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 Introduction to the Special Issue

1DQF\�0DWKHU
1LFKRODV�7DQQHU
8QLYHUVLW\�RI�$UL]RQD

$EVWUDFW��The purpose of this special issue is to explore and explain how a pattern of strengths and weaknesses (PSW) 
approach can be useful in the diagnosis and identification of individuals with specific learning disabilities (SLD). To 
understand a PSW approach, one must first understand the origins of the diagnostic category of SLD. Although some 
people may think that SLD as a disability category was created by federal legislation in the 1970s, the roots of SLD 
can be traced back to at least the early 1800s (Hallahan & Mercer, 2002; Hammill, 1993; Wiederholt, 1974). Many of 
the conclusions drawn in the late 1800s and early 1900s regarding the assessment of students with SLD, as well as the 
characteristics of these disorders, are still pertinent today.

.H\ZRUGV��"

/HDUQLQJ�'LVDELOLWLHV� � � � � ��� ����� � � � � �������9ROXPH�����1XPEHU��

$�%ULHI�+LVWRULFDO�5HYLHZ
When reviewing the history of SLD, several common 

themes emerge regarding assessment, including (a) the 
concepts of specificity and variation, (b) the concepts of 
discrepancy and unexpected underachievement, (c) the 
impact of SLD on intelligence test scores, and (d) the need 
for comprehensive evaluations. An understanding of these 
historical views contributes to our current understanding 
of SLD and also supports the use of a PSW approach as 
being consistent with the original conceptualization of 
these disorders.

Specificity and Variation
Two major tenets underlying SLD are the concepts 

of specificity and variations among abilities (i.e., only 
certain aspects of performance are impaired). Kavale 
and Forness (2000) explained the historic importance of 
the word specific noting that the adjective “specific” in 
describing LD was meant to signify that the poor academic 
performance experienced by students with LD emanated 
from a limited number of underlying deficits (p. 245).  
Individuals with SLD have cognitive assets but also deficits 
that lead to poor academic performance, a characteristic 
that differentiates individuals with SLD from those with 
lower global intelligence (Hale, Kaufman, Naglieri, & 
Kavale, 2006; Hale et al., 2008). Thus, individuals with 
SLD have distinctive cognitive deficits that lead to poorer 
academic performance than would be expected given their 
cognitive assets. 

Early investigators speculated that some form of 
neuropsychological processing problem was the cause 
of SLD (Reynolds, 2008). Case studies in the late 1800s 
described children and adults with specific reading 
disabilities. As examples, Morgan (1896) described a 
14-year-old boy who, although he struggled with reading, 
would be the brightest lad in the school if the instruction 
were entirely oral. Kussmaul (1877), a German neurologist, 
described an adult patient with severe reading disabilities 
noting “a complete text blindness may exist although the 
power of sight, the intellect, and the powers of speech 
are intact” (p. 595). By emphasizing the specificity of 
the reading disability, Kussmaul gave birth to the idea of 
dyslexia or specific reading disability (Hallahan & Mercer, 
2002).

Travis (1935), a speech and language pathologist, 
described certain children with normal intelligence as 
having a “special” disability because they had difficulty 
learning specific academic subjects, such as reading, 
writing, and mathematics. These children showed a 
striking disparity between ability in one subject and ability 
in another or between achievement in some subjects and 
their measured intelligence or oral language ability. Travis 
noted that the clearest expression of this type of disability 
was an educational profile that depicted consistently low 
scores on a series of tests in a given subject with average or 
superior scores on tests in other subjects. 

This concept of intra-individual variations has 
persisted throughout several decades. As examples, 
Gallagher (1966) explained that the key characteristic that 

Nick Tanner
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identifies SLD is the substantial difference between the 
worst and the best of the person’s developing intelligences. 
Johnson and Myklebust (1967) described SLD as “a deficit 
in learning in the presence of basic integrity” (p. 25). 
Similarly, Kirk described SLD as being characterized by 
discrepancies among specific behaviors (Arena, 1978). In 
fact, all historic approaches to SLD have emphasized the 
spared or intact abilities that “stand in stark contrast to the 
deficient abilities” (Kaufman, 2008, p. 7). 

Discrepancy and Unexpected Underachievement
The concepts of ability–achievement discrepancy and 

unexpected underachievement also emerged early in the 
20th century. Monroe (1932), a research associate of Dr. 
Samuel Orton, explained in her classic book, Children Who 
Cannot Read, that different factors affected performance 
in different children and that even children of superior 
intelligence could struggle to learn to read. Because reading 
was often not in line with the person’s other achievements, 
the failure seemed to be “unexpected.” Monroe proposed 
the use of a discrepancy formula to quantify this concept 
of “unexpected” underachievement. She proposed using 
an amalgamation of mental age, an intelligence quotient, 
and arithmetic computation to predict the expected level 
of reading performance. 

Impact of SLD on Intelligence Scores
Problems with the use of a full-scale intelligence test 

score as a measure of potential were noted in the early 
1900s. Orton (1925) discussed how intelligence tests often 
provide an erroneous and unfair estimate of the intellectual 
capacity of children with “word blindness.” Monroe and 
Backus (1937) reiterated this sentiment, noting that 
children of good general intelligence can show weaknesses 
on the specific skills that compose an intelligence test  (p. 
22). Thus, SLD can have an impact on the various abilities 
measured by intelligence tests and these lowered abilities 
can affect the overall estimate of learning potential.

Need for a Comprehensive Evaluations
The value of comprehensive evaluations has also 

been described. Monroe and Backus (1937) emphasized 
the importance of a careful assessment for planning 
intervention: “To be effective, remedial instruction in 
reading must be preceded by careful diagnosis” (p. 12). 
Stanger and Donohue (1937) also stressed the importance of 
comprehensive evaluations, stating: “If these tests will give 
us a basis from which we can start to understand a child’s 
difficulties, they will have justified the time spent on them. 
Anything which helps educators or parents to understand 
any phase of development or lack of development is of 
immeasurable value” (p. 189). Thus, over 70 years ago, 

psychological and educational tests were considered to be 
invaluable tools for understanding learning development, 
learning differences, and remedial instruction.

7KH�)HGHUDO�'HILQLWLRQ�RI�6SHFLILF�/HDUQLQJ�
'LVDELOLWLHV�DQG��,'($������,GHQWLILFDWLRQ�0HWKRGV

To identify a disorder accurately, one must first define 
and delineate the characteristics of that disorder. The 
modern day definition of SLD, however, is profoundly 
influenced by federal  legislation. The Education of 
All Handicapped Children Act (1975), as well as the 
reauthorizations (Individuals with Disabilities Education 
Act, 1997; IDEA, 2004) share the basic premise that a 
disorder exists in one or more of the basic psychological 
processes that are necessary for learning or academic 
achievement. As with past authorizations, the current 
reauthorization, IDEA 2004, does not explicitly align 
identification procedures with the SLD definition, nor 
does it specify a methodology for diagnosing SLD or make 
specific recommendations regarding how to identify and 
document the spared and disordered processes (Kaufman, 
Lichtenberger, Fletcher-Janzen, & Kaufman, 2005). 
Unfortunately, this lack of clarity regarding identification 
procedures further contributes  to a disconnect between 
the definition and the identification process. Under 
IDEA 2004, three procedures can contribute data for SLD 
identification: ability–achievement discrepancy; response 
to intervention (RTI); and alternative, research-based 
methodologies, typically defined as a pattern of strengths 
and weaknesses (PSW) approach, the topic of this special 
issue.

Ability–Achievement Discrepancy
For the last three decades, most states have required 

documentation of a significant discrepancy between 
intelligence and achievement test scores as the major 
criterion for SLD identification. Although this type 
of discrepancy is designed to capture the concept of 
“unexpected” underachievement as Monroe described, 
it has often been criticized for the following reasons: (a) 
young children (K–2) are often not far enough behind 
to have a discrepancy; (b) the SLD (e.g., slow processing 
speed) can lower intelligence test scores reducing the 
chances of a discrepancy; (c) poor reading achievement has 
an impact upon knowledge and vocabulary development, 
thus reducing the size of the discrepancy in older students; 
(d) the size of the required discrepancy varies among 
school districts and states (Berninger, 1996); (e) evaluators 
in school districts have placed too much emphasis on 
mathematical formulae to identify complex learning 
problems; and (f) the discrepancy does not enhance 
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understanding of the reasons for failure or provide 
guidance for the development of an intervention plan. 
As Bateman (1992) observed:  “The problems in using a 
formula to identify students who have learning disabilities 
are many, serious, and too often disregarded. First, if not 
foremost, it is a violation of law to rely on anything other 
than professional judgment” (p. 32). 

Response to Intervention 
Introduced as an alternative to the ability-

achievement discrepancy, IDEA 2004 permits states to 
use a process that examines whether a student responds 
to scientific, research-based interventions as part of the 
SLD evaluation procedure. This process is most often 
referred to as response to intervention (RTI). In principle, 
RTI involves the systematic use of data-based decision 
making to identify struggling students and then provides 
a series of interventions that increase in intensity (Burns 
& VanDerHeyden, 2007). Presently, many states have 
implemented or are planning to implement some form of 
RTI with the hopes of (a) reducing the number of students 
referred for evaluations; (b) providing early intervention 
to all children in a more timely fashion; (c) providing more 
specific, intensive interventions to the children who need 
the most help; (d) increasing the validity of actual special 
education placement decisions; and (e) monitoring the 
progress of all students. Considerable heterogeneity exists, 
however, in the methods and procedures used within RTI 
models (Decker, 2012). 

The use of an RTI procedure to identify SLD has 
several limitations. The data collected in many RTI models 
appear insufficient for the early, accurate identification of 
struggling readers. Recent research has suggested that the 
one-stage screening procedures that are often employed 
in RTI models result in unacceptably high rates of false 
positives (Fuchs, Fuchs, & Compton, 2012). Fuchs et 
al. found that use of a two-stage screen, which included 
additional cognitive and academic measures, greatly 
improved classification accuracy. Thus, more refined and 
in-depth assessments could help identify students whose 
failure to respond to secondary interventions can be 
predicted, and then more intensive interventions can be 
provided in a more timely fashion (Fuchs et al., 2012).

The premise of RTI is intuitively appealing, especially 
as a model of prevention, but the diagnostic utility of 
the procedure is limited. Kavale, Holdnack, and Mostert 
(2005) cautioned, “The disconnect between the RTI model 
and the SLD construct creates the potential for diagnostic 
chaos” (p. 14). RTI ignores the needs of students with 
academic aptitude in the top 10% who struggle in a specific 
academic domain and results in a radical alteration of the 
historic concept of SLD (Reynolds, 2008). Furthermore, an 

RTI process does not diagnose the reasons why a child does 
not make adequate progress or pinpoint the underlying 
reasons for the achievement gap (Mather & Kaufman, 
2006; Pass & Dean, 2008). 

Although RTI can provide useful information 
regarding the effectiveness of interventions, it is not an 
appropriate diagnostic procedure for SLD, nor does it 
provide guidance for treatment (Berninger, O’Donnell, & 
Holdnack, 2008; Suhr, 2008). Comprehensive evaluations 
are still necessary. The National Joint Committee on 
Learning Disabilities (NJCLD) (2010) noted that “an RTI 
process does not replace the need for a comprehensive 
evaluation” (p. 7). In addition, a recent policy memo from 
the Office of Special Education and Rehabilitative Services 
(January 21, 2011) specified that participation in an RTI 
process cannot be used as a reason to delay or deny initial 
evaluations for children suspected of having a disability. 

Alternative Research-Based Methods: A Pattern of 
Strengths and Weaknesses

As the focus of this special issue, a third option is 
available to schools for SLD identification. IDEA regulation 
§ 300.309, (a)(2)(ii) permits consideration of a pattern of 
strengths and weaknesses in performance, achievement, 
or both, relative to intellectual development, that is 
determined by the team to be relevant to the identification 
of SLD. In addition, the team must determine that the 
underachievement is not primarily the result of a visual, 
hearing, or motor disability; intellectual disability; 
emotional disturbance; cultural factors; environmental 
or economic disadvantage; or limited English proficiency 
(IDEA regulation § 300.309, [a][3]). 

The major purpose of assessing cognitive skills is to 
attempt to explain the student’s unique strengths, as well as 
the factors that contribute to a student’s difficulties. Once a 
pattern is determined, the evaluator must explain how these 
factors relate to academic performance and then, based 
upon this analysis, select appropriate accommodations 
and interventions. Thus, cognitive development is uneven 
with variations between a set of intact cognitive processes 
and one or more disordered processes that negatively 
impact academic achievement (Hale, Naglieri, Kaufman, & 
Kavale, 2004; Kaufman, 2004). As discussed in the historic 
perspectives of SLD identification, these weaknesses in 
basic psychological processing, often referred to as intra-
cognitive variations, are considered to be the hallmark 
or defining characteristic of SLD (Kaufman & Kaufman, 
2001; Kavale, Kaufman, Naglieri, & Hale, 2005).

As a part of a comprehensive evaluation, the evaluator 
must attempt to document the cognitive integrities as well 
as one or more disorders within the basic psychological 
processes that contribute to the academic difficulties 
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(Hale et al., 2004; Kaufman, 2004). Through analysis of 
the pattern of strengths and weaknesses that exist, one can 
begin to determine how these specific differences enhance 
and affect academic performance (Mather & Gregg, 2006). 
Within both school and clinical settings, a major purpose 
of a comprehensive evaluation is then to uncover the 
cognitive processing disorders that have affected some, but 
not all, aspects of academic achievement. Recently, a report 
by the NJCLD (2011) concluded that, “We are coming to 
recognize that deficiencies in certain cognitive processes 
are indicators of LD that predict and, therefore, result in 
expected underachievement” (p. 239).

One major benefit of the PSW approach is that it aligns 
the federal definition of SLD, identifying specific deficits 
in basic psychological processing, with the procedures for 
identification. Kavale, Kauffman, Bachmeier, and LeFever 
(2008) explained that “Cognitive processing assessment 
aligns diagnostic procedures with a clearly articulated 
SLD definitional component: a disorder in one or more of 
the basic psychological processes” (p. 144). Although the 
patterns are but one piece of a complex puzzle, they are 
essential for making an accurate diagnosis and determining 
the most appropriate accommodations and interventions.

Even though several models of PSW approaches exist, 
a PSW approach typically involves the following steps: (a) 
identifying an academic need, (b) determining if areas of 
cognitive weakness exist that have a research-based link to 
academic performance, (c) establishing cognitive strengths, 
and (d) analyzing the results to see if the pattern is consistent 
with a profile of SLD (Schultz, Simpson, & Lynch, 2012). 
The PSW approach is not tantamount to merely listing an 
individual’s unique strengths and weaknesses to determine 
SLD, but rather to determining whether or not the 
particular PSW is indicative of SLD, such as a child with 
dyslexia who has weaknesses in phonological processing 
but strengths in listening comprehension and reasoning, 
or a child who has a specific mathematics disability with 
weaknesses in working memory but a strength in oral 
language. 

Oftentimes, a student’s strengths can be used to justify 
the selection of accommodations. For example, a student 
with advanced oral language abilities but lower reading 
and writing skills would benefit from oral examinations 
in content-area classes as well as the use of assistive 
technology. In addition, identification of an individual’s 
overall pattern of cognitive strengths and weaknesses can 
increase self-understanding and is, in itself, therapeutic 
(Suhr, 2008). 

6SHFLDO�,VVXH
Within this special issue, Kubas, Schmid, Drefs, Poole, 

Holland, and Fiorello report on a study that examines the 

cognitive and academic strengths and weaknesses for math 
disabilities, using the Concordance-Discordance Model 
of PSW identification (Hale & Fiorello, 2004). For this 
method, a child is identified as having cognitive strengths 
and weaknesses that differ and cognitive strengths and 
academic deficits that differ (i.e., discordance). The 
cognitive weakness(es) (i.e., the deficit or deficits in the 
basic psychological processes) do not differ from the 
achievement deficit (i.e., concordance). This deficit would 
typically be what is causing the learning problem. 

Because math requires a number of different cognitive 
processes, identifying the patterns observed in subtypes is 
a difficult task. In line with historic accounts of the need 
for individualized evaluations, Kubas and colleagues argue 
that overlooking a pattern of strengths and weaknesses 
may result in inadequate identification and ineffective 
interventions Thus this study adds to our understanding of 
a PSW approach by identifying specific patterns observed 
across subtypes of math disabilities. 

Carmichael, Fraccaro, Miller, and Maricle explore 
performance differences in academic achievement 
and memory functions. Using the Concordance-
Discordance Model of PSW identification, they examine 
working memory and long-term memory and academic 
achievement among six different SLD subtypes. The results 
shed light on the role of memory in SLD. Thus their study 
provides evidence for the understanding of specificity and 
variations of working memory and long-term memory 
in subtypes of SLD. Furthermore, they discuss subtype 
analysis that can help increase the diagnostic accuracy of a 
PSW approach. 

Assessing the need for individualized and 
comprehensive assessment, Ortiz, Johnston, Wilcox, 
Francis, and Tomes examine the use of intelligence 
subtests in culturally diverse individuals. They explain 
how cultural factors can influence a person’s performance 
on individualized assessments. Furthermore, Ortiz and 
colleagues examine the use and ethics of relying on single 
measures of overall IQ for culturally and linguistically 
diverse groups. Their study examines overall summations 
of IQ, index, and subtests for Caucasian, African American, 
and Latino/Hispanic American children and how these 
scores predict academic achievement. Thus this study adds 
support for the use of a PSW approach by increasing our 
understanding of how cultural factors, as well as individual 
differences, can affect scholastic achievement. 

In the final article, Feifer, Nader, Flanagan, Fitzer, 
and Hicks examine the critical neurocognitive processes 
observed in individuals with reading disorders. By showing 
that reading disorders represent a heterogeneous group, 
they shed light on how various neurocognitive process 
contribute to the diagnosis of SLD. Thus, this evidence 



      Mather and Tanner

/HDUQLQJ�'LVDELOLWLHV� � � � � �� ����� � � � � ������9ROXPH�����1XPEHU��

increases our knowledge of specificity and intra-individual 
variations in SLD.  Furthermore, they discuss the efficacy 
of specific remedial programs based on the unique needs 
of each group. This article helps to increase our knowledge 
of how intra-individual variations align with specific 
remediation programs based on an individual’s unique 
profile. 

These four articles increase our understanding and 
add support for the use of a PSW approach. They elucidate 
the nature of specific PSW observed in various subtypes of 
SLD. By examining these patterns and their influence on 
achievement, we not only gain insight into how a subtype 
of SLD may impact a student’s cognitive performance, but 
we can also tailor interventions to specific, individualized 
needs.

&RQFOXVLRQ
Today much more is known about the relationships 

among measures of cognitive processing and academic 
development. A substantial body of research helps 
delineate how cognitive abilities differentially relate 
to the achievement domains of reading, writing, and 
mathematics and how these processes impede learning 
(e.g., Berninger, Abbott, Thomson et al., 2006; Berninger, 
Abbott, Vermeulen, & Fulton, 2006; Floyd, Evans, & 
McGrew, 2003 NOT IN REFS; Fuchs et al., 2006; Geary, 
2003; Hale, Fiorello, Kavanagh, Hoeppner, & Gaitherer, 
2001; Swanson & Jerman, 2006). This is the essence of a 
PSW approach. 

In line with past conceptualizations of SLD, the 
PSW approach requires careful analyses of the results 
of individualized comprehensive evaluations by an 
experienced clinician.  This comprehensive evaluation 
is designed to identify an individual’s strengths as well 
as the intrinsic cognitive factors that are impeding 
academic performance. The ultimate goal is to document 
an individual’s pattern of strengths and weaknesses so 
that the interventions can be tailored to instructional 
needs (Hooper, 1996; NJCLD, 2011; Norton & Wolf, 
2012). A diagnosis of SLD using a PSW approach results 
in the identification of the specific type of SLD that has 
implications for accommodations and instruction.   
Ironically, in an era when educational practitioners are 
encouraged to use evidence-based instructional practices, 
they are not encouraged to use evidence-based differential 
diagnoses of SLD (Berninger & O’Malley, 2011).

In 1935, Monroe cautioned, “In all remedial work, 
the teacher should start first with the child and then find 
the appropriate method. Fit the method to the child, 
not the child to the method” (p. 227). This can only be 
accomplished through an in-depth understanding of an 

individual’s unique pattern of strengths and weaknesses. 
For an accurate diagnosis, the focus needs to be on 
attempting to determine why an individual is struggling 
with learning, and then what can be done to enhance 
learning. Only then will individuals with SLD receive the 
necessary support and services they require and deserve.
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Specific learning disabilities (SLD) continue to burden 
children, families, and schools across the United States, 
with national surveys showing an alarming number of 
children struggling to respond to academic instruction 
(Hale, Naglieri, Kaufman, & Kavale, 2004).  SLD accounts 
for nearly half of the children receiving special education 
services (Fuchs, Deshler, & Reschly, 2004), and more than 
7% of all school-aged children have an SLD diagnosis 
(Boyle et al., 2011).  SLD, defined as a disorder in one or 
more of the basic psychological processes that adversely 
affect academic achievement (Individuals with Disabilities 
Education Act; IDEA, 2004), can cause deficits in a wide 
range of skills including reading, mathematics, and writing 
(Miller, 2013). 

