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Introduction

Mathematics (math) is not only the science of numbers, 
but also is used in everyday life from calculating time and 
distance, to handling money and analyzing data to make 
decisions in financial planning and insurance purchasing, 
and is essential in the STEM (science, technology, 
engineering and math) fields. Infants have an innate 
capacity for “numerosity” or the number of things. In early 
childhood, counting is learned to bridge this innate capacity 
to more advanced math abilities like arithmetic facts and 
concepts (1). Math is a core subject taught in primary and 
higher education, which builds a foundation of math skills 
for real life situations. Numeracy is the knowledge and 
skills required to effectively manage and respond to the 
mathematical demands of diverse situations (2), and is a 
necessary skill in both blue-collar and professional work 
places. Analyses in both the United Kingdom (UK) and 
United States (US) revealed that poor numeracy skills 
impacted employment opportunities and wages, even in 

the presence of adequate literacy skills (3,4). Hence, it is 
concerning to note that the Nation’s Report Card from 
the National Assessment of Educational Progress (NAEP) 
yielded poorer results for 4th, 8th and 12th graders in the US in 
2015 compared to 2013 (5), and only 9% of US adults scored 
in the highest numeracy levels in a 23 country comparative 
study (6). This has led to recommendations in the US aimed 
at improving math education, around curricular content, 
learning processes, instructional practices and materials, 
assessment, and teacher education (7). New standards like the 
Common Core State Standards (CCSS) (currently adopted 
in 42 states, District of Columbia and four territories) are 
designed to be relevant to the real world, while preparing 
students for post-secondary education and careers (8). 

Terminology utilized to describe children who have 
difficulties with math varies in the literature depending 
upon how the study populations are defined and what 
instruments are used. Generally speaking, the term 
mathematical difficulties refers to children whose poor 
mathematics achievement is caused by a variety of factors 
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from poor instruction to environmental factors, and 
represents a broader construct than does the term math 
disability (MD). Children with mathematical difficulties 
have low average performance or poor performance in 
math, but not all children with mathematical difficulties will 
have MD, which is hypothesized to be due to an inherent 
weakness in mathematical cognition not attributable to 
sociocultural or environmental causes (9). The continuously 
changing diagnostic criteria and varying definitions between 
the educational and medical/mental health realms add an 
additional confounder between the two terms. Terms like 
dyscalculia and poor math achievement add to the confusion 
as it is unclear if the terms are meant to be synonymous 
or overlapping (10). For the purposes of this review, the 
terms math learning disorder, math learning disability 
and dyscalculia will be considered as synonymous and 
represented by MD.

In many international clinical settings, criteria for MD 
is outlined in the World Health Organization International 
Statistical Classification of Diseases and Related Health 
Problems 10th edition (ICD-10). It is defined as a specific 
impairment in arithmetical skills not solely explicable on 
the basis of general mental retardation or of inadequate 
schooling, which involves mastery of basic computational 
skills rather than more abstract mathematical skills (11). 
For the US, the definition in the most recent revision of the 
Diagnostic and Statistical Manual of Mental Disorders (DSM) 
5th edition, DSM-5 (12) is in the single category of specific 
learning disorders with specifiers for the area of math (others 
being reading and written expression). The definition states 
that difficulties should have persisted for at least six months 
despite interventions, and skills should be substantially 
below those expected for age. Deficits should interfere with 
functioning, as confirmed by individually administered 
standardized achievement measures and comprehensive 
clinical assessment. It includes possible deficits in number 
sense, memorization of math facts, calculation, and math 
reasoning. 

Across reviews of studies (13), and as a matter of clinical 
practicality, most MD is identified by the school systems 
(educational and school psychologists, special educators 
among others). As such, it is critical to understand the 
changing criteria for MD determinations in the education 
system. With passage of the original version of Individuals 
with Disabilities Education Act (IDEA) in 1975 when specific 
learning disabilities (SLD) was recognized as a disability 
category for special education services, the operational 
definition was based on ability-achievement discrepancy in 

1977 (14). Over time, the discrepancy model was deemed 
flawed and lacking in validity, and in 2004 reauthorization 
changed the definition to be based upon inadequate response 
to research based interventions (15). Yet, reviews of research 
indicate that despite the abandonment of the discrepancy 
model, studies continue to use this to identify subjects. 
Furthermore, much of the research on MD appears to be 
focused on elementary school children and basic math skills 
due to an emphasis on early identification and doesn’t pay 
adequate attention to MD in older children (16) where math 
involves complex domains like algebra, and math reasoning.

