports create uncer-
tainty about whether or not children in specific subgroups can or even should receive a
dyslexia diagnosis and about whether or not dyslexia is a real condition at all (Kale, 2020).

Indeed, it is plausible that the exclusionary criteria were intended to offer specificity
on dyslexia, for research and for practice. Yet, emerging evidence suggests that dyslexia
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is a heterogeneous, developmental condition that may present differently in individuals
across the lifespan. Thus, dyslexia can be present even in the absence of adequate learning
opportunities in the classroom; even in the absence of optimal environmental conditions in
homes, schools, and communities; and even in the presence of poverty, linguistic diversity,
and racism. Although the available evidence does not provide a clear understanding of the
mechanisms by which disproportionality emerges for specific student subgroups or how
best to attenuate it, it seems clear that the exclusionary criteria in their current form are
disproportionately unresponsive to the needs to subgroups of students and may contribute
to many students not receiving the services to which they are entitled. We can offer no easy
answers about how these specific exclusionary criteria should be addressed in law, policy,
or the definition of dyslexia. We are certain, however, that the bias inherent in it cannot be
ignored.

Recommendations

The IDA definition should be revised to compare effective reading instruction to word-
reading difficulties and not a phonological deficit. Some members of our group also sug-
gest that reference to “other cognitive abilities” be dropped from the definition to discour-
age the use of IQ-achievement discrepancy as a defining characteristic. Others propose the
use of a discrepancy between reading and listening comprehension be included as a charac-
teristic of dyslexia. Finally, we suggest that the definition makes explicit the intersectional-
ity of the disability with factors like race, ethnicity, culture, linguistic diversity, and poverty
and its consequences for identification and treatment of dyslexia.

Secondary consequences

Students with dyslexia face a host of negative consequences. Some are directly related to
their word-reading difficulties, such as challenges with vocabulary and reading compre-
hension (Stevens et al., 2022) and written composition (Hebert et al., 2018). Others are
indirectly related to their word-reading difficulties, such as challenges with self-esteem,
anxiety, and depression (Arnold et al., 2005; Jorden & Dyer, 2017; McArthur et al., 2020;
Morgan et al., 2012). These academic and non-academic challenges can make students
with dyslexia more vulnerable to experiencing poorer school achievement and overall
school success, including an increased likelihood of experiencing behavioral problems,
dropout, truancy, delinquency, and incarceration (Baker & Ireland, 2007; Daniel et al.,
2006; Grigorenko, 2006). These negative consequences, which are commonplace, are just
as concerning as the primary word-reading difficulties and can seriously impact the overall
quality of life of individuals with dyslexia. These consequences should be highlighted in
the definition of dyslexia, both because they often accompany the condition and because
attending to them can prevent or limit their impact.

Recommendations
The IDA definition currently includes secondary consequences related to reading com-

prehension, growth in vocabulary, and background knowledge. These consequences
should be expanded to include poor academic achievement and the psychosocial impact
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of dyslexia. Such explicit recognition is needed to draw attention to these consequences
to prevent or reduce their impact.

Comorbidity

Dyslexia often co-occurs with other developmental conditions (Moll et al., 2020). Spe-
cifically, children with dyslexia have been shown to have a higher-than-expected occur-
rence of speech sound disorder (SSD; Cabbage et al., 2018; Pennington & Lefly, 2001).
SSD is a phonological disorder with different symptoms from those typically described
as part of the phonological basis of dyslexia (e.g., Farquharson et al., 2018). SSD
involves the persistent and systematic deletion, substitution, and distortion of speech
sounds, which can decrease speech intelligibility compared to same-age peers (Shriberg
& Kwiatkowski, 1994). Children with dyslexia may also show subclinical difficulties
with word-specific errors, such as mispronouncing “animal” as “aminal” or “specific” as
“pacific,” long after correct productions are age appropriate (Catts, 1989; Farquharson
etal., 2021).

Many individuals with dyslexia can have language problems that extend beyond
phonology (Catts et al., 2005; Snowling & Melby-Lervag, 2016). These difficulties
vary in intensity from mild to clinically significant. Some children with dyslexia are
“late talkers” who have a limited vocabulary and produce few two-word combinations
by 2 years of age (Lyytinen et al., 2005; Price et al., 2022). Children who show these
early language delays may continue to have difficulties in learning, understanding, and
using oral language and can be diagnosed with developmental language disorder (DLD;
McGregor, 2020). These children have the most severe forms of a language impairment
and represent about 5-10% of the population (Tomblin et al., 1997). Their language
problems are not explained by other conditions, such as hearing loss or autism, or by a
lack of exposure to language. Despite the life-long nature of DLD and its impact on aca-
demic and social development, it remains an underserved condition (McGregor, 2020).

Numerous studies have documented the increased prevalence of DLD in children
with dyslexia (Catts et al., 2002, 2005; McArthur, et al., 2000; Price et al., 2022; Snowl-
ing & Melby-Lervag, 2016). Prevalence ranges from 30% in population-based samples
of dyslexia (Catts et al., 2005) to near 50% in clinical samples (McArthur, et al., 2000;
Price et al., 2022). Research shows that children with dyslexia and comorbid DLD have
more severe word-reading problems and reading difficulties in general than those with
dyslexia alone (Adlof et al., 2021; Duff et al., 2022). These findings suggest that early
spoken-language difficulties should be considered a risk factor for dyslexia.

Beyond oral language problems, individuals with dyslexia have a higher incidence of
attention deficit hyperactivity disorder (ADHD) and math disorder (MD). Research shows
that the bidirectional comorbidity between dyslexia and ADHD is 25-40% (McGrath et al.,
2020). Furthermore, it is estimated that children with MD are twice as likely to have dys-
lexia as those without MD (Joyner & Wagner, 2020). Because of the increased prevalence
of SSD, DLD, MD, and ADHD in dyslexia, these conditions might serve as additional
criteria for identifying dyslexia in diagnostic evaluations. There is research evidence for
this approach. For example, Spencer et al. (2014) found that a multifactorial model of dys-
lexia that included the presence of comorbid conditions of MD and ADHD showed greater
longitudinal stability of reading difficulties than did an alternative single-indicator model.
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Recommendations

Other developmental disorders are often comorbid with dyslexia. Whereas these disorders
are not a defining characteristic of dyslexia, their presence has the potential to improve the
diagnosis and subsequent treatment of the condition and should be noted as such, even if
not part of the definition.

Dyslexia as a specific learning disability

As discussed previously, the IDA definition states that dyslexia is an SLD, consistent with
its inclusion in IDEA. However, the 21st Century Dyslexia Act (2021-2022), recently
introduced in the US Congress, proposes to designate dyslexia as its own category within
IDEA. This yet-to-be-enacted bill also called for adding a new provision in IDEA that
clarified the obligation to provide equal access to accommodations or services for children
growing up in low-income households. Proponents argue that this will draw more atten-
tion to dyslexia and ensure early identification and intervention for all children with the
condition.

