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a b s t r a c t

The increasingly diverse student population within classrooms potentially stretches the competencies of
every teacher. Differentiated instruction has been offered to help teachers accommodate diverse learners,
but most instructional strategies are typically directed at compensating for – not remediating – cognitive
and academic skill deficits. This differentiated instruction approach is contrasted with the extant learning
science and educational neuroscience literature, which suggests early intervention and remediation of
skill deficits is the preferred evidence-based practice. To overcome these competing and apparently
contradictory positions, we argue children should be provided with systematic brain-based differ-
entiated instruction in inclusive classrooms to prevent skill deficits, with compensatory accommodations
provided only as necessary to help children access the general education curriculum. For those who
continue to struggle, we argue remedial efforts should occur outside of, and in addition to, inclusive
general education instruction, given the empirical evidence supporting both practices. Implications for
training and system-level reform will be addressed.

& 2016 Elsevier GmbH. All rights reserved.
1. Introduction

An important challenge for educators and policy makers is to
determine whether disparate backgrounds and individual learner
differences should be accommodated in the classroom or if dif-
ferences should be attenuated once children begin formal in-
struction given all children are expected to acquire the same basic
skills under a standard curriculum. Although most educators value
and readily accommodate social, cultural, racial, gender, sexual
orientation, and linguistic differences, can the same be said about
cognitive, academic, and behavioural diversity in the classroom?
Perhaps the larger and more difficult question to answer is what
should be done if, as a result of this diversity, some children do not
acquire the basic skills that others in the class master successfully?

Without fundamental building blocks for learning in place,
acquisition of higher academic skills becomes unlikely. Thus,
.

opment in Learning, Nanyang
ingapore.
should cognitive diversity, which likely affects academic attain-
ment, be accommodated or remediated? The premise that chil-
dren come to school with diverse backgrounds that intersect with
cognitive, academic, and psychosocial functioning, lays an im-
portant groundwork for the thesis that follows. Within this fra-
mework, we explore the notions of general and special education,
instructional methods for serving diverse learners, the evidence-
base for what constitutes effective instruction, and neuroscience
perspectives on achievement and disability. Finally, we consider
how best to address learner diversity so all children may benefit
from their formal education, while recognizing and valuing their
individual differences as an essential element of the human
condition.

1.1. Traditional service delivery for children with and without special
needs

Children are expected to come to school prepared to learn,
having had appropriate opportunity to develop rudimentary lin-
guistic, motor, social, and adaptive skills. In many educational
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systems, those who struggled with formal classroom learning
were deemed to have poor academic “aptitudes”, with low global
intelligence thought to be the primary cause, a position still
maintained by some today [1]. While low intelligence is a potential
cause of learning problems, the renowned physician Samuel Orton
[2] recognized that specific reading problems could occur in the
presence of average intelligence, a condition which later became
known as specific learning disabilities (SLD) [3]. Emerging in the
1960s and codified into law in many countries, the standard
practice for struggling learners was to refer them for a special
education evaluation. If test results found a difference between
ability (often measured by a single IQ score) and achievement (also
measured by standardized tests), these children were determined
to have minimal brain dysfunction [4], and required special needs
instruction as a result.

Many children were subsequently identified as having a dis-
ability, and placed in segregated special education settings, a
presumably benevolent practice that led to divisiveness among
educators. What ensued for the remainder of the century and
continuing on to present times, is the enduring debate and con-
troversy regarding how schools should identify children with
special needs, and perhaps more importantly, how best to serve
them within a public education system. With many students with
special needs segregated, studies were undertaken to evaluate
special education. Early studies attempting to show the relation-
ship between cognitive “aptitudes” and intervention were not
fruitful [5], as was the case with later efforts using multiple in-
telligences or learning styles as a framework for individualization
[6]. In addition, children with disabilities could not be easily dif-
ferentiated from those with low achievement based on traditional
assessment practices [7], so categorical decisions regarding special
education eligibility were questioned. In addition, substantial
numbers of underprivileged and/or minority children were dis-
proportionately placed in special education [8]. Evidence also
emerged that showed the negative psychosocial consequences of
disability labels and serving affected children in special education
[9]. Not only did many students with special needs feel isolated
and different from their peers, they also made little progress in
overcoming their disabilities [10].

To those who advocated system reform, special education
evaluations were costly, time consuming, ineffectual at de-
termining disability, and unrelated to intervention [11]. Special
education was seen as a de facto method of segregating children
from diverse backgrounds, and when combined with low ex-
pectations and inadequate skill development among children in
many special classrooms, many called for the end to special edu-
cation [12]. The belief that these children had minimal brain
dysfunction was dismissed as a fallacy [13], and there was a push
to evaluate achievement and behavioural outcomes instead of
wasting time and precious resources trying to determine the cause
of disability [14]. With the onslaught of negative evidence, these
indictments of special education beliefs and practices made it clear
– something must be done for a field under siege [15].

