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ABSTRACT 

YOLANDA L. CROSBY 

THE ROLE OF FLUID REASONING IN LEARNING DISABILITY 

CLASSIFICATION IN 

A PEDIATRIC CLINICAL POPULATION 

 

AUGUST 2019 

Fluid reasoning is a critical cognitive/neurocognitive ability that provides the 

foundation for the development of other cognitive as well as academic skills. Children 

with a variety of disabilities such as specific learning disability (SLD) and attention-

deficit/hyperactivity disorder (ADHD) often have fluid reasoning deficits that impair 

their ability to function at school, even during early years. An understanding of the 

relationship among cognitive abilities and achievement can help an evaluator make 

informed decisions about the choice of assessment measures, as well as the selection of 

accommodations and instructional methods (Wendling & Mather, 2018). While this 

construct is typically measured using cognitive assessment batteries, some neurocognitive 

tests assessing various executive functions instead might be evaluating the same 

construct, thereby making it difficult to distinguish between Gf and EF. This differential 

is particularly crucial due to the recent shift and focus on how and why specific 

underlying cognitive factors influence academic performance. This paper added to this 

line of research by evaluating how fluid reasoning may be decomposed into different 

cognitive and neurocognitive components that might contribute to the prediction of 
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academic performance. Further, it specifically assessed the relationships between these 

cognitive/neurocognitive factors and academic skills in a clinical SLD population. 

Results revealed that a cognitive and neurocognitive measure combined to form a latent 

Gf variate that accounted for a small percentage of variability in SLD prediction using a 

clinical ADHD group for comparison. Further, the results showed strong positive 

correlations between a cognitive reasoning task and a mathematical reasoning task, as 

well a moderately strong relationship between the same cognitive reasoning tasks and a 

reading comprehension measure. Understanding the critical nature and influence of fluid 

reasoning within an SLD or clinical population allows the clinicians to target both 

assessments and interventions better when working with children, specifically in the 

school setting. Future research can examine whether the combination of cognitive and 

neurocognitive correlates and academic skills demonstrate better fit with different 

measures and populations (e.g., typically developing students) as well explore the effects 

on more specific groups (e.g., SLD in Reading, Mathematics, etc.) for targeted 

intervention. 
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CHAPTER I 

INTRODUCTION 

Since learning disabilities were federally designated in the United States as a 

“handicapping condition” in 1968, the proportion of children identified with learning 

disabilities has increased steadily (Fletcher, Lyon, Fuchs, & Barnes, 2007). In general, 

the number of students served in the United States under this special education 

classification has been higher than any other disability category. At the peak, those 

diagnosed with learning disabilities reached nearly 50 percent of all children receiving 

special education services (U.S. Department of Education, 1999).  

These numbers are daunting and have more than tripled since the enactment of the 

Education for All Handicapped Children Act of 1975 (P.L. 94-142; Cortiella, 2009). 

However, from 2002-2001, the number of children identified dropped approximately 

three percent (Cortiella, Candace, Horowitz, & Sheldon, 2014). In 2015-16, nearly 6.7 

million or 13% of all public-school students received special education services, and 34% 

qualified with specific learning disabilities (National Center for Education Statistics, 

2018). Within the past five years, the numbers have remained steady, with approximately 

35% of students identified (National Center for Education Statistics, 2018). A large 

amount of the variation is due to the disparity in selected identification models, in 

addition to the recent push to reduce the number of children with qualifying disabilities 

under special education services. 
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SLD and Identification 

 Historically the identification of specific learning disability (SLD) has usually 

included a measure of an individual’s overall cognitive ability and a unique pattern of 

cognitive and academic strengths and weakness (Sotelo-Dynega, Flanagan, & Alfonso, 

2018). An understanding of the relationship among cognitive abilities and achievement 

can help an evaluator make informed decisions regarding the choice of assessment 

measures, as well as the selection of accommodations and instructional methods 

(Wendling & Mather, 2018). Moreover, the cognitive assessment information is vital for 

the understanding and identification of SLD. The definition of SLD includes a type of 

cognitive deficit that affects learning, accordingly, interfering with academic 

achievement (Wendling & Mather, 2018).  

 Assessing for a SLD requires the understanding of individual strengths and 

weaknesses; thus, many evaluators have shifted their focus from the Full-Scale Intelligent 

Quotient (FSIQ) to a more in-depth analysis of specific abilities (Wendling & Mather, 

2018). For cognitive results to be useful, they must be relevant to academic performance 

and instruction, as one focus of assessment is to inform intervention, which is secondary 

to diagnosis. Individualized education program (IEP) teams make justified decisions 

about programming for students by tying the assessment results to the recommended 

interventions (Maricle & Johnson, 2016). As such, understanding how cognitive abilities 

relate to academic performance is critical (Wendling & Mather, 2018). 

 The prediction of academic performance has been an important research topic in 

psychological science for decades (Petrides, Charmorro-Premuzic, Frederickson, & 
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Furnham, 2005). It is agreed upon by some researchers that cognitive processes correlate 

with academic skills and that students with SLD present with cognitive weaknesses that 

correspond with respective academic deficits and domains. Various cognitive abilities 

have been empirically linked to academic performance domains that reflect the 

Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5; American 

Psychiatric Association, 2013) areas of SLD. These cognitive factors appear to account 

for a sizeable proportion of variance in academic performance (Fulton, Taylor, Yeates, 

Walrz, & Wade, 2012) and when cognitive functioning is impaired, the corresponding 

academic abilities are impacted.  

Fluid Reasoning 

One primary cognitive ability known to have a significant impact on a child’s 

academic success is fluid reasoning (Gf), which involves higher-level thinking, 

reasoning, planning, and problem solving, and requires attention, working memory, and 

equivalent perception skills. Gf is a crucial cognitive construct that correlates strongly 

with several cognitive abilities (Marshalek, Lohman, & Snow, 1983; Salthouse, 2004) 

and predicts life outcomes such as academic performance and socioeconomic status 

(Strenze, 2007). Gf is thought to support all forms of new learning that involve problem-

solving and integrating further information, without solely relying on previously acquired 

knowledge (Green, Bunge, Chiongbian, Barrow, & Ferrer, 2017).  

A weakness in Gf may influence a child’s functioning in a classroom setting 

(Flanagan, Ortiz, Vincent, Alfonso, & Kaufman, 2013). A student with affected Gf 

abilities may have an impaired ability to finish school assignments and to formulate 
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strategies to achieve academic success. They may also struggle to understand less-

concrete relationships. However, individuals with higher Gf abilities may have fewer 

impediments on their learning ability (Tamm & Juranek, 2012). As such, Gf purportedly 

affects all areas of academic functioning, including mathematics, reading, and writing. 

Specifically, Gf is identified as a significant influencer of math reasoning (Hale, Fiorello, 

Kavanagh, Holdnack, & Aloe, 2007), reading comprehension (Cormier, McGrew, Bulut, 

& Funamoto, 2017), and overall writing achievement (Grant & Prince, 2017). However, 

other neurocognitive abilities that underlie and facilitate Gf often contribute to academic 

success as well.  

Executive Functions (EF) 

Executive functions (EF) describe a variety of higher order cognitive processes 

that control and regulate human cognition (Decker, Hill, & Dean, 2007; Miyake & 

Friedman, 2012). They are mediated by the brain’s frontal lobes which control functions 

such as planning, decision making, and the regulation of daily behavior (Damasio, 1994; 

Decker et al., 2007), all of which are considered the hallmarks of intelligence (Sternberg, 

1988). EFs identified in SLD include cognitive flexibility and inhibition, both of which 

are strongly related to Gf. These complex EFs appear to measure Gf abilities, and they 

sometimes are used as interchangeable measures since the definition and categorization 

are often ambiguous.  

EFs, such as cognitive flexibility and inhibition, and Gf are core aspects of 

intelligence and facilitated by the same areas of the brain (Decker et al., 2007). However, 

as the two constructs overlap considerably, the distinction between the two abilities is 
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often unclear. Thus, Gf can be used to describe both Gf abilities as measured by cognitive 

assessments, as well as those EFs from neuropsychological assessments that appear to 

measure the same construct. 

Purpose of the Study 

Early identification of students at risk for academic failure has maintained its 

position as the forerunner for educator goals (Wendling & Mather, 2018). Numerous 

studies have shown intelligence to be the leading predictor of academic performance 

(Deary, Strand, Smith, & Fernandes, 2007; Watkins, Lei, & Canivez, 2007). Regarding 

specifically cognitive abilities, Gf is closely related to general intelligence and has 

frequently played a leading role in studies on its relationship with academic performance. 

Although this relationship has been regarded as a well-established fact, the source of the 

link still seems to be lacking convincing evidence. Cattell’s (1963, 1987) investment 

hypothesis stating that individuals invest their fluid intelligence to acquire strategies and 

knowledge, can be considered as an attempt to provide more support. More recently, the 

research has shifted to understanding why and how complex underlying cognitive 

processes influence students’ academic performance (Ferrer & McArdle, 2004; Krumm, 

Ziegler, & Buehner, 2008).  

This paper adds to this line of research by evaluating how Gf may be decomposed 

into different cognitive and neurocognitive components that might contribute to the 

prediction of academic performance. 
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The following research questions were proposed: 

1. Does a combination of independent Gf tasks from the WJ COG NU, NEPSY 

II, and D-KEFS predict SLD diagnostic classification?  

2. If the collection of Gf tasks does not predict classification, do specific tasks 

from the WJ COG NU, NEPSY 2, and D-KEFS predict SLD diagnostic 

classification? 

3. What is the relationship between fluid reasoning constructs and academic 

abilities in children identified with specific learning disabilities? 
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CHAPTER II 

REVIEW OF LITERATURE 

Specific Learning Disabilities 

The definition of a learning disorder is continuously evolving (Saklofske, Weiss, 

Breaux, & Beal, 2016). According to the Individuals with Disabilities Education Act 

(IDEA, 2004), a SLD is a disorder in which one or more basic psychological processes 

involved in the understanding or use of language, spoken or written, manifests itself in an 

imperfect ability to listen, think, read, spell, or do mathematical calculations. The criteria 

include perceptual disabilities, brain injury, minimal brain dysfunction, dyslexia, and 

developmental aphasia but exclude learning problems that directly result from visual, 

hearing, or motor disabilities. 

Furthermore, the learning difficulties are not a direct result of an intellectual disability, 

emotional disturbance, or of any environmental, cultural, or economic disadvantage 

(Alfonso & Flanagan, 2018; Grant & Prince, 2017; IDEA, 2004). The DSM-5 defines a 

SLD as having difficulties with the application of academic skills and further classifies it 

as a neurodevelopmental disorder that generates cognitive shortages leading to academic 

deficiencies. Meanwhile, the federal regulation for a SLD classification posits that 

specific psychological processing deficits lead to significant difficulty with expressive or 

receptive language, reading, spelling, or math (U.S Department of Education, n.d.).  

The previous edition of the DSM-5 manual, termed the Diagnostic and Statistical 

Manual of Mental Disorders, 4th Edition, Text Revision (DSM-IV-TR; American 



8 
 

Psychiatric Association, 2000) categorized SLD by subtypes (e.g., reading disorder, 

mathematics disorder, and written expression disorder), and utilized the IQ-achievement 

discrepancy as a basis for classification. The DSM-5 collapsed these subtypes into one 

overarching category of SLD with specifiers to characterize each unique manifestation of 

learning difficulties in major academic areas, specifically reading, writing, and 

mathematics (e.g., SLD with impairment in reading). It additionally replaced the 

discrepancy model with four criteria, all of which need to be met for qualification 

(Tannock, 2014). With the changes, the DSM-5 standards allowed for a better alignment 

of the “clinical” definition of SLD with educational laws that define learning disabilities, 

as those who meet DSM-5 criteria for a SLD would likely meet the requirements in a 

school setting under the educational definition (Tannock, 2014). 