It is not clear whether this law is needed or if it will result in positive changes for stu-
dents with dyslexia. All but two states have recent legislation covering one or more aspects
of dyslexia, including early identification, intervention, and preservice and in-service
teacher training (National Center for Improving Literacy, 2023). Through IDEA, dyslexia
is defined and recognized in state legislation as a specific condition and services are man-
dated to address students’ needs. State definitions and guidelines also avoid provisions that
would limit identification and services for children growing up in poverty or low-income
households, children who are multilingual or emerging bilinguals, and children who are
from race-, ethnic-, and cultural-minority groups. Thus, federal legislation may have lit-
tle additional impact on services for individuals with dyslexia; that is, it may not change
everyday practices that promote or protect achievement and school success among students
with dyslexia. Furthermore, removing dyslexia from the category of a specific learning
disability separates it from other related learning disabilities. As noted above, individuals
with dyslexia frequently have comorbid conditions that are included in the definition of a
specific learning disability (e.g., math disabilities). As we argued above, recognizing the
presence of these comorbid conditions could lead to more accurate diagnosis of dyslexia
(Spencer et al., 2014; Wagner, 2018). Classifying dyslexia as a specific learning disability
could better ensure that intervention will address not only word-reading difficulties but also
limitations associated with comorbid conditions.

Implication for services

Definitions of dyslexia do not directly address provisions for services, but they do provide
guidance for practice. For example, specifying primary characteristics and exclusionary
and inclusionary criteria can influence procedures for identification and diagnosis. Addi-
tionally, highlighting secondary consequences can impact intervention services. We have
considered the implications for services explicitly in our suggested revisions for the IDA
definition. Specifically, a primary reason for including the educational and psychosocial
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consequences of dyslexia in a revised definition is to motivate a preventive and compre-
hensive approach to identifying and treating dyslexia (Catts & Hogan, 2021; Zijlstra et al.,
2021). The negative consequences we noted above are serious and have a significant impact
on the quality of life for individuals with dyslexia. Consequently, it is important that efforts
be in place to identify risk for dyslexia prior to reading failure and to ensure that interven-
tion is available to address both reading challenges and secondary consequences. Research
has shown that screening can accurately identify risk for dyslexia as early as kindergarten
or beginning of 1st grade (Catts et al., 2015; Compton et al., 2006; Lyytinen et al., 2015)
and that false positives can be addressed by follow-up testing and monitoring response to
instruction (Gellert & Elbro, 2017; Miciak & Fletcher, 2020). Furthermore, drawing atten-
tion to word-reading problems as the primary characteristic of dyslexia has implications for
intervention. This is especially true for the inclusion of problems in decoding and spelling.
Instructional practices to support students with dyslexia should focus on building the skills
necessary to promote orthographic learning through instruction that supports the learning
and application of orthographic—to—phonological connections across multiple grain sizes
(e.g., Harm et al., 2003; Lovett et al., 2020; Nation & Castles, 2017) in conjunction with
strategic addition of word-specific entries that encourage the building of orthographic
expertise (see Compton et al., 2014).

Recognizing the multifactorial causal basis of dyslexia suggests that differentiated
instruction might be needed to fully address the needs of those with dyslexia. However,
caution is warranted because research has yet to provide evidence of the effectiveness of
such an approach (Burns et al., 2016). Nevertheless, recognizing the multifactorial causal
basis of dyslexia supports the need for further investigation of differentiated instruction
that takes into consideration risk and resilience factors, especially in the case of those who
do not respond to standard treatment protocols.

Whereas implications for practice should not be part of the definition of dyslexia, these
implications should be apparent from the definition. Practitioners often point to the defini-
tion of dyslexia when operationalizing the condition and use this information for identi-
fication and treatment in clinical settings and eligibility and service delivery decisions in
school settings. We believe the current definition provides some useful clinical guidance
and our suggested revisions improve this guidance by bringing practical considerations to
the forefront.

Conclusions

Although the current IDA definition of dyslexia has provided a useful basis for identifi-
cation, service provision, and research, accumulating evidence over the ensuing 20 years
suggests ways that the definition can be refined to extend its utility into the future. As we
outlined above, core aspects of the definition, including reference to a specific learning
disability, neurobiological basis, primacy of word reading, decoding, and spelling dif-
ficulties, limitations in phonological processing, and secondary consequences should be
retained. Other aspects of the definition should be refined, including reference to exclu-
sionary criteria. Specifically, it should be made clear that limitations in word reading,
decoding, and spelling, and not phonological processing, are unexpected when effective
classroom instruction is provided. Some members of our group go further to suggest that
reference to “other cognitive abilities” be dropped from the definition to discourage the
use of IQ-achievement discrepancy as a defining characteristic. Others propose the use of
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a discrepancy between reading and listening comprehension be included as a characteris-
tic of dyslexia. Still, others suggest that issues of race, linguistic diversity, and poverty be
elevated in the discussion and accounted for in the diagnostic and treatment process rather
than dismissed as likely primary causes for reading difficulties. In addition, we also believe
that secondary consequences should be expanded to include academic failure and the psy-
chosocial impact of dyslexia. Such explicit recognition would draw attention to these con-
sequences and potentially prevent or reduce their occurrence.

Finally, we would be remiss if we did not acknowledge the diversity of thought and
expertise that informed our response to reimagining the definition of dyslexia. Indeed, we
do not always agree on issues associated with diagnosis and treatment of dyslexia as a
clinical disorder or identification, eligibility, and the provision of services for students with
dyslexia. Nonetheless, collectively, we believe our interdisciplinary approach to under-
standing and addressing the needs of individuals with dyslexia across the lifespan is a
strength that promotes both science and advocacy for this vulnerable population. As educa-
tors, clinicians, families, and policymakers continue this debate, we encourage transparent
discussion, thoughtful consensus-building, and genuine curiosity like that presented here.
It is only through such approaches that we will advance the lives of the children and adults
with dyslexia that we serve.

References

21st Century Dyslexia Act. S.3302. (2021-2022). Regular Session. https://www.congress.gov/bill/117th-
congress/senate-bill/3302

Adlof, S. A., Baron, L. S., Bell, B. A., & Scoggins, J. (2021). Spoken word learning in children with devel-
opmental language disorder or dyslexia. Journal of Speech, Language, and Hearing Research, 64,
2734-2749. https://doi.org/10.1044/2021_JSLHR-20-00217

Arnold, E. M., Goldston, D. B., Walsh, A. K., Reboussin, B. A., Daniel, S. S., Hickman, E., & Wood, F. B.
(2005). Severity of emotional and behavioral problems among poor and typical readers. Journal of
Abnormal Child Psychology, 33(2), 201-217. https://doi.org/10.1007/s10802-005-1828-9

Astle, D., & Fletcher-Martin, S. (2020). Beyond core deficit models in developmental disorders. Current
Directions in Psychological Sciences, 29, 431-437. https://doi.org/10.1177/0963721420925518

Badian, N. A. (1999). Reading disability defined as a discrepancy between listening and reading compre-
hension: A longitudinal study of stability, gender differences, and prevalence. Journal of Learning
Disabilities, 32(2), 138—148. https://doi.org/10.1177/002221949903200204

Baker, S. F., & Ireland, J. L. (2007). The link between dyslexic traits, executive functioning, impulsivity
and social self-esteem among an offender and non-offender sample. International Journal of Law and
Psychiatry, 30, 492-503. https://doi.org/10.1016/j.ij1p.2007.09.010

Blachman, B. A., Tangel, D. M., Ball, E. W., Black, R., & McGraw, C. K. (1999). Developing phonological
awareness and word recognition skills: A two-year intervention with low- income, inner-city children.
Reading and Writing: An Interdisciplinary Journal, 11(3), 239-273. https://doi.org/10.1023/A:10080
50403932