These academic areas place considerable demands 
on the brain and recruit a number of different neural 
networks for successful performance (Semrud-Clikeman, 
2005).  Although children with SLD often exhibit problems 
associated with left posterior brain functions (e.g., temporal, 
parietal lobes), some children with SLD also experience 
executive function (EF) impairments, including problems 
with planning, organizing, strategizing, monitoring, 
shifting, and evaluating behavior, and working memory 
(WM).  To date, the majority of research has examined 
the relationship of phonological awareness and working 

memory in relation to academics, with less research 
conducted on the neuropsychological findings associated 
with SLD subtypes. 

Despite a wealth of literature on the cognitive, academic, 
and behavioral outcomes of SLD as a group, there is often a 
lack of attention to the diverse needs of individual students 
or SLD subtypes.  Even within distinct academic categories 
of SLD (e.g., reading, math, writing), neuropsychological 
presentation may vary substantially; as a result, response to 
our best intervention efforts is seldom uniform.  Currently, 
there is a growing body of research highlighting the 
relevance of using comprehensive evaluations of cognitive 
and neuropsychological processes when serving this 
diverse group of students (Backenson et al., 2013; Semrud-
Clikeman, 2005). Given the significant heterogeneity 
of the SLD population, further research is needed to aid 
our understanding of how using a neuropsychological 
processing approach can guide practice and inform 
services for children with SLD.

Neuropsychology of Reading
Reading requires adequate functioning of a number 

of cognitive processes. In order to read well, children 
must have phonemic awareness, graphemic awareness, 
word attack skills, language comprehension, lexical/
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semantic knowledge, fluent reading, and WM (Evans, 
Floyd, McGrew, & Leforgee, 2002).  Deficits in any one of 
these processes may be the root of a child’s reading SLD 
(Simos, Breznitz, & Berninger, 2011), making intervention 
planning difficult if neuropsychological variables are not 
considered throughout assessment and intervention. 

There are many interrelated neural networks in the 
posterior and anterior regions of the brain that are active 
during reading tasks (Shaywitz & Shaywitz, 2008). In 
posterior regions, the parietal-temporal system is highly 
relevant to orthography (e.g., word/letter recognition) and 
phonemic awareness (Frackowiak, 2004), while the angular 
gyrus is especially critical for sound-symbol association, or 
what is referred to as the alphabetic principle (Berninger 
& Richards, 2002 NOT IN REFS; Hale & Fiorello, 2004).  
Since reading requires the use of auditory processes 
(e.g., superior temporal), visual processes (e.g., ventral 
occipital-temporal), as well as auditory-visual (sound-
symbol) integration (e.g., angular gyrus), it is clear there 
are a number of potential sources of neuropsychological 
impairment that could be underlying a word reading SLD.  
Efficient reading, which requires rapid automatic naming 
for sight word recognition, is important for reading fluency, 
an important component of reading comprehension 
(Fiorello, Hale, & Snyder, 2006; Norton & Wolf, 2012). 

In the anterior region, Broca’s area—typically 
recognized for its involvement in oral language and 
speech—has been shown to serve a critical role in silent 
reading (Frackowiak, 2004) and is active in children with 
reading SLD, which may serve an articulatory function to 
compensate for poor phoneme-grapheme correspondence 
(Pugh et al., 2001; Shaywitz & Shaywitz, 2008; Simos 
et al., 2011). Dorsolateral prefrontal circuit (DLPFC) 
functioning also plays a distinct role in fluently translating 
printed words into speech (Reynolds & Besner, 2006), and 
is critical for WM, which is important for comprehension 
(Hale et al., 2006 2010?).

WM can also significantly impact many facets 
of reading.  WM involves the temporary storage of 
information while cognitively engaging in other activities 
(Gathercole, Alloway, Willis, & Adams, 2006). WM deficits 
have been implicated, for both reading and mathematics, 
in the compromised maintenance, integration, and 
application of retrieved knowledge (Swanson & Beebe-
Frankenberger, 2004). As such, the process of acquiring 
knowledge in both literacy and mathematics is impaired 
in individuals with WM deficits, leading to frequent task 
failures in these domains (Gathercole et al., 2006).

Children with reading SLD have also been shown to 
have deficits in attentional processing (e.g., maintaining 
relevant information in WM that facilitates task completion; 
Gathercole et al., 2006). A recent meta-analysis suggests 

that WM tasks requiring a higher degree of attentional 
resources (e.g., storage and processing of information) 
more strongly predict reading comprehension than simple 
WM span tasks (Carretti, Borella, Cornoldi, & De Beni, 
2009).  They also found that complex verbal WM tasks led 
to more substantial group differences (e.g., good vs. poor 
reading comprehension) than complex visual-spatial WM 
tasks (Carretti et al., 2009), suggesting careful consideration 
of task orientation during assessment of children with 
reading SLD.  For understanding what one reads, which 
is essentially a function of Wernicke’s area, it is clear that 
attention, WM, and other EFs play an important role in 
keeping track of content during the act of reading words, 
phrases, and sentences.

Neuropsychology of Mathematics
Despite reading being a dominant focus of SLD 

research, as many as 6% to 7% of children diagnosed 
with SLD have math as their primary deficit area (Geary, 
Hoard, Byrd-Craven, & DeSoto, 2004).  Much like reading, 
there are a number of cognitive features associated with 
math competency that correspond to a vast array of brain 
areas.  Semantic and declarative knowledge of quantitative 
relationships are required for math computation (Byrnes, 
2001), with research suggesting limited quantitative 
knowledge or understanding may be the most important 
cause of math disability (Mazzocco, Feigenson, & Halberda, 
2011).  

As with reading, math competence and disability are not 
easily defined (Kaufmann et al., 2013).  To be competent in 
math, one must have an understanding of number-quantity 
relationships, number-symbol associations (e.g., angular 
gyrus, supramarginal gyrus), and math fact automaticity, 
which can be a function of long-term memory storage 
(e.g., medial temporal lobe), or retrieval (e.g., medial and 
lateral temporal lobe, hippocampus, dorsolateral prefrontal 
cortex; Kaufmann et al., 2013; Mazzocco et al., 2011).  
Procedural knowledge, which is associated with EF and 
WM—both frontal subcortical circuit (FSC) functions, is 
also needed to carry out operations, implement effective 
problem-solving strategies, and properly use algorithms 
(Geary, 2010; Kaufmann et al., 2013; Mazzocco & Kover, 
2007).  Moreover, math requires visual-spatial functions 
(e.g., right parietal-occipital regions), with impairments in 
this area causing struggles with column alignment, place 
value, and adhering to operands (Knops & Willmes, 2014; 
Mazzocco et al., 2011). 

EFs are critical for higher-order cognitive abilities 
such as math computation and problem solving (Bull, 
Espy, & Wiebe, 2008), though the role of EFs in math SLD 
can vary, with functions such as shifting, inhibition, and 
WM all differentially impacting mathematical skills (Toll, 
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Van der Ven, Kroesbergen, & Van Luit, 2011). Problems 
with cognitive shifting—which has been found to predict 
math SLD (Bull et al., 2008)—leads to problems alternating 
between math strategies in problem solving tasks (Toll et 
al., 2011).  Math problem solving also requires fluid or 
quantitative reasoning (Hale, Fiorello, Dumont, Willis, 
Rackley, & Elliott, 2008), and inhibitory control to refrain 
from using ineffective strategies or attending to irrelevant 
information (Toll et al., 2011); impairment of these 
functions have both been linked to poor math performance 
(St Clair-Thompson & Gathercole, 2006). 

Math difficulties are also associated with WM deficits 
(Gathercole et al., 2006), with WM acting as a vital process 
for storing relevant information while completing problem-
solving tasks (Toll et al., 2011). Complex math problems 
require sufficient WM processes such as the retrieval and 
application of facts or problem decomposition (Geary et 
al., 2004). WM has also been shown to play an important 
role in math at the earliest stages of learning; in particular, 
children with WM deficits have been found to struggle 
with counting (Bull et al., 2008; Schuchardt, Maehler, & 
Hasselhorn, 2008; Vukovic & Siegel, 2010), often displaying 
immature finger-based counting strategies when solving 
math problems (Geary et al., 2004). WM deficits are also 
strongly associated with weak math computation skills 
(Wilson & Swanson, 2001) and difficulties solving math 
word problems (Swanson & Beebe-Frankenberger, 2004).  
The many complex features of mathematics suggest that 
purity of math SLD is unlikely (Hale & Fiorello, 2004), 
which has been empirically supported by cluster analyses 
and C-DM studies identifying right hemisphere, left 
hemisphere, and frontal math SLD subtypes (Hain, Hale, 
& Glass-Kendorski, 2009; Hale et al., 2008). 

Neuropsychology of Written Expression
Neuropsychologically, writing is an extraordinarily 

complicated task that requires proficiency in many 
different skills; however, written expression receives the 
least amount of research attention in comparison to other 
academic domains. Writing requires a significant amount 
of EFs as children must be able to plan what they want to 
write, organize their thoughts, decide how to communicate 
their ideas using proper grammar and syntax, monitor their 
writing to ensure they are conveying content according to 
their plan, and evaluate their writing once completed in 
order to make appropriate revisions (Graham, Harris, & 
Olinghouse, 2007; Hooper, Swartz, Wakely, de Kruif, & 
Montgomery, 2002).  

Not surprisingly, the FSCs are highly activated during 
writing tasks.  Specifically, the anterior cingulate FSC is 
relevant to writing through self-monitoring, cognitive 
shifting, decision-making, and error monitoring (Posner, 

1994), while the DLPFC controls the processes needed to 
plan, organize, and monitor one’s written work (Hale & 
Fiorello, 2004; Hooper et al., 2011). Another major area 
located adjacent to Broca’s area is called Exner’s area, which 
is responsible for the allographic or motoric representation 
of letters (Roux et al., 2009).  As these processes are highly 
involved in writing, children with executive dysfunction 
will often struggle with written output.

WM can influence writing in a myriad of ways. It 
is necessary in order to facilitate storage of transitory 
information that is generated during the writing process, 
as well as semantic, lexical, syntactic, and orthographic 
information (Olive, 2012). Dédeyan, Largy, and Olive 
(2006) have found verbal WM in particular to be related 
to error detection in text.  Spelling and letter formation in 
writing may particularly task WM processes for less skilled 
writers (Berninger, Yates, Cartwright, Rutberg, Remy, & 
Abbott, 1992).  As research suggests WM is critical for 
individuals to maintain a representation of their intended 
finished product (Olive, 2012), using a large amount 
of WM for spelling and letter formation may increase 
cognitive load and result in limited written output.

Purpose of Current Study 
A neuropsychological approach for understanding 

SLD and other disorders can be helpful for practitioners, 
as it helps them form a diagnostic picture that accurately 
displays a child’s unique strengths and needs (e.g., Miller, 
2013). Of the psychological processes clearly related to 
SLD and other disorders, EFs (especially WM) are critical 
for academic achievement and psychosocial functioning 
(e.g., Dehn, 2008). Though the association between WM 
functions and performance in several academic domains 
are well established, the specific WM processes that limit 
the ability of individuals to perform academic tasks are 
much less known (Gathercole et al., 2006).  WM is not only 
necessary for the process of reading, math, and writing, 
but it also plays an important role in long-term memory 
(LTM) encoding and retrieval (Nyberg, Cabeza, & Tulving, 
1996; Simons & Spiers, 2003); this interrelationship of WM 
and LTM has not been elucidated, especially in relation to 
academic achievement.  Given the number of ways EFs, 
including WM, interact with LTM and can affect several 
aspects of neuropsychological, academic, and behavioral 
functioning, identifying the specific neuropsychological 
processes underlying the SLD becomes critical for 
developing targeted interventions that meet the needs of 
all children (Miller, 2013).  

Hale, Wycoff, and Fiorello (2010) suggest that prac-
titioners should utilize cognitive and neuropsychological 
measures in conjunction with other data sources, not only 
for the purposes of differential diagnosis, but also in order 
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to develop effective individualized interventions. Because 
children with WM deficits may vary substantially on mea-
sures of neuropsychological functioning, achievement, 
and behavior (Hale, Fiorello, Kavanagh, Holdnack, & Aloe 
2007), profile analysis is warranted and necessary when 
predicting a child’s achievement. According to a 58-ex-
pert white paper article on SLD identification (Hale et al., 
2010), using a processing strengths and weaknesses model 
may hold the key, not only for SLD identification purposes, 
but also for guiding subsequent intervention efforts.  As a 
result, this study was designed to identify the cognitive and 
neuropsychological deficits associated with SLD subtypes, 
and examine how WM and LTM relationships might differ 
among subtypes.

0HWKRGV

Participants and Procedure
Archival data were compiled from case studies 

completed for the KIDS, Inc. School Neuropsychology 
Post-Graduate Certification Program. As a result, this 
sample only includes children referred for comprehensive 
neuropsychological evaluation following academic and/
or behavioral interference with learning, and so can 
be considered a clinical sample. The case studies were 
administered by certified/licensed school psychologists or 
licensed psychologists with training in neuropsychological 
assessment.  The data set contained over 1,000 cases with 
approximately 1,200 variables representing demographic 
information, scores on behavioral and emotional rating 
scales, and scores obtained through cognitive, academic, 
sensory-motor, and neuropsychological testing. Not all 
cases received the same test batteries, as the tools used 
were specific for the individuals evaluated, and those with 
missing data were excluded from the present study.  The 
final sample consisted of 283 participants (194 males, 89 
females), between the ages of 6 and 16 (M = 9.58; SD = 
2.29), in grades 1 to 12.  Because of the wide range of data 
sources, the population represents the full range of ethnic, 
cultural, socioeconomic, and regional characteristics of 
the United States population reported in Wechsler (2001 
2003 IN REFS).  All participants had a FSIQ above 75 on 
the WISC-IV to avoid having individuals with intellectual 
disability in the sample.  Participant data included Wechsler 
Intelligence Test for Children, Fourth Edition (WISC-IV: 
Wechsler, 2003), Woodcock-Johnson, Third Edition, Tests 
of Achievement (WJ-III: Woodcock, McGrew, & Mather, 
2001, 2007), and Wide Range Assessment of Memory and 
Learning, Second Edition (WRAML2: Sheslow & Adams, 
2003) assessment measures.  

Participants were grouped into SLD subtypes based 
on their areas of cognitive weakness, as determined by 

the Concordance–Discordance Model (C-DM; Hale & 
Fiorello, 2004). The C-DM includes a comprehensive 
evaluation and utilizes a number of data sources, including 
cognitive, neuropsychological, academic, and behavioral 
measures to identify the child’s cognitive strengths, 
cognitive deficits, and achievement deficits (Hale, Wycoff, 
& Fiorello, 2010).  The C-DM has been advocated for use 
in school psychology and neuropsychology practice (Hain 
et al., 2009; Miller, Getz, & Leffard, 2006), and is offered 
as a method for SLD determination in standardized 
achievement measures such as the WIAT-III (Wechsler, 
2009), making it a useful and practical tool for research 
purposes. It should be noted that the process described 
in Hale, Wycoff, and Fiorello (2010) requires confirming 
individual processing weaknesses using the Cognitive 
Hypothesis Testing approach. However, the C-DM analyses 
used to subtype the SLD groups in this study were strictly 
psychometric. 

The C-DM analyses yielded 6 groups: NO-SLD (n = 
66; 23.3%), and Left Hemisphere (LH-SLD; n = 18; 6.4%), 
Right Hemisphere (RH-SLD; n = 25; 8.8%), Working 
Memory (WM -SLD; n = 46; 16.3%), Processing Speed 
(PS-SLD; n = 81; 28.6%), and Executive (EX-SLD; n = 
47; 16.6%) SLD subtypes. Children who did not meet 
C-DM criteria composed the NO-SLD group.  Participants 
with a cognitive weakness on the WISC-IV Verbal 
Comprehension Index (VCI) subtests (e.g., Similarities, 
Vocabulary, Comprehension, Information) composed the 
LH-SLD subtype, suggesting they had difficulty with lexical-
semantic knowledge, receptive and expressive language, 
and crystallized abilities.  Those with cognitive weaknesses 
on tasks predominantly measuring RH functions such 
as analysis and synthesis, problem solving, and concept 
formation (e.g., WISC-IV Block Design, Picture Concepts, 
Matrix Reasoning, Picture Completion subtests) composed 
the RH-SLD subtype.  Children whose cognitive weakness 
was in the Working Memory Index (WMI; Digit Span, 
Letter-Number Sequencing) or Processing Speed Index 
(PSI; Coding, Symbol Search) of the WISC-IV composed 
the WM-SLD and PS-SLD subtypes, respectively.  Lastly, 
children in the EX-SLD subtype demonstrated significant 
cognitive weaknesses on executive domains of the WISC-
IV, including WM and PS indices, and/or the Arithmetic, 
Coding, Information, and Digit Span subtests.  Repeated 
measures MANOVA, univariate ANOVA, and post-
hoc analyses using Bonferroni corrections were used to 
determine group differences. 

5HVXOWV
Figure 1 displays ANOVA results for the WISC-IV 

subtests, which illustrates the cognitive weakness profiles 
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for each SLD subtype, consistent with the C-DM formation 
of each group.

Table 1 displays the ANOVA results comparing each 
group on individual WRAML2 subtests. F statistics and 
p values are reported for the ANOVA results, followed 
by post-hoc analyses to illustrate significant differences 
between SLD subtypes.

Three subtests showed significant differences between 
SLD subtypes: Number-Letter (NL), Story Memory 
delayed recall (SMdr), and Design Memory (DM).  For NL, 

both the WM and EX-SLD groups performed significantly 
lower than the PS-SLD group.  For SMdr, individuals in 
the LH-SLD subtype performed significantly poorer than 
all other groups.  Lastly, the RH-SLD subtype performed 
significantly lower on the DM subtest than the NO-SLD 
group.

Figure 2 illustrates differences across all six SLD 
subtypes on the WJ-III Achievement subtests. For 
reading domains, the WM-SLD group showed the most 
impairment; specifically, they scored significantly lower 

WRAML2 Subtest  F statistic  p value  Post Hoc  

   Finger Word  1.55  .176  N/S  

   Number Letter  4.22  .001  WM<PS, EX<PS  

   Story Memory  1.56  .173  N/S  

   Story Memory (recall)  4.14  .001  LH<No, RH, WM, PS, EX  

   Verbal Learning  1.52  .184  N/S  

   Verbal Learning (recall)  2.12  .065  N/S  

   Design Memory  2.87  .016  RH<No  

   Picture Memory  0.97  .439  N/S  
Note: Bonferroni corrected post-hoc analyses are reported above.   
Abbreviations: N/S = No Significant Difference; No = No SLD; SLD = Specific Learning Disability; LH 
= Left Hemisphere; RH = Right Hemisphere; WM = Working Memory; PS = Processing Speed; EX = 
Executive. 
 

Table 1
ANOVA Results and Subtype Differences across SLD Subtypes on WRAML2 
Subtests
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on Passage Comprehension than those in the NO-SLD 
group (p = .037).  The EX-SLD subtype displayed the 
most difficulty on math and writing domains, performing 
significantly poorer than the NO-SLD group on the Math 
Fluency (p = .049), Spelling (p = .007), and Writing Samples 
subtests (p = .002).

'LVFXVVLRQ
Children diagnosed with SLD are heterogeneous in 

neuropsychological presentation, and exhibit a wide range 
of assets and deficits on cognitive and academic tasks, 
even when they have similar academic characteristics 
(e.g., reading SLD, math SLD, writing SLD).  A processing 
strengths and weaknesses approach may hold the key to 
understanding the different characteristics of SLD subtypes, 
not only for more effective identification of the disorder, 
but also may lead to targeted interventions, especially for 
children who do not respond to our best intervention efforts 
(Hale et al., 2010).  This study sought to examine academic 
performance and neuropsychological functioning in 
children grouped into distinct subtypes of SLD, which can 
help practitioners more accurately pinpoint the nature of a 
child’s SLD for subsequent intervention efforts.

On the WRAML2 NL subtest, the EX and WM SLD 
subtypes scored the lowest, suggesting these individuals 
have deficits in rapidly processing multiple pieces of 
information, temporarily storing that information, and/

or mentally manipulating the information, to produce an 
accurate response.  The NL subtest is part of the WRAML2 
Attention and Concentration Index, so it is not surprising 
that the EX-SLD subtype would have difficulty on this task. 
Both of these groups also performed poorly on the WISC-
IV WMI tasks (e.g., Letter-Number Sequencing, Digit 
Span), which require a high degree of executive attention 
and mental control. This is concordant with previous 
research, which suggests that the ability to temporarily 
store and mentally manipulate information is central 
to working memory, and employs FSC functions in the 
process (Bonelli & Cummings, 2007).  Working memory is 
critical for learning and academic performance, affecting 
such things as reading comprehension, math problem 
solving, and written expression (Dehn, 2008; Miller, 2013).