1.2. Inclusive education for all children

Coinciding with legislative efforts to establish services for
children with special needs was recognition that these children
should be served in the least restrictive environment. For many
special education opponents, this environment should be general
education. What followed was a concerted effort to eliminate
special education, or at least to restructure it, so that all children
could be served in mainstream classrooms. Starting with main-
streaming [16], then the regular education initiative [11], and
currently inclusive education [17], there has been a persistent ef-
fort to serve children with and without special needs in inclusive
mainstream classrooms. The inclusion movement was strength-
ened by studies showing children with disabilities did as well or
even better socially and academically in inclusive environments as
compared to segregated settings [18]. Inclusion of children with
special needs in mainstream classrooms not only improves out-
comes, but also improves peer and teacher acceptance of these
children [19]. Although the transition to inclusive placements was
gradual, more children with special needs are currently being
served in general education than ever before [20].

From a social justice perspective, serving children with special
needs in inclusive settings was seen as an opportunity to provide
equal access and opportunity to overcome their historic margin-
alization in special education [21]. Some critics of special educa-
tion evaluation went so far as to suggest disability was merely a
socially constructed phenomena [22], or worse, an effort designed
to oppress the lives of those affected [23]. Advocates of this per-
spective argued that instead of being disabled, these children were
just below their peers and needed more intensive instruction to
improve their academic performance [24], not specialized or in-
dividualized instruction.

1.3. Inclusion in the age of high-stakes testing

With the benefits of inclusive education, it is difficult to argue a
majority of children with special needs should be served in seg-
regated classrooms, unless their disabilities are quite severe [25].
In the late 20th Century, the United States No Child Left Behind
legislation demanded all children should achieve standardized
benchmarks, and when government funding was tied to student
achievement, educators were left scrambling to help their children
achieve instructional benchmarks measured by high-stakes tests
[26]. General education teachers often requested that their chil-
dren with special needs be excluded from high-stakes testing re-
quirements for fear of lowering overall class achievement scores
[27], which would adversely affect the school. However, for stu-
dents without waivers, teachers were told to provide testing ac-
commodations (e.g., reader or scribe) as a viable solution [28]. Al-
though generally supportive of inclusive education, most teachers
reported their limitations in providing such accommodations
[19,29], which seemed to be an ideal role for special education
teachers.

Reform advocates also suggested co-teaching by general and
special educators which could provide alternative instructional
methods, so children with special needs could meet mandated
standards [30]. Many students began receiving instructional sup-
ports and accommodations to help them access the general edu-
cation curriculum [31]. In addition to co-teaching, the use of non-
credentialed para-educators, instructional aides, and volunteers
became more prevalent in inclusive classrooms [32]. The retooling
of special education not only led to different roles and personnel
changes, but it also brought about new perspectives on instruc-
tion. The long-held assumption, that children with disabilities had
a lifelong problem that interfered with their achievement and
occupational success e.g. [33], suggested to many educators that it
was best to have different expectations and teaching methods for
children with special needs [31]. These accommodations often
took the form of compensatory strategies designed to enable chil-
dren to access the curriculum and experience success.

1.4. Differentiated instruction emerges to fulfill inclusive education
demands

To ensure all children could meet high standards, differentiated
instruction [34] emerged as a predominant solution. An extension
of traditional special education individualized instruction beliefs
and practices to the inclusive classroom – with a modern twist –
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differentiated instruction advocates suggested that differing
backgrounds, experiences, and learning styles of children required
varied instructional and assessment techniques, so children could
learn using different modalities and demonstrate competence in
different ways [35]. Fundamental to differentiation is the as-
sumption that multiple intelligences or learning styles affect a
child's response to curriculum and instruction, so teachers should
understand child learning profiles and teach to each child's
strengths to compensate for deficits [36]. By recognizing and va-
luing individual child strengths, while adjusting content, process,
and product to accommodate for weaknesses, differentiation
promised to help all children meet core standards [37]. Purport-
edly based on an understanding of brain functions [38], differ-
entiation was seen as necessary to help children with special
needs compensate for their interference with learning.