Blodgett, C., & Lanigan, J. D. (2018). The association between adverse childhood experience (ACE) and
school success in elementary school children. School Psychology Quarterly, 33(1), 137-146. https://
doi.org/10.1037/spq0000256

Bosse, M. L., Tainturier, M. J., & Valdois, S. (2007). Developmental dyslexia: The visual attention span
deficit hypothesis. Cognition, 104, 198-230. https://doi.org/10.1016/j.cognition.2006.05.009

Bruno, E. P., & Iruka, I. U. (2022). Reexamining the Carolina abecedarian project using an antiracist per-
spective: Implications for early care and education research. Early Childhood Research Quarterly, 58,
165-176. https://doi.org/10.1016/j.ecresq.2021.09.001

Burns, M. K., Petersen-Brown, S., Haegele, K., Rodriguez, M., Schmitt, B., Cooper, M., & VanDerHeyden,
A. M. (2016). Meta-analysis of academic interventions derived from neuropsychological data. School
Psychology Quarterly, 31(1), 28-42. https://doi.org/10.1037/spq0000117

@ Springer


https://www.congress.gov/bill/117th-congress/senate-bill/3302
https://www.congress.gov/bill/117th-congress/senate-bill/3302
https://doi.org/10.1044/2021_JSLHR-20-00217
https://doi.org/10.1007/s10802-005-1828-9
https://doi.org/10.1177/0963721420925518
https://doi.org/10.1177/002221949903200204
https://doi.org/10.1016/j.ijlp.2007.09.010
https://doi.org/10.1023/A:1008050403932
https://doi.org/10.1023/A:1008050403932
https://doi.org/10.1037/spq0000256
https://doi.org/10.1037/spq0000256
https://doi.org/10.1016/j.cognition.2006.05.009
https://doi.org/10.1016/j.ecresq.2021.09.001
https://doi.org/10.1037/spq0000117

Revisiting the definition of dyslexia 297

Cabbage, K., Farquharson, K., Iuzzini-Seigel, J., Zuk, J., & Hogan, T. (2018). Exploring the overlap of dys-
lexia and speech sound production deficits. Language, Speech, and Hearing Services in Schools, 49,
774-786. https://doi.org/10.1044/2018_LSHSS-DYSLC-18-0008

Cain, K., Compton, D. L., & Parrila, R. (2017). Theories of reading development. John Benjamins Publish-
ing. https://doi.org/10.1075/swll.15

Carr, S. (2022, December 19). While White students get specialists, struggling Black and Latino readers
often get left on their own. The Hechinger Report. https://hechingerreport.org/while-white-students-
get-specialists-struggling-black-and-latino-readers-often-left-on-their-own/

Carr, S. (2022, December 20). How dyslexia became a social justice issue for Black parents. The Philadel-
phia Tribune. https://www.phillytrib.com/news/across_america/how-dyslexia-became-a-social-justi
ce-issue-for-black-parents/article_4ab665c5-9fe1-56b2-9703-6933cb658b9¢.html

Castles, A., & Coltheart, M. (2004). Is there a causal link from phonological awareness to success in learn-
ing to read? Cognition, 91(1), 77-111. https://doi.org/10.1016/s0010-0277(03)00164-1

Catts, H. W. (1989). Speech production deficits in developmental dyslexia. Journal of Speech and Hearing
Disorders, 54(3), 422-428. https://doi.org/10.1044/jshd.5403.422

Catts, H. W., & Hogan, T. (2021). Dyslexia: An ounce of prevention is better than a pound of diagnosis and
treatment. The Reading League Journal, 2, 6-13.

Catts, H. W., & Petscher, Y. (2022). Cumulative risk and resilience model of dyslexia. Journal of Learning
Disability, 55, 171-184. https://doi.org/10.1177/00222194211037062

Catts, H. W., Fey, M. E., Tomblin, J. B., & Zhang, Z. (2002). A longitudinal investigation of reading out-
comes in children with language impairments. Journal of Speech, Language, and Hearing Research,
45, 1142-1157. https://doi.org/10.1044/1092-4388(2002/093)

Catts, H. W., Adlof, S. M., Hogan, T. P., & Weismer, S. E. (2005). Are specific language impairment and
dyslexia distinct disorders? Journal of Speech, Language, and Hearing Research, 48(6), 1378-1396.
https://doi.org/10.1044/1092-4388(2005/096)

Catts, H. W., Petscher, Y., Schatschneider, C., & Bridges, M. (2009). Floor effects in universal screening and
their impact on the early identification of reading disabilities. Journal of Learning Disabilities, 42,
163-176. https://doi.org/10.1177/0022219413498115

Catts, H. W., Nielsen, D., Bridges, M., Bontempo, D., & Liu, Y. (2015). Early identification of reading dis-
abilities within an RTI framework. Journal of Learning Disabilities, 48, 281-297. https://doi.org/10.
1177/0022219413498115

Catts, H. W., Mcllraith, A., Bridges, M., & Nielsen, D. (2017). Viewing a phonological deficit within a
multifactorial model of dyslexia. Reading and Writing, 30(3), 613-629. https://doi.org/10.1007/
s11145-016-9692-2

Compton, D. L., Fuchs, D., Fuchs, L. S., & Bryant, J. D. (2006). Selecting at-risk readers in first grade for
early intervention: A two-year longitudinal study of decision rules and procedures. Journal of Educa-
tional Psychology, 98, 394—409. https://doi.org/10.1037/0022-0663.98.2.394

Compton, D. L., Miller, A. C., Elleman, A. M., & Steacy, L. M. (2014). Have we forsaken reading theory in
the name of “quick fix” interventions for children with reading disability? Scientific Studies of Read-
ing, 18, 55-73. https://doi.org/10.1080/10888438.2013.836200

Cruz, R. A., & Rodl, J. E. (2018). An integrative synthesis of literature on disproportionality in special edu-
cation. The Journal of Special Education, 52(1), 50-63. https://doi.org/10.1177/0022466918758707

Cutting, L. E., & Scarborough, H. S. (2006). Prediction of reading comprehension: Relative contributions of
word recognition, language proficiency, and other cognitive skills can depend on how comprehension
is measured. Scientific Studies of Reading, 10, 277-299. https://doi.org/10.1207/s1532799xssr1003_5

Daniel, S. S., Walsh, A. K., Goldston, D. B., Arnold, E. M., Reboussin, B. A., & Wood, F. A. (2006). Sui-
cidality, school dropout, and reading problems among adolescents. Journal of Learning Disabilities,
39, 507-514. https://doi.org/10.1177/00222194060390060301

Daniels, P. T., & Share, D. L. (2018). Writing system variation and its consequences for reading and dys-
lexia. Scientific Studies of Reading, 22(1), 101-116. https://doi.org/10.1080/10888438.2017.1379082

Davis, R. D., & Braun, E. (2004). The Gift of Dyslexia. Education Horizons, 8(3), 12-13.

Delaney-Black, V., Covington, C., Ondersma, S. J., Nordstrom-Klee, B., Templin, T., Ager, J., Janisse, J.,
& Sokol, R. (2002). Violence exposure, trauma, and 1Q and/or reading deficits among urban chil-
dren. Archives of Pediatrics and Adolescent Medicine, 156, 280-285. https://doi.org/10.1001/archp
edi.156.3.280

Denton, C. A., Vaughn, S., & Fletcher, J. M. (2003). Bringing research-based practice in reading interven-
tion to scale. Learning Disabilities Research and Practice, 18(3), 201-211. https://doi.org/10.1111/
1540-5826.00075

Drake, G., & Walsh, K. (2020). Teacher prep review: Program performance in early reading instruction.
National Council on Teacher Quality.