In general, the EX-SLD group had the poorest 
performance (low average range) across the academic tasks 
of the WJ-III.  The WM-SLD group exhibited the second 
poorest performance, with the lowest performances 
seen on WJ-III Letter-Word Identification, Passage 
Comprehension, Spelling, and Math Fluency subtests.  
These results are consistent with the findings from Carretti 
and colleagues (2009).  For all SLD subtypes, math fluency 
was low average or below average suggesting it may serve 
as a marker for SLD in general; however, further research 
would be required to confirm this hypothesis, as the NO-
SLD group also had low scores on this measure, suggesting 
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it just may be a marker for neuropsychological dysfunction 
in this clinical sample.

The LH-SLD group struggled most with the SMdr 
subtest, which is part of the WRAML2 Verbal Memory 
Index.  Conversely, the RH-SLD group did more poorly 
on the DM subtest, which is part of the WRAML2 Visual 
Memory Index, attesting to the validity of these SLD 
subtypes. This suggests there are distinct left and right 
hemisphere memory processes that may differentially 
impact academic performance. Poor visual memory 
accompanying RH-based deficits does not appear to have 
as significant an effect as the lexical-semantic memory 
deficits seen in the LH group, but it could lead to higher-
level achievement problems, when implicit, indirect, or 
novel problem solving demands are high (Suchan et al., 
2002). Poor verbal working memory on the other hand 
suggests that the left hemisphere is highly involved in 
encoding and storage of explicit verbal information, which 
fits with research suggesting it specializes in recognizing 
facts and details (Kaplan, 1988 1998 IN REFS; Hale & 
Fiorello, 2004).  In addition, most research supports the 
importance of LH functions and academic achievement, 
with many children with SLD described as having LH 
dysfunction (Vlachos, Andreou, & Delliou, & Agapitou, 
2013). 

It is important to note that we did not find specific 
math deficits associated with the RH-SLD group, as has 
been found in other studies (e.g., Forrest, 2004; Hain et al., 
2009; Hale et al., 2008). Although this RH-SLD group could 
be considered the “nonverbal” SLD group because of their 
visual, spatial, and fluid reasoning deficits (e.g., Spreen, 
2011), it was the EX-SLD group, where processing speed 
and working memory were issues, who had the most math 
difficulty, and the PS-SLD group had the greatest difficulty 
with math fluency.  This makes one wonder if “nonverbal” 
SLD was the cause of the math and psychosocial problems 
described by Rourke (2001 2000 IN REFS), or it was 
processing speed that lead to these impairments (e.g., 
Backenson et al., 2013).  Given there are multiple causes of 
math SLD (Geary, 2011), it would be important to consider 
right, left, and executive causes of math SLD (Hale et al., 
2010)  

Limitations
As this study explored differences between subtypes 

on a variety of measures, subtype sample size was 
significantly reduced. In many cases, subtest results 
approached significance, but were only marginally higher 
than a p <.05 significance level.  This might be due to the 
fact that the full C-DM model was not adhered to, and 

instead a strict psychometric approach was used to create 
subtypes. Differences obtained on the WISC-IV would 
be expected given C-DM construction, so their subtest 
differences should be considered in this light, and need 
further validation with neuropsychological measures 
such as was done here with the WRAML2. Further 
research using a larger sample size would benefit subtype 
analyses and better highlight group differences. Another 
limitation to this study is the use of two distinct families of 
assessment measures (WISC-IV and WJ-III), rather than 
using measures of cognitive functioning and achievement 
normed on the same population. Using the same family 
of tests to represent cognitive and academic performance 
allows for more reliable comparison of scores across 
measures.

Finally, it is noted that SLD groups performed better 
than the NO-SLD group on a number of measures.  
Although the individuals in the NO-SLD group did 
not show within subject cognitive deficits, they likely 
experienced other difficulties, which may have affected 
their performance on the WJ-III and WRAML2 subtests, 
as this was a clinical sample for children referred for 
comprehensive neuropsychological evaluation, so all 
participants had impaired learning and/or behavior. For 
example, research has shown that individuals with mood 
or anxiety disorders perform similarly to individuals 
with ADHD diagnoses and lower than the normative 
population on cognitive tests (e.g., Naglieri, Goldstein, 
Iseman, & Schwebach, 2003).

Future Directions
Given this preliminary analysis of using the C-DM 

model to establish SLD subtypes, we obtained evidence of 
differential performance on cognitive, neuropsychological, 
and academic subtests. Using the 8-step Cognitive 
Hypothesis Testing approach described by Hale, 
Wycoff, and Fiorello (2010) might lead to more accurate 
determination of SLD subtypes. Study results suggest 
there are distinct differences in memory capacity across 
different SLD subtypes, and future research can explore 
these relationships with the achievement deficits observed 
in this study. Since educational challenges can lead to a 
myriad of future economic (e.g., finding and maintaining 
employment, earning potential) and psychosocial (e.g., 
mental health) problems for affected children with SLD, 
it is imperative for researchers and practitioners alike to 
consider this extensive neuropsychological heterogeneity 
in order to best identify and serve children with SLD, as 
well as other disorders affecting academic achievement.
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,QWURGXFWLRQ
According to the National Center for Learning 

Disabilities (2011), specific learning disability (SLD) 
prevalence rates among the U.S. population (ages 6+) 
are approximately 1.8%, totalling some 4.67 million 
American children. This translates to 5% of the public 
school population, or 2.5 million public school students 

are currently labeled as SLD, with an estimated cost of 1.6 
times the expenditure of general education. The majority 
(80%) of children identified with SLD have reading skill 
deficits (U.S. Dept. Of Education, 2006) making this the 
largest category in special education (Grant & Grant, 2010) 
and the most prevalent learning disorder (Gabel, Gibson, 
Gruen, & LoTurco, 2010; Semrud-Clikeman, Fine, & 
Harder, 2005).  

$EVWUDFW��The primary purpose of this study was to investigate the various neurocognitive processes concomitant to 
reading by attempting to identify various subtypes of reading disorders in a referred sample. Participants were 216 
elementary school students in grades two through five who were given select subtests of the Woodcock Johnson-III 
Tests of Cognitive Ability. They were classified using a pattern of strengths and weaknesses (PSW) approach as having 
no SLD (control), 49 had an Associative Learning (Glr) SLD, 21 had a Gf-Gv SLD, 42 had a Gc SLD, 29 had a Learning 
Efficiency (Gs) SLD, and 40 had an Executive (Gsm) subtype SLD.  Regressions completed for each of the six groups 
indicated that differing sets of cognitive skills were predictive of reading performance pertaining to letter and word 
identification skills, reading fluency skills, and passage comprehension skills. Rather than one, unique cognitive profile 
that represents all students with reading disorders,breakdowns in phonology, orthography, working memory, executive 
skills, and processing speed contribute in varying amounts to deficits in decoding, fluency, and deriving meaning from 
print.  Viewing reading disorders from a subtype perspective allows us to more accurately classify, and most importantly, 
inform intervention decision making.  Specific intervention recommendations are suggested for each cognitive subtype, 
and a discussion regarding limitations, and implications for future research are addressed as well. 

.H\ZRUGV�" 
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The learning outcomes for students with SLD remain 
problematic, and continue to present as an insurmountable 
challenge for most educators.  For instance, only 35% 
of 4th grade students identified with SLD perform at the 
basic, proficient, or advanced reading levels, compared to 
70% of students without disabilities (National Center for 
Educational Statistics, 2009).  Furthermore, nearly half of 
those students identified with a reading disability (RD) 
are performing more than three grade levels behind their 
peers, resulting in heightened frustration and lower self-
esteem. In fact, students with a SLD are twice as likely to 
suffer from mental health issues specifically related to their 
disability (O’Brien, 2004). These secondary emotional 
challenges further contribute to elevated dropout rates, 
poorer graduation rates, and meager employment options 
(National Center for Learning Disabilities, 2011 NOT IN 
REFS). Although graduation rates of students with SLD 
have improved significantly over the past decade, the drop-
out rate remains at an unacceptable 22%, second only to 
students with an Emotional Disturbance. In fact, the 
graduation rate of students with SLD is 64%, well below 
that of non SLD students (NCLD or www.IDEAdata.org, 
Exiting by Disability, Ages 14-21+, 1999-2008). Within 
two years of leaving high school, only 33% of SLD students 
enroll in post secondary school and less than half (46%) 
of students with SLD had regular employment (NLTS2 
www.nlts2.org). This information has far-reaching social 
and economic consequences, and must be addressed 
through policy and funding measures which significantly 
improve identification leading to appropriate educational 
remediation (Hale & Fiorello, 2004; Philpott & Cahill, 
2008). Clearly, the impact of SLD for affected students, 
their families, and the education system, is significant. 

Reading and Neuroscience
RD is a phenotypically complex developmental 

disorder with a neurobiological and genetic basis (Shaywitz 
& Shaywitz, 2005; Gabel et al., 2010). The neuropsychology 
literature suggests that children who have reading 
difficulties have deficits integrating orthography (alphabet 
system) with phonology (sound units), possibly due to 
microlesions in the left inferior parietal lobe (Cao, Bitan, 
Chou, Buman, & Booth, 2008 CAO, BITANA, & BOOTHA 
IN REFS; Heim, Eickhoff, & Amunts, 2008). Furthermore, 
neuroscience has suggested that there is a timing component 
to synthesizing the acoustical codes and neural correlates 
involved in the reading process (Tallal, 2012), and children 
who have not mastered the phonological code by age 10, 
may never acquire this skill (Rourke & Del Dotto, 1994). 
These findings were also consistent with the Collins and 
Rourke (2003) summary findings of PET, MEG, and fMRI 

studies on dyslexia which implicated deficits confined to 
linguistic processing systems in the left hemisphere.

Neuroscience may also be in an optimal position 
to inform intervention, since most children do not 
spontaneously remit or  “catch up” in skills despite the 
claims of many educators (Shaywitz et al., 1999). In fact, 
a recent longitudinal study by Hoeft et al. (2011 2010 OR 
2007?) revealed that greater right prefrontal activation 
during a reading task for LD students was not only 
indicative of the brain being able to recruit additional 
neural pathways to support the reading process, but was 
also a better predictor of reading gains than standardized 
reading or behavioral tests. Nevertheless, general education 
teachers are often unaware of or confused by the definition 
of RD, the various subtypes of reading disorders, or the 
appropriate programs and strategies to use with students at 
various stages of the reading process. Nevertheless, studies 
are beginning to show that the correct intervention often 
leads to metabolic changes in the brain of learners with 
SLD (Shaywitz, 1998; Hoeft et al., 2007; Hoeft et al., 2010) 
and with the appropriate interventions in place, children 
can compensate for their weaknesses thus leading to 
academic and professional success. Further advancements 
in the identification of SLD and effective interventions 
are necessary to provide all students with quality special 
education services.  

Recently, there has been a large body of research 
that not only differentiates structural brain differences 
in children with RD from their non-RD peers (Ekert 
et al., 2003; Shaywitz et al., 2004; Temple et al., 2003), 
but signifies increased brain activation associated with 
reading intervention (Aylward et al., 2003; Finn et al., 
2013) In a structural imaging study, Eckert et al. (2003) 
identified volume differences in the right anterior lobe 
of the cerebellum and inferior frontal gyrus between 
dyslexic children and control subjects underlying 
the neuroanatomical differences correlated with RD. 
Subsequently, Aylward et al. (2003) demonstrated that 
brain activation patterns in RD subjects changed in 
response to 3 weeks of intervention to resemble patterns 
of normal control subjects. Prior to treatment, functional 
magnetic resonance imaging (fMRI) of children with RD 
showed very small regions of activation during two specific 
language processing tasks (phoneme and morpheme 
mapping) in comparison to controls without RD. 
Specifically, brain activation areas in the left middle and 
inferior frontal gyri, right superior frontal gyri, left middle 
and inferior temporal gyri, and bilateral superior parietal 
regions were reduced for phoneme mapping while left 
middle frontal gyrus, right superior parietal, and fusiform/
occipital regions were decreased for morpheme mapping. 



/HDUQLQJ�'LVDELOLWLHV� � � � � �� ������ � � � � ������9ROXPH�����1XPEHU��

Reading Disability Subtypes    

Post treatment fMRI identified increased activation in 
these areas as well as additional areas of activation in the 
fusiform gyrus, left parietal lobe, and bilateral orbital, 
inferior, middle, and superior frontal gyrus. Furthermore, 
increased activation was noted in children with RD on 
morpheme mapping in the right fusiform gyrus and 
superior parietal lobe.  Lastly, a recent study by Finn et al. 
(2013) also suggested that dyslexic readers had a reduction 
in functional connectivity in the visual word association 
areas due to utilizing inefficient reading strategies.

Identifying Reading Disorders
Historically, children with learning disabilities 

have primarily been identified as eligible for special 
education by the IQ–achievement discrepancy model. 
An accumulation of research has clearly demonstrated 
numerous shortcomings of and a lack of validity for this 
“discrepancy model,” including statistical imprecision 
(Stanovich, 2005), overreliance on a Full Scale IQ (leading 
to misdiagnosis or missed diagnosis; Hale & Fiorello, 
2004), overrepresentation of minority groups (Macmillan 
& Hendrick, 1993), delay in services due to a “wait to fail” 
approach, and lack of discrimination between children 
who are low achievers and children with SLD (Fuchs, 
Fuchs, Mathes, Lipsey, & Roberts, 2001). The discrepancy 
model had been poorly operationalized and implemented 
across states, districts, schools, and individuals with a 
lack of agreement on the magnitude and meaning of the 
discrepancy across all ages (Feifer & DeFina, 2000; Hale 
et al., 2010). Additionally, the model remains less than 
helpful when assisting educators in developing appropriate 
remediation strategies. For instance, it is very difficult to 
develop a specific goal and objective for academic learning 
based solely upon a global synopsis of a student’s intellectual 
capacity (Feifer & Della Toffalo, 2007). In summary, the 
discrepancy model propagates an age-old educational myth 
that views learning disabilities along a one-dimensional 
continuum between those students with the disorder and 
those without. A congressional hearing was instrumental 
in changing federal criteria for identifying children with 
SLD. The 2004 reauthorization of the Individuals with 
Disabilities Education Act (IDEA, 2004 NOT IN REFS) 
provided the paradigm shift when schools were no longer 
required to use the discrepancy model, and instead, a 
response-to-intervention (RTI) approach was advocated 
as a viable alternative to the traditional discrepancy model. 
Originally proposed as a school-wide prevention program, 
RTI as a process of service delivery has many benefits. It 
emphasizes evidence-based approaches to instruction, 
progress monitoring, early screening, and intervention 
for struggling readers (Feifer, 2008; Fletcher & Vaughn, 
2009; Torgesen, 2009). In this respect, RTI is useful for 

early intervention for children at risk for SLD; however, as 
an instructional practice, it is not sufficient to identify or 
explain core learning deficits adequately.  As such, RTI is 
not effective as a diagnostic model for SLD (Reynolds & 
Shaywitz, 2009). 

While RTI may determine that a child is not reading 
adequately, without cognitive or neuropsychological 
assessment, it is unclear which cognitive component(s) 
or networks contribute to the deficit (i.e., phonological 
awareness, fluency, orthographic processing, working 
memory, or others) and which strengths can assist in 
remediation (i.e., vocabulary, conceptual reasoning, 
comprehension) (Semrud-Clikeman et al., 2005). In 
the absence of clear delineation of specific cognitive 
components, a one-size-fits-all intervention approach is 
assumed for all children. 

Current research has demonstrated that not all students 
with reading disorders profit equally from remediation 
techniques (Heim et al., 2008), and therefore intervention 
approaches need to be individualized to address the child’s 
deficit pattern.  Ignoring the neurobiological underpinnings 
of reading can create a host of problems including further 
delay of appropriate and individualized services (Reynolds 
& Shaywitz, 2009) and a failure to acknowledge the extant 
research in cognition, neuropsychology, neurobiology, 
neuroimaging, and learning disabilities (Berninger, 2001; 
Fiorello, Hale, Snyder, 2006; Hale, Naglieri, Kaufman, & 
Kavale, 2004; Semrud-Clikeman, 2005). Further, wide 
variations in the conceptualization of RTI are problematic, 
leaving the guidelines, application, assessment criteria, 
and outcomes open to personal interpretation (Reynolds 
& Shaywitz, 2009), and lacking a needed consensus 
on standard protocol, measurement, curricula, and 
instructional methodology (Hale et al., 2010). 

So the question remains, based on current research, 
what is the best approach to SLD identification and 
remediation? A third option defined as an “alternative 
research-based approach” emerged in the Federal 
Regulations, which allows for examination of a pattern 
of strengths and weaknesses (PSW) approach in the 
identification of SLD (Hale, Flanagan, & Naglieri, 2008; 
Hale, Naglieri, Kaufman, & Kavale, 2004); an approach 
advocated by eminent researchers within the field (Hale 
et al., 2010) and supported by expert consensus (Learning 
Disabilities Roundtable, U.S. Department of Education, 
2002) and the SLD IDEA definition (34 C.F.R. 300.7).  
According to the ten professional organizations that made 
up the Learning Disabilities Roundtable, U.S. Department 
of Education (2002), “The identification of a core cognitive 
deficit, or a disorder in one or more psychological 
processes, that is predictive of an imperfect ability to learn, 
is a marker for a specific learning disability” (p. 5). These 
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cognitive deficits are core psychological processes that 
require cognitive and neuropsychological evaluations to 
identify because children with SLD process information 
differently than their typically achieving peers (Semrud-
Clikeman et al., 2005) and they have specific cognitive and 
neuropsychological deficits, not delays (Francis, Shaywitz, 
Stuebing, Shaywitz, & Fletcher, 1996). Given this variability, 
not all children with RD have the same deficits or require 
the same remediation (Ramus, 2004). 

Consistent with many cognitive and neuropsychological 
studies now available in peer-reviewed publications, 
Hale et al. (2010) noted in their seminal LD White Paper 
that determining the cognitive and neuropsychological 
processing strengths and weaknesses of a child, coupled 
with extrinsic factors such as how a student has responded 
to previous interventions, constitutes the true foundation 
of a learning disorder. As Moats (2004) succinctly noted, 
conceptions of reading and writing instruction, curricular 
development, and ultimately learning disabilities should 
take their lead from the neurosciences in order to provide 
a scientific rationale for the selection, implementation, 
and monitoring of intervention approaches and programs 
designed to meet the specific needs of the child.  

Cross-Battery Assessment and Cognitive Subtypes
The Cross-Battery Assessment (XBA) approach was 

introduced by Flanagan and her colleagues over 15 years 
ago (e.g., Flanagan & McGrew, 1997; Flanagan & Ortiz, 
2001; McGrew & Flanagan, 1998). This approach is based 
on the Cattell–Horn–Carroll (CHC) theory and recently 
has been integrated with neuropsychological theory as well 
(Flanagan, Ortiz, & Alfonso, 2013). The XBA approach 
provides practitioners with the means to make systematic, 
reliable, and theory-based interpretations of any ability 
battery and to augment that battery with cognitive, 
achievement, and neuropsychological subtests from other 
batteries to gain a more psychometrically defensible and 
complete understanding of a child’s pattern of cognitive 
and neuropsychological strengths and weaknesses. Moving 
beyond the boundaries of a single cognitive or achievement 
battery or a fixed neuropsychological battery, by adopting 
the rigorous psychometrically and theoretically defensible 
principles and procedures of the XBA approach allows 
practitioners to focus on accurate and valid measures of 
specific cognitive processes and neurodevelopmental 
functions germane to referral concerns, such as reading 
(e.g., Decker, 2008; Flanagan, Ortiz, & Alfonso, 2013). 

Research on the relationship among cognitive abilities, 
neuropsychological processes, and specific academic 
skills has grown over the years (see Flanagan, Ortiz, 
Alfonso, & Mascolo, 2006; McGrew & Wendling, 2010, for 
summaries). Much of the recent research on cognitive–

academic relationships has been interpreted within the 
context of CHC theory (e.g., Flanagan, Alfonso, & Mascolo, 
2011) and with specific instruments developed from CHC 
theory (e.g., McGrew & Wendling, 2010). In addition, 
statistical analyses, such as structural equation modeling, 
have been used to understand the extent to which specific 
cognitive abilities explain variance in academic skills 
above and beyond the variance accounted for by “g” (e.g., 
Floyd, McGrew, & Evans, 2008; McGrew, Flanagan, Keith, 
& Vanderwood, 1997; Vanderwood, McGrew, Keith, & 
Flanagan, KEITH & FLANAGAN IN REFS 2002). Finally, 
many valuable resources summarize the research on 
cognitive and neurobiological processes associated with 
specific academic skill deficits and subtypes of learning 
disorders (e.g., Feifer & DeFina, 2005; Feifer & Della 
Toffalo, 2007; Flanagan & Alfonso, 2011; Fletcher-Janzen 
& Reynolds, 2008; Hale & Fiorello, 2004; Miller, 2010, 
2013). Table 1 depicts the relationship between various 
CHC abilities and reading achievement.