 In contrast to its predecessor, the novel approach requires the evidence of 

symptom persistence, and the use of a broad array of data to confirm low academic 

achievement, as opposed to the use of exclusive psychometric data. As such, much closer 

collaboration is warranted between educators, clinicians, and parents to provide access to 

school records, academic profiles, instructional history, as well as information from 

psychoeducational and clinical evaluations. Such close collaborative efforts between the 

school, parents, students, and clinicians purportedly leads to less confusion and 

frustration while simultaneously combining both educational and clinician perspectives 

for better outcomes (APA, 2013; Tannock, 2014). Though progress has been made, there 

remains considerable variability in the definition of a SLD and much controversy 



9 
 

surrounding the terminology and perspectives (Grant & Prince, 2017). However, the 

basic premise of the condition has remained constant throughout history. 

SLD History 

While the federal government’s involvement in SLD through task forces, 

legislation, and funding have only been apparent for the last 40 to 50 years, the roots of 

SLD can be traced back to the early 1800s (Hallahan & Mercer, 2001). The history of 

learning disability is longstanding and deeply rooted in the areas of neurology, language, 

and education. The field has progressed from simple explanations focusing on phenotypic 

behavioral and cognitive characteristics to more complex accounts that link cognitive, 

neurobiological, and instructional factors (Fletcher, Lyon, Fuchs, & Barnes, 2018). It is 

notable that through clinical and educational standpoints, the overall validity of the 

underlying learning disability construct is directly tied to its ability to inform intervention 

to help students. Thus, the main goal of the categorization is to implement individually 

designed interventions to meet student deficits. However, to understand the evolution of 

each fields’ perspective, a brief history of learning disability is discussed (Fletcher et al., 

2018).  

European Foundation Period (1800-1920) 

The emergence of learning disability began in the early 1800s and centered on 

discoveries in the areas of neurology, spoken language, and reading disabilities. During 

this time, physicians such as Joseph Gall explored the association between brain injury 

and mental impairment through observations of soldiers with traumatic brain injuries 

(Hallahan & Mercer, 2002). Based on Gall’s observations, he asserted that specific parts 
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of the brain controlled separate functions. He specifically attributed speech loss to left 

frontal lobe damage. In the 1820s, his notion of the localization of brain functioning was 

confirmed through the work of John Baptiste Bouillaud, who specifically autopsied 

patients with brain injuries. Bouillaud expanded the concept and asserted that movement 

and sensory perception were controlled in the cortex of the brain and speech in the frontal 

anterior lobes (Swanson, Harris, & Graham, & 2013). By the mid-1900s, his work was 

furthered by Pierre Paul Broca who concluded that speech functions resided explicitly in 

the inferior left frontal lobe, later name “Broca’s area.”  

Evolution of dyslexia. By the late 1800s, many publications supported the 

notion that the left frontal lobe of the brain-controlled speech and language (Berlin, 

1884). In 1877, Adolf Kussmaul identified the concept of word blindness/deafness, which 

served as the impetus for dyslexic research and marked the beginning of SLD notions 

(Anderson & Meier-Hedde, 2001). Kussmaul based this concept on a case in which an 

otherwise intelligent adult lost the ability to read and name familiar objects but retained 

the ability to write and converse. Specifically, the individual distinguished letterforms 

and copied text but was unable to translate text into spoken words and thoughts. 

Kussmaul labeled the condition word blindness to reflect the specific type of “reading 

disability” (Hallahan, Pullen, & Ward, 2013).  

Kussmaul’s definition of word blindness suggested that reading problems 

appeared as an isolated difficulty for which no acquired brain lesion or speech/language 

problem existed. After that, researchers focused heavily on reading problems as a 

significant area of research. Later the genetic component of reading disabilities was 
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highlighted, and the angular gyrus was implicated as the site of reading processing 

(Hallahan et al., 2013). In 1887, the term dyslexia was introduced by an ophthalmologist 

who deemed the name more preferable to its initial predecessor word blindness. 

Individuals with dyslexia presented with a typical language ability but were unable to 

read, which was believed to be of neurological origin (Berlin, 1884). His conclusions 

were based on qualitative observations of 6 adults with intact language ability but an 

inability to read. 

U.S. Foundation Period (1920-1960) 

As the laws requiring compulsory education for all students were passed, 

researchers began to narrow their focus on children in educational settings. By the 1920s, 

clinicians and researchers began to take an interest in the previous work of physicians 

who studied brain-behavior relationships. Researchers then developed diagnostic 

categories, assessment tools, and remedial interventions, namely, in reading (Swanson et 

al., 2013). A particularly influential individual, Samuel Orton, introduced descriptions of, 

as well as interventions for, reading disabilities (Hallahan & Mercer, 2001). Samuel 

Orton notably served as an innovator for multisensory training for children with reading 

problems, as an approach for teaching reading strategies. Orton further noted that his 

students generally presented with average or above intelligence based upon IQ tests, 

which provided empirical support for earlier observations of children with reading 

difficulties and average cognitive profiles (Hallahan & Mercer, 2001). After that, Samuel 

Kirk developed and refined an assessment approach for determining learning disabilities 

in children. 
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Emergent Period (1960-1975) 

 Samuel Kirk first used the term “learning disability” in 1963 to refer to a group 

of children who had a neurologically based deficit in the acquisition of specific academic 

skills, but who had relatively intact global cognitive abilities (Waber, 2010). The 

children, who were not low functioning, presented with average intelligence but had a 

latent neurological disability that affected their ability to learn, comparative to children 

with sensory or motor difficulties. Kirk’s use of the word “disability” proved to be a 

critical move for advocacy, as it quickly resulted in policy changes.  

Alhough the history of SLD dates to the 1800s, it was not until the late 1960s and 

early 1970s that it became a primary matter in the field of education about substantial 

educational law (Flanagan, Ortiz, Alfonso, & Mascolo, 2006). In 1968, the National 

Advisory Committee on Handicapped Children, which was chaired by Samuel Kirk, 

generated a definition that served as the basis for the federal definition for a SLD (Kavale 

& Forness, 2000). The definition specifically said that: 

Children with special (specific) learning disabilities exhibit a disorder in one or 

more of the basic psychological processes involved in understanding or in using 

spoken and written language. These may be manifested in disorders of listening, 

thinking, talking, reading, writing, spelling, or arithmetic. They include 

conditions such as perceptual handicaps, brain injury, minimal brain 

dysfunction, dyslexia, and developmental aphasia. They do not include learning 

problems that are primarily due to visual, hearing, or motor handicaps, to mental 
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retardation, emotional disturbance, or environmental disadvantage. (Kavale & 

Forness, 2000 p. 34). 

One year after the inception of the first national definition of SLD, the first 

national legislation about learning-disabled children called The Children with Specific 

Learning Disabilities Act of 1969 (Zumeta, Zirkel, & Danielson, 2014) was passed. The 

act represented the first law passed by Congress that provided federal funding for 

research and personnel preparation, and created national awareness of learning disability, 

thereby leading each state to use their definition and to permit programs for learning 

disabled children in the schools (Kirk, 2014; Shepherd, 2001). Further, it provided 

foundational support for including the disorder in subsequent educational acts and laws. 

Solidification Period (1975-1985) 

 During the 1970s as the notion of SLD continuously gained empirically reliable 

research support, it began to emerge as a mildly disabling condition for which regular 

classrooms could easily be accommodated to meet the students’ needs (Osgood, 2005). 

However, it was not legally recognized as a disability category until 1975 under the first 

federal mandate in the Education for All Handicapped Children Act (EHA; PL 94-142) 

which required the recognition, identification, and education of children with learning 

disabilities. The EHA that would be amended several times revolutionized the practice of 

special education in the United States. Under the law, SLD was included in the categories 

of handicapped children, and special legislation was no longer needed (Kirk, 2014). The 

primary goal was to ensure educational equality and limit the exclusionary practices of 

keeping children with disabilities separate from typically developing children. In 1977, 
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SLD was later re-operationalized in the Federal Regulations to become more applicable 

to practitioners. It expressly indicated the following: 

A team may determine that a child has a specific learning disability if: (1) The 

child does not achieve commensurate with his or her age and ability levels in one 

or more of the areas listed in paragraph (a)(2) of this section, when provided with 

learning experiences appropriate for the child's age and ability levels; and (2) The 

team finds the child has a severe discrepancy between achievement and ability in 

one or more of the following areas: (i) Oral expression; (ii) Listening 

comprehension; (iii) Written expression; (iv) Basic reading skill; (v) Reading 

comprehension; (vi) Mathematics calculation; (vii) Mathematics reasoning. (U.S. 

Office of Education, 1977, p. 65083).  

It was left to the discretion of a multidisciplinary team to determine whether a child was 

eligible for services as learning disabled (Federal Register, 1977).  

Turbulent Period (1985-2000) 

As more children were identified as learning disabled and the numbers increased 

to unforeseeable numbers, the SLD designations represented more than half of the 

children served under special education in the United States (Waber, 2010). Schools 

became involved in numerous disagreements and struggles with families, which led 

researchers to question the assumptions or rules of SLD classification. During this time, 

things became more controversial regarding the ability-achievement discrepancy clause 

required for diagnostic classification, and the discrepancy definition came under 

increasing attack, as students with and without discrepancies were indistinguishable. 
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Furthermore, the definition was thought to exclude rather than include children for the 

provision of needed services (Waber, 2010).  

Over time, the SLD construct became less clear, and the theoretical foundation 

initially utilized to reach a consensual definition began to fade. As a result, issues 

contributing to the turbulence in the field included concern about identification 

procedures, the debate over placement options, and uncertainty regarding the validity of 

learning disabilities (Hallahan & Mercer, 2002). In 1997, the original EHA was amended 

to become the Individuals with Disabilities Education Act (IDEA; PL 105-17) to improve 

educational outcomes for students with disabilities. 

Current Period (2000- Present) 

In the early 2000s, as SLD diagnosis continued to increase with more children 

receiving diagnoses, questions persisted regarding the classification; however, in 

addition, the problem of legitimate need arose (Waber, 2010). Schools and government 

entities continued to be alarmed at the ever-growing numbers of students classified as 

learning-disabled, and it remained a source of friction between the schools and families, 

until the arrival of education reform in the form of the No Child Left Behind Act of 2002 

(No Child Left Behind [NCLB], 2002). As a response to concerns about the failure of 

U.S. schools, the NCLB act served to educate all students properly. According to this act, 

testing would identify failing students and schools, and the appropriate measures would 

be taken to address specific deficits (Waber, 2010). The term accountability was key to 

the reform, as educators were to be held accountable for children’s failure to make 

progress, and the children were responsible for their achievement.  
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Additionally, in 2004, the IDEA (1997) was revised to become the Individuals 

with Disabilities Education Improvement Act (IDEIA; Pub L. No 108-446). The updated 

version aligned with the requirements of NCLB (2002), which included highly qualified 

teachers equipped with the skills necessary to work with special populations, and the 

provision of goals and assessments corresponding to the child’s educational needs. The 

new IDEIA emphasized the importance of special education as a service in comparison to 

a location. Under the newly revised act, key mandates addressed free and appropriate 

education (FAPE) and the least restrictive environment (LRE). FAPE ensured that the 

educational programs were free and appropriate to students with disabilities and typically 

developing students alike, whereas, LRE ensured that the programs were delivered in the 

general education classroom unless otherwise not permitted. Overall, IDEA re-

authorizations changed the SLD identification system, thus allowing for retraction from 

the long-standing tradition of only using an ability-achievement discrepancy model. 