Prevalence

There are almost 2.5 million students (5%) with SLD 
receiving special education services in US public schools, 
but this number has declined in the last decade, largely due 
to increased use of instructional strategies, shifts in SLD 
identification and attention to early childhood education (17). 
There is a wide range of prevalence data in the research, 
depending on criteria used for identification and cut-
offs for determination, as well as the country of study. 
Prevalence data has varied from 3–7% (12). With regards 
to gender, results have varied depending upon the criteria 
used for identification, and overall gender differences were 
not identified when using absolute thresholds or relative 
discrepancy criteria in defining MD (18-21). 

Neurobiological basis

MD is considered a neurodevelopmental disorder, involving 
dysfunction in specific brain regions that are implicated in 
math skills. Numerosity is considered the building block 
of math skills, and relies on visual and auditory association 
cortices and the parietal attention system, specifically the 
intraparietal sulcus (IPS) within the posterior parietal 
cortex (PPC) (22). There is a developmental sequence in 
childhood to math acquisition; children initially rely on 
procedure-based counting (which when repeated, results 
in associations for retrieval). This is reflected in greater 
activation in functional imaging studies of the dorsal basal 
ganglia, which is involved in working memory (WM) (23). 
Gradual development shift mostly occurs in second and 
third grades to retrieval from long term memory, laying 
the foundation for more complex math skills (24). Brain 
involvement for complex math is based in the medial 
temporal lobe, with connections to other brain areas, 
especially the hippocampus and the prefrontal cortex 
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(PFC). Younger children exhibit greater involvement of the 
hippocampus, and parahippocampal gyrus (25,26) compared 
to adults. The greater activation seen in this region in 
younger subjects may reflect the greater recruitment of 
processing resources for memorization and may also reflect 
novelty effects (27). As children mature, there is greater 
activation in the left PPC and lateral occipital temporal 
cortex along with lower activation in multiple PFC areas 
evincing more specialization (27). 

Individuals with MD have reduced activation during math 
tasks in functional imaging studies involving the IPS (28,29) 
and structural imaging also showed reduced gray matter in 
the IPS in those with MD (30) and reduced connectivity 
between parietal and occipito-temporal regions (31). A 
recent study postulated that deficient fiber projection in 
the superior longitudinal fasciculus (particularly adjacent 
to the IPS) which connects parietal, temporal and frontal 
regions in children with MD is related to MD via a 
“disconnection” or interruption of integration and control 
of distributed brain processes (32). Since research in MD is 
not as established as reading disorders (RD) and is ongoing, 
no single hypothesis accounts for all children with MD. 
Multiple theories exist as described below. 

Core deficit hypothesis

This predicts using neuro-imaging data that numeric 
concepts such as quantity, magnitude, numerosity are 
associated with the IPS. This is further distinguished as 
deficit in processing number magnitude (33) or deficit in 
number sense (34). However, developmental literature is 
inconclusive and inconsistent as MD has a complex and 
heterogenous clinical presentation (35).

Deficits in general domain hypothesis

This presumes there are subtypes of MD based on 
impairment in underlying cognitive processes. Three 
subtypes are thought to be associated, deficits in; verbal 
WM (necessary to acquire math procedures), long-term 
memory (necessary for storage and retrieval of math facts), 
and visuospatial processing (36).

Deficits in domain-specific math areas

The Triple Code model (37) of number processing hypothesizes 
there are three math domains: (I) numerical quantity 
representation (similar to number sense); (II) visuospatial 

numerical representation associated with attentional shifting; 
and (III) auditory verbally representation (associated with 
math facts and retrieval). This has some neuroanatomical 
support with IPS corresponding to first, posterior superior 
parietal lobule to second, and angular gyrus (AG) and 
perisylvian areas to the third domain respectively. 

Procedural deficit hypothesis

This states that MD is a deficit of procedural memory 
involving a neural network of frontal, parietal, basal ganglia 
and cerebellar systems involved in storage and recall of 
skills. After practice, learned information is processed 
rapidly and automatically (38). However, while promising, 
it does not account for all cases of MD. 