Subtypes of Reading Disorders
Research is also starting to unveil that not only is RD a 

heterogeneous disorder consisting of various subtypes, but  
specific learning disorders’ subtypes are linked to specific 
cognitive deficits (Feifer & Della Tofallo, 2007; Crews & 
D’amato, 2010). These deficits highly correlate with various 
neural systems underlying RD (Phinney et al., 2007) and 
include short-term memory (McDougal, Hulme, Ellis, 
& Monk, 1994), visuo-spatial abilities (Facoetti et al., 
2009), integration of letters and speech sounds (Blau, van 
Atteveldt, Ekkebus, Goebel, & Blomert, 2009), phonological 
processing (Ramus et al., 2003; Shaywitz et al., 1999), and 
rapid automatic naming (Torgesen et al., 1997).  However, 
it remains unknown as to whether all of these features are 
central to a core RD phenotype or are cognitively distinct, 
since underlying cellular neurobiological causes of RD have 
the capacity to affect multiple neural systems to varying 
degrees (Gabel et al., 2010; Phinney et al., 2007), therefore, 
a child may use a variety of these cognitive processes to 
complete a reading task (Hale & Fiorello, 2004). 

Due to the diversity and range of reading related 
deficits, reading disabilities most likely have a multifocal 
origin within the brain. The phonological deficit hypothesis 
for reading and spelling implies that the cerebral cortex 
has distributed neural networks that contribute to 
the integration, binding, and relaying of phonological 
information throughout the brain (Cao, Bitan, BITANA IN 
REFS & Booth, 2008). These distributed neural networks are 
dedicated to mapping out sounds to letters, and thus require 
more cross-modal associations between visual and verbal 
percepts. Specifically, the supramarginal gyrus, located at 
the juncture of the temporal and parietal lobes, appears to 
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be a key brain region responsible for the highest levels of 
phonological processing (McCandliss & Noble, 2003; Sandak, 
Mencl, Frost, & Pugh, 2004; Shaywitz et al., 2004). It should 
be noted that the supramarginal gyrus is not necessarily 
involved in other types of linguistic processing tasks such 
as visual word recognition or semantic processing, but 
rather focuses primarily on the phonological nature of 
word assembly (Sliwinska et al., 2012).  

Conversely, some students are readily able to sound 
out words but lack the ability to automatically recognize 
words in print.  These students tend to be letter-by-letter 
and sound-by-sound readers, as there is an overreliance 
upon the phonological properties of the word, and 
an underappreciation of the orthographical or spatial 
properties of the visual word form. Most words are 
painstakingly broken down to individual phonemes and 
read very slowly and laboriously.  Fluency tends to suffer 
the most, though phonological processing skills remain 
relatively intact. Neuroscience has identified multiple 
brain regions responsible for the rapid and automatic 
recognition of the printed word form. According to Cao 
et al. (2008), the left fusiform gyrus is particularly sensitive 
toward the orthographic representation of words and a key 
brain region involved in word automaticity. In addition, 
the angular gyrus is also involved in numerous functions 
involving the spatial assembly of linguistic information by 
relying upon the visual contour and shapes of letters.  

Finally, some estimates have suggested that 
approximately 10% of all school-aged children have good 
decoding and fluency skills but possess specific difficulties 
comprehending the text (Nation & Snowling, 1998). In 
essence, these readers struggle to derive meaning from 
print despite good reading mechanics. Specific cognitive 
constructs underlying reading comprehension includes 
executive functioning, which involve the strategies students 
use to organize incoming information with previously 
read material; working memory, which is the amount of 
memory needed to perform a given cognitive task; and 
language foundation skills, which represents the fund of 
words with which a student is familiar (Feifer & Della 
Toffalo, 2007). According to Cutting, Materek, Cole, Levin, 
& Mahone (2009), executive functioning skills influence 
reading comprehension by allowing students to effectively 
plan, organize, and continuously monitor a steady influx 
of verbal information.  In fact, these top-down executive 
processes modulated primarily by frontal lobe functioning, 
coupled with reading fluency and language development 
skills, play a significant role in the comprehension process.  
Clearly, the ability to self-organize verbal information in 
a logical, sequential, and meaningful manner lies at the 
heart of effective recall.   

Purpose of Current Study
It is the primary aim of the present study to identify 

major underlying neurologically-based functions that con-
tribute to specific reading disability subtypes and patterns. 
It has long been argued that if RD (and other learning dis-
orders) is defined more discretely via homogenous sub-
types, the correspondences between diagnosis and treat-
ment would be more clearly understood thus resulting in 
better reading outcomes.   

0HWKRG

Participants and Procedure
Participants were 283 elementary school students who 

received comprehensive psychoeducational evaluations for 
learning and/or behavior problems in two Northeastern 
American school districts. The students were largely 
Caucasian (76%) and English-speaking and from largely 
middle-class socioeconomic backgrounds. The final 
sample included 194 males and 89 females, aged 6 through 
16 years (M = 9.6 years, SD = 2.3), and in grades 2 through 
12, which was the age and grade range focus for this study. 
For inclusion and exclusion criteria, only students with a 
Full-Scale IQ of 75 or higher were included in the sample 
to exclude children with intellectual disability. Children 
with known brain injury or other medical conditions 
affecting psychological functioning at the time of the 
evaluation were also excluded. The sample was divided 
into groups psychometrically following the conceptual 
similarities among PSW or third method approaches to 
SLD identification (Hale et al., 2008).  Specifically, student 
reading skills were more than one standard deviation 
below grade level expectations and a minimum of one 
specific cognitive attribute was also approximately one 
standard deviation or more below expectations.  Therefore, 
both reading achievement and a particular cognitive 
attribute were low and discrepant from the remainder of 
a child’s cognitive scores. Those with the same cognitive 
weaknesses were grouped together (see Table 1). Of these 
children, 35 were classified as having no SLD (control), 49 
had an Associative Learning SLD, 21 had a Gf-Gv SLD, 42 
had a Gc, 29 had a Learning Efficiency SLD, and 40 had an 
Executive subtype SLD.

Materials
Each participant was given select subtests of the 

Woodcock Johnson-III Tests of Cognitive Ability (WJ-
III Cog; Woodcock, Mather, McGrew, 2001a) and the 
Woodcock-Johnson-III Tests of Achievement (WJ-III Ach; 
Woodcock, Mather, McGrew, 2001b).
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Results
Three separate multiple regressions were run in each 

of the six groups using the following subtests from the WJ-
III Ach as dependent variables: Letter-Word Identification, 
Reading Fluency, and Passage Comprehension. In each 
regression the independent variables were the following 
WJ-III Cog subtests: Verbal Comprehension, Visual–
Auditory Learning, Spatial Relations, Sound Blending, 
Concept Formation, Visual Matching, Numbers 
Reversed, General Information, Retrieval Fluency, Picture 
Recognition, Auditory Attention, Analysis-Synthesis, 
Decision Speed, and Memory for Words. Exploratory 
analysis revealed individual subtest variations within WJ-
III Cog cluster scores, therefore individual subtests were 

used as independent variables rather than cluster scores.  
These regressions were hierarchical in nature, allowing 
only for independent variables that added significantly 
to the prediction of the dependent variables into each 
equation. The mean Standard Score for each Woodcock 
Johnson-III subtest by subtype is provided in Table 2, and 
depicted graphically in Figure 1. Given that the sample was 
broken into six individual groups with smaller sample size, 
the results were limited when running multiple regression 
analysis and as a result were not corrected for when 
running multiple comparisons. 

Within the No SLD clinical control group, both 
Sound Blending and Numbers Reversed were significant 
predictors of Letter-Word Identification (R2  = .449), 

Table 1 
CHC Abilities and Reading Group Subtype
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Table 1 
______________________________________________________________________________ 
 CHC Abilities and Reading Group Subtype 

Group Subtype   CHC Weakness   Reading Deficit  

Associative Learning  Long-Term Memory  Letter-Word ID (M=78.39) 

    and Retrieval (Glr)  Reading Fluency (M=80.59) 

Passage Comprehension (M=76.08) 

 

Fluid/Visual Processing  Fluid Intelligence (Gf)  Letter-Word ID (M=83.14) 

    Visual Processing (Gv)  Reading Fluency (M=84.62) 

        Passage Comprehension (80.48) 

 

Crystallized   Crystallized Knowledge (Gc)  Letter-Word ID (M=79.19) 

        Reading Fluency (M=79.89) 

        Passage Comprehension (78.17) 

 

Learning Efficiency  Processing Speed (Gs)  Letter-Word ID (M=82.93) 

        Reading Fluency (M=80.77) 

        Passage Comprehension (81.55) 

 

Executive Subtype  Short-Term Memory (Gsm) Letter-Word ID (M=83.35) 

        Reading Fluency (M=82.03) 

        Passage Comprehension (81.68) 
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Table 2
Mean Standard Score by SLD Group across WJ-III Cog and Ach Subtests

Reading Disability Subtypes  33 

 

Table 2 
Mean Standard Score by SLD Group across WJ-III Cog and Ach subtests 
  

SLD Type 
  

COG/ACH subtest No SLD 

Associative 
Learning 
Subtype 

Gf-Gv 
Subtype Gc Subtype 

Learning 
Efficiency 
Subtype 

Executive 
Subtype   

Verbal 
Comprehension 

91.14 88.51 88.14 77.26 93.03 94.08 
  

Visual Auditory 
Learning 

91.97 69.39 83.48 83.10 85.03 89.23 
  

Spatial Relations 94.14 97.27 89.05 96.64 98.69 98.60   

Sound Blending 103.69 103.53 97.52 97.90 104.31 101.55   

Concept 
Formation 

93.11 95.82 82.86 92.50 100.66 98.38 
  

Visual Matching 89.60 89.88 85.48 92.83 76.10 85.48   

Numbers 
Reversed 

91.29 88.51 92.86 92.17 95.28 84.53 
  

General 
Information 

89.23 87.43 90.95 76.19 90.41 91.98 
  

Retrieval Fluency 92.26 78.98 84.05 85.95 85.41 86.18   

Picture 
Recognition 

99.86 100.78 92.76 100.19 101.66 102.73 
  

Auditory 
Attention 

98.09 96.90 94.57 98.98 100.03 101.28 
  

Analysis-
Synthesis 

94.69 94.47 87.10 98.07 102.62 100.00 
  

Decision Speed 102.11 100.90 96.29 100.90 90.03 98.10   

Memory for 
Words 

94.77 94.71 97.43 88.57 96.55 86.48 
  

Passage 
Comprehension 

86.26 76.08 80.48 78.17 81.55 81.68 
  

Reading Fluency 86.24 80.59 84.62 79.89 80.77 82.03   

Letter Word 
Identification 

86.91 78.39 83.14 79.19 82.93 83.35 
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Numbers Reversed was a significant predictor of Reading 
Fluency (R2 = .239), and Numbers Reversed and Picture 
Recognition were significant predictors of Passage 
Comprehension (R2 = .493).

Within the Associative Learning group, Visual 
Matching and Numbers Reversed were significant 
predictors of Letter-Word Identification (R2 = .187), there 
were no significant predictors of Reading Fluency, and 
Numbers Reversed was a significant predictor of Passage 
Comprehension (R2 = .147).

Within the Gf-Gv group, Sound Blending and 
Auditory Attention were significant predictors of Letter-
Word Identification (R2 = .401), Visual Matching was 
a significant predictor of Reading Fluency (R2 = .409), 
and General Information and Memory for Words were 

significant predictors of Passage Comprehension (R2 = 
.406).

Within the Gc-Long-Term Memory group, Visual 
Matching was a significant predictor of Letter-Word 
Identification (R2 = .100), Visual Matching and Decision 
Speed were significant predictors of Reading Fluency (R2 = 
.286), and General Information was a significant predictor 
of Passage Comprehension (R2 = .210).

Within the Learning Efficiency group, there were 
no significant predictors of Letter-Word Identification, 
Numbers Reversed was a significant predictor of 
Reading Fluency (R2 = .229), and Numbers Reversed and 
Memory for Words were significant predictors of Passage 
Comprehension (R2 = .391).

Figure 1. WJ-III Cog and Achievement Subtest Performance by SLD Subtype.

Author: this figure does not really work in grayscale. 
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Within the Executive subtype group, Verbal 
Comprehension was a significant predictor of Letter-Word 
Identification (R2 = .323), Visual Auditory Learning was a 
significant predictor of Reading Fluency (R2 = .142), and 
Visual Auditory Learning and Picture Recognition were 
significant predictors of Passage Comprehension (R2 = 
.399).

Overall results suggest that the specific cognitive 
subtests that are predictive of Letter-Word Identification, 
Reading Fluency, and Passage Comprehension vary 
depending on the subtype of SLD.  

'LVFXVVLRQ
Current intervention practice tends to treat all children 

with SLD the same. That is, most children with reading 
disabilities receive  similar instruction (i.e., phonological 
skills) with far greater intensity than general education can 
provide. This assumption provides the driving force for 
further subtyping of learning disorders (D’Amato, Dean, 
& Rhodes, 1998; Fletcher et al., 1997 NOT IN REFS; Feifer 
& Della Toffalo, 2007; Crews & D’Amato, 2010). Such 
subtype research could improve our understanding of 
early “markers” of developmental RD thereby impacting 
positively early literacy for at-risk children. Once subtypes 
are identified, a secondary goal involves identification 
of the most effective interventions for the subtypes. 
Numerous empirical studies show that when the correct 
remedial intervention is used, it facilitates permanent 
neural change in RD learners (Shaywitz, 1998; Shaywitz 
& Shaywitz, 2005).  An important implication of these 
findings is changing the RD definition from a life-long 
condition to one that has the potential for remission due 
to neuroplasticity. 

The overarching theme of this paper is that not all 
children with RD have the same deficits or require the 
same remediation (Ramus  et al., 2003). Consistent with 
this notion was the finding that among the three core 
fundamental reading processes; namely letter and word 
identification, reading fluency, and passage comprehension, 
different cognitive profiles emerge with respect to 
processing strengths and weaknesses. This was even true for 
students in the control group who did not have a learning 
disability, as the Numbers Reversed test, a measure of 
working memory, was critical in the execution of all aspects 
of the reading process. Using the WJ III cognitive subtests, 
students who were in the Associative Learning SLD group 
demonstrated very poor long-term storage and retrieval 
skills as measured on a task requiring them to learn, store, 
and retrieve a series of rebuses representing words and 
phrases of various lengths (VAL M=69.39).  With respect 
to their ability to effectively read letters and isolated words, 
nearly 19% of the variance of their reading performance 

was accounted for by scores from the Visual Matching 
(perceiving the visual contour and shapes of numbers 
quickly) and Numbers Reversed (working memory) 
subtests. This finding suggests that these students may have 
struggled with the orthographical representation of print, 
coupled with the working memory demands inherent in 
print knowledge.  Reading performance was likely weak 
for these students because reading requires  the ability to 
detect the symbolic representation of letters as making 
up individual words (i.e., orthographic processing), and 
holding and manipulating this information in the mind’s 
eye (i.e., working memory).  

The educational implication for students who have 
orthographic processing and working memory difficulties 
is the requirement of teaching word identification skills by 
minimizing the demands of these processes on learning. 
For instance, the Horizons A-B Program uses a rather 
unique approach to teaching letters and words. In essence, 
orthographic prompts that color code sounds are used to 
guide the student in developing an appropriate strategy to 
decode words.  These colors are gradually faded out once 
more advanced decoding activities are integrated into the 
lessons. By color coding these diacritical markers, Horizons 
essentially minimizes the orthographic and working 
memory demands of decoding words in print and avoids 
more abstract diacritical markers. Word attack activities 
emphasize orthographic decoding and critical vocabulary 
to prepare students for upcoming stories.

A second noteworthy finding was that students who 
had difficulty with more inductive and deductive reasoning 
types of tasks as represented by their poorer performance 
on the WJ III Concept Formation Task (M=82.86), had 
difficulty with passage comprehension skills.  In fact, 
their scores from the General Knowledge subtest and 
Memory for Words subtest was able to account for over 
40% of the variance in their reading scores. This finding 
suggestes that having a general fund of information, 
coupled with auditory working memory for the sequential 
presentation of words is paramount to successful reading 
comprehension, but perhaps not enough. The ability 
to reason with verbal information is also important for 
reading comprehension.  According to Cutting et al. (2009), 
executive functioning skills are particularly important 
attributes influencing comprehension, especially traits 
such as verbal and visual memory, as well as the capacity 
to plan, organize, and continuously monitor a steady 
influx of verbal information.  Specific intervention efforts 
should therefore focus upon developing the inductive 
and deductive reasoning skills concomitant with self-
organizing verbal information to facilitate later retrieval. 
For instance, the SQ3R method is a 5-step technique that 
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teaches students how to Survey, Question, Read, Recall, 
and Review. Students are initially taught to scan and survey 
the content of the chapter and focus upon the introduction 
and summary sections to become familiar with the text. 
Next, students are encouraged to make a note of specific 
questions that in part, serve as study goals.  Third, students 
begin to read through the chapter and to take notes in a 
mind map format. Next, students are asked to recall isolated 
facts about the passage. Lastly, the review stage involves 
re-reading the story, expanding notes, and then discussing 
with someone else.  

A third noteworthy finding pertains to reading fluency 
skills, as students who demonstrated poor crystallized 
knowledge as measured by the General Information task 
(M=76.23), had nearly 29% of their variance in reading 
fluency accounted for by speeded tasks such as Visual 
Matching and Decision Speed.  This suggests that measures 
of cognitive efficiency and speed of information processing 
are relevant to the types of attributes necessary for the 
rapid and automatic recognition of words in print. From 
an intervention perspective, specific reading programs 
designed to elevate pace, fluency, and automaticity to 
enhance the ability to recognize words in print without 
the need for systematic and slower paced decoding skills 
are critical. For instance, Read Naturally emphasizes 
reading fluency and speed, and also fosters more accurate 
comprehension skills. The program uses repeated 
exposures to modeled reading, and progress monitoring 
to increase overall fluency skill. All Read Naturally tasks 
follow a structured sequence whereby the student first 
selects a story of interest, subvocalizes vocabulary terms 
and meanings, and formulates a prediction about the 
story. Second, the student attempts a “cold-read” of the 
story, and graphs the number of words read correctly 
in one minute. Next, each student reads the story aloud 
three times along with the tape recording in order to hear 
proper pronunciation, expression, and phrasing.   The rate 
of the recorded reading level increases with each successive 
reading. The student then attempts a “hot read” of the 
passage as the teacher records errors, monitors prosody, 
and times the pace of reading.  A variety of comprehension 
questions are presented as well.

Finally, students who made up the executive 
functioning subtype demonstrated poor performance on 
working memory types of measures, such as Numbers 
Reversed (M=84.53), and had slower Retrieval Fluency 
Skills (M=86.18).  In theory, slower retrieval skills generally 
suggest a somewhat disorganized manner of storing words 
in knowledge bases, and thus these students require 
additional time to efficiently retrieve the information 
later. Furthermore, slower retrieval speed can also be 
associated with slower cognitive efficiency in general.  

For these students, there were reading deficits in multiple 
areas consistent with a mixed subtype of RD.  For example, 
nearly 33% of the variance of reading performance in 
letter and word identification was accounted for by the 
Visual-Auditory Learning subtest, which measures long-
term storage and retrieval. In addition, nearly 15% of 
the variance was also explained by this same subtest for 
students with reading fluency types of issues.  Lastly, nearly 
40% of the variance in reading comprehension for students 
with executive difficulties was accounted for by this same 
subtest, as well as the Picture Recognition subtest, a 
measure of visual short-term memory. 

In terms of intervention selection, the Read 180 
program is truly a balanced literacy program designed 
to meet the needs of students who are struggling on 
one or more of the five pillars of reading as outlined 
by the National Reading Panel (2000). The 90-minute 
instructional model begins with a 20-minute whole-group 
teacher directed instruction, and then students rotate 
between three smaller groups during the next 60 minutes.  
The first group involves small group instructional activities 
that allow teachers to better differentiate instruction. The 
second group is what makes the program unique, in that 
students use highly interactive and adaptive software which 
systemically directs the learner though the four learning 
zones. The Reading Zone includes phonics, fluency, and 
vocabulary instruction as students read through passages.  
The Word Zone provides systemic instruction in decoding 
and word recognition skills, as 6,000 words are defined 
and analyzed. The Spelling Zone allows students to practice 
spelling and receive immediate feedback, and the Success 
Zone focuses on comprehension once the other zones have 
been mastered. The software component of the program is 
highly adaptive as opportunities are provided for repeated 
oral reading, hearing models read with fluency, and using 
videos to provide background knowledge and introduce 
vocabulary.  