What followed was a plethora of alternative instructional and
assessment techniques generated for teachers to provide instruc-
tional, curricular, or testing accommodations in inclusive class-
rooms [39,40]. The most common differentiation approaches in-
clude changes in teacher presentation, student response, timing/
scheduling, and setting [36,41]. For instance, if a student had
language difficulties, a note-taker or an audiotape recording dur-
ing whole group instruction would be useful. If handwriting was a
problem, then a scribe could write down the student's ideas or the
student could learn keyboarding to type responses. Slow proces-
sing speed would necessitate extended time for the child to
complete assignments or respond to all test items. If attention was
a problem, moving the student to the front of the classroom or
testing in a quiet room might be useful. Instead of spending hours
on homework, students with special needs could be given less
work or in some classrooms, no homework at all. If there was a
word reading problem interfering with comprehension, then an
aide would read the material and the student could respond orally
to show comprehension. If math facts were a struggle, calculators
could be used to do higher math problems. If oral expression was
at issue, children could draw pictures or diagrams to show their
understanding. Finally, if grading criteria seemed unfair for certain
children, different evaluation criteria or methods could be used,
such as student portfolios. Table 1 presents the common mod-
ifications and accommodations that are used for individuals with
special needs e.g. [42–44].
Table 1
Compensatory instructional modifications and assessment accommodations for
presumed weaknesses.

Instructional Compensation Assessment/setting Compensation

Large print Visual Scribe Motor
Magnification device Visual Word processor Motor
Sign language Visual Speech-to-text Motor
Braille/enlarged print Tactile Brailler Motor
Tactile graphics Tactile Note taker Motor
Human reader Auditory Tape record

response
Motor

Audiotape/disk Auditory Spelling/grammar
device

Monitor

Books on tape Auditory Read aloud Monitor
Amplification device Auditory Response monitor Monitor
Videotape Multisensory Graphic/visual

organizer
Organization

Screen reader Multisensory Calculator Memory
Visual cues Multisensory Setting location-self Attention
Notes, outlines,
instructions

Multisensory Reduce extraneous
stimuli

Attention

Talking materials Multisensory Extended time Speed
Highlighting/
underlining

Multisensory Multiple/frequent
breaks

Endurance

Alternate assessment Multisensory Scheduling Endurance
Limiting content Multisensory Different workload Endurance
The use of assessment accommodations and modified stan-
dards (e.g., different expectations) is now widespread [45]. Many
jurisdictions have adopted multiple-choice assessment formats,
and incorporate changes such as increasing white space, reducing
distracters, reducing number of items, reducing length of passages,
underlining or highlighting key words, segmented passages, sim-
plifying graphics, simplifying language, or providing larger fonts
and additional graphics [45]. Of those using computer-based tests,
many adopted tutorials and/or sample test items for students to
practice before high-stakes tests were administered, raising test
scores as a result [43].

1.5. Is differentiated instruction evidence-based?

Although dozens of articles and books have been written ex-
tolling the virtue of differentiated instruction, surprisingly, there is
limited and inconsistent scientific evidence for its efficacy [46–49].
Testing accommodations vary significantly among students, clas-
ses, schools, and districts, so it is unclear whether measurement
integrity (i.e., reliability and validity) is maintained when alter-
native instructional or assessment approaches are used [50–52].
This led to a backlash by the United States Department of Educa-
tion against schools who used modified achievement standards
and assessments for high incidence disabilities, with the formal
rule codified into law in 2015 [53]. Differentiated instruction has
not demonstrated substantial impact in that it improves perfor-
mance of children with disabilities relative to those who do not
receive accommodations, and if they do help students with special
needs, they similarly help peers without disabilities [48]. Just be-
cause an alternative instructional method or modified assessment
is more enjoyable, interesting, or easier does not mean it is a better
or a more authentic test of academic achievement [50].

Differentiation may be valuable conceptually, but its real world
implementation remains a significant challenge, leading some to
question whether it is actually feasible in practice [54] or that it is
too difficult to provide accommodations that do not significantly
alter assessment content or performance expectations [55]. Al-
though these compensatory techniques are now widespread, there
is little empirical guidance as to what is effective and what should
be adopted in practice [56]. Research has shown that a large ma-
jority of teachers report that differentiation is just too difficult to
implement effectively (84%) [57], perhaps because there is no set
way to differentiate assessment or instruction [58] or there is
considerable misinformation about what differentiation actually
entails [59].

Advocates for differentiated instruction also purport that the
approach is brain-based, but there is little evidence in the neu-
roscience, learning styles, or multiple intelligences literature that
would support this contention [60,61]. The learning styles litera-
ture is more focused on rudimentary psychological processes (e.g.,
visual, auditory), not brain processes and systems most related to
learning [62]. Perhaps individualization and differentiation are
conceptually sound, but the problem lies in the learning styles and
multiple intelligences [60] conceptual anchor. If the evidence-base
regarding differentiated instruction is minimal, is there sufficient
empirical evidence for instructional practices that do lead to im-
proved academic outcomes for diverse learners?