Genetic basis

There are thought to be a variety of intrinsic genetic 
contributors to MD, including genetic mutations and 
polymorphisms with hypothesized influences ranging 
from alterations in neural development to connectivity to 
epigenetic effects (39). Population-level studies take into 
account genetic variants on genotyping platforms and 
provide a lower bound estimate of heritability, while twin 
models capture all genetic factors and produce higher 
estimates due to the presence of dominance or interaction 
effects (40). Studies revealed that monozygotic and 
dizygotic twins of individuals with MD were twelve and 
eight times more likely to have MD, respectively (41) and 
>50% of siblings of individuals with MD also had MD (42).  
Math ability is thought to be influenced by many genes 
generating small effects across the entire spectrum of ability 
in genome-wide association studies (43) and around half 
of the observed correlation between math and reading 
ability is due to shared genetic effects (40). In a twin study, 
60% of the genetic factors that influenced math ability also 
influenced reading ability and about 95% of the phenotypic 
correlation between the two is explained by these shared 
genetic influences (44).

Certain genetic conditions increase the risk of MD. 
Children with 22q11.2 deletion syndrome have deficits 
in calculation, math word problem solving and numerical 
quantities despite intact math fact retrieval (45). Children 
with Turner syndrome have intact number comprehension 
and processing skills, but have slower and more error-prone 
functioning on complex math problems (46). Children 
with fragile X syndrome have both MD and RD (47), while 
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children with myelomeningocele have deficits in simple 
math, counting and math word problem solving despite 
relative strengths of basic number knowledge and language 
skills (48). Children with neurofibromatosis-1 have deficits 
in math calculation and math word problems and more 
variability in math skills than other genetic condition (49), 
and children with Williams syndrome have significant 
visuospatial deficits which may be responsible for their MD 
features (50). 

Clinical presentation

While the theories described above are tested against 
cognitive neuroscience models, from a clinical perspective, 
it is helpful to classify presentations depending on the 
skills and deficits demonstrated. One such model from 
Karagiannakis et al. (51) has 4 subtypes of skills:

(I)	 Core number:  which involves numerosity, 
estimating numbers and quantities, number line 
ability, managing symbols and basic counting; 

(II)	 Memory: retrieving math facts, performing 
calculations, remembering rules and formulae; 

(III)	 Reasoning: grasping math concepts, complex math 
procedures, logical problems and problem solving; 

(IV)	 Visuospatial: geometry, written calculations, graphs 
and tables. 

Typically developing children may have an experiential 
knowledge of math even prior to formal school math 
education, where they get exposed to math facts and 
calculation procedures. Clinical features of a child 
presenting with MD (Table 1) largely depends on three 
factors: the age/developmental age of the child, the existing 
math instruction and curriculum exposure, and the presence 
of comorbid conditions. 

The coexistence of another condition along with the primary 
condition under study is considered “comorbidity” (52).  
For MD, the most prevalent comorbidity is RD, with rates 
as high as 70%, and correspondingly for children with RD, 
rates of MD can be as high as 56% (18,53,54). The rates 
tend to be lower when more stringent cut-offs are applied 
to the definitions of the various disorders (55), and when 
population samples are studied compared to identified SLD 
samples. Distinguishing MD from comorbid MD with RD 
has focused on performance on nonverbal and verbal tests 
with studies showing that students with RD (and MD + 
RD) experienced more difficulty with phonology; students 
with MD (and MD + RD) more difficulty with processing 
speed, nonverbal reasoning, and most mathematical 

performances (56). While there have been suggestions that 
inattention and poor planning associated with attention 
deficit hyperactivity disorder (ADHD) may be responsible, 
MD and ADHD are thought to be comorbid separate 
disorders that are independently transmitted in families (57).  
A Spanish study (58), which attempted to distinguish the 
cognitive profiles between ADHD and MD children, 
revealed that simultaneous processing was more predictive 
in the MD group while executive processes was predictive 
in ADHD group. 

Math anxiety is specific to math and is a negative 
emotional reaction or state of discomfort involving math 
tasks (59). It is not a rare phenomenon and has been found 
in 4% of high school students in the UK (60). Children 
with MD can develop a negative attitude towards math in 
general, and avoidance of math activities associated with 
anxious feelings. Negative experiences with math teachers 
compounds the situation. Poor math achievement is 
strongly related to math anxiety, especially when children 
are expected to work rapidly towards a single correct 
response (61). There is debate whether math anxiety is a 
distinct entity from generalized anxiety, as some studies 
have shown correlation with measures of general anxiety (62) 
while other studies show measures of math anxiety correlate 
more with one another than with test anxiety or general 
anxiety (63). Math anxiety is thought to develop as young as 
first grade (64), and brain activity shows that math anxious 
children show increased amygdala activity (emotional 
regulation) with reduced activity in dorsolateral PFC and 
PPC (WM and numerical processing) (65). 