One limitation of this study was the use of a single 
battery, the WJ III, to assess students who struggled in 
learning to read.  Future research inquiry should consider 
exploring cognitive subtypes underscoring reading 
disorders by using testing batteries other than (or in addition 
to) the WJ III.  Expanding assessment beyond the confines 
of the WJ III will aid practitioners in crafting assessment 
batteries that are more consistent with what is known about 
RD.  Use of the XBA methodology is recommended as a 
psychometrically valid means of gathering and interpreting 
the breadth of abilities and processes that are related to 
reading acquisition and development.  After all, one of 
the great challenges when studying children with learning 
disabilities remains the operational definition used to 
determine the sample in question. A second limitation of 
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this study was not investigating the developmental nature 
of a particular psychological process over time. In other 
words, perhaps certain processing skills are particularly 
important to the reading process in the early years during 
letter and word acquisition, though not terribly important 
for more skilled readers in later grades (see McGrew & 
Wending, 2010 WENDLING IN REFS). Also, the small 
sample size for each group were limited and did not allow 
for correction in making multiple comparisons in the 
regression analyses. Lastly, future research efforts need to 
be directed toward the specific nature of the interventions 
themselves, and utilizing neuroimaging techniques to 
validate changes in brain circuitry and connectivity with 
more effective reading skills. Cognitive neuroscience is 
only beginning to provide the forensic evidence so often 
yearned for by educators to truly explain intrinsic barriers 
toward achieving academic success in all areas, especially 
reading.
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With Math Disability Subtypes
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The Learning Disabilities Association (LDA) of 
America defines specific learning disabilities (SLD) as 
“an umbrella term that covers a range of neurologically 
based disorders in learning and various degrees of 
severity of such disorders” (LDA, 2011). Similarly, DSM-
5 defines a specific learning disorder as a common 
neurodevelopmental disorder defined by unexpected 
academic underachievement that is substantially and 
quantifiably below what is expected for an individual’s age 
and development, despite the provision of intervention(s) 

that should help the child overcome the difficulties 
(American Psychiatric Association [APA], 2013). 
Although SLD definitions continue to focus on the notion 
of unexpected underachievement, the field continues 
to struggle with conceptualizing and operationalizing 
unexpected underachievement (Compton, Fuchs, Fuchs, 
Lambert, & Hamlett, 2012; Hale et al., 2010). Growing 
dissatisfaction with the traditional ability–achievement 
discrepancy (AAD) model for SLD identification led to 
response to intervention (RTI) being codified into law 

$EVWUDFW��Children with math disabilities (MD) represent a heterogeneous group and often display deficits in one or 
more cognitive domains. Math proficiency requires a number of different cognitive processes, including quantitative 
knowledge, working memory, processing speed, fluid reasoning, and executive functions. Assessment practices that do 
not address a child’s individual cognitive strengths and weaknesses may result in inaccurate identification of MD and 
may not lead to the most effective interventions. This study evaluated the use of a cognitive strengths and weaknesses 
approach for identifying MD and examined whether grouping children into specific MD subtypes would help identify 
specific patterns of performance on cognitive and academic measures. Participants included 283 children, aged 6 to 
16, who underwent evaluations for learning and/or behavior problems in the Southern United States and Western 
Canada. Using Concordance-Discordance Model (C-DM) SLD identification criteria, results revealed No SLD, Below 
Average MD, High-Functioning MD, and Other SLD groups, with examination of WJ-III Calculation, Math Fluency, 
and Applied Problems for MD subtypes undertaken. Results confirm that differing sets of cognitive skills predict math 
performance across groups, suggesting that children with MD show unique strengths in some cognitive areas, but 
may have difficulty utilizing these cognitive skills across various mathematical domains. Limitations, implications, and 
future research needs are addressed. 
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in 2004 as a method for determining SLD eligibility in 
the reauthorization of the Individuals with Disabilities 
Education Act (IDEA). At that time, RTI was being 
considered as a viable alternative for SLD identification.

Once IDEA was passed, however, concerns over the 
use of RTI for SLD identification began to emerge. For 
example, RTI alone was seen as an ineffective method for 
SLD identification, as there are many reasons why children 
do not respond to our best intervention efforts, only one of 
which is SLD (Hale, Kaufman, Naglieri, & Kavale, 2006). 
In addition, there have been no studies to date that have 
used RTI to successfully differentiate responders from 
nonresponders (e.g., Barth et al., 2008; Brown-Waesche, 
Schatschneier, Schatschneider IN REFS Maner, Ahmed, 
& Wagner, 2011; Fuchs, Fuchs, & Compton, 2012; Speece, 
2005), which is a cornerstone of the RTI approach to SLD 
identification. Rising displeasure with the SLD definition 
and identification methods, partnered with arguments 
suggesting that too little consideration was given to the 
SLD statutory definition specifying that children with SLD 
have a deficit in the basic psychological processes (Hale et 
al., 2006), led to recommendations to use a processing 
strengths and weaknesses (PSW) approach to SLD 
identification (Flanagan, Fiorello, & Ortiz, 2010; Hale et 
al., 2006; Hale, Wycoff, & Fiorello, 2011). As the IDEA 
regulations (2006) NOT IN REFS allow for “other research-
based methods” for identifying SLD, these PSW approaches 
have come to be termed third method approaches. These 
third method approaches conceptualize and operationalize 
the unexpected underachievement associated with SLD 
as a profile of strengths and weaknesses across cognitive 
dimensions and/or academic domains (Compton et al., 
2012; Flanagan et al., 2010; Hale et al., 2010). 

It is well established that SLD is a heterogeneous 
disorder involving differential patterns of strengths and 
weaknesses, and a growing body of research provides an 
appreciation of how underlying cognitive processes such as 
phonological skills, working memory, long-term memory, 
processing speed, or visuospatial processing are related to 
academic difficulties across a range of subjects, including 
mathematics (Berninger & Swanson, 2013; Geary, 2010; 
Semrud-Clikeman, 2005; McGrew & Wendling, 2010). 
While cognitive processing deficits are a core component 
of the SLD definition, critics argue that there is a lack of 
evidence for qualitative cognitive differences between 
adequate and inadequate responders (Fletcher et al., 2011), 
and that processing deficits are difficult to measure directly 
and instead are often inferred from performance on various 
academic or cognitive measures (Ramus & Ahissar, 2012). 
Further, it is argued that these inferences may not reflect 
the specific cognitive deficit(s) that are contributing to the 
SLD since current assessment tools measure a variety of 

cognitive, behavioral, and motivational factors (Stuebing, 
Fletcher, Branum-Martin, & Francis, 2012). 

In contrast to this position, recent scholarly reviews 
offer strong support for the inclusion of cognitive 
assessment of processing deficits in the diagnostic criteria 
for SLD (Frijters et al., 2011; Fuchs et al., 2012), and 
recent meta-analyses have found moderate to large effect 
sizes when comparing differences in cognitive processes 
between students with SLD and their typically developing 
peers (Johnson, Humphrey, Mellard, Woods, & Swanson, 
2010). The neuropsychological literature also supports the 
inclusion of cognitive processes related to the suspected area 
of disability during the SLD identification and diagnostic 
process (Hale et al., 2011; Miller, 2013), For example, there 
is now evidence that brain differences among children with 
SLD exist and change in response to intervention (e.g., 
Berninger, 2006; Simos et al., 2007). Cognitive processing 
assessment and the inclusion of a PSW approach for SLD 
identification is also strongly advocated by professional 
organizations (e.g., Learning Disabilities Association of 
America; Tannock, 2013). 

Specific Learning Disabilities in Mathematics 
Depending on the classification method used, the 

number of children who are identified with a math 
disability (MD) ranges from 4% to 14%, with most research 
suggesting that the prevalence rate is approximately 
7% (Geary, Hoard, Nugent, & Bailey, 2012), which is 
comparable to the prevalence rate for reading disabilities. 
Geary (2010) provided one of the most comprehensive 
syntheses of the cognitive, neuropsychological, and genetic 
literature on MD, suggesting that children with MD form 
a heterogeneous group and display difficulties that result 
in MD subtypes in one or more cognitive domains: 
semantic memory for number sense (retrieval of basic 
quantitative knowledge and math facts from long-term 
memory), procedural (difficulties with working memory 
and sequencing of information), and visual/spatial 
(difficulties representing numerical information spatially). 
Recent research also suggests that the capacity for fluid 
reasoning, including the ability to engage in concept 
formation, reasoning, abstract thinking, and perception of 
complex relations, is fundamental for skilled mathematical 
reasoning (Desco et al., 2011).

Children with the semantic memory subtype have 
difficulties retrieving math facts and have high error 
rates for facts that are retrieved. The semantic subtype 
appears to be associated with left hemisphere dysfunction, 
with posterior brain regions (parieto-occipito-temporal) 
involved in one form of retrieval deficit (accessing 
previously known math facts) (Dehaene, Piazza, Pinel, 
& Cohen, 2003), and the prefrontal regions involved in a 
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second from of retrieval deficit—specifically, difficulties in 
inhibiting the retrieval of irrelevant associations (Geary, 
2004). Geary (2010) argues that difficulty encoding and 
retrieving basic quantitative knowledge and math facts 
from long-term memory may be a defining feature of MD. 
Children with MD also often lack number sense, and have 
difficulty understanding number-quantity associations and 
relative magnitude of numeric differences (Geary, 2010).

The procedural subtype is characterized by slow com-
putation speed, frequent calculation errors, and difficulties 
sequencing multiple steps in complex procedures, often re-
sulting in developmentally immature procedures to solve 
math problems. Although the neuropsychological features 
of this subtype remain unclear, some research suggests an 
association with prefrontal dysfunction, leading to exec-
utive deficits resulting in limited flexibility, sequencing 
errors, and difficulty maintaining information in working 
memory (Hale & Fiorello, 2004). Working memory plays an 
important role in both math computation and completion 
of math word problems (Geary, 2010; Raghubar, Barnes, 
& Hecht, 2010), as children need to maintain quantitative 
information in their mind as they follow multiple com-
putation steps. Clearly, these processes also require fluid 
reasoning (Desco et al., 2011), and both are related to ex-
ecutive functions (Decker, Hill, & Dean, 2007), which tend 
to be a function of the frontal-subcortical circuits (Koziol, 
Budding, & Hale, 2013).

Lastly, children with the visual-spatial subtype have 
difficulty spatially representing numerical information, 
which affects estimation and magnitude judgment, 
attending to operands, and column alignment in math 
problems (Hain, Hale, & Glass-Kendorski, 2009). Geary 
and colleagues (2004) argue that these deficits appear to 
be associated with right posterior brain regions. Further, 
Byron Rourke (1989, 1995) has suggested that right-
hemisphere dysfunction can be largely attributed to 
white matter dysfunction, and that children with this MD 
subtype have strong verbal skills and visual-spatial deficits 
that subsequently affect attention, memory, organization, 
problem-solving, and concept formation. However, given 
the importance of processing speed to both math and 
psychosocial functioning, the notion of this problem being 
“nonverbal” must be reconsidered (e.g., Backenson et al., 
2013).  

Although the cognitive and neural mechanisms un-
derlying these proposed subtypes are still under investi-
gation, the literature strongly supports Geary’s (2010) and 
Ansari (2010)’s notion that there are multiple causes of 
MD. While there is an abundance of research outlining the 
neural correlates of adult numerical cognition, including 
the importance of the intraparietal sulcus (IPS) in the pro-
cessing and representation of numerical magnitude (e.g., 

Ansari, 2007; Dehaene, Molko, Cohen, &Wilson, 2004), 
similar research with children is only beginning to emerge. 
A recent meta-analysis of developmental functional mag-
netic resonance imaging studies (fMRI) suggests that chil-
dren produce consistent fronto-parietal activation patterns 
during calculation and number processing, and that these 
activation patterns are modulated by competence level 
(children with and without MD), notation (symbolic vs. 
non-symbolic), and task complexity. Furthermore, activa-
tion differences between children with and without MD 
were observable in anterior intraparietal regions as well 
as the prefrontal and occipital cortices (Kaufmann, Wood, 
Rubinsten, & Henik, 2011). Thus, current developmental 
neuroimaging research suggest that children and adults 
activate different brain areas during mathematical tasks, 
and that children with MD utilize different brain networks 
than their typically developing peers (Ansari, 2010). 

Given the importance of working memory to both 
math computation and word problems, it is not surprising 
that a recent meta-analysis found working memory to be 
the most important cognitive process in individuals with 
MD (Swanson & Jerman, 2006). The importance of fluid 
reasoning for mathematical problem solving is also well 
established, with brain imaging studies suggesting that 
fluid reasoning is associated with activation of the frontal 
and parietal brain regions, specifically the dorsolateral 
prefrontal cortex (DLPFC) and the superior parietal lobe 
(Lee et al., 2006). Math-gifted children have also been 
found to show more bilateral brain activation, and to 
recruit more brain areas when performing reasoning tasks, 
when compared to controls with average mathematical 
skills (Desco et al., 2011), further supporting the notion 
that different children use different brain areas to process 
information.

Clearly, there are multiple cognitive processes and 
brain systems that must work effectively for children 
to achieve math competency, with deficits in any one of 
these likely leading to MD (e.g., Ansari, 2010). In fact, 
one MD study found five subtypes thought to represent 
different areas of brain dysfunction (Hale, Fiorello, Bertin, 
& Sherman, 2003). These subtypes were labeled Visual-
Spatial, Fluid, Executive/Working Memory, Crystallized/
Gerstmann Syndrome, and High Functioning subtypes. 
In another SLD study of psychosocial functioning, the 
visual-spatial and fluid reasoning SLD subtypes were both 
found to have math impairment, with the fluid reasoning 
subtype showing the most psychosocial disturbance (Hain 
et al., 2009). Although domain-general deficits in working 
memory, long-term memory, and visuospatial processing 
likely play a large role in mathematical learning and 
performance (Geary, 2010), some research suggests that 
MD can also be attributed in part to domain-specific deficits 
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in numerical processing or “number sense” (Dehaene et 
al., 2003), as suggested by research that supports how the 
approximate number system is a strong predictor of math 
achievement (Mazzocco, Feigenson, & Halberda, 2011).  

Comorbidity 
It is estimated that approximately 17% of children with 

MD also have a co-morbid reading disability (RD) (Kovas 
et al., 2007). Because the incidence of comorbidity with 
other SLD is high, it has been suggested that MD and other 
language-based disorders may share the same underlying 
causes. However, since MD also occurs in isolation, 
identification of cognitive and neuropsychological 
processes underlying math competency could improve 
differential diagnoses and remediation strategies by 
delineating the multiple causes of MD (Hale et al., 2003). 
Recent research by Willcutt and colleagues (2013) supports 
neuropsychological models of SLD, suggesting that reading 
and math disabilities are distinct but related disorders 
that co-occur as a result of shared cognitive weaknesses 
in working memory, processing speed, and verbal 
comprehension. Further, recent reconceptualizations of 
neuropsychological models of developmental disorders 
hypothesize that disorders such as MD arise from additive 
and interactive effects of multiple neuropsychological 
weaknesses, rather than a single neuropsychological 
weakness specific to individual disorders (e.g., Geary, 
2010; Pennington et al., 2012).

While research in MD is not as extensive as that 
in reading disability (RD), deficits in working memory 
(Raghubar et al., 2010), processing speed (Swanson & 
Jerman, 2006), attention (Fuchs et al., 2005), and executive 
functions (Geary, 2004) are discernible between children 
with MD and average achievers. A recent meta-analysis 
by Johnson et al., 2010 uncovered that students with MD 
had high magnitude (> .80) processing deficit differences 
across working memory, processing speed, and executive 
function dimensions. The magnitude of these effect 
sizes renders support for the assessment of key cognitive 
processes related to the suspected area of disability in 
the SLD diagnostic process (Flanagan, Ortiz, Alfonso, & 
Dynda, 2006), including working memory, processing 
speed, and executive functions (Johnson et al., 2010; Toll, 
Van der Ven, Kroesbergen, & Van Luit, 2011). Although 
more research on cognitive profiles of students with SLD is 
needed, many argue that identification of SLD subtypes is 
necessary, whereby interventions are designed to address 
groups of children with specific patterns of cognitive and/
or academic strengths and weaknesses (Hale et al., 2008b; 
Mascolo, Kaufman, & Hale, 2009). If relatively homogenous 
subgroups of students with SLD can be identified based on 
cognitive deficits, research on appropriate intervention 

programs would be simpler and more direct, resulting 
in more individualized and successful interventions for 
students who need this help the most (Callinan, Theiler & 
Cunningham, 2013). 

Purpose of Current Study 
The purpose of this study was to evaluate the use of a 

cognitive strengths and weakness approach to identifying 
SLD, and to determine whether grouping children 
into specific MD subtypes using a processing strengths 
and weaknesses approach would help identify specific 
patterns of performance on cognitive and academic 
measures. Investigating the cognitive, academic, and 
neuropsychological processing deficits associated with MD 
subtypes may foster appropriate and specific interventions 
sensitive to individual children’s needs.

Hale and Fiorello (2004) argue that the Concordance–
Discordance Model (C-DM) could be used to determine 
MD and other types of learning disabilities. The C-DM 
is a is a third-method approach to identifying SLD that 
includes a psychoeducational evaluation utilizing a number 
of data sources—including cognitive, neuropsychological, 
academic, and behavioral measures (Hale, 2006). In order 
to identify a child with MD, there should be a concordance 
(no significant difference) between the cognitive processes 
that predict math performance and math achievement 
scores (both low), a discordance (significant difference) 
between the cognitive processing strength and processing 
weakness, and a discordance between the cognitive strength 
and the math achievement deficit score (Hale & Fiorello, 
2004). The C-DM uses the Standard Error of the Difference 
formula (SED; Anastasi & Urbina, 1997) to provide a 
statistical test of difference among the three components 
(i.e., cognitive strengths, cognitive weaknesses, and 
achievement weaknesses), and is not restricted to specific 
standardized cognitive and achievement measures. The 
C-DM has been advocated for use in school psychology and 
neuropsychology practice (Hain et al., 2009; Miller, Getz, 
& Leffard, 2006), and has been adopted by achievement 
measures such as the Weschler Individual Achievement 
Test-III (WIAT-III; Wechsler et al., 2009). 

0HWKRG

Participants and Procedure
Participants included 283 children (194 males, 89 

females) aged 6 to 16 years (M = 9.58; SD = 2.29) referred 
for neuropsychological and psychoeducational evaluations 
of learning and/or behavioral difficulties in the Southern 
United States and Western Canada. Only subtest scores 
from the Weschler Intelligence Scale for Children, 4th ed. 
(WISC-IV; Weschler, 2003), and the Woodcock-Johnson III 
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Tests of Achievement (WJ-III Ach; Woodcock, McGrew, & 
Mather, 2001) were analyzed. Children were administered 
tests in alignment with their suspected area of disability 
and were not necessarily administered the entire academic 
battery. The CD-M approach was used to derive individual 
processing strengths and weaknesses on the basis of WISC-
IV factor and subtest scores. Factor scores were used if 
subtest scores within a factor were consistent (i.e., no 
significant differences); however, if subtest scores within 
a factor were variable, specific combinations of two or 
more subtests were grouped together to form a new factor 
score. There were no processing weaknesses that were 
composed of only one subtest; the Cattell–Horn–Carroll 
and/or neuropsychological interpretation of the WISC-IV 
(e.g., Flanagan, Alfonso, Mascolo, & Hale, 2010; McGrew 
& Wendling, 2010; Miller & Hale, 2008) approaches were 
used to guide combinations of subtests to create new 
factors, with the combined subtest means and reliability 
coefficients used to create new factor/reliability values for 
C-DM calculations. 

Cognitive strengths were first compared to cognitive 
weaknesses, and were also compared to WJ-III Ach math 
subtest scores to determine if each child met C-DM criteria. 
If a significant difference (p < .05) emerged between the 
cognitive strength score and a cognitive weakness score, 
and between the cognitive strength score and the math 
achievement score, the child was identified as having a 
SLD. If no significant differences emerged between the 
cognitive strength and the cognitive weakness, or between 
the cognitive strength and any of the academic subtests, 
the child was not identified with a SLD. As a result, this use 
of the C-DM approach was solely psychometric and not 
clinically-derived or validated. It should be noted that this 
psychometric-only use of the C-DM is not consistent with 
the model as presented in Hale et al. (2011), who argue 
that the processing weaknesses and their relation to math 
achievement deficits must be confirmed via Cognitive 
Hypothesis Testing (Hale & Fiorello, 2004). 

Since the C-DM uses a statistical test to identity 
significant differences, it is possible for a child who scores 

high on cognitive subtests and average on academic subtests 
to be identified with SLD. This is a consistent problem 
in the SLD literature—that those higher in intellectual 
functioning tend to be identified with SLD more often than 
those with low intellectual functioning (Fletcher, 2012). In 
order to separate out this group of children, individuals 
who were identified as having an MD were also divided into 
High Functioning (standard scores > 90 on Calculation 
[Calc], Math Fluency [MF], or Applied Problem [AP] 
subtests) and Below Average (standard scores < 90 on Calc, 
MF, or AP subtests) groups. We recognize that in clinical 
practice, the High Functioning students would not be 
identified as having an MD unless other data supported 
the diagnosis, but included the group in the analyses for 
descriptive purposes. Lastly, if a significant difference 
emerged between a cognitive strength and a subtest related 
to another academic domain (e.g., reading or writing) the 
child was identified as having a SLD in another area. 