1.6. Exploring the learning science evidence-base: what is good
instruction?

It has been argued the negative effects of disability could be
reduced or even eradicated by high quality teachers with strong
instructional methods and high standards e.g. [63], a position that
seeded the notions of high-stakes testing and more intensive in-
struction for children with learning challenges. From this



Table 2
Meta-analytic effect sizes for most effective teaching techniques.

General education [65] ES Reading [70] ES Math [71] ES Writing [72] ES

Formative evaluation .90
Small group microteach .88 Small group 1.00
Behaviour management .80
Strategy instruction .77 Strategy instruction .75 Strategy instruction 1.22 Strategy instruct 1.02
Organize/guide Practice .75 Mediated/guided .52 Transcription .55
Reciprocal teaching .74
Feedback .73 Feedback .80
Teacher-student relate .72
Spaced practice .71
Metacognitive .69 Self-regulation .92 Heuristics 1.56 Imagery .70
Self-verbal/question .64 Verbalization 1.04 Self-Question .50
Problem-solving .61
Cooperative learn .59
Study skills .59
Direct instruction .59 Explicit instruction 1.04 Sequence-hierarchy .82 Text Structure .59
Mastery learning .58
Worked examples .57
Conceptual map .57 Prewriting .54
Goals .56 Goals .76
Peer tutoring .55 Peer mediation .65 Peer tutoring 1.02 Peer assistance .89
Hypermedia .52 Text enhancement .62
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perspective, there is no disability, just “dyspedagogia” – a term
used to describe poor teaching as the cause of learning problems
[64]. Evidence-based instruction is the key to successful learning, a
view which espouses instructional methods shown to improve
academic outcomes for all children.

For empirically-based instruction, Hattie [65] provided a
monumental meta-analyses of 800 studies on teaching techniques
(see Table 2). From these studies, the most effective instructional
techniques – explicit instruction, regular progress monitoring,
frequent feedback, and small group instruction – are effective for
students in both general and special education [66]. Further, evi-
dence-based teaching practices lead to improved academic and
behavioural functioning for most children using a response-to-
intervention (RTI) approach [67]. When specific academic content
areas (reading, mathematics, written expression) are examined
(Table 2), the most effective instructional techniques for these
academic skills largely align with Hattie's findings. Most of these
techniques are designed to build academic skills, not compensate
for them. Thus, for struggling learners, it seems plausible that the
most effective instructional methods appear to serve a remedial
purpose, so children build skills they are lacking through succes-
sive tiers of intervention [68]. Individualization of instruction is
more important as one ascends the tiers in these remedial models
(e.g., more instructional effort needed), but the assumption is
children learn in similar ways, and if children are struggling, the
most effective strategy is teach the deficient skills through more
intensive remedial efforts [69].

With little support for differentiated instruction, different
learning styles, or multiple intelligences, and no substantive dif-
ferences between low achievement and learning disabilities (de-
fined using ability-achievement discrepancy) in the literature,
evidence seems to suggest that all struggling learners should be
considered for more intensive instruction [73]. Consistent evi-
dence against the low achievement-discrepancy distinction sug-
gests only achievement assessment is relevant [74] and if com-
bined with nonresponse in an RTI model, it would seem logical to
identify children for special needs services [75]. Traditional models
often require children to struggle for years before getting a special
needs evaluation, and even with that costly and time consuming
evaluation process, the focus of these evaluations was on identi-
fying disability, not on guiding classroom instruction [76]. By
providing regular progress monitoring of children in the
mainstream and more intensive instruction until struggling chil-
dren develop basic skills to a level of proficiency, it would seem
that no child would be left behind.

Thus, political ideology and the science of learning seem to
converge under an apparently irrefutable evidence-base – building
skills for all learners is the preferred approach, even for those who
struggle or are called “disabled”. Perhaps children who struggle
with learning should not be considered “disabled” given the label's
negative connotations. It is important to recognize that there will
always be some children who are the lower tail end of the normal
distribution of learners (e.g., low achievement) [7], and so they
will need more intensive help to achieve basic skills [69]. However,
given the literature reviewed, little support can be found for that
disability is different, with significant advantage for the low
achievement perspective that struggling learners need more in-
tensive instruction.