@ Springer


https://doi.org/10.1044/2018_LSHSS-DYSLC-18-0008
https://doi.org/10.1075/swll.15
https://hechingerreport.org/while-white-students-get-specialists-struggling-black-and-latino-readers-often-left-on-their-own/
https://hechingerreport.org/while-white-students-get-specialists-struggling-black-and-latino-readers-often-left-on-their-own/
https://www.phillytrib.com/news/across_america/how-dyslexia-became-a-social-justice-issue-for-black-parents/article_4ab665c5-9fe1-56b2-9703-6933cb658b9c.html
https://www.phillytrib.com/news/across_america/how-dyslexia-became-a-social-justice-issue-for-black-parents/article_4ab665c5-9fe1-56b2-9703-6933cb658b9c.html
https://doi.org/10.1016/s0010-0277(03)00164-1
https://doi.org/10.1044/jshd.5403.422
https://doi.org/10.1177/00222194211037062
https://doi.org/10.1044/1092-4388(2002/093)
https://doi.org/10.1044/1092-4388(2005/096)
https://doi.org/10.1177/0022219413498115
https://doi.org/10.1177/0022219413498115
https://doi.org/10.1177/0022219413498115
https://doi.org/10.1007/s11145-016-9692-2
https://doi.org/10.1007/s11145-016-9692-2
https://doi.org/10.1037/0022-0663.98.2.394
https://doi.org/10.1080/10888438.2013.836200
https://doi.org/10.1177/0022466918758707
https://doi.org/10.1207/s1532799xssr1003_5
https://doi.org/10.1177/00222194060390060301
https://doi.org/10.1080/10888438.2017.1379082
https://doi.org/10.1001/archpedi.156.3.280
https://doi.org/10.1001/archpedi.156.3.280
https://doi.org/10.1111/1540-5826.00075
https://doi.org/10.1111/1540-5826.00075

298 H.W. Catts et al.

Duff, D. M., Hendricks, A. E., Fitton, L., & Adlof, S. M. (2022). Reading and math achievement in children
with dyslexia, developmental language disorder, or typical development: Achievement gaps persist
from second through fourth grades. Journal of Learning Disabilities, 56, 371-391 https://doi.org/10.
1177/00222194221105515

Eide, B. L., Eide, F. F. (2023). The dyslexic advantage (revised and updated): Unlocking the hidden poten-
tial of the dyslexic brain. Penguin.

Erbeli, F., Hart, S. A., Wagner, R. K., & Taylor, J. (2018). Examining the etiology of reading disability as
conceptualized by the hybrid model. Scientific Studies of Reading, 22(2), 167-180. https://doi.org/10.
1080/10888438.2017.1407321

Evens, A., Hryhorczuk, D., Lanphear, B. P., Rankin, K. M., Lewis, D. A., Forst, L., & Rosenberg, D. (2015).
The impact of low-level lead toxicity on school performance among children in the Chicago Public
Schools: a population-based retrospective cohort study. Environmental Health : A Global Access Sci-
ence Source, 14, 21. https://doi.org/10.1186/s12940-015-0008-9

Farquharson, K., Hogan, T. P., & Bernthal, J. E. (2018). Working memory in school-age children with and
without a persistent speech sound disorder. International Journal of Speech-Language Pathology,
20(4), 422-433. https://doi.org/10.1080/17549507.2017.1293159

Farquharson, K., Hogan, T. P., & Fox, A. B. (2021). Factors that influence non-word repetition performance
in children with and without persistent speech sound disorders. International Journal of Language
and Communication Disorders, 56(6), 1218—1234. https://doi.org/10.1111/1460-6984.12663

Fletcher, J. M. (2009). Dyslexia: The evolution of a scientific concept. Journal of the International Neu-
ropsychological Society, 15(4), 501-508. https://doi.org/10.1017/S1355617709090900

Fletcher, J. M., Lyon, G. R., Fuchs, L. S., & Barnes, M. A. (2019). Learning disabilities: From identification
to intervention (2nd ed.). Guilford Press. https://doi.org/10.1080/09297040701455171

Galaburda, A. M., Sherman, G. F., Rosen, G. D., Aboitiz, F., & Geschwind, N. (1985). Developmental dys-
lexia: Four consecutive patients with cortical anomalies. Annals of Neurology, 18, 222-233. https://
doi.org/10.1002/ana.410180210

Gellert, A. S., & Elbro, C. (2017). Try a little bit of teaching: A dynamic assessment of word decoding as a
kindergarten predictor of word reading difficulties at the end of Grade 1. Scientific Studies of Reading,
21(4), 277-291. https://doi.org/10.1080/10888438.2017.1287187

Grigorenko, E. L. (2006). Learning disabilities in juvenile defenders. Child and Adolescent Psychiatric
Clinics, 15, 353-371. https://doi.org/10.1016/j.chc.2005.11.001

Grigorenko, E. L. (2022, September 15). The exceptionality of twice-exceptionality: Examining combined
prevalence of giftedness and disability [Keynote presentation]. Tallahassee, FL: Florida Center for
Reading Research Lunch and Learn Colloquium.

Haft, S. L., Myers, C. A., & Hoeft, F. (2016). Socio-emotional and cognitive resilience in children with
reading disabilities. Current Opinion in Behavioral Sciences, 10, 133—141. https://doi.org/10.1016/j.
cobeha.2016.06.005

Harm, M. W., & Seidenberg, M. S. (2004). Computing the meanings of words in reading: Cooperative divi-
sion of labor between visual and phonological processes. Psychological Review, 111(3), 662-720.
https://doi.org/10.1037/0033-295X.111.3.662

Harm, M. W., McCandliss, B. D., & Seidenberg, M. S. (2003). Modeling the successes and failures of inter-
ventions for disabled readers. Scientific Studies of Reading, 7(2), 155-182. https://doi.org/10.1207/
S1532799XSSR0702_3

Hebert, M., Kearns, D. M., Hayes, J. B., Bazis, P., & Cooper, S. (2018). Why children with dyslexia strug-
gle with writing and how to help them. Language, Speech, and Hearing Services in Schools, 49(4),
843-863. https://doi.org/10.1044/2018_LSHSS-DYSLC-18-0024

Hoeft, F., Hernandez, A., McMillon, G., Taylor-Hill, H., Martindale, J. L., Meyler, A., Keller, T. A., Siok,
W. T., Deutsch, G. K., Just, M. A., Whitfield-Gabrieli, S., & Gabrieli, J. D. (2006). Neural basis of
dyslexia: A comparison between dyslexic and nondyslexic children equated for reading ability. Jour-
nal of Neuroscience, 26, 10700-10708. https://doi.org/10.1523/INEUROSCI.4931-05.2006

Hogan, T., Catts, H. W., & Little, T. D. (2005). The relationship between phonological awareness and read-
ing: Implications for the assessment of phonological awareness. Language, Speech, and Hearing Ser-
vices in Schools, 36, 285-93. https://doi.org/10.1044/0161-1461

Humphreys, P., Kaufmann, W. E., & Galaburda, A. M. (1990). Developmental dyslexia in women: Neuro-
pathological findings in three patients. Annals of Neurology, 28, 727-738. https://doi.org/10.1002/
ana.410280602. Individuals with Disabilities Education Act, 20 U.S.C. § 1400 et seq. (2004).