Though schools continued to use the discrepancy method to include children, they could 

no longer exclude them from services if the criterion was not met (Waber, 2010).  

New Revisions 

To further improve accountability and services for students, in 2015 the Every 

Student Succeeds Act (ESSA; P.L. 114-95) replaced NCLB as the nation’s main 

education law. Specific to students with disabilities, this act provided state education 

agencies with new flexibility and greater responsibility for designing and building state 

accountability systems and determining supports and interventions for schools and 

districts. ESSA specifically eliminated the Annual Yearly Progress that purportedly set 
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unrealistic targets for improving student performance based explicitly on test scores in 

two areas, and that focused primarily on these tests. Under this act, schools have 

flexibility to select other indicators, beyond those required by the government (e.g., 

annual assessment scores), and they establish goals and determine interventions based on 

the specific contexts, as opposed to an all-encompassing generalized approach (Darling-

Hammond et al., 2016). Overall, the new law purportedly narrowed the government’s 

role and offered a broader student learning concept, allowing for implementation of 

comprehensive assessments to measure student performance, as well as freedom to 

choose which indicators could best mitigate teaching and learning improvements.  

Recently in 2017, IDEIA (2004) was in the current state of a revision to reflect 

and implement statutory amendments as set forth by the ESSA. Namely, parts B and C 

regulations of the IDEA, specifically pertaining to children with disabilities, were under 

revision to ensure consistencies between laws. The proposed changes were supposed to 

have gone into effect on July 1, 2018; however, the department of education postponed 

the compliance date to July 1, 2020, to address possible issues of race and ethnicity 

disproportionality in the State and local educational agencies, and ways to address such 

inequalities (Federal Registrar, 2016).  

Etiology of SLD 

SLD generally manifests after a child begins school and exhibits difficulties in at 

least one academic area in which performance does not improve (Mancl, Miller, & 

Kennedy, 2012). Although no exact cause has been pinpointed for SLD, it appears related 

to brain structure differences affecting information-processing centers of the brain. These 
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brain structure deficiencies and associated cognitive defects may be heritable and 

exacerbated by environmental factors such as alcohol use during gestation, poor nutrition, 

reduced stimulation for intellectual development, or a traumatic brain injury (Mancl et 

al., 2012). The prevalence rates are higher for males in comparison to females (APA, 

2013). Though a SLD is lifelong, the course and clinical expression are variable, 

depending upon the interactions among environmental task demands, the severity of the 

disorder, comorbidity, and available support systems and interventions.  

Diagnostic Classification 

According to the DSM-5 (2013), to meet criteria for a SLD one must exhibit 

difficulties in learning and using academic skills during the developmental period, and 

function well below the average range given the individual’s demographic background 

(i.e., age, gender, cultural group, etc.). Furthermore, individuals must experience 

significant impairment with academic achievement that is not the result of intellectual 

disabilities, vision problems, mental or neurological disorders, language barriers, or 

inadequate educational instruction. The DSM-5 further requires the presence of at least 

one listed symptom for at least six months, despite targeted intervention. The specific 

symptoms include difficulty with word reading, reading comprehension, spelling, written 

expression, math facts, and mathematical reasoning. APA (2013) classifies reading, 

writing, and mathematical disabilities into reading (dyslexia), written expression 

(dysgraphia), and math (dyscalculia) disorders respectively with a severity specification 

of mild, moderate, or severe. 
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Reading disorder/dyslexia. A SLD in reading is the most prominent 

classification and accounts for nearly 80% of SLD diagnoses (Shaywitz & Shaywitz, 

2004). According to the DSM-5, the diagnostic criteria define a reading disorder as 

reading achievement that falls substantially below that expected given the individual’s 

age, intelligence, and age-appropriate education level. An individual diagnosed with a 

SLD in reading might demonstrate impairment in accuracy, fluency, or comprehension of 

reading (APA, 2013). Accordingly, the specifiers of SLD in reading are word reading 

accuracy, reading rate, or reading fluency, and reading comprehension. Dyslexia is an 

alternative term used to refer to a pattern of learning disabilities characterized by 

problems with accurate or fluent word recognition, poor decoding, and poor spelling 

abilities (APA, 2013).  

Math disorder/agraphia. A specific learning disability in mathematics reflects 

difficulties mastering number sense, number facts, or calculation. A SLD in math is 

characterized by a poor understanding of numbers, their importance, and relationships. 

As such, individuals may count on their fingers to add single digit numbers instead of 

retrieving math facts, and they might get lost amid arithmetic procedures (APA, 2013). 

SLD in math may also manifest with math reasoning difficulties in which individuals 

might struggle to apply mathematical concepts, facts, or procedures to solve quantitative 

problems. The specifiers for a mathematics disorder include number sense, memorization 

of arithmetic facts, accurate or fluent calculation, and accurate math reasoning. 

Dyscalculia is an alternative term used to refer to a pattern of difficulties characterized by 
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problems processing numerical information, learning arithmetic facts, and performing 

accurate or fluent calculations (APA, 2013).  

Writing disorder/dysgraphia. A specific learning disability in written 

expression, which is sometimes referred to as dysgraphia, is defined as having writing 

skills below age expectations given the individual’s cognitive abilities and appropriate 

education (Mather & Wendling, 2011). A writing disability limits a person’s ability to 

express thoughts in written form, either orthographically as presented with illegible 

writing or by the act of transferring thoughts into writing. The disability might also 

present as spelling difficulties. The prevalence rate for writing disabilities comprises 

approximately 2-8% of those diagnosed with a SLD, with males more commonly 

affected. The cause of a writing disability is frequently linked to both genetic and 

environmental factors such as fetal alcohol syndrome, carbon monoxide poisoning, and 

parietal lobe brain trauma (Mather & Wendling, 2010).  

SLD Identification Models 

The basic premise of the SLD definition has virtually remained unchanged since 

the inception of the federally regulated definition of SLD in 1966 (Fletcher et al., 2007). 

This highlights several areas of professional agreement and consistency. However, 

despite the consensus surrounding the etiological factors and characteristics of SLD, the 

diagnostic requirements and methods for determining SLD are more controversial. SLDs 

are challenging to measure because they represent an unobservable latent construct that 

does not exist apart from attempts to measure it (Fletcher et al., 2007). The evidence base 

underlying classification and identification issues in SLDs can be related to empirically 
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based decision-making procedures that are utilized to determine optimal approaches 

(Fletcher et al., 2007). Though many issues remain unresolved, progression is apparent, 

and, in many cases, there is an empirically based agreement from which informed 

decisions are made.  

The classification depends on a theory of what constitutes a SLD and what 

represents underachievement. Historically, the unexpected achievement was defined 

based upon neurological, cognitive discrepancy, and instructional frameworks, each of 

which leads to an operational definition of what constitutes critical and measurable 

attributes of SLD (Fletcher, Lyon, Fuchs, & Barnes et al., 2018). Generally, observable 

and latent constructs that are based upon any given framework include low achievement, 

unexpected underachievement, and exclusionary factors. Initially, in 1976, the U.S. 

Department of Education proposed a required ability-achievement discrepancy for 

diagnosis under the formal definition of learning disability (United States Office of 

Education, 1976). Other approaches included Response to Intervention and Third Method 

models.  

Discrepancy Model 

 After the inception of SLD in special education, the United States Office of 

Education indicated that a discrepancy between a student’s intelligence quotient (IQ) and 

achievement would serve as the main criterion for SLD determination (Mercer, Jordan, 

Allsopp, & Mercer, 1996). Each state had the primary responsibility of setting their 

regulations, and as such, much variability existed regarding discrepancy qualification. 

The discrepancy model was explicitly designed to highlight underachievement in which a 
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student presented with average IQ but low or below average achievement, thus displaying 

a “severe discrepancy.”   

However, since each state had its own set of regulations, an inconsistency in SLD 

identification arose across the country (Zirkel, 2010). Moreover, the discrepancy model 

lacked reliable empirical support (Fletcher, Coulter, Reschley, & Vaughn, 2004), and 

students were required to exhibit a “gap” between their IQ and achievement. As such, 

students likely struggled for years before the discrepancy manifested; hence, this model 

was later deemed as the “wait to fail” model. Of utmost importance, according to Fletcher 

and Vaugh (2009), the discrepancy model also did not inform intervention.  

Response to Intervention 

To address the shortcomings of the discrepancy model, which was no longer 

required eventually, many states began to adhere to response to intervention (RTI) for 

SLD identification (Wodrich, Spencer, & Daley, 2006). Going along with IDEIA’s 

regulations for the utilization of alternative evidenced-based practices, RTI, a method 

mentioned in the reauthorization, permitted at-risk students to be provided with 

intervention before academic failure and monitored over time to determine the 

effectiveness of the intervention. Further, the information gained from progress 

monitoring at each of the three tiers was used to inform a change, and delivery of 

intervention procedures until the most intensive interventions are deemed ineffective, at 

which point evaluation was warranted to determine eligibility for special education 

services (VanDerHeyden, Witt, & Gilbertson, 2007). This model was set forth to de-

emphasize cognitive discrepancies and to place emphasis on age and instruction-based 
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disparities (Fletcher & Vaugh, 2009). However, like the IQ-achievement model, RTI 

shortcomings arose. The primary concern included no empirical support for determining 

the most effective means to evaluate a response to intervention (Fletcher & Vaugh, 

2009). Thus, as with the discrepancy model, the SLD classification system varied and 

changed by the school, district, or state. As such, hypothetically a student could meet 

criteria in one school but deemed ineligible at another.  

Third Method Approaches 

 In recent years, a revised cognitive discrepancy model for SLD identification has 

received considerable attention (Hale, Flanagan, & Fiorello, 2010). The third alternative 

method, also known as the Pattern of Strengths and Weakness (PSW), has gained 

popularity within the field about SLD determination. The PSW approach has 

demonstrated stronger reliability due to improved measures, and multiple models have 

been posited. Each method focuses on cognitive ability scores and showing a meaningful 

and empirically supported relationship between the cognitive processes and academic 

deficits (Flanagan, Fiorello, & Ortiz, 2010). With this model, an academic and cognitive 

deficit must be identified through a comprehensive assessment, and the individual must 

have an overall average or better IQ. The individual’s cognitive strengths and weaknesses 

are also empirically linked to academic deficits.  

The three identified PSW methods receiving the most empirical support include 

the concordance-discordance model (C/DM; Hale, Fiorello, Bertin, & Sherman, 2003; 

Hale & Fiorello, 2004), discrepancy/consistency model (D/CM; Naglieri, 1999) and dual 

discrepancy/consistency operational definition of SLD model (DD/C; Flanagan, Alfonso, 
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Sy, Mascolo, McDonough, & Ortiz, 2018). These PSW models provide the flexibility 

view multiple aspects of cognition, language, and other processes, rather than a sole total-

test-score. It additionally allows clinicians to consider how students’ cultural and 

language background might influence verbal skills on formal testing (Alfonso & 

Flanagan, 2018). The overarching goal of the PSW models is to identify underlying 

cognitive processing deficits that relate to academic gaps while simultaneously ruling out 

exclusionary factors (Phillips & Beaujean, 2016; Stuebing Fletcher, Branum-Martin & 

Francis, 2012).  