1.7. Disability as difference: the cognitive processing evidence

Is there evidence to support the notion that disability is dif-
ferent than low achievement? In other words, is there evidence
that children with special needs have developmental deficits in-
stead of developmental delays? There is ample scientific evidence
children with disabilities do have substantive neuropsychological,
cognitive, academic, and/or behavioural differences than children
who do not struggle with these areas. A majority of this evidence
comes from the neuroscience, cognitive psychology, and neu-
ropsychology literature. Freed from ability-achievement dis-
crepancy, researchers have systematically explored the merits of
cognitive processing characteristics of children with learning and
other disabilities. Children with disabilities have varying deficits in
attention, phonological, orthographic, rapid naming, long-term
memory, memory encoding/retrieval, processing speed, fluid rea-
soning, spatial processing, receptive/expressive language, psycho-
motor skills, response inhibition, working memory, processing
speed, and executive function [77–96] relative to typical children,
depending on the academic or behavioural concerns they display.
Meta-analyses also support the deficit model, with phonological
awareness, processing speed, working memory, and executive
function deficits being the strongest indicators of learning dis-
abilities, attesting to the value of cognitive assessment for under-
standing learner differences and tailoring instruction to individual
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needs [97].
Capitalizing on these developments, research emerged sup-

porting a neuropsychological approach for identifying a child's
processing strengths and weaknesses (PSW) for disability identi-
fication and service delivery [98]. Although this research is rela-
tively recent, results show PSW relevance for differential diagnosis
of learning disability in reading e.g. [85,99–101], mathematics
[84,85,102–104], written expression [105], and emotional/beha-
vioural [106–109] areas. In one large-scale study comparing pro-
files of children with and without learning disabilities, PSW dif-
ferences were large and characteristic of clinical populations, but if
averaged across PSW domains (thus losing specificity), the het-
erogeneous learning disability group would not be different [82].
Not only do these studies show meaningful cognitive processes
were relevant for identification of children with special needs, but
these differences were also found to predict intervention response
[79,83,111–120].

Although there are studies that question the utility of PSW
approaches, these have used numeric data and cutoff scores to
determine learning disability/no disability status [121,122], which
is not consistent with the methods advocated in Hale and Fior-
ello's [123] concordance-discordance model [124]. This admoni-
tion against rigid, number-based, PSW approaches is especially
worth consideration within the context of current legislative and
legal requirements that children should be provided with a com-
prehensive evaluation in all areas of suspected disability, including
neuropsychological functioning [125]. In addition, prominent
governmental agencies are moving away from behavioural diag-
nostic criteria (e.g., DSM-5) to instead focus on genetic and neu-
roscience driven research domain criteria (RDoC) for defining
clinical difficulties and guiding intervention [126]. This innovative
RDoC approach, advocated for differential diagnosis of attention
problems by the American Academy of Pediatric Neuropsychology
Empirically-Derived Disorders of Attention [127], is based on
empirical investigations designed to uncover the genetic and
neuroscientific etiology of overt symptoms children display. Be-
havioural models for diagnosis lead to considerable neu-
ropsychological heterogeneity, which confounds differential diag-
nosis and attenuates treatment effects [128]. Thus, PSW and RDoC
have the potential to re-write long held misunderstandings and
erroneous assumptions that have plagued diagnostic and treat-
ment practices of behaviourally-defined disorders [129]. This is
especially the case in education, where such ideas have not been
considered.

1.8. The neuroscience perspective: disability is indeed different, but
amenable to intervention

If the reader is confused and left wondering whether there is a
viable method for disability determination and service delivery, or
why the special education, learning sciences, and cognitive pro-
cessing literatures conflict, we are not surprised. Given the tradi-
tional approach to education and serving children with special
needs, there are many questions, but few answers. It is possible,
however, that the learning science literature supporting evidence-
based instruction and the cognitive processing literature sup-
porting individualization can be reconciled by a unifying body of
evidence – one based on the fledgling fields of educational neu-
roscience [130,131] and school neuropsychology [123,132], which
link psychological processes to brain function for those with and
without learning difficulties or disabilities. We now have the
ability to link observable behaviours, psychological processes, and
neuroimaging findings [133], and results have revealed two facts
from this large evidence-base often ignored in education. First,
disability is indeed different from typical learning and behaviour,
but symptoms of clinical interest are dimensional in nature. In
other words, learning and behavioural difficulties occur, but they
should be considered on a continuum of functioning from good to
poor. Second, remediation of cognitive and academic weaknesses
normalizes dysfunctional brain patterns in many children with
learning and behavioural difficulties warranting clinical attention,
so that disability is not necessarily permanent. This does not mean
that all disabilities can be eradicated with evidence-based inter-
vention, but suggests disability can be ameliorated in some cases
and mitigated in others.

In support of the PSW literature, neuroscience and neu-
ropsychological studies typically show children with reading,
math, or writing disabilities have different neuropsychological
profiles and use different brain structures and functions to process
academic tasks [134–147]. Differences in structure and function
have also been noted among children with neuropsychiatric dis-
orders, such as ADHD, oppositional/conduct disorder, depression,
bipolar, anxiety, autism, Asperger disorder, and Tourette Syndrome
[149–159]. These neuroimaging and neuropsychological studies
show that disorders are not just the lower end of the continuum in
a particular deficit area, but that low functioning in one brain area
is often accompanied by excessive functioning in another when
performing academic tasks, and at times excessive functioning can
also lead to disability (e.g., excessive vigilance leading to repeated
checking behaviours). In addition, many different brain structures
and functions are involved in reading, math, writing, or psycho-
social functioning, and neuroscience evidence suggests that dif-
ferent processing deficits can lead to impaired achievement or
behaviour, even within the same domain (e.g., reading, attention)
[160–168], suggesting differential intervention response should be
considered [169,170].