Individuals with Disabilities Education Act of 2004. (2004). Pub. L. No. 108-446, 118 Stat. 2647.

Joo, S.J., White, A. L., Strodtman, D. J., & Yeatman, J. D. (2018). Optimizing text for an individual’s visual
system: The contribution of visual crowding to reading difficulties. Cortex, 103, 291-301. https://doi.
org/10.1016/j.cortex.2018.03.013

@ Springer


https://doi.org/10.1177/00222194221105515
https://doi.org/10.1177/00222194221105515
https://doi.org/10.1080/10888438.2017.1407321
https://doi.org/10.1080/10888438.2017.1407321
https://doi.org/10.1186/s12940-015-0008-9
https://doi.org/10.1080/17549507.2017.1293159
https://doi.org/10.1111/1460-6984.12663
https://doi.org/10.1017/S1355617709090900
https://doi.org/10.1080/09297040701455171
https://doi.org/10.1002/ana.410180210
https://doi.org/10.1002/ana.410180210
https://doi.org/10.1080/10888438.2017.1287187
https://doi.org/10.1016/j.chc.2005.11.001
https://doi.org/10.1016/j.cobeha.2016.06.005
https://doi.org/10.1016/j.cobeha.2016.06.005
https://doi.org/10.1037/0033-295X.111.3.662
https://doi.org/10.1207/S1532799XSSR0702_3
https://doi.org/10.1207/S1532799XSSR0702_3
https://doi.org/10.1044/2018_LSHSS-DYSLC-18-0024
https://doi.org/10.1523/JNEUROSCI.4931-05.2006
https://doi.org/10.1044/0161-1461
https://doi.org/10.1002/ana.410280602
https://doi.org/10.1002/ana.410280602
https://doi.org/10.1016/j.cortex.2018.03.013
https://doi.org/10.1016/j.cortex.2018.03.013

Revisiting the definition of dyslexia 299

Jorden, J., & Dyer, K. (2017). Psychological well-being trajectories of individuals with dyslexia aged
3-11 years. Dyslexia, 23, 161-180. https://doi.org/10.1002/dys.1555

Joyner, R. E., & Wagner, R. K. (2020). Co-occurrence of reading disabilities and math disabilities: A
meta-analysis. Scientific Studies of Reading, 24(1), 14-22. https://doi.org/10.1080/10888438.
2019.1593420

Kale, S. (2020). The battle over dyslexia. The Guardian. https://www.theguardian.com/news/2020/sep/
17/battle-over-dyslexia-warwickshire-staffordshire

Keenan, J. M., & Meenan, C. (2014). Test differences in diagnosing reading comprehension deficits.
Journal of Learning Disabilities, 47, 125-135. https://doi.org/10.1177/0022219412439326

Kessler, B., & Treiman, R. (2001). Relationship between sounds and letters in English monosyllables.
Journal of Memory and Language, 44(4), 592—617. https://doi.org/10.1006/jmla.2000.2745

Kieffer, M. J. (2008). Catching up or falling behind? Initial English proficiency, concentrated poverty,
and the reading growth of language minority learners in the United States. Journal of Educational
Psychology, 100(4), 851-868. https://doi.org/10.1037/0022-0663.100.4.851

Lindo, E. J. (2006). The African American presence in reading intervention experiments. Remedial and
Special Education, 27(3), 148—-153. https://doi.org/10.1177/07419325060270030301

Lovett, M. W., Steinbach, K. A., & De Palma, M. (2020). Scaling up evidence-based interventions for
reading disorders: Bringing research-based interventions to community practice in diverse set-
tings. In J. A. Washington, D. L. Compton, & P. McCardle (Eds.), Dyslexia: Revisiting etiology,
diagnosis, treatment, and policy (pp. 216-229). Paul H. Brookes Publishing Co.

Lum, J. A., Ullman, M. T., & Conti-Ramsden, G. (2013). Procedural learning is impaired in dyslexia:
Evidence from a meta-analysis of serial reaction time studies. Research in Developmental Dis-
abilities, 34(10), 3460-3476. https://doi.org/10.1016/j.ridd.2013.07.017

Lyon, G. R., Shaywitz, S. E., & Shaywitz, B. A. (2003). A definition of dyslexia. Annals of Dyslexia, 53,
1-14. https://doi.org/10.1007/s11881-003-0001-9

Lyytinen, P., Eklund, K., & Lyytinen, H. (2005). Language development and literacy skills in late-
talking toddlers with and without familial risk for dyslexia. Annals of dyslexia, 55(2), 166—192.
https://doi.org/10.1007/s11881-005-0010-y

Lyytinen, H., Erskine, J., Himildinen, J., Torppa, M., & Ronimus, M. (2015). Dyslexia-early identifica-
tion and prevention: Highlights of the Jyvaskyla longitudinal study of dyslexia. Current Develop-
mental Disorders Report, 2, 330-338. https://doi.org/10.1007/s40474-015-0067-1

Maughan, B., Messer, J., Collishaw, S., Pickles, A., Snowling, M., Yule, W., & Rutter, M. (2009). Persis-
tence of literacy problems: Spelling in adolescence and at mid-life. Journal of Child Psychology
and Psychiatry, 50(8), 893-901. https://doi.org/10.1111/j.1469-7610.2009.02079.x

McArthur, G. M., Hogben, J. H., Edwards, V. T., Heath, S. M., & Mengler, E. D. (2000). On the “specif-
ics” of specific reading disability and specific language impairment. Journal of Child Psychology,
41, 869-874. https://doi.org/10.1111/1469-7610.00674

McArthur, G. M., Filardi, N., Francis, D. A., Boyes, M. E., & Badcock, N. A. (2020). Self-concept
in poor readers: A systematic review and meta-analysis. PeerJ, 8, e8772. https://doi.org/10.7717/
peerj.8772

McBride, C., Meng, X., Lee, J. R., & Pan, D. J. (2022). Reading and reading disorders in Chinese. The
science of reading: A handbook, 354-371.

McGrath, L. M., Peterson, R. L., & Pennington, B. F. (2020). The multiple deficit model: Progress,
problems and prospects. Scientific Studies in Reading, 24, 7-13. https://doi.org/10.1080/10888
438.2019.1706180

McGregor, K. K. (2020). How we fail children with developmental language disorder. Language, Speech,
and Hearing Services in Schools, 51(4), 981-992. https://doi.org/10.1044/2020_LSHSS-20-00003

Melby-Lervag, M., Lyster, S. A. H., & Hulme, C. (2012). Phonological skills and their role in learning to
read: A meta-analytic review. Psychological Bulletin, 138(2), 322. https://doi.org/10.1037/a0026744

Mercer, C. D., Jordan, L., Allsopp, D. H., & Mercer, A. R. (1996). Learning disabilities definitions
and criteria used by state education departments. Learning Disability Quarterly, 19(4), 217-232.
https://doi.org/10.2307/1511208

Miciak, J., & Fletcher, J. M. (2020). The critical role of instructional response for identifying dyslexia
and other learning disabilities. Journal of Learning Disabilities, 53, 343-353. https://doi.org/10.
1177/0022219420906801

Moll, K., Snowling, M. J., & Hulme, C. (2020). Introduction to the special issue “comorbidities between
reading disorders and other developmental disorders.” Scientific Studies of Reading, 24(1), 1-6.
https://doi.org/10.1080/10888438.2019.1702045