Each method uses a comprehensive assessment approach for determining the 

presence of SLD. Moreover, each model demonstrates excellent specificity and negative 

predictive values, which indicate that decisions regarding the absence of SLD are often 

accurate (Fletcher et al., 2018). However, low predictive values were observed with high 

false positive rates. Although occasionally presenting as equivalent methods, these 

approaches differ in important ways, including the specific hypothesized correlation 

between cognitive processing and achievement deficits, the role that norms and 

benchmarks play in decision-making, and the criteria for what constitutes a cognitive 

discrepancy (Taylor, Miciak, Fletcher, & Francis, 2017). 

Discrepancy consistency/method (DC/M). The first alternative research-

based/third method approach is the DC/M model (Naglieri, 1999). This model, designed 

for use with the Cognitive Assessment System (Naglieri & Das, 1997), is grounded in the 

planning, attention, simultaneous, and successive (PASS) theory (Naglieri, Das, & 

Goldstein, 2012). The PASS model is based on the Lurian theory, which posits that all 
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higher-level cognitive abilities are based on four fundamental functional units (Korkman, 

1999). The four PASS processes represent a fusion of cognitive and neuropsychological 

constructs such as executive functioning (planning and attention); selective, sustaining, 

and shifting attention (attention); visual-spatial processing of information into a coherent 

whole (simultaneous); and serial processing of information (successive; Naglieri & Das, 

2005).   

Planning is a neurocognitive ability used to determine, select, and use strategies to 

problem-solve when self-monitoring and correction are specifically important (Naglieri 

& Otero, 2017). This ability is also essential when reflecting upon the outcome of a 

completed task, recognizing, and reviewing both effective and ineffective steps, and 

considering other prospective solutions (Flanagan et al., 2018). Attention is a 

neurocognitive ability used to focus on specific stimuli and inhibit prepotent responses. 

Great forms of attention are exhibited when an individual can demonstrate focused, 

selective, sustained, and effortful activity, which involves directed concentration and 

inhibition of responses to distracting stimuli over a specified period.  

Simultaneous processing is used to integrate separate stimuli into a cohesive 

whole, which involves the perception of stimuli as a group or whole and the formation of 

visual images. This skill is linked to slow reading fluency due to a heavy reliance on 

phonetic decoding as opposed to whole-word recognition (Flanagan et al., 2018). Lastly, 

successive processing is a neurocognitive ability that is used to work with information 

arranged in a specific serial order. This ability is required to recognize, recall, and reason 

when success on a task calls for the perception of stimuli in a sequence such as for 
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formations of letter or sounds into a specific order. Deficits in this processing area are 

also linked to reading problems, as these skills require that students learn sounds in a 

particular order (Flanagan et al., 2018).  

The primary focus of the DC/M model is the evaluation of whether intra-child 

variability is higher than expected, beyond unreliable scores. Within this approach to 

SLD identification, the assessment focuses on revealing weaknesses that are consistent 

with the disorder’s concept in that one or more processes are weak, relatively, and 

normatively. Further, cognitive and academic weaknesses are compatible, and the profile 

must reveal relative cognitive processing strengths (Flanagan et al., 2010). This model is 

also referred to as an ipsative method because it determines when a student’s score 

significantly differs from the average (Flanagan et al., 2018). Overall, DC/M provides a 

specific procedure for identifying SLD that is based on a PSW in basic psychological 

processes, as determined by the PASS theory and academic skills. This model 

purportedly aligns with the definition of SLD as defined by IDEA (2004), which states 

that children present with a disorder in one or more of the fundamental processes. 

Concordance-disconcordance model (C/DM). The C/DM is an example of a 

subset of models proposing that SLD identification should be based on intra-individual 

patterns of cognitive processing strengths and weaknesses. This model operationalizes a 

PSW profile as a series of significant and non-significant differences in individual 

performance across cognitive and academic domains (Flanagan Ortiz, & Alfonso, 2007). 

To evaluate the existence of a PSW profile, three psychometric criteria must be met: (a) a 

non-significant difference between a theoretically linked academic deficit and a cognitive 
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processing deficit (concordance); (b) significant difference between an unrelated 

cognitive processing strength and cognitive processing deficit (discordance); and (c) a 

significant difference between an unrelated cognitive processing strength and an 

academic deficiency.   

The determination of a significant versus a non-significant difference is evaluated 

by comparing difference scores against a critical value that is based on the standard error 

of the difference (SED; Taylor et al., 2017). The C/DM does not specify which tests 

should be used in the SLD identification process; therefore, the results may differ 

depending upon the test battery used. Thus, the flexibility in test battery choice serves as 

a strength (Flanagan et al., 2007) but may negatively affect the consistency and 

ultimately the validity of the subsequent diagnostic decisions (Taylor et al., 2017).  

Cross-battery approach. The cross-battery assessment approach (XBA 

approach) is a method of assessing cognitive and academic abilities and 

neuropsychological processes that are grounded in both CHC and neuropsychological 

theories and supplemental research (Flanagan & McDonough, 2018; Flanagan, Ortiz, & 

Alfonso, 2017). As such, the model changes and progresses with evolving research. It 

differs from the other two proposed models in that it uses a strengths and weaknesses 

approach, is theory-based, and looks at exclusionary factors preliminarily (Flanagan et 

al., 2017). It enables clinicians to make systematic, reliable, and theory-based 

interpretations of cognitive batteries as well as the ability to change and supplement the 

battery with subtests from other batteries in an effort to have a more psychometrically 

sound and complete understanding of the individual strengths and weaknesses (Flanagan 
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et al., 2007; Flanagan and McDonough, 2018). The XBA approach is unique in its ability 

to move beyond the boundaries of single cognitive, achievement, or neuropsychological 

measures to focus on specific functions and constructs that are most relevant to referral 

concerns (Decker, Carboni, & Oliver, 2008; Flanagan & McDonough, 2018). 

 The most recent iteration of the XBA approach is the dual-

discrepancy/consistency (DD/C) model using the Cross-Battery Assessment Software 

System (X-BASS V2.0) which has been extended from the original version to include 

relevant neuropsychological functions not clearly defined in the CHC theory, such as 

executive functions (Flanagan & McDonough, 2018). The DD/C model utilizes the X-

BASS to conduct the PSW analysis, and it provides an overall framework for organizing 

assessment data to evaluate whether an individual’s PSW is consistent with the SLD 

construct. The model calls explicitly for precise identification of both facilitating and 

inhibiting neurocognitive processes that are functionally related to academic deficits 

using the X-BASS (McGill & Busse, 2016). The critical elements of SLD utilizing the 

DD/C definition include an academic analysis, evaluation of mitigating and exclusionary 

factors, cognitive and processing analysis, PSW analysis, and evaluation of interference 

with learning purposes of education eligibility (Flanagan et al., 2018).  

The first level of processing involves a comprehensive measurement of the 

significant areas of academic achievement or any subset identified in the focus/purpose of 

the evaluation. Typically, these academic areas reflect the eight areas specified in the 

federal definition of SLD (IDEIA, 2004); though it may not be required to assess in all 

areas, depending upon the district guidelines (Flanagan et al., 2018). After the 
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weaknesses are found and substantiated by other data sources, the source of the 

weaknesses is evaluated in level two, and either deemed as an exclusionary factor(s) or as 

being the primary reason(s) for the student’s learning difficulties. After that, all cognitive, 

neuropsychological, and achievement standardized assessment data are reviewed to 

provide corroborative evidence for findings and to determine the relationship between 

cognitive and neurocognitive functioning and academic performance. At this level, if no 

weaknesses or deficits are found, then a critical criterion for SLD is not met.  

At level four, clinicians determine whether the PSW is consistent with the SLD 

constructs, which is based upon the analysis provided by the X-BASS. The last level 

serves as a validity check to ensure that representations such as impairments suggested by 

the data are generalizable to real-life settings (Flanagan et al., 2018). When the criteria 

specified at each level of the operational definition are met, it can be concluded the data 

are enough to support a SLD diagnosis in a manner that is consistent with IDEIA (2004) 

and associated regulations (Flanagan et al., 2018).  

All third method approaches require the presence of specific cognitive and 

academic weaknesses and at least average general intellectual functioning in addition to 

the requirement that the data demonstrate meaningful and empirically supported 

relationships between the abilities and deficits. According to the reauthorization of the 

IDEA in 2004, the choice of procedures remains a state decision; however, the 

discrepancy model is no longer require, and not one method or source of information can 

be the sole criterion for the diagnosis. Though each model has strengths and weaknesses, 

it is believed that combining components from the RTI approach with a comprehensive 
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evaluation yields the most accurate findings (Hale et al., 2010; Mather & Kaufman, 

2006).  

Cattell-Horn-Carroll (CHC) Model of Intelligence 

Relationships between achievement and cognitive abilities have been mainly 

studied within the framework of the Cattell-Horn-Carroll (CHC) theory, which is 

arguably the most comprehensive and empirically supported theory of cognitive skills 

derived from over 70 years of psychometric research (Keith & Reynolds, 2010). The 

CHC model of intelligence is a combination of approaches presented in a hierarchical 

arrangement that posits general ability (g) is composed of 10 broad skills, which in turn 

are comprised of 70 narrow abilities (McGrew, 2005). Furthermore, the theory posits that 

cognitive and academic abilities do not discreetly represent different sets of skills. 

Instead, the model suggests a continuum of cognitive abilities influenced by 

environmental factors and neuro-cognitive skills that are less dependent on learning 

(Flanagan et al., 2006). Conclusively, the CHC theory purports to clarify relations 

between cognitive and academic abilities to inform psychological and educational 

interventions (Green et al., 2017). A brief review of the theory is discussed in the 

subsequent section. 

The Evolution of CHC Theory  

Gf-Gc theory. The original fluid intelligence/crystalized intelligence Gf-Gc 

theory proposed by Cattell in the 1940s was a dichotomized conceptualization of 

cognitive abilities (Alfonso, Flanagan, & Radwan, 2005). This model, influenced by the 

research of Thurstone in the 1930s, was based on factor analytic research positing that 
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any comprehensive assortment of cognitive ability measures would factor uniquely into 

simple primary abilities, from which g could be obtained as a secondary factor (Cattell, 

1963). The Gf-Gc theory specifically suggested two general cognitive factors from which 

g arose (Flanagan & Harrison, 2012). Cattell believed that differences in individuals’ 

breadth and depth of knowledge were the result of a joint function of the two cognitive 

factors. Cattell alleged that fluid intelligence included inductive and deductive reasoning 

abilities, both of which were influenced by a combination of biological and neurological 

factors, as well as knowledge gained from environmental interactions. He further asserted 

that crystallized intelligence consisted of acquired culture-influenced knowledge (Cattell, 

1956; 1971).  

Gf-Gc theory extended. Though Cattell’s Gf-Gc approach was groundbreaking, 

it lacked empirical support (Cattell, 1963). In 1965, under the supervision of Cattell, John 

Horn’s dissertation tested and provided support for Cattell’s theory. Horn also proposed 

that it be expanded to include more broad abilities. John Horn expanded Cattell’s Gf-Gc 

model to include four additional abilities-visual processing (Gv), short-term memory 

(Gsm), long-term storage and retrieval (Glr), and processing speed (Gs). Later Horn 

added auditory processing (Ga) to the model and redefined the definitions of Gv, Gs, and 

Glr as a better reflection of the cognitive functioning organization (Horn, 1968; Horn & 

Stanvok, 1982).  