This evidence supports the contention that children with spe-
cial needs often have processing strengths and weaknesses, with this
pattern negatively impacting learning and behaviour. Thus, both
PSW and neuroscience evidence suggest disability is different,
with affected children experiencing developmental deficits, not
developmental delays. Understanding how these circuits develop,
and when development goes awry, provides a foundation for in-
structional strategies designed to prevent and/or ameliorate the
problem [109,154,169–172]. Contrary to the compensatory strate-
gies offered by differentiation advocates, neuroscience evidence
supports the science of learning perspective that remediating these
developmental deficits is in order to build skills and alleviate the
deleterious effects of disability. Multiple intervention studies have
shown that dysfunctional brain and neuropsychological patterns
found for children with reading, mathematics, writing, and psy-
chosocial problems can be attenuated or even eliminated follow-
ing targeted interventions that build deficient skills
[110,112,119,148,164,169–181]. This evidence is also supported by
an extensive body of rehabilitation research, where suppressing
intact functions (i.e., strengths) following brain damage can foster
rehabilitation of damaged structures/functions (i.e., weaknesses) c.
f., [182,183]. While differentiated instruction practices are often
based on the assumption that disabilities are lifelong and those
with special needs require instructional accommodations to
compensate for the weakness, neuroscience and neuropsychology
intervention evidence confirms what learning science/RTI propo-
nents have been arguing – the best way to overcome a learning or
behavioural problem is through remediation – not compensation –

of skill deficits.

1.9. Transition from typical cognitive diversity to specific disability?

Can these apparently contradictory findings (disabilities are
just low achievement needing more intensive instruction versus
disabilities are specific processing deficits requiring differentiated
instruction) be reconciled? If empirical evidence suggests most
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children respond well to increasingly intensive evidence-based
interventions that build or remediate skills, and there is little
evidence for learning styles, multiple intelligences, aptitude-
treatment interactions, or differentiated instruction, how does one
reconcile the emergent cognitive processing and neuroscience
evidence that confirms disability is indeed different, suggesting
individualized instruction is necessary to remediate skill deficits?
How do children begin as struggling learners, with some devel-
oping clear academic or behavioural deficits, and finally end up
with brain-based disabilities who do not respond to intensive
intervention?

Children come to the classroom from diverse backgrounds with
different interests and needs. Factors such as language preference,
socioeconomic status, family composition, sociocultural norms,
and preferred activities surely affect how each child develops. This
critical early developmental period prior to formal schooling lays
downs important neurodevelopmental precursors for academic
and psychosocial functioning [184]. This not only affects learning
preference and overt behaviours, but brain development as well.
Given these factors lead to considerable variability both in a child's
brain function and interest preference, this could explain why
large-scale epidemiological studies find that cognitive diversity is
the norm for all children – not the exception – with at least 80% of
typical children and most children with disability experiencing
significant cognitive strengths and weaknesses on standardized
cognitive tests across multiple studies and measures [185]. Chil-
dren bring this cognitive diversity to the classroom, where tea-
chers are charged with bringing uniformity among these diverse
learners. But an important question remains, why does this om-
nipresent cognitive diversity lead to disability for some children,
but not a majority of children?

We argue here that neurodevelopment provides the most
plausible answer. The brain is a surprisingly malleable organ, and
it develops remarkably throughout development [186]. When the
human genome was first revealed, there were few genetic markers
of disorders identified, but instead it was found that most dis-
orders were polygenic, and most gene-environment interactions
produced remarkable transformations and differing outcomes in
individuals. This has led to the birth of epigenetics [187,188]. In
recognizing these complex interrelationships, many different
combinations of alleles could produce similar types of disorders,
especially when it comes to disorders affecting learning and be-
haviour. Genetic differences among children surely play a role in
this neurodevelopment, but epigenetics suggests these differences
may be accentuated or diminished by environmental circum-
stances that turn genes on and off [189,190]. Thus, the child's brain
is neither equipotential nor static, but an ever changing organ in
response to environmental demands: a functional mosaic that
interacts in different ways to subserve cognitive processes [191].