Morgan, P. L., Farkas, G., & Wu, Q. (2012). Do poor readers feel angry, sad, and unpopular? Scientific
Studies of Reading, 16(4), 360-381. https://doi.org/10.1080/10888438.2011.570397

@ Springer


https://doi.org/10.1002/dys.1555
https://doi.org/10.1080/10888438.2019.1593420
https://doi.org/10.1080/10888438.2019.1593420
https://www.theguardian.com/news/2020/sep/17/battle-over-dyslexia-warwickshire-staffordshire
https://www.theguardian.com/news/2020/sep/17/battle-over-dyslexia-warwickshire-staffordshire
https://doi.org/10.1177/0022219412439326
https://doi.org/10.1006/jmla.2000.2745
https://doi.org/10.1037/0022-0663.100.4.851
https://doi.org/10.1177/07419325060270030301
https://doi.org/10.1016/j.ridd.2013.07.017
https://doi.org/10.1007/s11881-003-0001-9
https://doi.org/10.1007/s11881-005-0010-y
https://doi.org/10.1007/s40474-015-0067-1
https://doi.org/10.1111/j.1469-7610.2009.02079.x
https://doi.org/10.1111/1469-7610.00674
https://doi.org/10.7717/peerj.8772
https://doi.org/10.7717/peerj.8772
https://doi.org/10.1080/10888438.2019.1706180
https://doi.org/10.1080/10888438.2019.1706180
https://doi.org/10.1044/2020_LSHSS-20-00003
https://doi.org/10.1037/a0026744
https://doi.org/10.2307/1511208
https://doi.org/10.1177/0022219420906801
https://doi.org/10.1177/0022219420906801
https://doi.org/10.1080/10888438.2019.1702045
https://doi.org/10.1080/10888438.2011.570397

300 H.W. Catts et al.

Morgan, P. L., Farkas, G., Hillemeier, M. M., Mattison, R., Maczuga, S., Li, H., & Cook, M. (2015). Minor-
ities are disproportionately underrepresented in special education. Educational Researcher, 44(5),
278-292. https://doi.org/10.3102/0013189x 15591157

Morgan, P. L., Farkas, G., Cook, M., Strassfeld, N. M., Hillemeier, M. M., Pun, W. H., & Schussler, D. L.
(2017). Are Black children disproportionately overrepresented in special education? A Best-Evidence
Synthesis. Exceptional Children, 83(2), 181-198. https://doi.org/10.1177/0014402916664042

Muthukrishna, M., Bell, A. V., Henrich, J., Curtin, C. M., Gedranovich, A., MclInerney, J., & Thue, B.
(2020). Beyond Western, educated, industrial, rich, and democratic (WEIRD) psychology: Measuring
and mapping scales of cultural and psychological distance. Psychological Science, 31(6), 678-701.
https://doi.org/10.1177/0956797620916782

National Center for Improving Literacy. (2023). State of dyslexia. https://improvingliteracy.org/state-of-
dyslexia

Nation, K., & Castles, A. (2017). Putting the learning into orthographic learning. Theories of Reading
Development, 15, 147-168. https://doi.org/10.1075/swll.15.09nat

Norton, E. S., & Wolf, M. (2012). Rapid automatized naming (RAN) and reading fluency: Implications
for understanding and treatment of reading disabilities. Annual Review of Psychology, 63, 427-452.
https://doi.org/10.1146/annurev-psych-120710-100431

Norton, E., Beach, S., & Gabrieli, J. (2015). Neurobiology of dyslexia. Current Opinions in Neurobiology,
30, 73-78. https://doi.org/10.1016/j.conb.2014.09.007

O’Brien, G., & Yeatman, J. (2020). Bridging the sensory and language theories of dyslexia: Toward a multi-
factorial model. Developmental Science., 24, €13039. https://doi.org/10.1111/desc.13039

Office of Special Education Programs. (2023). OSEP fast facts: Race and ethnicity of children with disa-
bilities served under IDEA Part B. https://sites.ed.gov/idea/osep-fast-facts-race-and-ethnicity-of-child
ren-with-disabilities-served-under-idea-part-b/

Pennington, B. F. (2006). From single to multiple deficit models of developmental disorders. Cognition,
101(2), 385-413. https://doi.org/10.1016/j.cognition.2006.04.008

Pennington, B. F., & Lefly, D. L. (2001). Early reading development in children at family risk for dyslexia.
Child Development, 72, 816-833. https://doi.org/10.1111/1467-8624.00317

Pennington, B. F., Santerre-Lemmon, L., Rosenberg, J., MacDonald, B., Boada, R., Friend, A., Leopold,
D. R., Samuelsson, S., Byrne, B., Willcutt, E. G., & Olson, R. K. (2012). Individual prediction of
dyslexia by single versus multiple deficit models. Journal of Abnormal Psychology, 121, 212-224.
https://doi.org/10.1037/a0025823

Perfetti, C. A. (2003). The universal grammar of reading. Scientific studies of reading, 7(1), 3-24. https://
doi.org/10.1207/S1532799XSSR0701_02

Peterson, R. L., & Pennington, B. F. (2012). Developmental dyslexia. Lancet, 379, 1997-2007. https://doi.
org/10.1016/S0140-6736(12)60198-6

Price, K., Wigg, K., Misener, V., Clarke, A., Yeung, N., Blokland, K., Wilkinson, M., Kerr, E. N., Guger, S.
L., Lovett, M. W. & Barr, C. (2022). Language difficulties in school-age children with developmental
dyslexia. Journal of Learning Disabilities, 55, 200-212. https://us.sagepub.com/en-us/journals-permi
ssions

Protopapas, A. (2019). Evolving concepts of defining dyslexia and their implications for research and reme-
diation. Frontiers in Psychology, 10. https://doi.org/10.3389/fpsyg.2019.02873

Ramus, F., Altarelli, I., Jednordg, K., Zhao, J., & Scotto di Covella, L. (2018). Neuroanatomy of develop-
mental dyslexia: Pitfalls and promise. Neuroscience Biobehavioral Review, 84, 434-452. https://doi.
org/10.1016/j.neubiorev.2017.08.001

Raschle, N. M., Chang, M., & Gaab, N. (2011). Structural brain alterations associated with dyslexia predate
reading onset. Neuroimage, 3, 742—749. https://doi.org/10.1016/j.neuroimage.2010.09.055

Seidenberg, M. (2017). Language at the speed of sight: How we read, why so many can’t, and what can be
done about it. Basic Books.

