Co-occurring disorders of learning: why
they matter for practice and research in
educational neuroscience
Disorders of learning that manifest in classroom environments are some
of the most frequently diagnosed conditions of childhood. An
underappreciated aspect of these types of learning difficulties is that they
are highly co-occurring within individuals.
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Executive Summary

Comorbidity is defined as when two or more conditions occur in the same individual at the same time.
The high comorbidity of many conditions that compromise children’s learning, such as dyslexia (affects reading),
dyscalculia (affects mathematics), attention deficit hyperactivity disorder (affects executive function), and language
impairment (affects speech and language), is enough to threaten the assumption that their underlying causes are
unrelated.
Children with co-occurring disorders may have more severe difficulties and more complex educational needs than do
other children.
A shift in screening and assessment practice from a focus on disorder categories to broader dimensional approaches will
advance how children learning disorders are identified, characterized and followed through development.

Human beings are typically very good at separating the things that we encounter in our environments into conceptual
categories. Plato likened the process of deriving valid categories from our observations as ‘carving nature at its joints’[1]. Such
categorization of things or of phenomena can involve making both conscious and unconscious inferences about their
characteristics, and this normally aids us in structuring and simplifying our observations and understanding of the world
around us. Our best theories about the organization of the world helps us to make valid distinctions between natural kinds of
things, as Plato had surmised. When misapplied, however, a reliance on categorical thinking can result in failures of
attribution, such as in drawing unjustified inferences about the characteristics of individuals within the categories we have
derived. For example, we tend to perceive variability in the features we observe across individuals (for e.g., psychological
traits) as being systematically smaller within a perceived category, compared that which occurs across categories, even when
available evidence suggests otherwise. Ultimately this, and other types of attribution error, threaten both the validity of the
categorical judgements we make and decisions about what we do with them, as neither the prototypical nor the average
member of a category necessarily represents any individual member within that notional grouping. For example, the
diagnostic label ‘dyslexia’ may be useful in describing children who are falling behind their peers in attaining benchmarks of
reading and literacy achievement, but this unidimensional label does not sufficiently capture the variability across children in
either the underlying causes or in the behavioral manifestations of their reading disability at the individual level[2-5]. Overreliance on categorical labels may also encourage ‘one-size, fits-all’ approaches to decisions about approaches to
intervention, which may ultimately underperform more personalized remedial approaches based on more detailed and
specific understanding of individual needs.
This brief focuses on a topic within the science of learning in which categorical thinking has dominated both theory and
practice since its inception, namely the conventional medico-psychiatric approach to how disorders of mental health and
cognition are characterized and diagnosed. Using the diagnostic labels that we traditionally apply to children’s specific
learning disorders as a platform, this brief provides a summary of how evidence about their co-occurring symptom
dimensions and probable underlying causes, threatens historical beliefs about their presumed status as specific and distinct
diagnostic entities. This debate is important, because our understanding of the nature of disorder has wide-spread
implications for both the provision and the type of diagnostic, intervention and service provision offered to those children
affected and their families. In part, this issue arises from the contrasting roles that assessment practice and research apply
toward identifying and validating disorder types which are putatively different with respect to both their surface properties
and their underlying mechanisms. Current assessment practice is mainly purposed for identifying features of disorders at the
individual level. While this provides a useful approach for recognizing children who may benefit from additional or alternative
support for their learning, it is a process conceptually different to that involved in the testing and validation of disorder
taxonomies, based on characterization of the mechanisms and symptoms that can be used to distinguish between disorders
that are predicted (and very often presumed) to be causally independent.
The diagnostic co-occurrence of neurodevelopmental disorders of learning is high.
By the current diagnostic conventions imbued in the Diagnostic and Statistical Manual of Mental Disorders (DSM-V)[6] and the
International Classification of Disease (ICD-10)[7], ‘specific learning disorders’ ‘specific developmental disorders of scholastic
skills’ in ICD-10) are identified by a child’s persistent difficulties in learning and using academic skills, with symptoms specific to
at least one of the following domains: reading accuracy and fluency, reading comprehension, spelling, written expression,