Evaluation

Screening 

This is the first step in a diagnostic process, and is 
usually conducted with the general student population to 
identify “at-risk” children (as early as kindergarten) who 
need to proceed to a formal diagnostic process. Gersten  
et al. (66) outlines common components included in 
screening batteries such as: magnitude comparison, 
strategic counting, retrieval of basic arithmetic facts, and 
(more recently) word problems and numeral recognition. 
Single proficiency screening measures, which are easy to 
administer quickly with large numbers of students, have 
comparable predictive validities to multiple proficiency 
screening measures that cover a wider range of mathematics 
proficiencies and skills. No single test score is found to be 
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Table 1 Math skills and MD symptoms by grade 

Age Examples of expected math skills Symptoms of MD

Toddlers and 
preschoolers

Symbolic representation Difficulty learning to count

Recognize and label small numbers Difficulty sorting

Simple magnitude awareness Difficulty corresponding numbers to objects 

Simple subitizing Difficulty with auditory memory of numbers (e.g., phone 
number)

Matching and naming simple shapes

Cardinal rule

One to one correspondence

Rote counting followed by meaningful counting

Kindergarten Rapid recognition of small quantities Difficulty counting

Mastery of counting (individually and in classes) Difficulty subitizing

Recognition of numbers Trouble with number recognition

Solve simple math word problems

Able to recognize and name parts of shapes

1st–3rd 
grade (early 
elementary)

Naming and writing large whole numbers Difficulty with magnitude comparison

Counting forwards, backwards, skip count Trouble learning math facts

Identifying place value of digits Difficulty with math problem-solving skills

Simple addition and subtraction Over reliance on finger counting for more than basic sums

Compare collections even if disparate in size and quantity Anxiety during math tasks

Number conservation

Understand complementarity of addition and subtraction

Retrieve some arithmetical facts from memory

Classifying and sorting shapes based on attributes

4th–8th 
grade (late 
elementary 
through 
middle)

Numbers up to 100,000, comparing and ordering numbers Difficulties with precision during math work

Place value of larger numbers Difficulty remembering previously encountered patterns
Difficulty sequencing multiple steps of math problem

Understanding of fractions Difficulty understanding real-world representation of math 
formulae

Multiplication and division and their inverse relationship Anxiety during math tasks

Basic algebraic concepts to solving linear equations

Reading graphs, tables, charts

Understanding ratio, proportions, percent, unit pricing

Learning to draw, compare and classify two- and three-
dimensional shapes 

Learning to measure objects by length, area, weight, 
volume using standard units

Table 1 (continued)
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predictive, though performance on number line estimation (67)  
and reading numerals, number constancy, magnitude 
judgments of one-digit numbers, and mental addition of 
one-digit numbers (68) are most correlated with math 
achievement. Additionally, testing WM is recommended 
along with math-specific items (68). 

In the UK, a computerized screener has been used (69). 
In the US, the Response to Intervention (RTI) model (70) 
recommends screenings on a school-wide basis at least twice 
yearly, using an objective tool and focused on critical math 
objectives for each grade level that are prescribed at the state 
level (or CCSS as applicable). Curriculum-based measurement 
(CBM) probes are empirically supported for screening (71)  
and for math generally is a single proficiency measure 
(digit computation). Health professionals’ role in screening 
generally involves providing anticipatory guidance on 
development and behavior and surveillance for “early warning 
signs” of MD (especially in pre-K children) of difficulty 
counting loud and struggling with number recognition and 
rhyming (72). Other roles include investigating and treating 
potential medical problems that can affect the patient’s ability 
to learn (73) while ruling out medical differential diagnoses 
for learning problems like seizures, anemia, thyroid disease, 
sensory deficits and elevated lead levels. 

Diagnosis

The process of diagnosis of MD depends on the discipline 
of the clinician first encountered, what criteria are 

used, as well as local and regional regulations. In early 
grades (kindergarten and first grade), diagnostics probe 
for functioning on foundational skills like core number 
processing. This is reliant on exposure to, and interaction 
with, symbolic processing skills as well as language and 
spatial processing. As children get older, increasing abstract 
concepts are relied on for math processing, and deficits 
in these are used to make the diagnosis (74). Differences 
observed in young children may result from exposure to 
mathematics before formal schooling or from student 
performance on more formal mathematics in school (66). 
Diagnostics can occur either in a medical interdisciplinary 
or educational model depending on local and regional 
availability and access to such clinicians. 