C-DM derived groups. Four groups were determined 
for each set of analyses:  (1) No SLD, (2) Below Average 
(standard scores < 90) C-DM determined  MD in 
Calculation (MD-Calc),  Math Fluency (MD-MF), or 
Applied Problems (MD-AP), (3) High Functioning 
(standard scores > 90) C-DM determined MD-Calc, MD-
MF, or MD-AP, and (4) C-DM determined SLD in an area 
other than math (Other SLD). A breakdown of the number 
of participants in each group and subtype is provided in 
Table 1. The No LD group consisted of 66 children, which 
remained constant across analyses. In contrast, the MD 
and Other SLD groups were composed of different children 
across each set of analyses, depending on whether or not 
a child met C-DM criteria for the specific subtype of MD 
in question, as individual children could meet criteria in 
more than one MD group. It should also be noted that all 
participants in the MD-MF subtype had standard scores 
less than 90 on the MF subtest, thus they were all in the 
Below Average group.

A series of one-way ANOVAs and post hoc tests using 
the Bonferroni correction were performed for each of 
the three MD subtypes (Calc, MF, or AP). These analyses 
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criteria for the specific subtype of MD in question, as individual children could meet criteria in 

more than one MD group. It should also be noted that all participants in the MD-MF subtype had 

standard scores less than 90 on the MF subtest, thus they were all in the Below Average group. 

A series of one-way ANOVAs and post hoc tests using the Bonferroni correction were 

performed for each of the three MD subtypes (Calc, MF, or AP). These analyses compared 

subtest score differences on the WISC-IV and WJ-III Ach across each of the four groups (No 

SLD, Below Average MD, High Functioning MD, or Other SLD) in each MD subtype (Calc, 

MF, or AP). Next, regression analyses were conducted for each of the three MD subtypes (Calc, 

MF, AP), with individual WJ-III Ach subtest scores serving as the outcome variable, and the 

individual WISC-IV subtests serving as the predictor variables. The High Functioning MD 

groups were not included in the regression analyses because there were no participants from this 

group in the MD-MF subtype. These analyses determined whether the cognitive processes that 

predicted math performance differed across groups.  

Table 1 
Participant Ns for groups across MD subtypes  
 Calculation 

(MD-Calc) 
 Math Fluency 

(MD-MF) 
 Applied Problems 

(MD-AP) 
N  N  N 

No SLD 66  66  66 
Below Average MD 74  123  54 
High Functioning MD 38  0  38 
Other SLD 91  27  104 
Note: Total numbers across groups may differ due to missing data. 
 

Results 

Math Disability and Other Academic Concerns  

With the exception of the High Functioning MD-Calc group, one-way ANOVAs revealed 

that students with all three subtypes of MD exhibited lower scores on the reading and writing 

Table 1
1BSUJDJQBOU�/T�GPS�(SPVQT�BDSPTT�.%�4VCUZQFT�
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compared subtest score differences on the WISC-IV and 
WJ-III Ach across each of the four groups (No SLD, Below 
Average MD, High Functioning MD, or Other SLD) in 
each MD subtype (Calc, MF, or AP). Next, regression 
analyses were conducted for each of the three MD subtypes 
(Calc, MF, AP), with individual WJ-III Ach subtest scores 
serving as the outcome variable, and the individual 
WISC-IV subtests serving as the predictor variables. The 
High Functioning MD groups were not included in the 
regression analyses because there were no participants 
from this group in the MD-MF subtype. These analyses 
determined whether the cognitive processes that predicted 
math performance differed across groups. 

5HVXOWV

Math Disability and Other Academic Concerns 
With the exception of the High Functioning MD-Calc 

group, one-way ANOVAs revealed that students with all 
three subtypes of MD exhibited lower scores on the reading 
and writing subtests of the WJ-III Ach relative to children 

without SLD. Figures 1–3 illustrate the specific academic 
weaknesses exhibited by each group. Although children 
in each MD subtype showed specific patterns of strengths 
and weaknesses, with different profiles emerging across the 
three subtypes, some similarities were also noted. Children 
in the Below Average MD groups across all three subtypes 
(Calc, MF, and AP) scored significantly below children 
without MD on Spelling and Passage Comprehension, 
which could suggest difficulty with visual-orthographic 
processes and higher level or implicit comprehension 
(e.g., Rourke, 2000). Both the MD-MF and MD-AP 
Below Average groups obtained scores significantly below 
children without MD on Reading Fluency, Writing Fluency, 
and Writing Samples, which could suggest processing 
speed and/or executive functioning deficits (Backenson 
et al., 2013). The MD-Calc and MD-AP Below Average 
groups performed below children without MD on Letter-
Word Identification, and both the MD-AP Below Average 
and High Functioning groups performed below children 
without MD-AP on Word Attack. 

 
 

Figure 1. 8+�***�"DI�BOE�8*4$�*7�NFBO�TDBMFE�BOE�TUBOEBSE�TDPSFT�
PG�/P�4-%�0UIFS�4-%�.%�$BMD�#FMPX�"WFSBHF�BOE�.%�$BMD�)JHI�
'VODUJPOJOH�HSPVQT�

 

Figure 3. WJ-III Ach and WISC-IV mean scaled and standard scores of No SLD, Other SLD, Figure 2. 8+�***�"DI�BOE�8*4$�*7�NFBO�TDBMFE�BOE�TUBOEBSE�TDPSFT�
PG�/P�4-%�0UIFS�4-%�BOE�.%�.'�#FMPX�"WFSBHF�HSPVQT�
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Cognitive Processes and Math Disability
Regression results were interpreted in conjunction 

with ANOVAs to determine whether (a) the MD group 
and non-MD groups showed different cognitive processing 
patterns of performance in relation to math performance, 
and (b) whether different subtypes of MD (Calc, MF, or 
AP) showed differing patterns of correlation between 
cognitive processes and math performance. Different 
patterns of performance would suggest that MD does not 
just represent the lower end of the distribution regarding 
math competency, but that different cognitive processes 
are relevant for different MD subtypes. The implications 
of these findings are significant for intervention. If the 
patterns of performance are comparable, and MD is just 
the lower end of the normal distribution, then an RTI 
approach would be necessary. In contrast, if the patterns of 
performance are different, then individualized assessment 
and intervention would be important. Results confirm that 
differing sets of cognitive skills predict math performance, 
with some differences and similarities noted across 
groups. Results also suggest that children with MD show 
unique strengths in some cognitive areas, but may have 
difficulty utilizing these cognitive skills in mathematical 
computation, fluency, and problem-solving.

The Calculation (Calc) subtest requires children to 
perform various mathematical computations using basic 
operations (addition, subtraction, multiplication, division) 
for the younger children, and more advanced operations 
(geometric, trigonometric, logarithmic) for the older 
students. There is no time limit for this subtest. A multiple 
regression predicting Calc performance revealed that in 
the No SLD group, scores on the Similarities subtest were 

positively correlated with Calc performance (β = .46, p 
<.001). In the Other SLD group, Similarities (β = .29, p < 
.01) as well as Matrix Reasoning (β = .29, p < .01) were 
found to be significant predictors of Calc performance. 
For the MD-Calc Below Average group, Letter-Number 
Sequencing (β = .28, p < .05), Coding (β = .25, p < .01), and 
Vocabulary (β = .23, p < .01) were positively correlated with 
Calculation performance (See Table 2). Additionally, an 
ANOVA revealed that Coding scores significantly differed 
by group, with both Below Average and High Functioning 
MD-Calc groups obtaining significantly lower Coding 
scores than the No SLD group. This could reflect a deficit 
in number sense or basic associative learning (number-
quantity found in children with MD (e.g., Geary, 2010; 
Hale et al., 2008a), as both have been related to left parietal 
lobe functioning (Hale et al., 2011; Kaufmann et al., 2011). 
It should also be noted that children in both the MD-Calc 
groups showed areas of relative strength compared to 
other groups; ANOVAs revealed that they showed stronger 
Comprehension and Picture Concepts performance than 
children without MD (see Figure 1). 

Math Fluency (MF) is a relatively simple timed test of 
addition, subtraction, and multiplication fact retrieval. The 
MD-MF analyses revealed that Coding was a significant 
predictor for all three groups (No SLD, Below Average 
MD, and Other SLD), which in this analysis likely reflects 
the processing speed demands required for both coding 
and fluent math performance. These findings would be 
consistent with those reported by Mazzocco and Grimm 
(2013), who found that rapid automatic naming was 
impaired in children with MD more than those with reading 
SLD. This finding is not surprising given that processing 

 

Note. LWID: Letter Word Identification; RF: Reading Fluency; PC: Passage Comprehension; 
WA: Word Attack; SP: Spelling; WF: Writing Fluency; WS: Writing Samples; Calc: 
Calculation; MF: Math Fluency; AP: Applied Problems; SI: Similarities; VC: Vocabulary; CO: 
Comprehension; BD: Block Design; PCn: Picture Concepts; MR: Matrix Reasoning; DS: Digit 
Span; LN: Letter Number Sequencing; CD: Coding; SS: Symbol Search. 
* One way ANOVA for group mean differences was significant at p < .05 level or greater. 

 

Figure 3. 8+�***�"DI�BOE�8*4$�*7�NFBO�TDBMFE�BOE�TUBOEBSE�TDPSFT�PG�
/P�4-%�0UIFS�4-%�.%�"1�#FMPX�"WFSBHF�BOE�.%�"1�)JHI�'VODUJPOJOH�
HSPVQT�
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of simple and routine information are both important for 
math fluency, and that white matter dysfunction may be 
relevant to consider in causes of math SLD (Hain et al., 
2009). Interestingly, analyses also revealed significant 
differences across each group’s Coding performance, 
suggesting that this may be a marker for math fluency 
MD. Additionally, Similarities significantly predicted math 
fluency among children with No SLD (β = .43, p < .001), 
whereas Comprehension significantly predicted math 
fluency in the Other SLD group (β = .24, p < .05; See Table 
2), again suggesting cognitive-achievement relationships 
are not comparable across children with other SLD, math 
SLD, and no SLD.

Applied Problems (AP) is somewhat similar to the 
Calc subtest in that children must solve untimed multistep 
mathematics problems. Unlike Calc, however, AP consists 
of word problems (written on a page and read aloud), 
which the child must determine how to solve. So while 
math is certainly a part of AP, it also requires receptive 
and expressive language, as well as fluid reasoning skills 
(Hale et al., 2008a). The pattern of findings related to AP 
was somewhat similar to those in the Calc subtest. For 
children in the No SLD group, higher-order thinking 
skills, as measured by Matrix Reasoning (β = .32, p < .05) 
and Similarities (β = .37, p < .01), were correlated with 
performance on AP, a finding established in the CHC 
literature (McGrew & Wendling, 2010), suggesting that 
concept formation is uniquely deficient in AP (Compton et 
al., 2012). In the Other SLD group, a combination of fluid 
reasoning skills and working memory showed significant 
correlations with the outcome variables (Picture Concepts, 
β = .25, p < .05; Letter-Number Sequencing, β = .31, p < 
.01, Matrix Reasoning, β = .30, p < .01). In contrast, for 

children in the Below Average MD-AP group, Vocabulary 
(β = .30, p < .01) and Coding (β = .29, p < .05) were the 
sole predictors of performance on AP, with the former 
result suggesting that receptive and expressive language 
processes might be at play in this group. 

Analyses also revealed group differences in Coding 
performance, with children in the Below Average MD-AP 
group showing relatively low Coding skills compared to 
children with No SLD. The Below Average MD-AP group 
also showed relatively low performance on Letter Number 
Sequencing relative to both the No SLD and Other SLD 
groups (see Table 2). Children in the High Functioning 
MD-AP group also showed weaker performance on 
Symbol Search than children without MD-AP; however, 
children in both MD-AP groups showed areas of strength. 
The Below Average MD-AP group exhibited significantly 
stronger Picture Concepts performance than children 
without MD-AP, and the High Functioning MD-AP group 
showed strong performance on Similarities, Vocabulary, 
Comprehension, and Matrix Reasoning (See Figure 3). This 
suggests that their MD, while below their actual potential, 

'LVFXVVLRQ
The development of math competence requires basic 

number sense and an understanding of number-quantity 
relationships, but it is clear that multiple cognitive processes 
and brain functions are necessary for math competency, 
and that a deficit within various cognitive processes may 
result in a MD (Ansari, 2010; Geary, 2010; Hale et al., 
2008a; Kaufmann et al., 2013; Mazzocco et al., 2011). 
In this study, Hale and Fiorello’s (2004) Concordance-
Discordance Model (C-DM) was used to identify specific 
MD subtypes to allow for examination of cognitive and 

Table 2 
Results of Multiple Linear Regressions, Using WISC-IV Subtests as 
Predictors of Performance of WJ-III Achievement Math Subtests (Showing 
4UBOEBSEJ[FE�3FHSFTTJPO�$PFGmDJFOUT

Predictors Calculation  Math Fluency  Applied Problems 
 No 

SLD 
Other 
SLD 

MD-
Calc  No 

SLD 
Other 
SLD 

MD-
MF  No 

SLD 
Other 
SLD 

MD-
AP 

Similarities .46*** .29**   .43***    .37**   
Vocabulary   .23*        .30** 

Comprehension  .19**    .24***      
Block Design            
Picture Concepts          .25**  
Matrix Reasoning  .29**       .32** .30**  
Digit Span            
Letter Number Seq.   .28*       .31**  
Coding   .25*  .34*** .40*** .35**    .29** 

Symbol Search            
Total R2 0.21 0.34 0.25  0.38 0.23 0.12  0.34 0.34 0.16 
* p < .05. ** p < .01. *** p < .001. 
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academic profiles unique to each group. While several 
processing strength and weakness approaches exist in the 
literature (Hale, Flanagan, & Naglieri, 2008), we utilized 
the C-DM approach as it has reliably shown processing 
differences across MD subtypes in the past (Hale et al., 
2008a). Using data from the WISC-IV and WJ-III Ach, 
children were grouped into No SLD, Below Average 
MD, High Functioning MD, or Other SLD group across 
three academic mathematic domains: Calculation (Calc), 
Math Fluency (MF) and Applied Problems (AP). One-
way ANOVAs and post-hoc analyses revealed differences 
in subtest scores on the WISC-IV and WJ-III Ach 
across groups, while regression analyses revealed that 
various cognitive processes differentially predicted math 
performance between groups.

In alignment with typical expectations of low academic 
achievement among children with MD (Mazzocco, 
2005), participants in the Below Average group across 
all three MD subtypes (Calc, MF, AP) also exhibited 
lower scores on Passage Comprehension and Spelling. 
Furthermore, the Below Average groups often performed 
worse on other reading and writing subtests, including 
the Fluency subtests, Writing Samples, and Word Attack, 
when compared to children without MD, suggesting that 
these children may also have associated and/or comorbid 
reading and writing difficulties. As a result, this group is 
likely to have difficulty with mathematics knowledge and 
automaticity due to low lexical-semantic and language 
skills, as well as deficits in working memory, processing 
speed, and executive function (Ansari, 2010; Geary, 2010; 
Toll et al., 2011). 

Since the C-DM may identify children with milder 
MD, or perhaps those who don’t have MD and are just 
achieving below their high cognitive abilities, we separated 
out the below average and high functioning MD groups to 
ensure that important subtype characteristics were better 
identified. Some researchers urge against the use of high-
threshold cut-points that may mask differences between 
MD subtypes in research samples (Mazzocco & Räsänen, 
2013), thus separating out the children with average 
or above average achievement scores guards against 
attenuating cognitive differences in MD populations, 
because these high functioning children may not have SLD 
(e.g., Fletcher, 2012).

With respect to cognitive processing patterns of 
performance, various profiles emerged across the three 
math subtypes, suggestive of different brain areas that are 
likely responsible for carrying out different functions during 
math calculation, math fact retrieval, and applied problem-
solving (Ansari, 2010; Geary, 2010). This is consistent with 
research on processing characteristics among children 
with SLD across different domains (Compton et al., 2012). 

Furthermore, differences in cognitive processing profiles 
between MD and No SLD groups suggest that children 
with MD may utilize compensatory strategies and solve 
problems in different ways from children without SLD. 
This position is consistent with neuroimaging literature 
showing that different brain areas are responsible for math 
skills between typically achieving children and children 
with MD (Kaufmann et al., 2011), and that changes in 
brain function occur following math intervention (Kesler, 
Sheau, Koovakkattu, & Reiss, 2011; Supekar et al., 2013). 

For example, children with Below Average MD-MF 
showed lower Coding scores than both children with 
No SLD and those with Other SLD, suggesting that the 
cognitive processes associated with the Coding subtest (e.g., 
symbol-number memory, processing speed, associative 
learning), and the respective brain areas activated during 
the task (e.g., angular and supramarginal gyri), may be 
contributing to lower MF performance. Although children 
with Below Average MD-MF may struggle with math facts 
or quantity-number association resulting in poor math 
computation skills (e.g., Geary, 2010; Mazzocco et al., 
2011), they may also have difficulty with lexical-semantic 
memory necessary for math fact automaticity. This group 
showed stronger performance than children without 
MD on the majority of verbal and perceptual reasoning 
subtests on the WISC-IV, including those that supported 
MF in other groups, suggesting that intervention strategies 
designed to enhance basic number-quantity associations 
may lie at the root of their MD (Mazzocco et al., 2011). 

Conversely, convergent thought and crystallized math 
fact knowledge were found to be important processes for 
predicting MF performance in the No SLD group, whereas 
common sense problem solving (i.e., Comprehension) 
was important in predicting MF for the Other SLD 
group, suggesting that different groups of children may 
use different compensatory approaches to improve math 
performance (e.g., Hale et al., 2008a). The findings that 
different cognitive subtests differentially predict math 
performance suggest that children with MD may utilize 
different cognitive processes to retrieve previously learned 
information. For instance, children who can easily 
retrieve math facts from memory may be using different 
brain areas than children who have to take more time to 
compute the answers. Similarly, looking at performance on 
math calculation, our results suggest that children without 
MD may rely upon higher-order cognitive functions such 
as fluid reasoning and abstract concept formation to solve 
procedural math problems. In contrast, children with MD-
Calc are more likely to use strategies such as sequential 
processing and associative learning—including number-
quantity associations—to approach math problems, so 
they are less automatized in function, which could account 
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for the rapid automatic naming deficit seen in children 
with MD (Mazzocco & Grimm, 2013). 

Lastly, looking at performance related to applied 
problem-solving skills, the Below Average and High 
Functioning MD groups exhibited significantly stronger 
performance across a number of cognitive subtests relative 
to children without MD, suggesting that compensatory 
strategies are utilized when approaching novel problem-
solving activities. The Below Average MD-AP group also 
showed relatively low performance on working memory 
tasks relative to both the No SLD and Other SLD groups, 
consistent with notions that working memory deficits 
are common in children with math SLD (Geary, 2010). 
This may reflect difficulty keeping track of multiple parts 
involved in solving multi-step problems, suggesting that 
compensatory strategies such as step-by-step checklists 
may be helpful.

While it has long been lamented that research on math 
disabilities has lagged considerably behind research on 
reading disabilities (Cavendish, 2013), we are increasingly 
closer to identifying MD endophenotypes similar to 
what have been identified within the RD literature (e.g., 
Berninger, 2009). Continued progress in this area requires 
linking identified phenotypes with targeted interventions. 
Specifically, further research is needed in the form of 
single subject designs to validate interventions based on 
the C-DM identified processing strengths and weaknesses. 
Among the criticisms levied against both the discrepancy 
and RTI approaches is the limited ability of both to inform 
specific and targeted interventions (Reynolds, 2008). In 
contrast, an inherent advantage of the PSW approach 
is the identification of specific cognitive profiles that 
subsequently serve as the basis for tailored individualized 
services (Hale et al., 2010). Further validation of relatively 
homogenous MD subgroupings and associated processing 
deficits through neuropsychological and neuroimaging 
research is ultimately needed to best guide practice.   

Given the need for further validation work, the 
hypotheses presented here in terms of linking MD subtypes 
to specific processing profiles, continue to represent only 
initial forays into this area. Several limitations of the 
present study additionally warrant consideration. Due to 
the limited number of typical students in the sample, there 
were restrictions on the comparisons that could be made 
between cognitive processing abilities of typical learners 
and learners with MD. Additionally, as the MD subtypes 
were not mutually exclusive, participants assigned to more 
than one MD grouping possibly attenuated distinctions 
between profiles. Age differences in MD were also not 
addressed in this study. In review of research conducted 
over the past decade, Mazzocco and Räsänen (2013) 
noted that despite the general stability of MD over time, 

variations exist in its timing and expression. Cognitive 
processes contribute differentially to typical math 
development over the developmental period (McGrew 
& Wendling, 2010), so C-DM longitudinal investigations 
are necessary to consider certain cognitive process-
achievement differences across the lifespan. One possible 
outcome of the broader application of the C-DM approach 
to the study of mathematical performance over time is, 
thus, more informed practice regarding the need and 
timing for re-assessment. Finally, the psychometric C-DM 
approach used here was not consistent with that advocated 
by Hale and colleagues (2011), where hypotheses are tested 
and processing deficits are linked to achievement deficits 
in a clinically meaningful way. 