numerical calculation or mathematical reasoning. These observed deficits in particular domains of learning achievement are
characterized by their onsets in childhood, at which measured levels of attainment are at levels below that expected for a
given chronological age, and which persist over time. Moreover, the difficulties are not better explained by the presence (or
absence) of other obvious causes, either those that are internal to the individual (i.e., sensory or overt neurological factors) or
environmental (i.e., lack of access to educational resources). These disorders comprise some of the most frequently diagnosed
conditions of childhood, and with highly variable prevalence rates in the population. Depending upon how they have been
sampled and the exact criteria applied within relevant assessment practice, the estimated prevalence of the most commonly
diagnosed specific learning disorders – those in reading, mathematics, language or attention – each hovers at between 3 and
10 percent of the population[8-14]. In context, these high prevalence rates for each individual disorder reflect that, on average,
there is at least one child in every school classroom with at least one of these conditions. Often persisting long beyond
childhood, these developmental disorders of learning have long-term impacts on individual quality of life and incur high levels
of societal cost[15], particularly if they are not addressed through targeted interventions at the earliest ages possible.
Contemporary research is beginning to show that developmental disorders of childhood, including specific learning disorders,
have high rates of co-occurrence within the same individuals[16,17], and that this occurs at a frequency much higher than would
be expected through their aggregation by random processes. Indeed, a large proportion of individuals with a diagnosis of
any disorder identified within the current DSM/ICD diagnostic structures, would also be predicted to satisfy the criteria for a
diagnosis of at least one additional disorder at some point during their lifetime[18]. For disorders of learning, high rates of cooccurrence, and particularly co-morbidity within common timeframes of development[16,17], provides evidence that challenges
pre-existing assumptions about their status as discrete diagnostic entities. Co-morbidity also raises important practical issues
for how the educational needs of these children with complex individual patterns of difficulty can best be identified, and
addressed through targeted interventions[18]. For example, a child with reading disorder (dyslexia), may experience limitations
in phonological language and working memory skills severe enough to impede their learning of the mappings that govern the
relationships between letters and speech sounds that are crucial for sounding out novel words. If this child also has difficulties
typically associated with ADHD, they may experience additional challenges associated with reduced attentional vigilance
and control and through the negative impacts of associated behavioral difficulties on their learning (for e.g., school
exclusion). Together, these factors would be expected to compound the severity of any learning difficulties, manifest through
their combined or interactive effects. Children with co- or multi-morbidities may therefore experience greater interference
with their learning, have poorer academic outcomes, and place greater demands on the resourcing available from the
educational and tertiary services that are in place to support them[18,19].
Diagnostic categories: The DSM/ICD approach
The high co-occurrence rates between disorders challenges existing conceptions of their status as independent, categorical
entities. The dominant theoretical perspective of how more than one disorder manifests at an individual level has been driven
by a nearly 150-year history of psychiatric practice, derived initially from that applied for the understanding and classification
of diseases, and subsequently translated to the diagnosis of human psychiatric and mental health conditions. This approach
is fundamentally based on the principles of differential diagnosis, the identifying of and linking between specific sets of
symptoms to unique disorder categories. In medical classification systems – nosology – ‘co-morbidity’ is used to describe the
situation when diseases/disorders that are etiologically independent, both in their causes and their symptoms, co-occur within
the same individual at the same time.

Figure 1. Conceptual schematic of a classification system based on the dual premises of disorder independence and of
differential diagnosis. Two hypothetical disorders (A and B) are each associated with a unique set of symptoms (x or y) that
are independent and non-overlapping, either with each other or with those of other conditions. By this view, co-occurrence
of two or more of these disorders (bidirectional arrow) manifests predominantly at random.