From 1965 to the late 1990s, Horn, Cattell, and others continued to work on the 

model; they published factor-analytic research confirming and expanding the original Gf-

Gc model (Flanagan & Harrison, 2012). By 1991, Horn had extended the model to 10 
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broad Gf-Gc abilities, including Gf, Gc, Gv, Glr, Gsm, and Ga, in addition to cognitive 

processing speed (Gs), correct decision speed (CDS), quantitative knowledge (Gq), and 

reading/writing ability (Grw). Woodcock’s factor analytic work suggested the 

reading/writing factor in the late 1900s (Woodcock, 1993).  

Carroll’s model. In 1993, John Carroll wrote a book summarizing more than 460 

different datasets that included all the class factor-analytic studies of human cognitive 

abilities since the inception of the “g” notion (Flanagan & Harrison, 2012). Utilizing an 

empirically based taxonomy of human cognitive abilities, Carroll presented a systematic 

framework that proposed a three-tier model of cognitive abilities. He categorized the 

abilities into three stratagems: a general intelligence factor (broad stratagem III), broad 

skills (stratagem II), and narrow abilities (stratagem I). Carroll’s structure of cognitive 

abilities provided a common language for professional communication that was necessary 

for the appropriate measurement of skills, to facilitate dialogue between scholars, and 

eventually to discuss and compare performances across intelligence batteries (McGrew, 

1997).  

Carroll-Horn-Cattell model (CHC). In the late 1990s, McGrew (1997) 

attempted to resolve the differences between the Cattell-Horn and Carroll models through 

the proposed integration of Gf-Gc theory with Carroll’s factor analytic model. The CHC 

theory of cognitive abilities represents the unified theories of Cattell, Horn, and Carroll 

(McGrew, 1997). The CHC theory omits the general ability factor and instead focuses on 

the identification and clarification of academic strengths and weaknesses that are 
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understood through the operationalization of broad and narrow abilities (Flanagan et al., 

2007).  

In 2012, Schneider and McGrew posited 16 broad cognitive abilities from which 

narrow contributing abilities extend. Their model placed more emphasis on broad and 

narrow abilities as explanations of specific academic variance in comparison to an overall 

general intelligence factor. More specifically, it does not identify a g factor; but instead, 

suggests that broad and narrow CHC cognitive abilities account for more variance in 

academic abilities than g in isolation (Floyd, McGrew, & Evans, 2008). Moreover, the 

model posits that relationships between broad and narrow skills inform better than 

educational practice than general intelligence (Flanagan & McDonough, 2018; McGrew, 

Flanagan, Keith, & Vanderwood, 1997). 

Current model. With each rendition of the CHC theory, new abilities are added, 

and pre-existing constructs are deleted, consolidated, renamed, or reorganized (Flanagan 

& McDonough, 2018). Similarly, the most recent revision of the CHC model, proposed 

by Schneider and McGrew (2018), retained the same foundational basis as the previous 

model but modified classifications and domains. Specifically, for the most dramatic 

change, the model proposes that Glr be separated into long-term storage and learning (Gl) 

and retrieval fluency (Gr) to reflect distinct domains. According to Schneider and 

McGrew (2018), the union between the two variables was based on a proposed and 

somewhat weak framework that was not reevaluated for over 15 years. However, 

subsequent findings suggest that assessments may not yield a cohesive Glr, as indicated 
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by factor loadings, but rather, reflect two differing factors (Flanagan & McDonough, 

2018).  

In addition to separating Glr constructs, the model also added an emotional 

intelligence (Gei) concept as a broad ability. Though suggested to have been inherent in 

the model since Carrol’s first system, it was not clearly defined and was under a different 

name. Gei is composed of four components, including the ability to perceive, understand, 

and manage emotions, as well as to be able to facilitate thought via the use of emotion 

(Flanagan & McDonough, 2018). The notion was influenced by Guildford’s work on 

social intelligence (Guildford, 1967; Guildford & Hoepfner, 1971), which suggested that 

the social and emotional behavior of others were essential aspects of g and that the Gei 

variables were distinct from verbal ability measures (Flanagan & McDonough, 2018).  

The new model finally proposes updated definitions of all g constructs that purport to be 

more useful for clinicians, an as well as several additions, deletions, and rearrangements 

in the list of CHC theory-based abilities (Flanagan & McDonough, 2018). The model 

maintains the notion that an overall general factor exists, though not as an ability, and 

that are many others factors simultaneously influencing the brain and neuronal 

functioning (Schneider & McGrew, 2018).  

The CHC theory has significantly affected the measurement of cognitive abilities 

and the interpretation of test performance (Alfonso et al., 2005). Due to a large amount of 

empirical support for the CHC theory, it is used extensively as the foundation for 

selecting, organizing, and interpreting tests of intelligence and cognitive abilities 

(Flanagan & Ortiz, 2001; Niileksela & Reynolds, 2014). It is also utilized to classify 
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achievement tests to facilitate interpretation of academic skills and to provide a 

foundation for organizing assessments for SLD classification (Flanagan et al., 2002). 

Furthermore, the CHC theory serves as the foundation on which many new and recently 

revised intelligence batteries have been based, utilizing the g factors as composites for 

interpretation. 

G Factors 

The nine broad areas of the CHC theory include fluid intelligence (Gf), 

Crystalized Intelligence or Comprehension-Knowledge (Gc), Short-Term Memory or 

Short-Term Working Memory (Gsm/Gwm), Visual Processing (Gv), Auditory Processing 

(Ga), Long-Term Storage and Retrieval (Glr), and Processing Speed (Gs). Each ability is 

comprised of a series of narrow abilities that are empirically linked to each respective 

broad ability (Flanagan et al., 2006; McGrew, 2005).  

Gf is derived from the Cattell-Horn Gf-Gc model of intelligence. Regarding the 

CHC model, Gf is comprised of mental operations utilized when an individual is 

confronted with novel problems or situations (Flanagan & Ortiz, 2001). The narrow 

abilities subsumed under this broad ability include general sequential reasoning, or the 

ability to start with stated premises and to engage additional in steps to solve a new 

problem (deductive reasoning), and induction or the ability to discover latent factors 

contributing to a problem or issues. Lastly, quantitative reasoning or the ability to 

inductively and deductively reason with concepts involving mathematical relations and 

properties (Grant & Prince, 2017) was added as a narrow ability. Gf will be discussed in 

more depth later in the chapter. 
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Gc also known as comprehension-knowledge, comes directly from the Cattell-

Horn Gf-Gc model of intelligence and reflects the breadth and depth of a person’s 

acquired knowledge of a culture, and the practical application of this knowledge 

(Flanagan et al., 2007). This form of intelligence represents a store of primarily verbal or 

language-based knowledge that is developed from education and life experiences (Horn 

& Blankton, 2005). Gc is comprised of approximately twelve narrow abilities, including 

measures of an understanding of simple to complex concepts in the native language, 

vocabulary knowledge, listening ability, and a range of general verbal knowledge. 

Further, Gc is also composed of narrow skills related to one’s ability to express ideas.  

Gsm, currently termed Gwm in the revised CHC model, represents the ability to 

apprehend and hold information in immediate awareness for use within a few seconds 

(Flanagan et al., 2007). The Gsm/Gwm storage capacity is limited, and individuals can 

only typically hold up to seven pieces of information at a time. The information within 

this system is held for only a few seconds before it is forgotten. Gsm/Gwm subsumes the 

narrow ability of working memory, which is the system that allows for the storage of 

information in mind long enough for manipulation before it is stated in a new format 

(Flanagan et al., 2007). Other narrow abilities subsumed under this construct include 

memory span or the ability attend to and immediately recall ordered elements correctly 

and learning or the ability to apprehend newly presented information and to demonstrate 

subsequent knowledge of such information (Flanagan et al., 2007). 
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Glr reflects the ability to store information and fluently retrieve new or previously 

acquired knowledge from long-term memory (Flanagan et al., 2007). It is comprised of 

thirteen narrow abilities involving memory and fluency such as the ability to remember 

previously unrelated information that has been paired (associative memory), the ability to 

remember stories or other semantically related information (meaningful memory), and 

the ability to recall lists in any order (free recall memory; Schneider & McGrew, 2012). It 

also includes several fluency factors including the ability to rapidly produce ideas, 

phrases, or words related to a specific condition, semantic fluency, rapid automatic 

naming, word fluency, figural fluency, and expressional fluency (Mather & Woodcock, 

2001). As previously noted, in the current rendition of the model as outlined by Schneider 

and McGrew (2018), Glr represents two distinct factors, long-term storage, and learning 

(Gl) and retrieval fluency (Gr). However, this conceptualization has not yet seen 

widespread adoption or application within the field. 

Gv is the ability to generate, perceive, analyze, synthesize, store, retrieve, 

manipulate, transform, and think with visual patterns and stimuli (Flanagan et al., 2007). 

It is comprised of eleven narrow abilities many of which relate to visual perceptual skills 

such as the speed of visual closure, the ability to recognize and identify objects after only 

parts are shown in rapid succession, and the ability to resist being affected by perceptual 

illusions. Additional higher-level skills include, mentally manipulating vivid abstract 

spatial stimuli, rapidly perceiving and manipulating simple visual patterns and 

maintaining orientation regarding objects in space, forming and storing a mental 

representation of a visual stimulus so that it is later recognized, and quickly and 
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accurately scanning a visual field or pattern to determine the best path (Schneider & 

McGrew, 2012).  

Ga involves sound input and the degree to which an individual can perceive, 

analyze, synthesize, and discriminate patterns among auditory stimuli (Flanagan et al., 

2007). Ga includes the ability to break down large units of speech sounds into smaller 

groups, the ability to make and blend smaller units of speech into larger units, the ability 

to understand both unrecognizable and clear speech, and to recognize language sounds 

under normal circumstances and in conditions of distortion or background noise 

(Schneider & McGrew, 2012). 

Gs is the ability to perform cognitive tasks fluently and automatically, especially 

when under pressure to maintain attention and concentration (Flanagan et al., 2007). It 

specifically pertains to an individual’s ability to quickly, automatically, and fluently 

perform cognitive operations, explicitly in situations where focused attention and 

concentration must be sustained (Flanagan & Ortiz, 2001). The ability to rapidly and 

automatically search and compare visual symbols from a visual field, perform simple 

tasks or make easy decisions, accurately manipulate and deal with numbers, reason, and 

make decisions that involve some mental processing and manipulation of stimulus 

information each contributes to the Gs factor (Mather & Woodcock, 2001).  

Quantitative knowledge (Gq) represents an individual’s storage of acquired 

quantitative knowledge (Flanagan et al., 2007). This factor reflects explicitly the fund of 

acquired knowledge that allows one to store and retrieve quantitative information to solve 

problems. Though considered one of the g factors, cognitive assessments do not typically 
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measure it. Achievement batteries generally measure this factor; however, intelligence 

tests can measure certain Gq aspects (e.g., quantitative reasoning). As Gf subsumes the 

narrow ability of quantitative reasoning, these cognitive tasks provide measures of Gq, 

including the Arithmetic task on the Wechsler Scales and the quantitative reasoning task 

on the Stanford-Binet-5th Edition (SB-5; Roid, 2003). However, these tasks do not 

measure Gq comprehensively due to their relatedness and dependence on specific 

classroom instruction and experiences (Flanagan et al., 2007), which is better captured on 

achievement tasks. 

Fluid Reasoning (Gf) 

Gf is often assumed to be the best representation of general and fluid intelligence, 

as it is related to higher level thinking, reasoning, planning, and problem-solving, and 

requires attention, working memory, and cognitive-perceptual skills (Tamm & Juranek, 

2012; Morrison et al., 2004). Gf refers to the cognitive ability to flexibly think when 

confronted with relatively new tasks that cannot be performed automatically or by 

exclusively relying on previously learned habits, schemas, or scripts (Tamm & Juranek, 

2012; Flanagan & McDonough, 2018). Effective Gf abilities entail relational integration, 

inhibitory control, and resolution of interference.  