Specialists in interdisciplinary clinics (like Child 
Neurologists, Developmental-Behavioral Pediatricians, 
Pediatric Psychologists) can be involved, often at the 
request of caregivers with referrals from primary care 
providers, or for independent consultations in event 
of questions or concerns about the adequacy of school 
services. This may engender tension between educators and 
medical professionals despite the acknowledged importance 
of collaboration; particularly around the perception that 
medical clinicians foster dissension between parents and 
schools, don’t acknowledge the competence of school 
personnel and make recommendations not reflecting the 
individual needs of the child or impact on the cost or 
structure of the child’s education (75). In the medical model, 
history is usually elicited around the child’s symptoms 

Table 1 (continued)

Age Examples of expected math skills Symptoms of MD

High school Equations and inequalities Struggle to apply math concepts to everyday life, including 
money matters, estimating speed and distance

Logic and geometry Trouble with measurements

Polynomials Difficulty grasping information from graphs or charts

Exponential and logarithmic functions Difficulty arriving at different approaches to same math 
problem

Trigonometry Anxiety during math tasks

Sequences, series, and probability

Statistics: sampling, designing experiments, measures of 
center and spread 

Statistics: normal distributions, confidence intervals, tests 
of significance, graphical displays of association 

 Not an inclusive list, dependent on instruction and local curriculum. MD, math disability.
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and current functioning in all academic areas, history of 
interventions or grade retention, family history of MD, 
presence of other developmental delays (gross, fine motor, 
visuomotor, language, adaptive) and behavioral symptoms 
(including anxiety, somatic symptoms and attentional 
issues). Apart from a physical and neurological examination, 
screening tests for learning disabilities are conducted. In the 
interdisciplinary team, clinical psychologists are invaluable 
in conducting diagnostic assessments including cognitive 
and academic batteries. 

Neuropsychological testing (NPT) has been presumed to 
be broader than psychoeducational assessment and suggested 
as an essential part of SLD identification, as it can provide 
information on strengths and weaknesses, particularly if 
other medical conditions exist (76). While studies (77,78) 
have shown that performance on neuropsychological-
psychological batteries can predict academic achievement 
later, such testing is time intensive and many insurances 
(both public and private) only consider NPT medically 
necessary in the assessment of cognitive impairment due to 
medical or psychiatric conditions. They explicitly exclude 
coverage for educational reasons (unless a qualifying medical 
disorder is present like metabolic disorders, neurocutaneous 
disorders, traumatic brain injury) and suggest that testing 
be provided by school systems. NPT is of value in context 
of medical disorders or when function deterioration (due 
to neurological conditions) is not adequately explained by 
social-emotional or environmental factors (79). However, 
one limitation of NPT is that reports offer hypotheses about 
a child’s level of functioning that may not account for, or be 
relevant to, planning interventions within the school setting 
and is more of a snapshot than a progressively developing 
picture that school personnel are privy to (79). There is 
emerging interest that technology and biopsychosocial data, 
such as eye-tracking data in combination with number line 
estimation tasks, might be a promising tool in diagnosing 
MD in children (80).

In an educational model, prior to the 2004 reauthorization 
of IDEA, eligibility for determination as SLD (including 
math) rested on the ability—achievement discrepancy 
model which required assessment of cognitive and academic 
functioning and relied on formulae that determined 
cut-offs. However, since 2004, local education agencies 
were permitted to adopt criteria that could either be the 
discrepancy model or an alternate based in evidence-
based science. One of the latter, the RTI model (70) 
changed eligibility to students who fail to respond to 
increasing hierarchy of data-driven interventions based 

on individual student problems. However, despite the 
law and subsequent regulations, there is no directive 
regarding magnitude of achievement and progress targets 
for struggling learners which continues to create varying 
identification practices (81). 

Another approach emphasizes the role of strengths and 
weaknesses in cognitive processing measured by individually 
administered standardized tests. This patterns of strengths 
and weaknesses (PSW) approach needs additional empirical 
evidence to determine the robustness of this model as an 
alternate to existing procedures (82). There continues 
to be considerable variability in the state practices using 
identification techniques, with 34 states continuing 
to use the discrepancy model, and 10 states explicitly 
prohibiting its use. While 45 states provide guidance on 
RTI implementation, only 8 states exclusively use RTI 
models in LD identification, but with variability regarding 
how to implement models. Less than half of the states allow 
use of PSW models, but with little information regarding 
identification practices. Prior to 2004, only half of the states 
included math reasoning as an area for LD identification, 
and this has increased to all presently (83). School eligibility 
evaluations are conducted by credentialed special education 
teachers, licensed educational psychologists, or school 
psychologists. 