Seymour, P. H., Aro, M., & Erskine, J. M. (2003). Foundation literacy acquisition in European orthogra-
phies. British journal of psychology (London, England : 1953), 94(Pt 2), 143—174. https://doi.org/10.
1348/000712603321661859

Shaywitz, S. E. (1996). Dyslexia. Scientific American, 5, 98—104. https://doi.org/10.1038/scientificameri
can1196-98

Shaywitz, S. E., Fletcher, J. M., Holahan, J. M., Shneider, A. E., Marchione, K. E., Stuebing, K. K., Francis,
D. J., Pugh, K. R., & Shaywitz, B. A. (1999). Persistence of dyslexia: The Connecticut Longitudinal
Study at adolescence. Pediatrics, 104(6), 1351-1359. https://doi.org/10.1542/peds.104.6.1351

Shriberg, L. D., & Kwiatkowski, J. (1994). Developmental phonological disorders I: A clinical profile.
Journal of Speech, Language, and Hearing Research, 37(5), 1100-1126. https://doi.org/10.1044/jshr.
3705.1100

@ Springer


https://doi.org/10.3102/0013189x15591157
https://doi.org/10.1177/0014402916664042
https://doi.org/10.1177/0956797620916782
https://improvingliteracy.org/state-of-dyslexia
https://improvingliteracy.org/state-of-dyslexia
https://doi.org/10.1075/swll.15.09nat
https://doi.org/10.1146/annurev-psych-120710-100431
https://doi.org/10.1016/j.conb.2014.09.007
https://doi.org/10.1111/desc.13039
https://sites.ed.gov/idea/osep-fast-facts-race-and-ethnicity-of-children-with-disabilities-served-under-idea-part-b/
https://sites.ed.gov/idea/osep-fast-facts-race-and-ethnicity-of-children-with-disabilities-served-under-idea-part-b/
https://doi.org/10.1016/j.cognition.2006.04.008
https://doi.org/10.1111/1467-8624.00317
https://doi.org/10.1037/a0025823
https://doi.org/10.1207/S1532799XSSR0701_02
https://doi.org/10.1207/S1532799XSSR0701_02
https://doi.org/10.1016/S0140-6736(12)60198-6
https://doi.org/10.1016/S0140-6736(12)60198-6
https://us.sagepub.com/en-us/journals-permissions
https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.3389/fpsyg.2019.02873
https://doi.org/10.1016/j.neubiorev.2017.08.001
https://doi.org/10.1016/j.neubiorev.2017.08.001
https://doi.org/10.1016/j.neuroimage.2010.09.055
https://doi.org/10.1348/000712603321661859
https://doi.org/10.1348/000712603321661859
https://doi.org/10.1038/scientificamerican1196-98
https://doi.org/10.1038/scientificamerican1196-98
https://doi.org/10.1542/peds.104.6.1351
https://doi.org/10.1044/jshr.3705.1100
https://doi.org/10.1044/jshr.3705.1100

Revisiting the definition of dyslexia 301

Siegel, L. S., & Himel, N. (1998). Socioeconomic status, age and the classification of dyslexics and
poor readers: The dangers of using IQ scores in the definition of reading disability. Dyslexia, 4(2),
90-104.

Skiba, R. J., Artiles, A. J., Kozleski, E. B, Losen, D. J., & Harry, E. G. (2016). Risks and consequences
of oversimplifying educational inequities: A response to Morgan et al. (2015). Educational
Researcher, 45(3), 221-225. https://doi.org/10.3102/0013189X 16644606

Snowling, M. J. (2008). Specific disorders and broader phenotypes: The case of dyslexia. Quarterly Journal
of Experimental Psychology, 61(1), 142—156. https://doi.org/10.1080/17470210701508830

Snowling, M. J., & Melby-Lervag, M. (2016). Oral language deficits in familial dyslexia: A meta-analy-
sis and review. Psychological Bulletin, 142(5), 498-545. https://doi.org/10.1037/bul0000037

Snowling, M. J., Nash, H. M., Gooch, D. C., Hayiou-Thomas, M. E., Hulme, C Wellcome Language and
Reading Project Team (2019) Developmental outcomes for children at high risk of dyslexia and
children with developmental language disorder. Child Development, 90(5), e548-e564 https://doi.
org/10.1111/cdev.13216

Spencer, M., Wagner, R. K., Schatschneider, C., Quinn, J. M., Lopez, D., & Petscher, Y. (2014). Incor-
porating RTI in a hybrid model of reading disability. Learning Disability Quarterly, 37(3), 161—
171. https://doi.org/10.1177/0731948714530967

Stanovich, K. E. (1984). The interactive-compensatory model of reading: A confluence of developmen-
tal, experimental, and educational psychology. Remedial and Special Education, 5(3), 11-19.
https://doi.org/10.1177/074193258400500306

Stanovich, K. E. (1991). Discrepancy definitions of reading disability: Has intelligence led us astray?
Reading Research Quarterly, 26, 7-29. https://doi.org/10.2307/747729

Steacy, L. M., Compton, D. L., Petscher, Y., Elliott, J. D., Smith, K., Rueckl, J., Sawi, O., Frost, S., &
Pugh, K. (2019). Development and prediction of context-dependent vowel pronunciation in ele-
mentary readers. Scientific Studies of Reading, 23, 49-63.

Steacy, L. M., Edwards, A. A., Rueckl, J. G., Petscher, Y., & Compton, D. L. (2021a). Modeling and
visualizing the co-development of word and nonword reading in children from first through fourth
grade: Informing developmental trajectories of children with dyslexia. Child Development, 92(3),
€252-e269.

Steacy, L. M., Petscher, Y., Elliott, J. D., Smith, K., Rigobon, V. M., Abes, D. R., Edwards, A., Himel-
hoch, A., Rueckl, J. G., & Compton, D. L. (2021b). The effect of facilitative versus inhibitory
word training corpora on word reading accuracy growth in children with dyslexia. Learning Dis-
ability Quarterly, 44(3), 158-169. https://doi.org/10.1177/0731948720938684

Stevens, E. A., Hall, C., & Vaughn, S. (2022). Language and reading comprehension for students with
dyslexia: An introduction to the special issue. Annals of Dyslexia, 72(2), 197-203. https://doi.org/
10.1007/s11881-022-00260-6

Stuebing, K. K., Fletcher, J. M., LeDoux, J. M., Lyon, G. R., Shaywitz, S. E., & Shaywitz, B. A. (2002).
Validity of 1Q discrepancy classifications of reading disabilities: A meta-analysis. American Edu-
cational Research Journal, 39(2), 469-518. https://doi.org/10.3102/00028312039002469

Stuebing, K. K., Barth, A. E., Trahan, L. H., Reddy, R. R., Miciak, J., & Fletcher, J. M. (2015). Are child
cognitive characteristics strong predictors of responses to intervention? A meta-analysis. Review
of Educational Research, 85(3), 395-429. https://doi.org/10.3102/0034654314555996

Suggate, S. P. (2016). A meta-analysis of the long-term effect of phone-mic awareness, phonics, fluency,
and reading comprehension analyses. Journal of Learning Disabilities, 49(1), 77-96. https://doi.
org/10.1177/0022219414528540

Sullivan, A. L., & Bal, A. (2013). Disproportionality in special education: Effects of individual and
school variables on disability risk. Exceptional Children, 79(4), 475-494. https://doi.org/10.1177/
001440291307900406

Sullivan, A. L., Kulkarni, T., & Chhuon, V. (2020). Making visible the invisible: Multistudy investigation
of disproportionate special education identification of U.S. Asian American and Pacific Islander stu-
dents. Exceptional Children, 86(4), 449-467. https://doi.org/10.1177/0014402920905548

Tanaka, H., Black, J. M., Hulme, C., Stanley, L. M., Kesler, S. R., Whitfield-Gabrieli, S., Reis, A. L., Gabri-
eli, J. D., & Hoeft, F. (2011). The brain basis of the phonological deficit in dyslexia is independent of
1Q. Psychological Science, 22(11), 1442-1451. https://doi.org/10.1177/0956797611419521

Terry, N. P., Gatlin-Nash, B., Webb, M., Summy, S. R., & Raines, R. (2023). Revisiting the fourth grade
slump among Black children: Taking a closer look at oral language and reading. The Elementary
School Journal, 123(3), 414-436. https://doi.org/10.1086/723371