Despite these limitations, the results of this study 
are promising given their alignment with previous work 
supporting LD as a heterogeneous disorder. Specifically, 
our findings contribute to the mounting evidence in 
support of MDs as having multiple etiologies, and support 
the notion of assessing MD through an idiographic 
pattern-of-performance approach grounded in cognitive 
and neuropsychological theory (Fiorello, Hale, Snyder, 
Forrest, & Teodori, 2008; Geary, 2010; Miller, 2013). The 
C-DM approach additionally has the potential to extend 
research into math disabilities beyond what has been a 
relatively restricted focus to date on math calculation 
and reasoning. Mathematics learning encompasses the 
acquisition of knowledge and skills across a much wider 
range of topics and content areas with, for example, 
algebra, geometry, probability, and measurement common 
areas of instructional focus (Drefs, Fior, & Beran, 2013). 
Examination of psychological processes involved in a wider 
range of math competencies provides for greater insight 
into brain regions supporting multiple areas of math 
learning. By contrasting processes recruited for a wider 
range of math skills, the unique and shared contributions 
of certain brain regions can be more readily identified. 
Returning to our focus on adopting assessment practices 
that best inform intervention, the broader application 
of a neuropsychological orientation to other areas of 
mathematical learning and achievement is invaluable in 
determining which remediation efforts to prioritize. 
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$EVWUDFW� There is significant debate over the value and ethics of IQ testing for children, including those from diverse 
cultural groups, particularly in light of studies examining performance on various subtests that are uncovering 
important processing differences between cultural and linguistic groups (Sotelo-Dynega, Ortiz, Flanagan, & Chaplin, 
2013).  Whereas the predictive validity of IQ has been well established, the link between general intelligence and general 
academic achievement remains unenlightening, particularly with respect to educational interventions and remediation 
of academic skills. In light of the importance of understanding the needs of diverse groups within educational and 
instructional settings, the present study investigated the differential predictive validity of WISC-IV, Full Scale IQ, Index, 
and subtest scores for components of reading achievement for European American, African American, and Latino 
American children. Using data from the WISC-IV–WIAT-II standardization sample, Full-Scale IQ, Index, and subtest 
scores were used to predict Word Reading and Reading Comprehension scores on the Wechsler Individual Achievement 
Test, Second Edition (WIAT-II) using forced-entry multiple regression analyses. In general, the results emphasized the 
importance of subtest analysis for understanding the nature of reading performance of all cultural groups. The amount 
of variance lost moving from subtest to Full Scale scores is greater in the African American group than the European 
American or Latino American groups. The amount of variance in components of reading performance accounted for 
by the Full Scale IQ differed amongst these groups. Findings are discussed in terms of the differences in the processes 
used in reading between these groups and point to the need for differentiated instruction and intervention to improve 
reading performance.

.H\ZRUGV� IQ; cultural diversity; assessment; WISC-IV; WIAT-II

 Intelligence is entrenched in, and defined by, the 
culture it is intended to measure (Sattler, 1992) and cannot 
be viewed as an abstract or culture-free exercise. Beyond 
being inherently culture bound, intelligence test norms 
do not accurately represent cognitive diversity in minority 
populations for several reasons, including the fact that 
minorities represent only a small proportion relative to 
the majority and subsequently, to the normed data (Dent, 

1996). More importantly, perhaps, is that differences in 
racial status alone are insufficient to account for the type of 
variation expected from individuals whose developmental 
experiences vary markedly in terms of acculturative 
knowledge and language acquisition (Ortiz & Ochoa, 
2005). As a result, the same norms are used for minority 
children even though systematic research into cognitive 
processing differences among children with and without 
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minority status has been limited. While it is obvious that all 
children process information differently, culture mitigates 
how students learn. This becomes more prevalent when the 
cultural–educational values are not shared by students and 
the teacher, leading to discrepancies in classroom learning 
behavior and academic expectations (Tomes, 2010). This 
often leads to minority children being overrepresented in 
below-average and intellectually deficient categories and 
underidentified for gifted and talented programs (Harris, 
Brown, Ford, & Richardson, 2004; Harris & Llorente, 2005; 
Ortiz, 2006; Prifitera, Saklofske, Weiss, & Rolphus, 2005).

In response to the rampant overidentification 
of African American students in “dead-end” special 
education classes in California, Judge Peckham ruled that 
IQ tests were culturally biased and banned their use in 
the state’s public schools for the purpose of determining 
eligibility for such programs (Larry P. v. Riles, 1979). 
Despite more recent legal challenges, the California 
Department of Education continues the prohibition of any 
test or scale that generates an IQ or any other score that 
is purported to be equivalent to IQ for African-American 
students. Although this restriction does not exist in any 
other state and in spite of a lack of evidence to support 
it, the  perception that IQ tests are unfair to minority 
students remains embedded in the consciousness of both 
the lay public and professionals (Hale & Fiorello, 2004; 
Reschly & Grimes, 2002). The reality is that actual bias 
within tests (as defined psychometrically) that includes 
concerns with respect to item content, difficulty, factor 
structure, mean group IQ differences, and prediction, 
has not been found in native-born, English-speaking 
children (Ortiz, 2008). However, a lack of statistical bias 
does not indicate that the tests are used fairly with these 
students. Predictive validity may be due to the language 
and cultural load of both the IQ test and the measure of 
academic achievement. Another concern when examining 
the bias of tests includes stereotype threats. When ability 
is being evaluated under negative premises due in part 
to the child’s ethnic background, the result for African 
American children generally includes them subsuming 
a negative view of themselves and poor performances on 
standardized measures (Steele & Aronson, 1995; Tomes, 
2013).

The point is quickly becoming moot, however, given 
that the concept of general intelligence and its relation 
to general achievement represents an archaic view of 
instructional intervention and a simplistic understanding of 
human cognitive abilities. In fact, IQ may well be relatively 
useless in current evaluations that seek to understand the 
cognitive strengths and weaknesses of students and their 
relation to specific aspects of academic achievement. 

Without accounting for the issue of race, ethnicity, 
culture, language, and socioeconomic status, some 
researchers argue they have convincing data to support 
IQ, as a proxy of “g” or general mental ability, as the only 
appropriate cognitive score worth reporting or using 
in prediction of achievement outcomes (e.g., Glutting, 
Watkins, Konold, & McDermott, 2006; Watkins, Wilson, 
Kotz, Carbone, & Babula; 2006). Using global IQ scores 
in a discrepancy model, however, may deny services to 
students whose IQ scores and achievement are both lower 
due to cultural or linguistic difference. All students are 
entitled to fair and equitable practices when undergoing 
evaluation, according to the Standards for Educational 
and Psychological Testing (AERA, APA, NCME, NOT 
IN REFS 2014), ethical guidelines, and due process rights 
(IDEA 2007). Information on the effects of cultural and 
linguistic diversity on assessment practices is important to 
avoid discrimination in the provision of services.

When assessing children from diverse backgrounds, 
a variety of factors influence and affect the evaluation 
process. In addition to economic disadvantage and 
discrimination, assessments may be conducted without 
taking into account the context of the behavior in question, 
or neurodevelopmental factors that might affect cognition, 
skill acquisition, or language learning processes (Hale & 
Fiorello, 2004; Rhodes, Ochoa, & Ortiz, 2005). Given the 
complexity of factors that contribute to a child’s cognitive, 
academic, and psychosocial functioning, more training 
is clearly needed in understanding psychoeducational 
test results for all students, particularly those of minority 
status, and how these factors influence intervention 
choice, implementation, and evaluation. Factors impacting 
cognitive development in culturally diverse populations 
are myriad; they can include parent–child interactions, 
exposure to language and print, access to early education, 
and family structure (Hill & Craft, 2003; Lee & Burkam, 
2002), cultural and/or socioeconomic (SES) factors (e.g., 
Hale & Fiorello, 2004; Harry, 2008; Ortiz, 2006), motivation 
and persistence in learning (Kleinman-Fleischer, 2010), and 
curriculum development that minimizes ethnocentrism 
and strengthens emotional intelligence (Tomes, 2010).  
Additional factors impacting cognition include nutrition 
and health (Flores, 2010) and family and community 
involvement (Nichols, Kotchick, Barry, & Haskins, 2010). 
Each of these factors affects cognitive development and can 
either improve or impair cognition and/or achievement. 

For those administering and interpreting psycho-
educational evaluations, the perception of standardized 
cognitive tests as being biased against minority groups 
continues, despite test publisher efforts to assuage those 
fears by constructing measures designed to minimize or 
eliminate differences between ethnically diverse popula-
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tions (e.g., Hale & Fiorello, 2004; Harris & Llorente, 2005; 
Ortiz, 2002; Reschly & Grimes, 2002; Reynolds & Ramsey, 
2003). Investigation of the WISC-IV–WIAT-II standard-
ization sample confirmed that the Wechsler Intelligence 
Scale for Children, Fourth Edition (WISC-IV) Full-Scale 
IQ (FSIQ) is not differentially predictive of Wechsler Indi-
vidual Achievement Test, Second Edition (WIAT-II) read-
ing scores (Konold & Canivez, 2010). This type of study, 
however, fails to take into account the large language and 
achievement component of most IQ tests. Cultural and lin-
guistic differences can lead to poor performance on both 
IQ and achievement measures, leading to no difference in 
prediction from majority culture students (Sotelo-Dynega 
et al., 2013). In addition, individual psychological process-
ing differences suggest that interpretation of summary or 
global intelligence test scores, such as the FSIQ, may be 
misleading for a majority of students (Hale, Fiorello, Ka-
vanagh, Holdnack, & Aloe, 2007). This misinterpretation 
results from collapsing disparate subtest scores into a glob-
al factor or IQ score, which can lead to erroneous iden-
tification, placement, or intervention decisions for many 
children, not just those from diverse backgrounds (Hale 
et al., 2007).  

Research has statistically supported the need to move 
beyond global IQ interpretation toward idiographic 
methods of IQ test interpretation for children with 
variable profiles and disabilities (Hale et al., 2007). Given 
the range of linguistic and culturally mediated influences 
on cognitive development in culturally diverse groups, it is 
argued that this same type of approach might be essential 
in ascertaining the processes underlying classroom 
achievement in these groups. The aim of the current study 
is to compare the predictive validity of WISC-IV FSIQ, 
Index, and subtest scores on reading performance (i.e., 
individual word reading and reading comprehension) in 
European American (EA), African American (AA), and 
Hispanic/Latino American (LA) populations of students.

0HWKRG

Participants
The current sample was taken from the co-normed 

WISC-IV–WIAT-II sample of participants (N=745), 
nationally representative based upon the 2000 U.S. 
Census (Wechsler, 2003) and provided by Pearson. The 
sample included AA (n=103), EA (n=513), and LA 
(n=129) children and adolescents from the ages of 6 to 16. 
Participants from other ethnic groups were omitted due to 
small numbers, and not all participants were included in 
every assessment measure.

Materials
The 10 core subtests (Block Design, Similarities, Digit 

Span, Picture Concepts, Coding, Vocabulary, Letter-
Number Sequencing, Matrix Reasoning, Comprehension, 
and Symbol Search) of the WISC-IV were administered 
to determine the four Indexes and the Full-Scale IQ Score 
(Wechsler, 2003b). Achievement testing included the 
Word Reading and Reading Comprehension subtests of 
the WIAT-II (Wechsler, 2001).

Procedure
The WISC-IV–WIAT-II co-normed sample data were 

obtained for previous studies (e.g., Fiorello, Hale, & Synder, 
2006; Hale et al., 2007; Hale et al., 2008) and uploaded into 
the SPSS statistical program. Descriptive and correlational 
data analyses were performed separately for LA, EA, and 
AA groups to develop group profiles, allowing for an 
examination of sample characteristics, summative scores, 
and their interrelationships. 

Forced-entry multiple regression analyses were then 
performed; the WIAT-II reading subtests were dependent 
variables in separate regression equations, and the WISC-
IV FSIQ, four indexes, and 10 subtest scores were predictors. 
The variables in the multiple regression equation were 
converted to standard scores, and their combined effects 
include all unique and shared variance. Therefore, the 
relative differences in coefficients of determination for 
separate regression equations with FSIQ, VC/PR/WM/PS 
indexes, and 10 subtests as predictors are examined in this 
study. 

The intellectual predictor variables are correlated 
among themselves (i.e., positive manifold), making it dif-
ficult to determine the absolute contribution of individual 
predictor variables (Kachigan, 1986). As they are com-
posed of the same subtest variance, each of these equations 
should yield comparable R2 values, but Hale et al. (2007; 
2008) did not find this, especially for children with specific 
learning disabilities (SLD). Due to the dramatically differ-
ent R2 values in both SLD and typical groups, it is advised 
to interpret results at the subcomponent level (e.g., index/
subtest), as the predictive validity declines when interpret-
ed at the FSIQ level (Hale et al., 2008). Unstandardized 
beta weights, standardized beta weights, beta significance 
tests, zero-order, and semi-partial correlation coefficients 
were used to examine relationships among predictors and 
WIAT-II subtests. 

5HVXOWV

Multiple Regression Analyses 
Forced-entry multiple regression analyses were used 

to compare the amount of variance each accounted for 
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with different sets of WISC-IV predictor combinations in 
the prediction of the two WIAT-II reading subtests. The 
amount of variance accounted for by the subtests, the four 
WISC-IV indexes, and the FSIQ should be equivalent as the 
same 10 subtests are encompassed in each level. However, 
numerically, the amount of variance accounted for by the 
FSIQ was the least; the amount of variance accounted for 
by the four indexes was slightly greater; and the amount 
of variance accounted for by the subtests was the highest.

Table 1 presents the findings for the Word Reading 
and Reading Comprehension subtests broken down for 
each student group (i.e., EA, AA, and LA groups). The 
amount of variance in reading performance accounted for 
by the WISC-IV Full-Scale IQ differed; it accounted for the 
most variance in the LA group, followed by the AA group, 
and accounted for the least amount of variance in the EA 
group. Both the LA and AA groups showed slightly higher 
variance for the FSIQ score for the Reading Comprehension 
subtest than the Word Reading subtest, suggesting that IQ 
is a stronger predictor of reading perfomance for minority 
groups than for EA groups. 

For the EA group, the WISC-IV Indexes and subtest 
scores showed similar amounts of variance for both Word 
Reading and Reading Comprehension. The AA group 

showed higher variance in Reading Comprehension for 
the Indexes but similar variance for the subtest scores for 
reading performance. The LA group showed a slightly 
higher variance for the WISC-IV Index and subtest scores 
for the reading comprehension subtest in comparison to 
the variance for Word Reading. 

The amount of variance lost when moving from the 
Index level to FSIQ level interpretation for the EA group was 
5% for Word Reading and 7% for Reading Comprehension. 
The amount of variance lost when moving from the Index 
level to FSIQ level interpretation for the LA group was 2% 
for Word Reading and 5% for Reading Comprehension. 
In contrast, for the AA group, the amount of variance lost 
when moving from the Index to Full-Scale IQ level was 
11% for both Word Reading and Reading Comprehension. 
The variance lost was 3.3 times higher in the AA group 
than the LA or EA group for Word Reading, and an 
average of 1.5 times higher for Reading Comprehension in 
comparison to both the EA and LA groups. This suggests 
that subtest performance is a stronger predictor of reading 
performance, particularly for the AA group.

Beta weights indicating relative importance of the 
subtests for all students are noted in Table 2. For Word 
Reading, two WISC-IV subtests, Vocabulary and Digit 
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Table 1 

Total Reading Variance Accounted for by WISC-IV Global and Composite Predictors for Typical 

Children 

             Word Reading         Reading Comprehension 

Predictors Variance % Change Variance % Change 

European American 

10 Core Subtests   .420       ----  .432      ---- 

4 Factor/Indexes   .411       -2%  .409     -5% 

Full-Scale IQ   .391       -7%  .382     -12% 

African American 

10 Core Subtests   .620       ----  .619      ---- 

4 Factor/Indexes   .547       -12%  .590     -5% 

Full-Scale IQ   .476       -23%  .523     -16% 

Latino American 

10 Core Subtests   .567       ----  .636      ---- 

4 Factor/Indexes   .540       -5%  .607     -5% 

Full-Scale IQ   .529       -7%  .575     -10% 

Note. % Change = Amount of Wechsler Individual Achievement Test (WIAT-II) reading variance lost as compared 
to the variance explained by the Wechsler Intelligence Scales for Children, Fourth Edition (WISC-IV) 10 subtest 
amount.  
  

Table 1
Total Reading Variance Accounted for by WISC-IV Global and Composite 
Predictors for Typical Children
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Span, positively predicted performance for all three groups 
(EA, LA, AA). The Coding subtest positively predicted 
performance for both the LA and AA groups. The 
Similarities subtest on the WISC-IV positively predicted 
word reading performance for EA students and negatively 
predicted word reading performance for AA students. 
Uniquely, for the LA group, Matrix Reasoning and 
Picture Concepts also positively predicted word reading 
performance. 

For Reading Comprehension, the Vocabulary subtest 
of the WISC-IV positively predicted performance for all 
three groups (EA, LA, AA). The Comprehension subtest of 
the WISC-IV positively predicted reading comprehension 
performance for students in both AA and LA groups. 
Uniquely, Similarities and Letter-Number Sequencing 
predicted reading comprehension performance for the 
EA group; Block Design, Matrix Reasoning, and Coding 
predicted reading comprehension for the LA group; and 
Symbol Search predicted reading comprehension for the 
AA group. 

'LVFXVVLRQ
Results of this retrospective study confirm that IQ 

is an important predictor of achievement including for 
culturally diverse groups. Interpretation of various broad 

and narrow abilities (as represented by subtest level 
analysis) is of significant importance to understanding the 
relationship between results of the WISC-IV and reading 
performance on the WIAT-II for all students. First, the 
WISC-IV FSIQ accounts for the most variance in the AA 
group in general, the least amount of variance in the EA 
group, with the LA group in between. This suggests that 
the use of intelligence test measures is more important 
in predicting reading achievement in culturally diverse 
groups than in the European American group. African 
American students are at a clear disadvantage compared 
to European American students when WISC-IV global 
scores are used to predict WIAT-II Word Reading. This 
is because three times more variance is lost in the AA as 
compared to the EA group. This suggests the single factor 
g may not be as strong for African American students as 
it is with European American students. A greater amount 
of  variance was accounted for by the WISC-IV subtests 
in predicting reading achievement for all student groups. 
A possible explanation for this finding is that because the 
FSIQ is the best representation of acculturative knowledge 
and developmental language proficiency, it is likely to 
influence reading for those whose knowledge and language 
development vary widely, as in the case of the AA and LA 
groups as compared to the EA group. That is, for the EA 
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Table 2 

WISC-IV Subtest Predictors of Reading Achievement for Typical European American-American, 

African American, and Latino Children 

Subtest                    Word Reading         Reading Comprehension 
 

 European 
American 
Standard � 

African 
American 
Standard � 

Latino 
American 
Standard � 

European 
American 
Standard � 

African 
American 
Standard � 

Latino 
American 
Standard � 

Similarities  .156*  -.106*   .048   .207*   .014   -.039 
Vocabulary  .237*  .702*   .322*   .282*   .456*   .431* 
Comprehension  .043  .050   -.037   .015   .184*   .130* 
Digit Span  .156*  .109*   .235*   .095   .024   .055 
Letter-Num Seq.  .092  -.038   .055   .111*   .008   .069 
Block Design  .017  .017   .060   -.044   -.047   .119* 
Matrix Reasoning  .091  .063   .138*   .074   -.010   .177* 
Picture Concepts  .052  -.032   .117*   .072   .088   .047 
Coding  .068  .134*   .162*   .054   .075   .166* 
Symbol Search  .048  .004   .007   .064   .167*   .013 
Standard � of .10 was significant for entire sample and so was noted as significant for each group. 

 

Table 2
WISC-IV Subtest Predictors of Reading Achievement for Typical European American-American, African 
American, and Latino Children
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group, language and knowledge are more homogenous 
in terms of development, and thus other abilities (or lack 
thereof) come into play with respect to reading skills. 
Problems in working memory or fluency, for example, are 
likely to be revealed in examination of reading difficulties 
with individuals where language and knowledge are known 
to be comparable to the norm. Since this is frequently not 
the case with AA and LA students, their reading difficulties 
remain tied more heavily to simple differences in language 
or knowledge. Nonetheless, a higher amount of the 
variance was accounted for by the WISC-IV subtests in 
predicting reading achievement for all student groups. This 
suggests the presence of qualitative differences between 
the three groups that should be investigated to optimize 
instructional benefit for all children, regardless of ethnic 
status.