Generally, an evaluation consists of history and review 
of records, followed by psychometric testing for academic 
skills, intellectual abilities, sometimes executive function 
(EF), socio-emotional and behavioral assessment including 
qualitative information, classroom observations and 
questionnaires from caregivers and teachers. For MD, 
the assessment includes whether the student has mastery 
of math skills compared to the state’s academic content 
standards despite appropriate instruction and if the 
impact of the disability entitles the student to specialized 
instruction to benefit. The school evaluators prioritize 
educational goals and place them in the context of the 
school, which is the child’s natural environment (79). 

Management

Educational Interventions

Teaching individuals with MD creates unique challenges in 
regular education environments, as teachers often struggle 
to provide individualized attention due to large class sizes, 
limited resources and learners with different styles. The 
overall goal is building knowledge and skills to develop 
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automaticity. With students with MD, many math processes 
never become “automatic,” and they need extra time to 
improve WM and extra work on cognitive functions (84). 
The co-teaching model, in which children with MD are 
taught in the general education classroom, involves a 
general education teacher delivering overall instructional 
content, and a second special education teacher designing 
and delivering more intensive interventions and learning 
strategies as needed. This model is built around inclusion, 
to foster positive interaction and behavior among students, 
and to foster professional development among educators, 
but it has been criticized for not detecting or differentiating 
students with MD early in their education (85). 

While the adoption of CCSS standardizes the expected 
knowledge and abilities of students at a certain grade level, 
and allows an easier transition if students move between 
districts or states, some suggest that it also may cause 
children to fall further behind their peers, and leave gaps 
in important skills and general math understanding. It can 
create hardship for students with MD as well; since the 
time constraints and the expected amount of material that 
students are expected to master may lead to students with 
MD not getting enough procedural practice, and repetition 
of the basic concepts in order to be successful (86). Since 
CCSS is reading intensive, students with comorbid LD and 
MD struggle to a greater extent, and there are additional 
challenges transitioning from an older curriculum, and the 
lack of professional development educators receive during 

this transition (87). 
The RTI model is a three tiered system is used for 

early identification (and intervention) of children who 
may be at risk of future educational failure. The typical 
representation is a pyramid (Figure 1) of larger numbers 
in a generalized education environment with progressively 
smaller groups receiving additional instructional supports 
and finally students needing intensive instruction similar to 
specialized education. The model has the benefit of creating 
accountability by encouraging and guiding practitioners 
to intervene earlier with the great number of children at 
risk of failure, and by introducing a more valid method 
to identify student with MD with progress monitoring 
and motivational strategies, particularly for students in 
Tier 2 and Tier 3 instruction (88). The impetus for RTI 
has been primarily for reading, with slower adoption for 
math, though programs have been slowly expanding over 
the past five to ten years. There has been debate about the 
value of investment in small-group intervention, whether 
interventions should be aligned with core curriculum, and 
which students are likely to benefit from intervention. Small 
group interventions have consistently improved students’ 
math performance on proximal measures, that is, difficult 
grade level content and sophisticated topics. However, the 
effect on distal measures, that is building a general capacity 
in math, is less clear (89). 

The National Center for Educational Evaluation and 
Regional Assistance recommends that instructional material 
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Figure 1 Organizing the school for tiered instruction. Used with permission from the RTI Action Network: http://www.rtinetwork.org/
essential/tieredinstruction/tiered-instruction-and-intervention-rti-model.
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should focus intensely on whole numbers in kindergarten 
through grade five, and on rational numbers in grades 
four through eight. Instruction should include at least 
ten minutes devoted to building fluent retrieval of facts,    
should be explicit and systematic, including providing 
models, verbalization of thought process, guided practice, 
corrective feedback, and frequent cumulative review, and 
students should have the opportunity to work with visual 
representations of mathematical ideas. Interestingly, 
in classrooms with a high percentage of students with 
MD, teachers are more likely to instruct with the use of 
manipulatives/calculators, or movement/music, or ordering 
and number/quantity skills, though these activities have not 
been associated with math achievement gains by students 
with MD. Students without MD benefit from both student-
centered and teacher-directed activities. However, only 
increased classroom time doing teacher-directed activities is 
associated with positive gains in students with MD (90). One 
meta-analysis on teaching methods for children with MD 
revealed that students with lower math performance tend 
to respond better to instruction, and while interventions 
may help in many math domains, a smaller effect is seen 
in early numeracy and general math proficiency. Explicit 
teacher-led instruction, and peer-assisted learning have the 
largest affect, and providing instructional recommendations 
to teachers, and the use of technology may also have 
positive effects. Specific instructional components that may 
be beneficial for students with MD include controlling 
task difficulty, greater elaboration on topics, and working 
in a small group setting. Additionally, cognitive and 
metacognitive strategies computer-based interactive lessons, 
videos, and hands-on projects have been shown to aid math 
understanding and performance. Using concrete and visual 
representations along with teacher-facilitated instruction 
and virtual manipulatives have also been shown to be 
effective (91). 