One form of Gf involves relational reasoning, which is the ability to find 

connections between the structures of different mental representations (Cattell, 1971; 

Wright, Matlan, Baym, Ferrer, & Bunge 2008). Relational reasoning is linked to the 

capacity to think logically and solve problems in new situations (Halford, Wilson & 

Phillips, 1998); thereby making it a critical component of Gf (Duncan, 2003). Analogical 
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reasoning is a specific type of relational thinking that entails abstracting a higher-order 

relationship between familiar representation and mapping it to a new one (Gentner, 

1988). Propositional analogies reflect the most basic form of analogical reasoning (e.g., 

airplane is to sky as train is to…?). In such problems, it is necessary to conceptualize the 

higher-order relationship between base items, as well as to fit that relationship to the 

target pair to find the missing piece. (Wright et al., 2008).  

Analogical reasoning is considered a core cognitive skill that is posited to 

distinguish humans from other species, due to its contribution to Gf, creativity, and 

adaptive learning capacities (Gentner, 2010; Richland & Burchinal, 2013). Cognitive 

control/inhibition has also been linked to the development of reasoning skills in children 

(Richland, Morrison, & Holyoak, 2006). Precisely, as Gf is involved in the active 

maintenance of information in the memory workspace for planning and engaging in goal-

directed behavior, it consists of the inhibition of competing information likely to interfere 

with end-goals (Viskontas & Holyoak, 2006). As a result, as reasoning abilities develop, 

it is critical that children have intact inhibition skills, which will help to facilitate 

development. 

Neurobiological Underpinnings 

The neural underpinning of fluid reasoning development is widely assumed to be 

linked to the frontal lobe (Duncan, 2003), specifically to the maturation of the prefrontal 

cortex (PFC; Duncan, 2003; Wright et al., 2008). Functional Magnetic Reasoning 

Imaging (fMRI) studies have implicated explicitly that the rostrolateral prefrontal cortex 

(RLPFC) is active when individuals engage in relational integration and analogy tasks, 
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both of which involve the use of skills that comprise Gf components (Ferrer, O’Hare, & 

Bunge, 2009). Additionally, with the RLPFC, the parietal cortex has been implicated in 

relational reasoning (Ferrer et al., 2009). Parietal activation was shown to mediate the 

relationship between Gf and performance during demanding working memory tasks 

(Gray, Chabris, & Braver, 2003).  

Developmental Trajectory 

 Gf is central to the development of human cognition (Wright et al., 2008). In 

typically developing children, Gf begins to emerge during the first two years of life, 

increases during early and middle childhood, and continually increases at a slower rate 

during adolescence, and then reaches its peak at age 25, after which point declination 

occurs (McArdle, Ferrer-Caja, Hamagami, & Woodcock, 2002). Some research supports 

that the development of Gf has a scaffolding effect and serves as a platform allowing 

children to acquire additional cognitive and academic abilities (Blair, 2006; Cattell, 1971, 

1987). As such, the development of reasoning ability is vital to cognitive development 

from childhood through early adulthood (Wright et al., 2008) at which point the ability 

plateaus before eventually weakening. 

Recent research has revealed that children could effectively reason by analogy at 

young ages (Ferrer et al., 2009). In fact, those as young as age three have been found to 

perform successfully on classical analogies, if they are familiar with the relations 

necessary to solve the problems (Goswami & Brown, 1989). Neurologically, RLPFC 

activation increases from age 6 to 13 on both sides of the brain for relational problems 

and only in the left RLPFC for analogy problems (Ferrer et al., 2009). During middle 
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childhood, the RLPFC is specifically engaged during visual analogy tasks performances, 

but there is no RLPFC activation differentiation between relational and analogy 

problems. Thus, the RLPFC involvement in analogical reasoning might go through 

several developmental stages. As such, Gf is purported to predict performance in school 

and later in college and cognitively demanding jobs (Gottfredson, 1997).  

Executive Functions 

Executive functions (EFs) are higher order processes that control and regulate 

human cognition (Miyake & Friedman, 2012). They are frequently associated with the 

brain’s frontal lobes which control functions such as planning, decision making, and the 

regulation of daily behavior (Damasio, 1994), all of which are considered the hallmarks 

of intelligence (Sternberg, 1988). As such, these functions are regarded as mechanisms 

needed to control the dynamics of human cognition, actions, and even as the core 

components of self-control and self-regulation. Therefore, EFs are assumed to 

significantly influence daily functioning (Moffitt et al., 2011). Most EFs are often 

referred to as updating/working memory, shifting, and inhibition; however, for this study, 

the focus was on shifting and inhibition. 

Shifting 

 The executive function interchangeably referred to as shifting or cognitive 

flexibility, is often used to describe the ability to flexibility switch mental sets or avoid 

being stuck on ineffective strategies or monotonous perspectives (Lohman, 2000; 

Sternberg, 1988). Shifting may also be described as the disengagement of an irrelevant 

task set, and the subsequent initiation of a new, more appropriate set that is more suitable 
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to the task demands (Toll, Van der Ven, Kroesbergen, & Van Luit, 2011). Deficits in this 

area may result in perseveration, with children having more difficulty shifting to a new 

mindset and erroneously using an obsolete or ineffective set when problem-solving 

(Miyake et al., 2000). 

Inhibition 

  The EF referred to as inhibition allows for individuals to have self-control over 

reflective or instinctive processes, thus allowing the ability to rationally consider options 

and adjust to situations (Thurstone, 1924). It has also been defined as a mental self-

management process needed to adapt, select, and shape the environment (Sternberg, 

1988). Researchers have posited that the ability to resist interference from distracting, 

irrelevant information is an essential component of intelligence (Dempster, 1992; Das, 

2002; Friedman & Miyake, 2004). Specifically, inhibitory control predicts children's 

analogical reasoning development at age 15, even when controlling for other types of EF 

(Richland & Burchinal, 2013). Further, it is found to be related to measures of academic 

ability (Blair & Razza, 2007). 

Cognitive flexibility/shifting and inhibitory control have been found to relate to 

children's achievement and behavior positively. This is because each of these EFs may 

facilitate children's ability to shift attention across multiple aspects of tasks, including 

those involving problem solving, hypothesis generation, and strategic rule use 

(Cartwright et al., 2017; Nayfeld, Fuccillo, & Greenfield, 2013; Yeniad, Malda, Mesman, 

van Ijzendoorn, & Pieper, 2013). Examples might include incorporating new information 

about a character or story plot or using addition, subtraction, and multiplication strategies 

https://onlinelibrary-wiley-com.ezp.twu.edu/doi/full/10.1111/cdev.13095#cdev13095-bib-0014
https://onlinelibrary-wiley-com.ezp.twu.edu/doi/full/10.1111/cdev.13095#cdev13095-bib-0044
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to complete a multi-step word problem. In addition, both inhibitory control and cognitive 

flexibility may exhibit domain‐general relations with achievement and behavior by 

facilitating children's ability to disregard irrelevant information (Laski & Dulaney, 2015), 

and their ability to downregulate disruptive, aggressive, or withdrawal impulses 

(Berry, 2012; Cain, 2006).  

Developmental Trajectory 

Developmentally, children's EFs grow substantially during elementary school 

(Yeniad et al., 2013). However, preschool years are often thought of as a sensitive period 

for development, due to the rapid changes in the pre-frontal cortex, which is implicated in 

EF growth (Zelazo & Miller, 2011). The trajectory of EFs mirror those of Gf, often 

increasing with age in childhood and decreasing into old age, particularly from age 55 

and above (Nettlebeck & Burns, 2009). Though the evidence is minimal regarding the 

specific developmental trajectory of inhibition and cognitive flexibility, EF theoretical 

perspectives suggest that inhibition develops first during preschool years, laying the 

foundation for cognitive flexibility thereafter (Best & Miller, 2011).  

The basic form of inhibitory abilities develops during the latter half of the first 

year of life and improves significantly from 6.5 months to one-year-old (Diamond, 1990). 

Cognitive flexibility generally develops by the end of the first year after the acquisition of 

inhibitory control and working memory abilities (Diamond, 2006). Cognitive flexibility is 

regarded as the most complex of the EF components, due to the reliance on the growth of 

other EFs (i.e., inhibition and working memory) prior to its development (Purpura, 

Schmitt, & Ganley, 2017).  
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Conceptualizing EFs and Gf 

As Gf and EFs are both considered core areas of intelligence mediated by frontal 

lobe functioning, there is considerable overlap between the two. The term executive 

functioning is used widely by clinicians to describe a complex set of theoretically related 

cognitive processes (Zook, Davalos, Delos, & Davis, 2004). Though EF research is most 

prevalent in the neuropsychological literature, a clear consensus regarding the definition 

and specific cognitive processes involved remains unfounded (Denckla, 1996). One 

debated area in neuropsychology is whether EF can be accounted for by working memory 

and inhibitory processes and whether the contributions of these processes are minor 

relative to the robust influence of general fluid intelligence.  

Researchers have identified Gf as a better predictor of EF performance than actual 

EF measures (Denckla, 1996). A study conducted by Zook et al. (2004) assessed the 

predictability of Gf on working memory and inhibition executive functioning measures 

and found that Gf accounted for most of the variance above and beyond that of either EF 

function. Therefore, Gf consistently remains directly tied to the overall EF construct. Gf 

can be viewed, as all-purpose cognitive processing that is not necessarily associated with 

any specific content domain and as involving the effortful maintenance of information for 

purposes of planning and executing goal-directed behavior (Baddeley, 1966; Kane & 

Engle, 2002). Thus, Gf abilities include the inhibition of irrelevant or competing 

information likely to interfere with information maintenance and response execution 

(Blair, 2006). As a unitary entity, Gf has been described in the psychological literature 
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under a variety of terms, including EFs. Furthermore, Gf appears critical for the 

performance of all executive functioning tasks (Cho et al., 2010). 

Construct Reconceptualization 

 EFs correlate highly with some aspect of general intelligence; however, 

individuals with average intelligence often present with EF deficits. This phenomenon 

may be interpreted to mean that EFs are unrelated to intelligence (Friedman, Miyake, 

Corley, Young, DeFries, & Hewitt, 2006). Research supports that though EF is not highly 

correlated to general intelligence, it may be related to another third mediating variable 

that is highly correlated to overall intelligence (Friedman et al., 2006), such as Gf. Taking 

into consideration Cattell’s distinction between fluid intelligence and crystallized 

knowledge, Duncan, Burgess, and Emslie (1995) addressed the paradox by proposing that 

Gc is more robust to frontal lobe damage than Gf. Thus, individuals with frontal lobe 

damage may show more Gf deficits than Gc; however, standard intelligence tests may be 

insensitive to the effects of frontal lobe damage due to the heavy reliance on Gc.  

Test batteries may fail to detect the Gf impairment caused by the frontal lobe 

damage while simultaneously missing the EF damage, due to the strong relationship 

between EFs and Gf in both normal and frontal lobe patients (Friedman et al., 2006). As a 

result, the affected client may present with average intelligence, based primarily on Gc 

based tasks, and with EF deficiencies. Taking these results together further suggest that 

EFs are more related to constructs closely related to general intelligence, such as Gf than 

to general intelligence, thus it may be difficult to parcel out EF constructs and Gf 

components as distinct abilities. As such, EFs and Gf are often interchangeable. 
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Gf and Inhibition  

The consideration of the sub-processes of executive functioning and the 

components of intelligence has revealed a more complex picture, regarding Gf and EF 

measures. Research by Ren, Schweizer, Wang, Chul, and Gong (2017) showed that the 

shifting, updating, and inhibition components of EF contributed to learning and ability 

components of Gf. Specifically, the inhibition of irrelevant, competing, or proponent 

information likely to interfere with information maintenance and response execution is 

critical to Gf. Salthouse, Atkinson, and Berish (2003) found that inhibition strongly 

correlated with Gf. 