Figure 1 depicts the dominant mindset of traditional diagnostic practice, namely, that disorders are implicitly presumed to be
causally and etiologically independent, diagnosed and differentiated from another by their unique and non-overlapping
symptom sets. From these models, the frequency of more than one disorder co-occurring within the same individual can be
estimated probabilistically, based on assumption of their aggregation strictly by random processes, and their estimated
individual prevalence rates in the population. For example, consider two hypothetical disorders A and B, each affecting 5%
of the overall population. By the medical model, the prevalence of their co-occurrence should approach 0.25% or between
two and three individuals per one thousand within the broader population. These prevalence estimates can be used to frame
predictions about alternative models for why disorders co-occur, for example the extent to which they share underlying risk
factors, rather than resulting from independent causes. For pediatric developmental disorders, the empirical evidence on their
nature in this respect is clear. Irrespective of whether or not the disorders in question are predicted to manifest in the same
(homotypic) or different (heterotypic)[20] cognitive domains (for e.g., within language or across both language and attention),
the observed diagnostic overlap is substantially higher than that which would be predicted if the disorders were indeed
independent, and to such an extent that that the presence of overlap appears to represent much more the typical case,
rather than the exception[21,22]. This high incidence of overlap extends beyond the developmental disorders of childhood to
include other diagnostic categories, for example those used to describe mental illness, such that nearly half of all persons who
meet the criteria for any one disorder typically meet the diagnostic criteria for at least one additional diagnosis[23-25]. [i]
Figure 2 provides a representative depiction of the overlaps in co-occurrence for some of the most prevalent developmental
disorders that impact upon children’s learning in educational environments. From 15- 40% of persons with dyslexia also
satisfy the criteria for a diagnosis of ADHD[26-27]. The observed diagnostic overlap between dyscalculia and dyslexia ranges
between 37 and 64% [28,29]. Correspondence between presumed heterotypic impairments, for example between language
disorder and mathematics disorder[30 ]and between dyscalculia and ADHD[31] is similarly high, and suggest that the overlaps
aren’t simply driven by overlaps in their diagnostic criteria[cf. 32].
[i] Part of this diﬃculty also emanates from the content of the instruments used in assessment practice, which maybe illconstructed for the purpose of achieving diﬀerential diagnosis. A comprehensive analysis has revealed widespread
inconsistencies in the types of symptoms assessed for individual disorders as well as large overlaps in the symptoms
described across a range of measures that are proposed to yield disorder-speciﬁc information[32].

Figure 2. Diagram showing the high degrees of overlap between four of the most prevalent disorders that impact negatively
upon learning in childhood. RD: reading disorder, DLD: developmental language disorder; ADHD: attention-deficit
hyperactivity- disorder; MD: mathematics disorder. Extent of overlaps is based on a hypothetical overlap between pairs of
disorder of approximately one-third.

Comorbidity challenges a science of learning difficulties based on differential diagnosis
The empirical evidence regarding developmental disorders of childhood suggests that more than one diagnosis will often be
necessary to describe the symptom set that characterises an individual. Our emerging understanding of developmental
disorders of learning and cognition, is that they should no longer simply be assumed to be invariant, discrete disorders, with
presumed independent and specific causes, as the presence of the specific diagnostic labels typically given to individual
children may imply. We therefore need new models that sufficiently capture the reality of this diagnostic complexity.
Alternatives to categorical perspectives on developmental disorders are now beginning to find traction and are promoting a
shift from thinking about disorders in strict terms connoting discrete diagnostic entities which are invariant in their symptom
sets, toward broader and more integrative transdiagnostic perspectives[33-36]. This paradigm shift when fully translated into
diagnostic practice, promises significant changes in the way assessment and research practice will be conducted,
streamlining diagnostic pathways, and enabling intervention and treatment approaches that are tailored more to the needs
of individuals rather than to groups.