Three general strategies have been shown to be 
useful in accommodating children with MD including; 
improving reading skills, improving mathematical problem 
solving skills, and altering general instructional design  
(Table 2) (92). There are several specific math intervention 
programs which have gained research support. For a 
detailed description of these programs, see: http://www.
hanoverresearch.com/2015/04/06/best-practices-in-
math-interventions/. A detailed list of math interventions 
describing the appropriate age of learners and the level of 
evidence is also available at the What Works Clearinghouse, 
an online database created by the U.S Department of 

Education’s Institute of Education Sciences (93). 
While emphasis is  usually on implementing an 

intervention in the way it was researched and manualized, 
interventions are often slightly modified by special 
education teachers in response to their students’ notions 
of mathematics, and the particular need of individual 
students, or small groups of students. They do this 
through changing the pedagogy, materials, or tasks to 
bridge students’ prior and informal knowledge. They 
provide additional practice opportunities and connect 
procedural practices to larger concepts, provide additional 
time to practice in areas of difficulty, foster greater 
student interaction, and allow students more opportunity 
to think out loud and justify their thought processes (94).  
These practices should not be discouraged, because 
research has shown that training tailored to a child’s 
specific needs can create positive results (95). 

Behavioral interventions

While educational interventions comprise the bulk of 
effective interventions for MD, there have been behavioral 
interventions that are effective in improving the math 
skills of children with MD, in the areas of EF, cognitive 
tutoring, and cognitive-behavior therapy (CBT) to improve 
performance, decrease math anxiety, and foster a positive 
attitude towards math. 

EF broadly refers to the processes of attention, WM, 
long term planning, volition, and behavior inhibition (96) 
that allows students to organize and prioritize information, 
monitor progress, and adapt. Students who struggle with 
EF may have difficulty determining key information in 
math word problems, performing mental math, or starting 
a task, and they may make careless mistakes if they fail to 
check their work (97). 

Strategies that can be implemented by school personnel 
include teaching positive self-regulatory skills through 
engagement, awareness of strengths and needs, goal setting, 
skill mastery, and generalization. A highly structured 
environment and schedule, limiting distractions, and 
providing interventional cues can foster self-regulation. 
For students who have difficulty with WM, teachers should 
limit the number of concepts presented at any one time, and 
may find it helpful to group information into chunks (97). 

Improving attention in children with low arithmetical 
achievement may help to improve their abilities. Strategies 
include using instruction in improving reaction time, 
sensory (visual, auditory) selectivity, and attention shift (98). 

http://www.hanoverresearch.com/2015/04/06/best-practices-in-math-interventions/
http://www.hanoverresearch.com/2015/04/06/best-practices-in-math-interventions/
http://www.hanoverresearch.com/2015/04/06/best-practices-in-math-interventions/
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WM is specifically related to the ability of learn new math 
skills and is widely accepted to be impaired in individuals 
with MD. WM is correlated with math performance and 
is indicative of future math performance. WM training 
shows improvement in math skills especially when involving 
visuospatial WM (99). Cognitive tutoring has been found 
to be successful in improving math performance, effecting 
neuroplasticity, and changing the brain function of children 
with MD. Functional imaging studies have shown that 
initial differences in the prefrontal, parietal and ventral 
temporal-occipital cortices normalized after eight weeks of 
one-on-one tutoring focused on strengthening conceptual 
and procedural knowledge to support attention, WM, 
visuospatial skills, and cognitive inhibition necessary for 
math fluency (100). 