Donald Hebb [192], considered the founder of modern neu-
ropsychology, first recognized an enduring neurodevelopmental
principle when he opined neurons that fire together wire together.
The goal of neurodevelopment is to make connections that make
adaptive sense for an individual. Brain development essentially
works like a sculptor who takes a solid block of stone that is chi-
seled into a fine masterpiece that is specific to each child. During
this critical neurodevelopmental period the brain is never stag-
nant, but is building pathways that are adaptive for the individual,
while destroying (pruning) ineffective or problematic pathways
[193]. But it is important to note that plasticity does not always
precipitate “positive” outcomes; what may be adaptive for the
child in his early developmental environment (e.g., home) may
actually undermine adaptive behaviour in a different environment
(e.g., school), where it might go unnoticed, minimized, or even
considered maladaptive.

How then does a child then progress from a typical child with
cognitive diversity who will benefit from evidence-based in-
struction to one with a disability requiring special needs services?
This answer is profound in its implication, and could dramatically
change what we do in serving diverse leaners. Early in develop-
ment, children likely prefer to do what they are inherently good at,
and tend to minimize activities that they find difficult, as these are
less enjoyable, leading to the typical cognitive diversity reported in
the literature [185]. If the strengths and weaknesses are not ex-
amined sufficiently at home or in the school, the difference be-
tween the two would necessarily become greater with time.

Using strengths and avoiding weaknesses is a natural response
to environmental demands. However, from a neurodevelopmental
perspective, as the divide between used (strengths) and under-
used (weaknesses) brain circuits grows larger over time, the dif-
ference could lead to disability if the undeveloped circuits are
needed in the home or school. For instance, a student who does
not develop occipital-parietal (dorsal stream) phonics skills might
do well with word reading, reading fluency, and reading com-
prehension early in school by using occipital-temporal (ventral
steam) sight word reading [194]. However, as the lexicon expands
dramatically in later elementary years, many words are learned
during oral discourse for which there is no automatic visual re-
presentation of the known word [195]. As the student ages many
more words are known by ear than by eye. When reading, the
child must decode the uncommonword using the dorsal stream so
it can be linked to lexical-semantic memory, and then it can be
recognized and stored as a new sight word. If the child can decode,
reading is not impaired, but for the child who used a sight word
approach (ventral stream strength) only and has never learned
phonics (dorsal stream weakness), the likelihood of significant
reading comprehension impairment increases with each year the
lexicon expands [196].

Strengths can be repeatedly used to compensate for weak-
nesses for some time before detection or remediation, as the
strength-based strategy may help a child who is struggling get
through tasks or social exchanges with little impairment. How-
ever, the long-term impact of strength-based learning might
eventually fail the child and could ultimately lead to disability.
Disparate strengths and weaknesses may become increasingly
maladaptive as classroom expectations and demands change, and
the child tries to use these “survival” strengths to get by. As they
are repeated over and over, the patterns can become routinized
and even automatized. Eventually, the brain's natural tendency to
make these patterns – whether functional or dysfunctional – au-
tomatic and outside the realm of conscious control (i.e., transfer
from cortical to subcortical circuitry) makes the patterns highly
resistant to typical classroom instruction or behavioural inter-
vention [154]. While the brain's plasticity, even at the subcortical
level, can allow for recovery of function once a weakness is
identified and remediated, the intensity (and associated cost) of
the resultant tertiary care intervention for an automatic mala-
daptive behaviour would be substantially higher than if the pro-
blem were identified and corrected earlier.

In both the standard tertiary care model and even in an RTI
model [197–199], children may struggle and/or fail year after year
until they are provided with comprehensive evaluation. Each year
a child waits, his/her strengths and weaknesses would necessarily
become more disparate and automatized. With the delay in eva-
luation, it is no wonder that many children will have the brain–
based disability, consistent with the neuroscience and neu-
ropsychology literature. While neuroscience and learning science
evidence supports remediation of deficit areas, well-intentioned
teachers providing compensatory interventions may potentially be
accentuating cognitive strengths and at the same time further
diminish the brain's ability to overcome identifiable cognitive
weaknesses. By accentuating and automatizing dysfunction, the
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likelihood of lifelong disability becomes significant. Although we
do not suggest that this is the cause of a disability, as there are
many children with disabilities (e.g., genetic causes, severe injury)
who cannot completely overcome their condition, it does suggest
that we should be trying to remediate weaknesses instead of
compensating for them.