Further, among other systems, cognitive training interventions targeting abilities 

such as inhibition have shown a positive impact on Gf, though not specifically targeted. 

As such, the literature delineates a strong relationship between inhibition and Gf. Thus, 

intact inhibition skills help to facilitate Gf abilities. Further, some argue that intelligence 

is related to inhibition (Friedman et al., 2006), and Dempster (1992) reviewed many 

findings relating measures of intelligence to inhibition in child and adult populations. 

These findings are in line with the high correlation between Gf and general intelligence. 

Gf and Shifting/Cognitive Flexibility 

Gf involves alternate shifting and sustainment of attention necessary for 

organizing and executing chronological actions (Blair, 2006) which are key to the 

successful development of effective Gf abilities (Cho et al., 2010; Morrison et al., 2004; 

Waltz et al., 1999). Tamm and Juranek (2012) specifically found cognitive flexibility or 

switching ability to be a correlate of Gf.  
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As a unitary entity, Gf has been described in the psychological literature under a 

variety of terms, including EF, executive attention, effortful control, and working 

memory capacity. Though researchers may emphasize one specific aspect of Gf under the 

various terms, each describes the same overarching construct (Blair, 2006). It is widely 

recognized that Gf is based on executive functioning which is comprised of components 

such as analysis and synthesis that specifically involve and focus on updating, cognitive 

flexibility, and inhibition as executive functions (Gombart, Fay, Bouazzaoui, & Isingrini, 

2016). 

 Executive functioning is an abstract concept that clumps together cognitive 

concepts that do not traditionally fit in the CHC model. Cognitive switching or flexibility 

is a reasoning skill that could fall under Gf, rather than a separate neurocognitive ability. 

Similarly, inhibition, which involves some aspect of cognitive flexibility and the ability 

to tune out irrelevant information, is also a cognitively complex measure that looks like 

Gf. Most researchers do not agree with the specific classification of EF tasks, and they 

are often used to measure aspects of Gf. As such, for the remainder of this dissertation, 

the term Gf will be utilized as a primary descriptor for all cognitive fluid reasoning 

abilities (stand-alone Gf tasks), as well as the EFs of inhibition and cognitive flexibility 

(Gf facilitator tasks) which are highly related to Gf. 

Assessment 

The main goal of most cognitive and academic assessments is to highlight the 

cognitive and academics abilities of individuals, particularly students whom either fall 

behind or excel ahead of classmates. The combination of Cattell and Carroll’s theories of 
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intelligence provided a framework for examining cognitive functioning as defined by 

broad abilities (Flanagan et al., 2007). As a result, assessment of cognitive skills has 

historically relied heavily upon CHC theory (Schneider & McGrew, 2012). The 

publication of the Woodcock-Johnson Psychoeducational Battery-Revised marked that 

official crossing over of the Gf-Gc theory to applied practice.  

Woodcock-Johnson Test Batteries 

The Woodcock-Johnson Tests of Cognitive Abilities, Third Edition, Normative 

Update (WJ III COG NU; McGrew &  Mather, 2001; McGrew, Schrank,  & Woodcock, 

& 2007) and Woodcock-Johnson Tests of Academic Abilities, Third Edition, Normative 

Update (WJ III ACH-NU) are CHC driven batteries used to measure cognitive and 

academic abilities since the publication of the initial assessment. While other assessments 

generally refer to CHC theory and how their subtests align with the model, the WJ III 

subtests are specifically designated into narrow abilities by the examiner’s manual to 

comprise CHC-based broad abilities.  

WJ III COG NU. The WJ III COG-NU includes 31 cognitive tests that measure 

general intellectual ability, broad and narrow abilities, and several aspects of executive 

functioning for individuals aged two to over 90. It utilizes recalculated normative data, 

based on the 2005 U.S. Census statistics (U.S. Census Bureau, 2005) to provide the most 

current comparison to the U.S. population (McGrew, Schrank, & Woodcock, 2007). Data 

from the Concept Formation and Analysis Synthesis tasks from the Gf composite of the 

WJ-COG-NU were included in the current study. These tasks measure the CHC-theory 

based narrow abilities of inductive and deductive reasoning. 
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WJ III ACH NU. The WJ III NU ACH is a standardized, nationally norm-

referenced achievement test that was co-normed with the WJ III COG NU. The 22 

subtests that make up this battery measure critical aspects of oral language and academic 

achievement. It measures explicitly academic abilities in reading, writing, mathematics, 

as well as receptive and expressive language skills. Data from six subtests, two from each 

of the reading, writing, and mathematics composites will be utilized in this study. The 

tasks include Letter-Word Identification and Passage Comprehension for reading; 

Writing Fluency and Writing Samples for writing; and Calculation and Applied Problems 

for mathematics. These tasks also measure CHC-theory based narrow abilities, which 

include reading decoding, reading comprehension, writing ability, writing speed, 

mathematics knowledge, and quantitative reasoning (McGrew et al., 2007). 

The most current batteries of the WJ series are the Woodcock-Johnson IV Tests 

of Cognitive/Achievement Abilities, (WJ-IV; McGrew, LaForte, & Schrank, 2014). 

However, subtests from the WJ III COG NU and WJ III ACH NU retained in the WJ-IV 

were used in this study. These WJ III tasks are discussed more thoroughly in the next 

chapter.  

Neuropsychological Batteries 

Neuropsychological assessment in children has increased over the past few 

decades due to the enactment of the IDEIA of 2004, advances in medical technology, as 

well as increases in the use of neuropsychological assessment in medical research. 

Moreover, recent empirical research suggests that many childhood disorders have a 
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neurobiological basis. Therefore, neuropsychological assessment is still a popular 

approach for assessing children, especially atypical populations (Miller, 2009). 

Historically, executive functioning tasks were primarily geared towards the adult 

population, and the batteries were modified for child administration. Though effectively 

designing developmentally appropriate EF tasks for a young population has proven to be 

a challenging task, a few have been designed for use with children. Some of the 

children’s EF tasks are a part of a comprehensive battery, and some are stand-alone 

measures. The focus of this study was on two measures taken from two separate 

comprehensive neuropsychological batteries, the Developmental Neuropsychological 

Assessment–2nd Edition (NEPSY-2; Korkman, Kirk, & Kemp, 2007) and the Delis-

Kaplan Executive Function System (D-KEFS; Delis et al., 2001), each of which are 

designed to contain several stand-alone measures standardized together in one test 

battery. 

NEPSY-2. The NEPSY-2 is a standardized, developmentally sensitive, 

neuropsychological battery for ages 3 to 16 years. As a revised version of the original 

NEPSY (Korkman, Kirk, & Kemp, 1998), the NEPSY-2 has newly enhanced clinical and 

diagnostic utility that was attained by modifying the battery to reflect current research in 

child neuropsychology, child development, and child psychology (Brooks, Sherman, & 

Strauss, 2009). The Inhibition and Animal Sorting tasks from the NEPSY-2 were 

included in the current study. These tests are included in the Attention/Executive 

Functions domains of the NEPSY-2 and purportedly measure inhibition and mental 

flexibility. These measures will be discussed in more depth in the next chapter. 
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D-KEFS. The D-KEFS is a battery of tests that measure high-level abilities 

generally termed EFs. The D-KEFS is the first nationally standardized set of tests 

specifically designed to evaluate frontal lobe functioning across the entire life span. The 

D-KEFS measures were adapted based upon historical data to ensure that the tasks have 

adequate psychometric properties. The task utilized in this study is the color-word 

interference test (CWIT). This task is a revised version of the classic frontal lobe 

measure, the “Stroop Test” (Stroop, 1938), which has traditionally been used for studying 

verbal interference effects. This CWIT measures inhibition and cognitive flexibility 

(Delis et al., 2001). This measure will also be discussed in more detail in the next chapter. 

Gf and Academic Performance 

It is well known that cognitive processes are correlated with academic skills and 

that students with SLD have cognitive weaknesses that reflect respective academic 

deficits and domains. Further, several CHC cognitive abilities have been empirically 

linked to academic performance domains that correspond to the DSM-5 (APA, 2013) 

areas of SLD. These cognitive factors have been found to account for much of the 

variance in academic performance (Fulton et al., 2012). Accordingly, when cognitive 

functioning is impaired, the corresponding academic skills are impacted as well. One 

main cognitive deficit that can have a significant impact on a child’s academic success is 

Gf. These abilities correlate to higher level thinking, reasoning, planning, and problem-

solving that require attention, working memory, and equivalent perception skills. Thus, 

low Gf abilities may limit the rate at which a person can acquire and retain new 

knowledge (Flanagan & Harrison, 2012).  
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According to Tamm and Juranek (2012), Gf is specifically related to academic 

outcomes, in that low Gf in children predicts poor academic performance. Further, Gf was 

specifically identified as the leading indicator of changes in academic achievement areas 

such as quantitative ability, academic knowledge, and reading (Ferrer & McArdle, 2004; 

Ferrer et al., 2007). Since Gf is needed to solve problems by employing different 

strategies, those with low Gf abilities may exhibit difficulty with determining solutions, 

especially for novel problems (Grant & Prince, 2017). This weakness may also have an 

impact on the understanding and application of rules for successful problem solving, and 

as a result, a deficit may lead to difficulty generalizing information, particularly in a new 

situation or tasks.  

A weakness in Gf may impact a child’s functioning in a classroom setting 

(Flanagan et al., 2013). If a child has problems with Gf, he/she may have an impaired 

ability to engage in goal-directed behavior such as finishing school assignments and 

formulating strategies in order to reach the goal. Concept formation may be particularly  

difficult due to a lack of understanding of abstract relationships. On the other hand, 

individuals with higher Gf abilities may have fewer constraints on their learning ability 

(Tamm & Juranek, 2012). 

Although Gf and g are strongly correlated, along with Gc, a sizeable portion of 

shared variance among Gf tasks that is unaccounted for by g in isolation (McGrew, 

Flanagan, Keith, & Vanderwood, 1997). Gf is thought to support all forms of new 

learning for which an individual has to problem solve, by integrating new information, 
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without the sole reliance on previously acquired knowledge (Green et al., 2017). 

Accordingly, Gf underlies all areas of academic functioning. 

Gf and Math Achievement 

  When evaluating the specific relationship between Gf and academics, research 

supports that it is highly correlated with math achievement (Floyd, Evans, & McGrew, 

2003). As previously stated, relationships between academic functioning and cognitive 

abilities are often studied and evaluated within the CHC framework, focusing on the 

broad and narrow g factors (Keith & Reynolds, 2010). Inductive reasoning and general 

sequential reasoning abilities are highly correlated with math achievement (Flanagan et 

al., 2013). If a student presents with a Gf weakness, they may have trouble with solving 

mathematical word problems, as a student may not be able to determine and apply the 

most appropriate steps for given problems. Moreover, the weakness may cause difficulty 

in understanding the relationships between numbers and pattern relationships (Flanagan 

et al., 2013). Further, according to Floyd et al. (2003), Gf influences the development of 

math problem solving and strategy use. Thus, impaired Gf may hinder the initial learning 

processes. Overall, Gf is consistently related to mathematical performance in the 

calculation and problem-solving abilities throughout development (Green et al., 2017).  