Behavioral interventions are also important in addressing 
math anxiety, and early intervention is important as math 
anxiety tends to increase with age. Interventions include 
systematic desensitization, and cognitive behavior therapy 
(CBT); for example, expressive writing before a test may 
cause the student to reevaluate the need for worry, and 

therefore increase the WM available to perform specific 
tasks (101). Studies have shown that cognitive behavioral 
intervention with targeted tutoring may be helpful in 
decreasing anxiety, fostering a positive attitude towards 
math, and improving performance (102).

Novel approaches

Computer games and tutorials have been used for the past 
30 years in special education to aid students with MD to 
improve basic math knowledge and skills (103). Rapid 
advances in broadband connectivity and ubiquity of mobile 
computing has led to almost every student having access to 
a computer connected to the internet, and increased digital 
content (104). Technology helps to emphasize important 
concepts, engage multiple sensory modalities, divide 
complex material into smaller components, and provide 
immediate feedback about accuracy (104). In one study, the 
use of math apps allowed both students with and without 
MD to make gains in math assessments. The larger gain 
was made in the struggling group, which helped to close the 

Table 2 Methods for accommodating students with MD

Methods Accommodations

Improving reading skills Break up the text into smaller sections

Use a simple font  

Do not justify the text

Use colored overlays to reduce glare

Improving mathematical problem solving 
skills

Photocopy math books with the relevant sections placed in order

Separate complicated problems into small steps

Use markers to highlight, and guide attention 

Use color to delineate columns and rows in spreadsheets

Simplify tables

General instructional design Supplement incomplete notes

Use posters to remind students of various basic concepts

Use flash cards 

Provide flow charts to clarify procedures

Engage visual learners with manipulatives

Encourage students to move at their own pace 

Teach organization, studying, and time management skills

Focus on revision prior to an examination

Not an exhaustive list. MD, math disability.
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achievement gap (105).
Other technologies that can aid students with MD include 

computers and tablets with touch screens that are easier 
to use than traditional mouse and keyboards, and children 
can use them with little instruction (105). For students with 
MD, this type of feature allows for accommodations such 
as “talking calculators,” and the easy transfer of numbers to 
graphs, tables, and charts to create visual aids. Now, programs 
containing an artificial intelligence element can interactively 
tailor the features and settings of these programs, to the 
needs and abilities of particular students. For additional 
information about specific programs, please see the paper by 
Campuzano et al. (106). 

Recent research has shown that virtual manipulatives can 
be invaluable when integrated with general math concepts 
to ensure a meaningful learning experience to match the 
individual student’s needs and abilities. For classrooms 
already equipped with computers, the cost is negligible 
since many virtual manipulative websites are easy to access, 
free of charge and don’t require storage or cleaning which 
benefits busy teachers (103). Video prompting using tablet 
devices have the added benefit of giving educators more 
time to work with small groups, or one-on-one, while 
others work in a self-directed manner, and students benefit 
by gaining independence, and becoming more accountable 
for their own learning (107).

Outcomes

The importance of identification and intervention is 
underscored by the impact of MD on child and adult 
functioning. Shalev et al.  (108) demonstrated in a 
longitudinal study over three and six years that MD is 
persistent, which is similar to other developmental disorders 
like ADHD and RD with educational interventions not 
being protective against persistence of MD. There is 
limited research on SLD outcomes in adults, much less with 
respect to MD, and it tends to focus on young adulthood 
with limited data points which are less helpful about trends. 
The National Longitudinal Transition Study–2 only provides 
a snapshot of the immediate years after leaving school, 
lacks specific information about SLD in absence of other 
disabilities, and most information is about literacy and 
not numeracy. It also does not include persons who have 
dropped out of school, and describes attendance (but not 
completion) of two-year postsecondary schools. It does not 
track the types of employment and job advancement (109).  
Educational achievement is hypothesized to translate 

to higher SES through higher attained qualifications, 
improving occupational status and career development 
opportunities (110) and numeracy is associated with 
successful financial decision making (111). 

Conclusions

Changing diagnostic manuals, different hypotheses 
regarding the core precepts of the disorder, and different 
criteria adopted in medical and educational systems 
can lead to different perspectives on MD. Advances in 
neuroscience and genetics offer promise in etiological 
determinations and understanding the neural processes 
underpinning MD. Clinical presentation varies depending 
on age and developmental status of the child, presence of 
other comorbid conditions, and the degree and nature of 
instructional methods used. The core interventions for MD 
continue to be educational in nature, with a varying degree 
of evidence-base that continues to grow. Additional avenues 
include behavioral interventions, which are primarily 
for comorbid conditions and math anxiety. Exciting new 
directions utilizing informational technology can help 
supplement educational interventions. 
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