In subtest analysis, one subtest was a common 
predictor of reading performance for all groups. The 
Vocabulary subtest of the WISC-IV positively predicted 
performance on both the Word Reading subtest and the 
Reading Comprehension subtest of the WIAT-II for all 
three groups of children. It should be readily apparent 
that reading comprehension is fundamentally predicated 
on vocabulary development regardless of racial or ethnic 
minority status. As noted previously, this subtest is 
considered a measure of crystallized intelligence (Gc). Gc 
is dependent on culturally mediated learning experiences 
and various aspects of language development, necessary 
to comprehend oral language (Flanagan & Kaufman, 
2004) and suggests that lexical-semantic knowledge (i.e., 
word knowledge) is a critical factor in predicting reading 
across cultural groups. This subtest is classified as high in 
cultural loading and high in degree of linguistic demand 
according to the Culture–Language Matrix (C-LM) for 
the WISC-IV Subtests (Flanagan, Ortiz, & Alfonso, 2013) 
not only because of the need for lexical development but 
also the ability to adequately explain the meaning of the 
word. In addition, this subtest invariably results in the 
lowest mean values for bilingual populations as compared 
to other subtests (Flanagan et al., 2013) and tends to result 
in inhibited performance of culturally diverse groups due 
to differential environmental exposure to cultural and 
language experiences common for the mainstream culture. 
Research findings indicate that students with higher verbal 
comprehension performance, a measure of Gc, have 
higher reading comprehension skills irrespective of SES, 
sex, basic reading skills, and reading quantity (Reynolds 
& Turek, 2012). However, working memory was also a 
significant predictor of word reading across groups. This is 
in accordance with research showing that working memory 
skills at an early age uniquely predict future outcomes 
in literacy (word reading, reading comprehension, and 

spelling) to a greater extent than IQ (Alloway & Alloway, 
2010).

Unique to AA students, there is also an influence of 
visual-sequential processing and a negative predictive 
influence for Similarities, a measure of Gc language 
development for word reading, suggesting they may rely 
more on word decoding than words they already know. 
This also might suggest culturally based differences in the 
way objects are viewed as being connected. Further, many 
African American students have historically exhibited 
more of a field-dependent cognitive style highlighting 
the use of internal cues for problem solving and forming 
relationships between words to interpret meaning (Tomes, 
2010). 

For LA students, measures of visual fluid intelligence 
(Gf), specifically inductive reasoning (i.e., discovering 
the underlying rule to solve a problem), are uniquely 
important for the word reading task. This may suggest 
that LA students’ relative lack of English language 
proficiency means they must rely heavily on other 
processes in the attempt to make sense of unfamiliar 
material or circumstances. Reliance on fluid reasoning 
would be a natural response in such situations. These tasks 
have low to moderate cultural and linguistic demands 
according to the C-LM (Flanagan et al., 2013). The WISC-
IV Comprehension subtest, another measure of Gc, 
specifically language development and store of general 
information, is important for reading comprehension in 
both LA and AA groups, suggesting that a strong emphasis 
on level of academic English development distinguishes 
those with good word reading skill in these groups. This 
finding again points toward differences in acculturative 
learning experiences and opportunity.

The groups show greater differentiation in IQ subtest 
contribution to achievement for reading comprehension. 
Similar to word reading, crystallized intelligence (Gc) and 
working memory appear to be important for EA students 
in reading comprehension. In contrast, for AA students, 
there is still a relatively large influence of lexical semantic 
knowledge as well as language development and general 
information; however, processing speed is also important 
for this group, suggesting automaticity in word reading is 
a key skill. For LA students, there is also a large influence 
of lexical semantic knowledge, language development, 
and visual sequential processing. However, LA students 
have unique contributions of both fluid reasoning and 
Gv or Visualization and Spatial Relations (Flanagan & 
Kaufman, 2004), suggesting that mental manipulation of 
visual information uniquely distinguishes those with good 
reading comprehension in the LA group. These findings 
support the need to exercise interpretation of specific 
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broad and narrow abilities in assessments with African 
American and Latino American students. 

Some researchers promulgate the view that the 
information derived from interpretation at composite and 
subcomponent levels of instruments such as the WISC-
IV is not supported statistically or practically (DeThorne 
& Schaefer, 2004; Glutting, Youngstrom, Ward, Ward, & 
Hale, 1997; Juan-Espinosa, Cuevas, Escorial, & Garcia, 
2006; Watkins et al., 2006; Watkins, Glutting, & Lei, 2007) 
and urge school psychologists to only interpret global IQ 
scores, such as the WISC-IV Full-Scale IQ score. They 
also warn consumers of psychological reports, such as 
teachers and speech and language providers, that they 
should disregard report information and interpretations 
or recommendations derived from subtest scores, as 
this information has been determined to be unreliable 
by experts in the field (DeThorne & Schaeffer, 2004).  
With respect to single subtest interpretation, there 
can be no argument that one measure is insufficient to 
establish adequate psychometric reliability and thereby 
precludes interpretation. However, the same cannot be 
said for composites generated from two abilities or more. 
Composites that are formed on the basis of at least two or 
more subtests and that are theoretically related are quite 
sound from a psychometric standpoint and easily permit 
and support interpretation. The current results support this 
latter view and emphasize the importance of examining 
both broad and narrow abilities (as may be indicated by 
various subtests) and their usefulness with respect  to the 
interpretation of test scores in culturally diverse groups.

Assessment techniques that allow for measurement 
of a broad range of intellectual abilities help to provide 
a better understanding of the relationship between an 
individual’s unique intellectual capacities and personal 
outcome, particularly school achievement (Flanagan & 
Harrison, 2005). Intelligence test subcomponent scores, 
such as the WISC-IV Indexes or clinical clusters (formed 
from a theoretical reorganization of subtests), can be 
useful in describing differences among children of cultural, 
linguistic, ethnic, or racial difference, and those with and 
without disabilities. For example, research has shown that 
verbal reasoning performance correlates positively with 
performance on achievement tests for both ELL and native 
English speakers (Lakin, 2012). These differences not only 
help us understand individual differences in intellectual 
functioning, but they can also serve an important 
intervention purpose as the global score is no longer 
reified (Fiorello, Hale, McGrath, Ryan, & Quinn, 2001). 
The four-factor structure of the WISC-IV has reportedly 
been replicated by researchers across various settings in 
different countries and different cultures within those 
countries (Prifitera et al., 2005; Watkins et al., 2006), and 

factor and subtest profile differences among children with 
reading and math disabilities have been found (Fiorello, 
Hale, & Snyder, 2006; Hale et al., 2008). However, as the 
current research study indicates, more investigation is 
needed to determine if specific cultural, linguistic, ethnic, 
or racial differences result in similar or different patterns of 
performance in the prediction of relevant outcomes, such 
as reading or other types of academic achievement.

Omitting specific broad and narrow abilities from 
interpretive analysis is an approach of limited value in 
that global scores lack information regarding individual 
strengths and needs of students, especially minority 
children. Interpretation at the global score level only does 
not appear consistent with best practices when working 
with typical students from diverse backgrounds and/or 
students with SLD in that students all understand and 
respond differently to the items and task demands of 
tests based on their unique cultural experiences and often 
multilingual development (Ogbu, OGBU AND SIIMON 
IN REFS 1998; 2003; Ortiz, 2006; Warner, Dede, Garvan, & 
Conway, 2002), all of which are minimized if global FSIQ 
is used exclusively. A focus on global and atheoretically 
based composite scores without consideration of the 
contribution of broad or narrow abilities will eliminate 
most information available for the specific student and 
lead to an overabundance of labels for admittance in some 
specialized programs while unnecessarily shutting students 
out of programs that challenge and nurture individual 
leadership and creativity (Beachum, Dentith, & McCray, 
2004; Fiorello et al., 2001; Harris & Ford, 1991; Harris et 
al., 2007; Lohman, Korb, & Lakin, 2008). This would mean 
that the predictive validity of tests such as the WISC-IV 
would be compromised when the focus is only or primarily 
on the global score. 

Limitations and Future Studies
The present study is limited somewhat by small 

numbers in both the African American and Latino 
American groups. This might have limited the ability to 
determine more subtle differences in these groups between 
the WISC-IV subtest predictors (i.e., subtests that were just 
below the threshold for significance may have emerged as 
significant with a larger cohort). Greater numbers for each 
cultural group and the inclusion of other cultural groups 
would strengthen this research in the future. 

In addition, the present study was hampered by the 
limited theoretical structure of the WISC-IV and the 
broad and narrow abilities that are and are not measured. 
Therefore, it was necessary to use the four indexes, 
which tend to mix abilities from a theoretical perspective 
and which may have reduced their relationship to the 
achievement measures. Likewise, it was necessary to 
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analyze individual subtests rather than actual broad or 
narrow ability composites, which might have also reduced 
the nature of the relationship and the amount of variance 
for which they could account. Use of the WISC-IV clinical 
clusters might have assisted in this regard, but they still 
do not adequately measure what can be considered a 
comprehensive range of broad abilities. According to 
Flanagan and colleagues (2013), with respect to composite 
scores, the WISC-IV provides adequate representation 
of Gc, Gsm and Gs, narrow ability representation of Gf, 
and needs to be supplemented to measure Gv, Glr, and 
Ga. Ultimately, a clearer pattern of  results with stronger 
relationships might have been achieved if the tests were 
organized into theoretically based and psychometrically 
sound composites.

Finally, future research should strongly consider strati-
fication of research samples along the lines of developmen-
tal language proficiency and acculturative knowledge ac-
quisition. Because these variables are developmental in na-
ture, they tend to produce the ubiquitous findings regard-
ing the lack of differences between the predictive validity 
or the factor structures across different racial groups. Race 
or skin color simply makes no difference in performance 
unless it is tangentially or indirectly related to differences 
that are rooted in developmental experience. For example, 
rather than relying on race or ethnicity, language status, 
or more specifically, developmental language proficien-
cy, is emerging as a central and critical variable necessary 
in understanding the performance of bilingual students 
(Lohman et al., 2008; Sotelo-Dynega et al., 2013). 

&RQFOXVLRQ
The suggestion by some investigators that school psy-

chologists eliminate single subtest interpretation, especial-
ly within an ipsative approach (e.g., Watkins et al., 2006), 
is well-heeded advice. However, the concommitant recom-
mendation that IQ is the only important consideration in 
understanding a student’s abilties is not warranted when 
one considers the loss of relevant information related to 
learning and skill development that can occur, especially 
for  racial and ethnic minority students. Instead, the data 
from the present study support the view that students ex-
hibit quite variable broad and narrow abilities and that 
their strengths and weaknesses in this regard have the po-
tential to provide greater clarity and improve understand-
ing of the acquisition and development of basic academic 
skills. Members of diverse groups, despite their collective 
categorizations, are unique individuals with the potential 
to be developed and nurtured individually, rather than as 
group members with a closed path regardless of individual 
variation within that group. Such a change in perspective 
can facilitate the move away from understanding learning 

solely from a generalized, age-based, student population to 
one that provides an understanding of the unique learn-
ing characteristics of learners at all ages.  Ultimately, the 
need to move beyond global IQ toward idiographic rath-
er than nomothetic, and theoretically driven rather than 
test-driven approaches to data derived from intelligence 
tests may hold great promise in understanding and serv-
ing the academic learning needs of children from diverse 
backgrounds. 
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$EVWUDFW� Unlike ability–achievement discrepancy and response-to-intervention approaches, the processing strengths 
and weaknesses (PSW) approach is the only empirically based approach that attempts to identify the deficit in the basic 
psychological processes that interferes with academic achievement for children with specific learning disabilities (SLD). 
If used in combination with RTI, any child who meets PSW criteria would be more likely to be correctly identified as 
having SLD because both IDEA (2004) statutory (i.e., SLD definition) and regulatory (i.e., SLD method) requirements 
would be met. In addition, understanding a child’s PSW could lead directly to differentiated instruction and targeted 
interventions for affected children. Although PSW research has been emerging in recent years, this is the first special 
issue devoted to empirical examination of the PSW method. The articles presented here attest to the value and potential 
of a PSW approach to identifying SLD, but the critique presented here suggests a rigid psychometric PSW approach 
is insufficient for identifying SLD and other disorders. Implications for clinical practice and future research will be 
elucidated. 

.H\ZRUGV� missing

There are few areas that have garnered more attention 
in recent years than specific learning disability (SLD) 
identification and service delivery. Mather and Tanner 
(2014, this issue) present an outstanding historical 
overview of SLD. While some argue psychological 
assessment of processing deficits is necessary for both 
SLD identification and intervention purposes (e.g., Hale 
et al., 2010), others have questioned this practice (e.g., 
Zirkel, 2013). Considerable debate over the best method 
to identify specific learning disabilities (SLD) has been 
omnipresent in the fields of education, special education, 
psychology, and neuropsychology for some time. While 
the debate has been fierce, empirical research examining 

claims has been limited. To our knowledge, this is the 
first special issue devoted to examining the utility of a 
processing strengths and weaknesses (PSW) approach for 
identifying SLD. Its promise, as well as limitations, will be 
discussed in this commentary.

In addition to ability–achievement discrepancy and 
response to intervention, IDEA (2004) allows the use of 
“other research-based methods” for the identification of 
SLD. Of these methods, the PSW approach has emerged 
as an empirically sound method for determining SLD 
and other disorders. Several PSW methods have been 
put forward, including the Hale and Fiorello (2004) 
Concordance–Discordance Model, the Flanagan and 
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colleagues (2006) Operational Definition of SLD, and 
the Naglieri and Das (1997) Discrepancy–Consistency 
Method. These PSW models of SLD identification all 
involve a comprehensive evaluation, which remains 
an important requirement under IDEA (2004), and is 
consistent with United States Supreme Court decision (e.g., 
Wright, Hale, Backenson, Eusebio, & Dixon, 2013). All 
these prominent PSW approaches offer similar conceptual 
understandings of SLD. One part is the determination of 
processing strengths and weaknesses, looking for a pattern 
of intact cognitive functions and impaired cognitive 
functions. The second part is ensuring there is impaired 
academic achievement relative to the cognitive strengths. 
The final part is the processing weakness is theoretically 
or empirically linked to the impaired achievement area, so 
that it is the likely cause of the SLD. This general model is 
visually depicted in Figure 1. 

It is important to note that these models for the 
identification of SLD do not merely consist of the numerical 
determination of this pattern, contrary to the suggestion 
of Stuebing, Fletcher, Branum-Martin, and Francis (2012) 
in their recent evaluation of the methods. Each of these 
models includes consideration of a variety of factors other 
than the PSW, such as history, pattern of instruction, 
intervention, and learning, presence of exclusionary 
factors or other disabilities, and examination of the link 
between the processing and achievement weaknesses. To 
reduce these PSW models to a simple numerical exercise is 
not unlike the reliance on numerical ability–achievement 
discrepancy to identify SLD; that is to say, reductive 
and incomplete. As is the case with criticisms of ability–

achievement discrepancy (e.g., Siegel, 1989), using a PSW 
psychometric approach only (or other strict measurement 
models for that matter) to determine whether a child has 
a SLD or other disorder will likely lead to misclassification 
because it does not consider all relevant sources of explained 
and unexplained variance (e.g., Decker, Schneider, & Hale, 
2011). In fact, the data presented here confirm that using 
a PSW numerical approach to identify SLD leads to less 
powerful results. Clearly, careful examination of multiple 
measures and data sources by well-trained practitioners is 
needed to identify SLD and other disorders (e.g., Decker, 
Flanagan, & Hale, 2013 DECKER, HALE, FLANAGAN IN 
REFS), not just differences and similarities among factor 
and achievement scores. 

Despite this caveat, examination of subgroups of 
students who show a numerical pattern of PSW can yield 
insights into the nature of the processing deficits that may 
exist in children with SLD. Three of the articles in this issue 
take a PSW approach, identifying students from referred 
samples who show learning difficulties in reading (Feifer 
et al., 2014, this issue), learning difficulties in mathematics 
(Kubas et al., 2014, this issue), or learning difficulties that 
led to neuropsychological evaluation (Carmichael et al., 
2014, this issue). In each of these articles, subgroups of 
children showed a variety of PSW, suggesting they had 
different causes for their learning problems, even within 
the same domain. This alone is important to consider, 
because this suggests SLD is not just delayed learning, but 
instead is characterized by a pattern of PSW. Although the 
subgroups were selected numerically, they do demonstrate 
different PSW in reading SLD, mathematics SLD, and 
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different neuropsychological profiles. By showing different 
PSW associated with similar achievement deficits, this 
finding attests to the value of examining both cognitive/
neuropsychological processes as well as achievement 
deficits. Identifying the processing patterns that interfere 
with a child’s reading or math SLD could lead to different, 
targeted interventions designed to meet their unique 
needs. 

Further research using concurrent validity sources 
(e.g., other psychometric measures, criterion-related 
validity such as classroom performance) should examine 
these hypothesized patterns using subgroups, and 
this can only be accomplished through very thorough 
comprehensive evaluations, using methods such as the Hale 
and Fiorello (2004) Cognitive Hypothesis Testing (CHT) 
approach. Regardless, the results here are promising in 
their identification of potential processing areas associated 
with learning difficulties, and in demonstrating that PSW-
defined SLD is not just low achievement, but is characterized 
by specific processing weaknesses that lead to achievement 
deficits, the hallmark of SLD (Flanagan, Fiorello, & 
Ortiz, 2010; Hale et al., 2010). Results are consistent with 
neuroimaging research, which shows differences among 
brain regions in processing the same tasks, again arguing 
against the low achievement explanation for SLD (Reddy, 
Hale, Weissman, Lukie, & Schneider, 2013). Without an 
understanding of interrelationships among cognitive 
and neuropsychological processes, one is left only with 
impairment, but no real understanding as to the cause or 
intervention most likely to ameliorate that deficit (e.g., 
Koziol, Budding, & Hale, 2013). 

Clearly, the true utility of comprehensive evaluation 
and a PSW approach is the concurrent, ecological, 
and treatment validity of findings (e.g., Fiorello, Hale, 
& Wycoff, 2012). Research showing the relevance of 
identifying PSW for developing interventions is still in its 
infancy, yet this research is emerging and needs further 
empirical attention (Fuchs, Hale, & Kearns, 2011). In the 
Hale and Fuchs (2011) NOT IN REFS special issue of the 
Journal of Learning Disabilities, all of the articles addressed 
the relevance of psychological processes for intervention 
for children at risk of SLD, children with SLD, and children 
with Attention-Deficit/Hyperactivity Disorder. 

Several researchers have developed programs of 
research to show this cognitive/neuropsychological/
academic assessment and intervention relationship. 
Berninger’s work on oral and written SLD (e.g., Berninger 
& May, 2013), Hale and colleagues’ work using Cognitive 
Hypothesis Testing with group and single subject research 
to evaluate effectiveness (e.g., Fiorello, Hale, & Snyder, 
2006; Hain & Hale, 2010; Hale ET AL.?, 2010; Hale, Fiorello 
et al., 2008; Hale, Kaufman, Naglieri, & Kavale, 2006; Hale, 

Reddy et al., 2011; Mascolo, Kaufman, & Hale, 2009; 
Reddy & Hale, 2007), and Naglieri and colleagues’ work 
on linking Planning Attention Sequential Simultaneous 
(PASS) theory to intervention effectiveness (e.g., Goldstein, 
Naglieri, & DeVries, 2011), all demonstrate how processing 
characteristics are related to intervention. We look forward 
to further research identifying specific interventions that 
are useful for students with a variety of PSW, for therein 
lies the true utility of a PSW approach—the ability to make 
a difference in the lives of children who live with, and 
struggle to overcome, their SLD.

Ortiz et al. (2014, this issue) take a different approach 
to PSW. They sought to demonstrate that subtest and index 
scores explain as much or more variance in achievement 
than global IQ in different ethnic groups within a normative 
sample. Their findings demonstrate that it is worthwhile 
to consider strengths and weaknesses, rather than just 
IQ, when seeking to explain academic performance, and 
this is perhaps even more critical for ethnic minorities, 
such of those of Latino–American or African–American 
descent. Exploring PSW in ethnic minority populations 
may lead to different conclusions regarding the potential 
of these children, their academic strengths and needs, and 
importantly, how to provide differentiated instruction 
designed to meet their needs and ensure academic success 
(e.g., Rhodes, Ochoa, & Ortiz, 2005). Findings could 
not only help explain the achievement gap for ethnic 
minorities, it could also lead to instructional methods 
designed to reduce this gap. It would be valuable for this 
type of analysis to be completed with other cognitive 
batteries, especially given the large language and cultural 
load of the WISC-IV (Flanagan & Kaufman, 2009). Here 
also, further research that demonstrates how examination 
of performance at the level of specific cognitive processes 
leads to improved outcomes for children is necessary 
and critical if the utility of a PSW approach is to be fully 
realized for children of cultural, linguistic, racial, or ethnic 
difference. 

This special issue provides an overview of the value of 
processing assessment in identifying a pattern of strengths 
and weaknesses associated with learning problems in 
children with SLD and other disorders. Together with 
literature linking processing deficits to interventions for 
children with SLD, we are beginning to see the outline of a 
comprehensive model for the identification and treatment 
of children with SLD, perhaps leading to the fulfillment 
of Marian Monroe’s (and Backus in refs?) (1937) call 
for careful diagnosis that leads to effective intervention. 
Clearly this type of PSW work needs greater attention 
and empirical examination before it can be fully realized 
in positively impacting the lives of children with SLD or 
other disorders. The articles presented in this special issue 
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begin to demonstrate that evidence, not conjecture, can 
guide efforts to examine the utility of a PSW approach. 
Through efforts like these, academics, practitioners, and 
policy makers alike can begin to decipher the relevance of 
psychological processing assessment for SLD identification 
and service delivery. 
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