To date, disorders of learning achievement are most often diagnosed on the basis of behavioural features, usually obtained
via some combination of standardized testing and clinically-oriented observation. Standardized tests are used to benchmark
an individual’s profile of scores on individual tests of achievement or ability to the distribution of scores obtained for a
reference population of children of the same chronological age. The child’s performance on a given measure is reported as a
standard score, which represents the distance of the individual score from that of the population average for the appropriate
age group. These scores can also be reported as percentiles, which provide an estimation of the percentage of children in the
population who would score lower than or equal to the individual child in question on a particular standardised measure. In
current assessment practice, rather arbitrary cut-off points are imposed by convention on these continuous measurement
scales to create pseudo-categories of diagnoses. For example a typical diagnosis of dyslexia may require scores on one or
more constituent measures of reading and component skills to be at or below a standard score of 85 (~16th percentile for a
standard score described by a population mean of 100 and a standard deviation of 15). Children who scored above this
statistical cut-off would not typically receive a formal diagnosis, whereas children who scored at or below the cut-off would.
This categorical logic becomes particularly problematic at the cut-off point, as score differences with little to no relevance to
the severity of a child’s measured difficulties (for e.g, the functional difference between a standard score of 85 versus that of
86) can make a big difference to the probability of whether or not they receive a diagnosis and the additional support and
resource that often comes with it.
Assessment based on behavioral features suffers from additional limitations, in that neither objective (e.g, standard scores)
nor subjective (e.g, clinical observations) descriptions of behaviour can describe or predict the underlying causes of disorder
sufficiently. Surface descriptions of observable behaviour are logically separate from the identification of their underlying
causes. For example, a reading impairment identified in two children, each with a standard score of 80 on a standardised
measure of reading, could be predicted to result from one of more of a set of underlying mechanisms, which need not be
identical in their presence or impact for each child. To further illlustrate this point, consider our study[37] that compared
children with and without reading difficulties, identified by their profile of scores on standardized tests of achievement. Across
three ‘deficit’ groups of children, stratified by their relative ability to name pseudowords (e.g, ’torlep’) and exception words
(e.g, ‘yacht’), the average reading ability of each of the groups with reading impairments was well below the average, but
there was actually little difference between the average magnitude of the (lower) reading scores across the groups. However,
when the groups were compared to different comparison groups, comprised either of children of the same chronological age,
or of younger, typically developing readers matched to the deficit groups on reading level, the patterns of data suggested
that the groups arrived at their reading (dis)ability through different developmental mechanisms (trajectories). One deficit
pattern presented as a pattern of atypical development, in which children’s reading achievement would be predicted to
remain incommensurate with age expectancies over time, whereas the second pattern observed a more simple pattern of
developmental lag, which resembled a profile of a younger, typically developing reader. The implication of this result is that
children with similar profiles of (low) scores on standardised behavioral measures of reading achievement, may be described
diagnostically in terms that would imply that similar developmental mechanisms were at play, when in fact the evidence
suggests that they arrived at this profile through developmental trajectories that were different. Appreciating the potentially
different developmental trajectories of these groups may also impact upon the choice of intervention strategy applied,
toward improving reading scores in these groups. For example, a pattern of comparatively simple developmental delay might
be predicted to be remediated through increased developmental maturity and via regular exposure to mainstream classroom
learning environments. In contrast, a pattern of atypical development might be predicted to require more intensive and
tailored support to promote the sustained reading achievement of the child.
Data such as these support the existence of distinct patterns of reading impairment that are characterised by more
heterogeneous patterns of symptoms, in which there exists a broad constellation of symptoms that are also variably present
across individuals[5,38-40]. In other words, there are a range of routes through which an individual may become a poor reader or
a poor mathematician, but many of these routes are insufficiently captured by current diagnostic labels. Applied to disorders
of learning more broadly, research evidence now suggests the near ubiquity of variabilty in both the surface symptoms and in
the underlying causes of learning disorders[5], and this poses significant difficulties for their conceptualisation as discrete
diagnostic entities.
Toward a science of learning disabilities based on dimensional risk factors
The characteristic symptoms of learning disabilities typically vary widely within existing categories and also substantially
overlap between them. Without sufficient knowledge of their shared and non-shared mechanisms, however, we cannot be
comfortable in assuming that individuals who meet current diagnostic criteria for more than one disorder actually have
unrelated conditions. The potential for overlapping causes and symptoms of learning disorders provides both conceptual and
practical barriers to understanding their nature and ulitmately for designing and choosing effective intervention pathways