Tomblin, J. B., Records, N. L., Buckwalter, P., Zhang, X., Smith, E., & O’Brien, M. (1997). Preva-
lence of specific language impairment in kindergarten children. Journal of Speech, Language, and
Hearing Research, 40(6), 1245-1260. https://doi.org/10.1044/jslhr.4006.1245

@ Springer


https://doi.org/10.3102/0013189X16644606
https://doi.org/10.1080/17470210701508830
https://doi.org/10.1037/bul0000037
https://doi.org/10.1111/cdev.13216
https://doi.org/10.1111/cdev.13216
https://doi.org/10.1177/0731948714530967
https://doi.org/10.1177/074193258400500306
https://doi.org/10.2307/747729
https://doi.org/10.1177/0731948720938684
https://doi.org/10.1007/s11881-022-00260-6
https://doi.org/10.1007/s11881-022-00260-6
https://doi.org/10.3102/00028312039002469
https://doi.org/10.3102/0034654314555996
https://doi.org/10.1177/0022219414528540
https://doi.org/10.1177/0022219414528540
https://doi.org/10.1177/001440291307900406
https://doi.org/10.1177/001440291307900406
https://doi.org/10.1177/0014402920905548
https://doi.org/10.1177/0956797611419521
https://doi.org/10.1086/723371
https://doi.org/10.1044/jslhr.4006.1245

302 H.W. Catts et al.

Treiman, R., Kessler, B., Zevin, J. D., Bick, S., & Davis, M. (2006). Influence of consonantal context on the
reading of vowels: Evidence from children. Journal of Experimental Child Psychology, 93(1), 1-24.
https://doi.org/10.1016/j.jecp.2005.06.008

van Bergen, E., van der Leij, A., & de Jong, P. (2014). The intergenerational multiple deficit model and
the case of dyslexia. Frontiers in Human Neuroscience, 8(346), 1-13. https://doi.org/10.3389/tnhum.
2014.00346

Verhoeven, L., Perfetti, C., (Eds.) (2017) Learning to read across languages and writing systems. Cam-
bridge: Cambridge University Press. https://doi.org/10.1017/9781316155752

Wagner, R. K., Zirps, F. A., Edwards, A. A., Wood, S. G., Joyner, R. E., Becker, B. J., Liu, G., & Beal, B.
(2020). The prevalence of dyslexia: A new approach to its estimation. Journal of Learning Disabili-
ties, 53, 354-365. https://doi.org/10.1177/0022219420920377

Wagner, R. K., Moxley, J., Schatschneider, C., & Zirps, F. A. (2023). A Bayesian probabilistic framework
for identification of individuals with dyslexia. Scientific Studies of Reading., 27(1), 67-81. https://doi.
org/10.1080/10888438.2022.2118057

Wagner, R. K., Zirps, F. A., & Wood, S. G. (2022). Developmental dyslexia. In M. J. Snowling, C. Hulme,
& K. Nation, eds. 2nd ed: The science of reading: A handbook (2nd ed.) 416—438. Blackwell. https://
doi.org/10.1002/9781119705116.ch19

Wagner, R. K. (2018). Why is it so difficult to diagnose dyslexia, and how can we do it better? The Examiner,
7. https://dyslexiaida.org/why-is-it-so-difficult-to%20diagnose-dyslexia-and-how-can-we-do-it-better/

Wanzek, J., Vaughn, S., Scammacca, N., Gatlin, B., Walker, M. A., & Capin, P. (2016). Meta-analyses of
the effects of tier 2 type reading interventions in grades K-3. Educational Psychology Review, 28,
551-576. https://doi.org/10.1007/s10648-015-9321-7

West, G., Melby-Lervag, M., & Hulme, C. (2021). Is a procedural learning deficit a causal risk factor for
developmental language disorder or dyslexia? A Meta-Analytic Review. Developmental Psychology,
57(5), 749. https://doi.org/10.1037/dev0001172

Wood, S. G., Moxley, J. H., Tighe, E. L., & Wagner, R. K. (2018). Does use of text-to-speech and related
read-aloud tools improve reading comprehension for students with reading disabilities? A meta-analy-
sis. Journal of learning disabilities, 51(1), 73-84. https://doi.org/10.1177/0022219416688170

Yu, X., Ferradal, S., Dunstan, J., Carruthers, C., Sanfilippo, J., Zuk, J., Zollei, L., Gagoski, B., Ou, Y.,
Grant, P. E., & Gaab, N. (2022). Patterns of Neural Functional Connectivity in Infants at Familial
Risk of Developmental Dyslexia. JAMA network open, 5(10), €2236102. https://doi.org/10.1001/
jamanetworkopen.2022.36102

Ziegler, J. C., & Goswami, U. (2005). Reading acquisition, developmental dyslexia, and skilled reading
across languages: a psycholinguistic grain size theory. Psychological bulletin, 131(1), 3-29. https://
doi.org/10.1037/0033-2909.131.1.3

Zijlstra, H., van Bergen, E., Regtvoort, A., de Jong, P. F., & van der Leij, A. (2021). Prevention of reading
difficulties in children with and without familial risk: short- and long-term effects of an early inter-
vention. Journal of Educational Psychology, 113, 248-267. https://doi.org/10.1037/edu0000489

Zuk, J., Dunstan, J., Norton, E., Yu, X., Ozernov-Palchik, O., Wang, Y., Hogan, T. P., Gabrieli, J. D. E.,
& Gaab, N. (2021). Multifactorial pathways facilitate resilience among kindergarteners at risk for
dyslexia: A longitudinal behavioral and neuroimaging study. Developmental science, 24(1), €12983.
https://doi.org/10.1111/desc.12983

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such publishing agreement and applicable
law.

@ Springer


https://doi.org/10.1016/j.jecp.2005.06.008
https://doi.org/10.3389/fnhum.2014.00346
https://doi.org/10.3389/fnhum.2014.00346
https://doi.org/10.1017/9781316155752
https://doi.org/10.1177/0022219420920377
https://doi.org/10.1080/10888438.2022.2118057
https://doi.org/10.1080/10888438.2022.2118057
https://doi.org/10.1002/9781119705116.ch19
https://doi.org/10.1002/9781119705116.ch19
https://dyslexiaida.org/why-is-it-so-difficult-to%20diagnose-dyslexia-and-how-can-we-do-it-better/
https://doi.org/10.1007/s10648-015-9321-7
https://doi.org/10.1037/dev0001172
https://doi.org/10.1177/0022219416688170
https://doi.org/10.1001/jamanetworkopen.2022.36102
https://doi.org/10.1001/jamanetworkopen.2022.36102
https://doi.org/10.1037/0033-2909.131.1.3
https://doi.org/10.1037/0033-2909.131.1.3
https://doi.org/10.1037/edu0000489
https://doi.org/10.1111/desc.12983

	Revisiting the definition of dyslexia
	Abstract
	Neurological basis
	Recommendations

	Difficulties in word reading
	Nature of word-reading difficulties
	Word-reading difficulties as a synonym for dyslexia
	Recommendations

	Difficulty with the phonological component of language
	Recommendations

	Exclusionary criteria
	Referencing instruction
	Referencing intelligence
	Referencing listening comprehension
	Referencing race, ethnicity, linguistic diversity, and poverty
	Recommendations

	Secondary consequences
	Recommendations

	Comorbidity
	Recommendations

	Dyslexia as a specific learning disability
	Implication for services
	Conclusions
	References