1.10. Conclusion: disability exists, but it can be prevented, mitigated,
and even ameliorated in many cases

From both an educational neuroscience and learning science
evidence-base, the literature is clear. Early identification of learn-
ing needs and providing evidence-based instruction can prevent
many individuals from building problematic neural strengths and
weaknesses if teachers become literate in understanding and
serving these diverse learners in their classrooms. Thus, we be-
lieve that knowledge of brain-behaviour relationships is not only
critical for disability identification and service delivery, it is also
essential practice for those who might prevent the pattern from
becoming routinized – teachers and parents. Through our Teaching
Brain Literacy Initiative, we are developing multimethod teacher
education and psychologist curricula and consultation methods, as
well as multimedia instruction and assessment tools, to help
educators differentiate instruction based on current knowledge of
brain structure and function. We not only provide media-based
and direct instruction, but also discuss individual children who
struggle with learning in the participants' classrooms, and foster
teacher use of brain-based differentiated instruction through col-
laborative consultation in the schools. With brain literacy differ-
entiated instruction, teachers can be sensitive to the diverse lear-
ners in their classrooms by adjusting their methods to meet in-
dividual needs. Thus, brain-based differentiated instruction is de-
signed to help students succeed in acquiring the necessary foun-
dational skills for higher-level learning. It also allows teachers to
judge how well children respond to differentiation, which would
be important for considering whether a child needs more in-
dividualized special needs instruction.

When combined with multi-tier intervention models
[98,114,115], we have an opportunity to prevent individual
strengths and weaknesses from becoming significant enough to
warrant disability identification and service delivery, but for those
who do not respond, a comprehensive evaluation may be neces-
sary to develop individualized and targeted intervention strategies
[98,200]. Although these preventative efforts have been met with
success, much work is needed to advance understanding of brain-
behaviour relationships in education and to bring brain literacy to
educators [201].

Given these challenges, it is unlikely that disability can be
eradicated from the education system vernacular. For those who
do not respond to our best attempts at early intervention (e.g.,
non-responders) or children with more significant neurodevelop-
mental disorders, the evidence base is quite clear that these chil-
dren may require individualized remediation and special educa-
tion service delivery. When genetic loadings for disability are high,
and combined with inadvertent reinforcement of compensatory
strengths at the expense of furthering weaknesses, a child may
have a disability that requires individualized assessment of PSW,
and targeted intervention tailored to individual needs [98,201].
However, both the learning science and neuroscience literature
agree these specialized interventions should be designed to re-
mediate – not compensate for – the disabling condition.

Providing individuals with disabilities interventions designed
to help them work around or compensate for their problems in-
stead of facing them head on may be counterproductive. Although
we argue for differentiation to provide services to these children,
the predominant model currently in place of using child strengths
(e.g., reading text to a child instead of teaching them to read) or
providing ways for children to avoid their disabling weaknesses
(e.g., using underlining to highlight key concepts for students in-
stead of having them find key concepts), the principles of neuro-
development suggest we may indeed be reinforcing the disability
instead of helping children overcome it. In cases where disability is
severe, there is a need to provide compensatory approaches so
children with special needs can access the curriculum (e.g., read-
ing support in science class), but given our knowledge of neuro-
plasticity, strategies designed to reduce this compensatory depen-
dence should also be undertaken.

From a neurodevelopmental and neurorehabilitation brain
plasticity perspective, the goal of intervention should be to build
new or reconstruct aberrant pathways, not compensate or ac-
commodate for them, so the natural process of building functional
pathways and breaking down dysfunctional ones can free the child
from the confines of their disability in many cases. Hebb's notion is
again essential to consider here – we want to create instructional
approaches and interventions that lead to neurons firing and
wiring together so that academic and behavioural success is pos-
sible for all children, including those with and without disability.
Based on the extant evidence, it would appear that remediation
efforts, not compensatory ones, will accomplish this end.

It is important to note that we are not advocating for a return to
segregated general and special education, at least for high in-
cidence disabilities. Given the enormous benefits of inclusive
education, for children with special needs, their peers, and the
teachers who serve them, we argue that remediation should be
rigorous and individualized, and this should occur outside the
general education classroom. But this remediation should occur in
addition to inclusive education. Individualized remediation should
not replace inclusive education, but instead supplement it.

We believe the team teaching approach discussed earlier [30]
should provide two important functions in this model. The special
needs teacher should be best able to provide remedial evidence-
based instruction that is individualized based on knowledge of
brain-behaviour relationships and specialized instructional tech-
niques to help children overcome weaknesses. This remediation
should occur outside of normal class time. During normal inclusive
class activities, the team teaching arrangement can work in con-
sultative fashion, where each teacher facilitates brain literacy
practices for all students, including those with special needs. In
this way, we expect outcomes for all children will be enhanced,
many children with learning challenges will be served without
individualized services, and for those who do not respond to these
intervention efforts, individualized remedial special education
services can be provided outside the context of inclusive classroom
instruction.

Thus, our position brings together disparate camps, ideologies,
and methods under a single evidence-based umbrella. Not only
does this position reconcile the long-standing debate regarding
the nature of individual differences and disabilities, but it also
provides recommendations that will potentially foster learning
and behavioural outcomes for all children with and without spe-
cial needs in inclusive settings.
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