based on the needs of individuals rather than categories.
A key distinction between the parallel aims of assessment and nosology is the reliance of current assessment practice on
behavioural measures, the observable manifestation of internal mechanisms, at different levels of measurement. A
developing taxonomic approach to understanding how disorders manifest and develop in children now incorporates a range
of convergent neuroscience methods, from genetics, through brain imaging, to fine-grained analyses of cognition, in order to
supplement surface level descriptions of observable behavior. An schematic example of such a taxonomic approach is
shown in Figure 3. The figure[41 ]is a significant adaptation of a causal framework of cognitive developmental disorders, first
proposed by Morton and Frith[42], in which potential risk factors for disorder can be addressed at multiple levels of analysis,
across genes, brains, cognition and behaviour. In contrast to the categorical diagnostic approach represented by Figure 1, this
dimensional framework provides a significant step change in guiding research toward understanding the similarities and
differences in surface features of disorders and their co-occurrence, whilst appreciating that underlying risk factors can be
either single or multiple, and either unique or shared across different disorder clusters. Moreover, it captures emerging
empirical evidence that the underlying risk factors across multiple disorders of development, across levels of analysis across
genes[43,44], brains[45-47], and behaviour[48,49], act to modify risk for disorders in a continuous manner in everyone, rather than
through mechanisms that are unique to specific disorders and not to the general population. Disorders and their
comorbidities can therefore be conceptualized as occurring when a threshold of risk is reached through the accumulation of
multiple underlying mechanisms, each with the potential to vary in potency within and across individuals[50-51].
Crucial to the emerging multi-dimensional model is that risk factors between different levels of analysis can have
relationships that are both many to one (for e.g. many genes impacting common neurobiologiucal targets) and one to many
(e.g, the impact of one cognitive domain on multiple behaviour patterns). For example a common risk factor at the cognitive
level, for example in the allocation and control of attention (for e.g, cog 2), can contribute to risk for both ADHD (beh 2 ),
reading disorder (beh 3) and autism (beh 1), whereas a deficit in phonological decoding of written language (e.g, cog 3) might
ultimately shown to be specific to reading disorder.

Figure 3. A multilevel framework for the causes of developmental disorders,observed behavior patterns or diagnostic entities
(beh). The underlying causes of manifest behaviour can be described as resulting from a cascade of effects, with origins in
different levels, from genes and environments, neurobiology, to cognition. Figure reproduced from Figure 2 of Bishop, D. V.
M., & Snowling, M. J. (2004). Developmental Dyslexia and Specific Language Impairment: Same or Different? Psychological
Bulletin, 130(6), 858–886. DOI: 10.1037/0033-2909.130.6.858, [ref. 41], and downloaded from
https://images.app.goo.gl/L9K4GY9sfmhauRzV8

Summary
Traditional conceptions of disorder-independence and explanations for their comorbidity present challenges both for current
assessment practice, and for the theoretical understanding of disorder taxonomies. Education systems are positioned at the
intersection of these different facets within the science of learning. Current assessment practice is particularly useful for
identifying children who show features of disability at the individual level and for whom interventions may be of benefit, but it
is much less useful for deriving groups and validating clusters of cases with the same underlying cognitive and biological
causes. Such poor taxonomic understanding of disorder modifies the way that we think about and define disorder categories,
and ultimately this contributes to children receiving different diagnoses for the same sets of symptoms, particularly if they
were captured by different practitioners in different diagnostic referral routes.
The dimensional systems perspective developed by the NIMH Research Domains Framework[34,52] is challenging
conventional thinking about the relevance and impact of disorder comorbidities within the science of learning. Within this
perspective, disorders are conceptualised less as discrete categories, and more as continuous dimensions where both the
behaviours associated with disorder and the underlying mechanisms involved can vary across the full range of performance
or symptom severity for each individual. Appreciating this potential heterogeneity, both within and across groups of
individuals with learning difficulties, has significant implications for educational practice, including the potential to offer
interventions that are selected and refined for the needs of individuals rather than simply for groups with the same diagnostic
labels.
Although not yet implemented in widespread assessment practice, an emerging multilevel understanding of diagnostic
complexity provides a pragmatic and potentially powerful alternative to the collapsing of individual behaviour patterns into a
few, ill-formed diagnostic categories. Current diagnostic systems therefore risk the silo of relying upon single diagnoses, which
are susceptible to incompletely describing complex disorders, and thereby introducing delays to families accessing the
alternative and additional diagnoses that often needed by their children. Inefficiencies in these systems also increase both
financial and opportunity costs to families and other stakeholder groups, creating stress and ultimately delaying the onset of
effective support for children at the earliest ages possible. Considerations of alternative, single pathway assessment systems
may be better suited to assess individual variability and diagnostic complexity as a starting point, and ultimately offer
advancement of how learning difficulties are identified, characterized and followed over time.
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