 Developmentally, analyses from longitudinal data from large standardization 

samples reveal that both Gf performance and math achievement increase rapidly during 

childhood, peaks during late adolescence then begins to decline in adulthood (Ferrer & 

McArdle, 2004). The trajectories of Gf development and improvements in math abilities 

appear to parallel one another throughout development, specifically during ages 5-10 and 
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11-24. Therefore, Gf may play a more prominent role in the acquisition and mastery of 

mathematical skills during primary and secondary educational levels in comparison to 

higher education levels (Ferrer & McArdle, 2004; Green et al., 2017).  

In a relatively recent synthesis of studies investigating the concurrent 

relationships between CHC cognitive abilities and achievement measures, Gf was one of 

three broad cognitive factors consistently related to problem-solving and calculation 

across all age ranges (McGrew & Wendling, 2010). Gf was consistently found to be 

related to future math achievement, above and beyond that of general intelligence. Given 

that the trajectories are parallel throughout maturity, Gf plays a significant role in overall 

mathematical performance in school. The connection may be due to the relational 

reasoning component of Gf, which allows for the consideration of multiple relationships 

between distinct parts (Miller, Singley, & Bunge, 2014) for effective problem-solving.  

 Few studies have examined the extent to which Gf skills uniquely contribute to 

math proficiency development during childhood separately from overall general 

intelligence and other general cognitive abilities (Green et al., 2017). A study conducted 

by Fuchs, et al. (2010) compared the effect of basic numerical cognition and domain-

cognitive abilities at the inception of the school year of 280 first grade students’ math 

problem-solving development over the year. Researchers found that Gf during the fall 

semester had the same predictive ability as basic numerical cognition skills on the 

children’s gains in word problem solving over the year’s course. Another study 

conducted by Primi, Ferrao, and Almeida (2010) examining second through eighth-grade 

students over two years, found that seventh and eighth-grade students’ initial level of Gf 
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was positively related to the growth in quantitative abilities over the subsequent two 

academic years. More specifically, those with higher Gf at the year’s inception showed 

more mathematical growth than those with lower Gf scores.  

Inhibition and Mathematical Abilities 

Many children experience problems in school in learning mathematical skills. EFs 

have been assumed to underlie a range of higher-order cognitive abilities, including 

mathematics skills (Bull, Espy, & Wiebe, 2008; Passolunghi, Vercelloni, & Schadee, 

2007; St Clair-Thompson & Gathercole, 2006; Van der Sluis, De Jong, & Van der Leij, 

2004, 2007). A large body of research suggests that executive functioning is involved in 

scholastic activities such as mathematics (Adams, Hitch, 1997; De Rammelaere et al., 

1999; De Rammelaere et al., 2001; Geary, Hamson, & Hoard, 2000; Hetch, 2002; Noel, 

Desert, Aurun, & Seron, 2001) and that those who struggle with math show deficits in 

executive functioning. Inhibition might significantly contribute to mathematical 

performance and may serve as a possible EF target for early identification of at-risk 

children (Toll et al., 2011).  

The ability to inhibit strong response tendencies in the face of irrelevant or 

distracting information, such as the context of a math problem is a unique contributor to 

developing mathematical abilities (Blair & Razza, 2007). It specifically allows 

individuals to inhibit a dominant response tendency that might interfere with the correct 

solution to the problem to access the knowledge of proper problem-solving strategies if 

they exist. It further allows for the solving of the problem in its entirety as opposed to 

responding to only the most recent aspect of the problem (Toll et al., 2011).  
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A lack of inhibition has been found in children with low math scores (Bull & 

Scerif, 2001). Blair and Razza (2007) found that inhibitory control accounted for unique 

variance in early mathematics abilities in a sample of children from low-income homes. 

Blair and Razza (2007) specifically found that inhibitory control was positively 

associated with math abilities for children in preschool or kindergarten. Bull et al. (1999) 

found that children with lower mathematical ability showed problems with reduced 

inhibition of automatic responding. Moreover, a study conducted by Bull and Scerif 

(2001) found that children with little mathematical ability displayed difficulties with the 

inhibition of using ineffective learned strategies for the utilization of more appropriate 

ones necessary for accurate problem-solving.  

Cognitive Flexibility and Mathematical Abilities 

 Cognitive flexibility includes the ability to maintain focus and for fluid adaptation 

to changing goals or stimuli (Rueda & Posner, 2005). Some studies have documented a 

relationship between cognitive flexibility and academic performance (Bull, Johnson, & 

Roy, 1999; Bull & Scerif, 2001; Van der Sluis et al., 2004). Specifically, for 

mathematics, cognitive flexibility is shown to correlate highly with early counting and 

calculation skills; furthermore, it allows for effective mental switching between tasks or a 

set of rules for task completion (Lan, Legare, Cameron, Ponitz, Su, & Morrison, 2011). 

Cognitive flexibility is often described as a complex domain due to its possible 

connection to the ability to solve abstract math problems that require a shift in thinking. 

Purpura et al. (2017) found that cognitive flexibility was associated with a narrow range 

of mathematical skills, such as those that require the use of more conceptual knowledge. 
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Morgan, Farkas, Hillemeier, Pun, and Maczuga (2018) also found cognitive flexibility to 

be related to children’s mathematical abilities in elementary school.  

Gf and Writing Abilities 

 Learning to write is a multi-faceted process that involves the recruitment of many 

skills, including Gf. With writing achievement, inductive and general sequential 

reasoning abilities are related to written expression at all ages and fundamental writing 

skills from age 6 to 13 (Grant & Prince, 2017). Low Gf abilities may lead to difficulties 

in determining a general theme for writing, generalizing information to support an idea, 

and meeting overall essay requirements. Moreover, the ability to compare information 

may be weaker (Flanagan et al., 2013). Further, the writing abilities of students with low 

Gf may be impaired due to their difficulty following logical patterns for later inferential 

thinking (Weiss et al., 2016). Though there is relatively less empirical research on Gf and 

writing abilities, McGrew and Knopik (1993) found that Gf abilities (i.e., induction and 

general sequential reasoning) were significantly related to basic writing skills during 

elementary school years (ages 6-13) and across all ranges for written expression.  

Inhibition, Cognitive Flexibility, and Writing Abilities 

 Although becoming a skilled writer is vital to academic and occupational success, 

there is scant research examining the relationship between EFs (e.g., inhibition and 

cognitive flexibility) and writing, as much of the research revolves around mathematics 

and reading. Berninger and Richards (2002) suggested that lower level EFs such as 

inhibition and cognitive flexibility purportedly provide underpinnings for beginning 

writing and that these abilities support the necessary higher-level executive functioning 
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abilities (e.g., planning, initiating) that are needed for more skilled writing (Diamond, 

2013). Some research supports that in school-aged children, writing has been linked to 

inhibition (Altemeier, Abbott, & Berninger, 2008). According to Fiefer and De Fina 

(2002), a writer with weak inhibition may have difficulty ending thoughts on paper, and 

they might include extra letters in words when spelling. Regarding cognitive flexibility, 

the ability to move backward and forward between mental sets is critical in writing. 

Writers with reduced cognitive flexibility might become stuck on one topic during 

writing and be unable to shift to a more appropriate mental set. As such, it appears that 

EFs are important contributors to writing at all levels.  

Gf and Reading Achievement          

 Gf plays a role in reading comprehension from childhood to adulthood (Grant & 

Prince, 2017). Gf is related to the ability to make inferences, predictions, and connections 

in a story; thus, deficits may lead to difficulty with identifying the main idea of a story. 

The most significant Gf findings are between inductive and deductive reasoning and 

reading comprehension (Flanagan et al., 2006). This infers that text comprehension may 

be dependent upon reasoning abilities, contingent on the specific task demands (e.g., 

inference drawing tasks, making predicting, etc.; Flanagan, Ortiz, Vincent, Alfonso, & 

Kaufman. 2013). 

 Individuals with comprehension difficulties often struggle to derive meaning 

from print, despite proficient reading mechanics (Miller, 2010). Additionally, as with 

writing, a student might exhibit difficulty with comparing different information. 

Becoming literate is a complex process that involves the coordination of cognitive 
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aspects (Swanson, & Beebe-Frankenberger, 2004). As such, several EFs, including 

inhibition and cognitive flexibility, are strongly related to reading (Friedman et 

al., 2006).  

Inhibition and Reading Abilities 

Inhibitory control plays a significant role in determining how various cognitive 

processes intertwine and work together (Dowsett & Livesey, 2000). Reading involves 

explicitly the ability to select relevant information to build a coherent meaning of the text 

(Borella, Carretti, & Pelegrina, 2010). However, text passages often have various sources 

of irrelevant information, and the reader must attend only to the vital information and set 

aside irrelevant information to prevent overloading memory capacity. Specific cognitive 

abilities involved in reading include response inhibition, which manifests as the ability to 

refrain from jumping ahead when reading the text and missing important aspects of the 

passage (Feifer & Della Toffalo, 2007), as well as the ability to attend to critical 

information.   

Some research supports that effective inhibitory mechanisms strongly related to 

reading comprehension (Borella et al., 2010). For example, EF deficits in response 

inhibition have been linked with reading problems in 10-year olds (Locascio, Mahone, 

Eason, & Cutting, 2010). Further, the results from a study conducted by De Beni, 

Palladino, Pazzaglia, and Cornoldi (1998) suggested that less-skilled readers have a 

more challenging time inhibiting irrelevant stimuli than more skilled readers. 

Gernsbacher and Faust (1991) also found that less experienced readers have difficulty 

ignoring extraneous information.  
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In isolation, it appears that inhibition may be specifically crucial for early 

reading skills, but as an underlying ability for working memory poor inhibition likely 

results in intrusion errors/acquisition of irrelevant information (Daucourt, 

Schatschneider, Connor, Otailba, & Hart, 2018). Moreover, weak inhibition likely 

results in representational inflexibility, such as an over-reliance on sight word reading, 

which interferes with fluency and overall comprehension (Diamond, 2002). 

Cognitive Flexibility and Reading Abilities 

Though cognitive flexibility is the most underexplored EF component as it relates 

to reading, some research suggests that it is related to reading comprehension during the 

elementary years (Ver der Sluis et al., 2007; Yeniad et al., 2013). Though purportedly a 

weaker predictor of reading skill deficits in comparison to other EFs, such as working 

memory or inhibition, it is suggested to have some impact (Fox & Mann, 2013). 

Cartwright (2002) specifically found that reading-specific flexibility contributes to 

reading comprehension and that flexibility training leads to gains in reading 

comprehension abilities. Cognitive flexibility is vital for reading because it allows readers 

to make use of multiple features, including orthographic, phonological, and semantic 

information, all which support reading comprehension (Cartwright, 2002). 

Gf and SLD Classification 

Studies examining a variety of disorders of childhood indicate that deficits in Gf 

impair learning and academic achievement. Further, EF studies in reading and math 

disabilities have specifically indicated Gf impairments in comparison with age and 

ability-matched controls (Blair, 2006). In individuals diagnosed with a SLD in reading, 
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fMRI data shows that readers exhibit less PFC activation on tasks involving reading, 

which suggests some Gf involvement in reading impairment (McCandiss & Noble, 2003). 

Frontal activation in comparisons of non-impaired and dyslexic profiles further suggest 

that Gf deficits impair the reading progress in non-impaired and reading disabled 

individuals. Further, the severity of the reading disability appears to be mitigated partially 

by fluid reasoning deficits (Blair, 2006). Although Gf deficits do not account for all the 

variance for problems faced by children diagnosed with a SLD, these specific deficits 

appear to contribute to the observed discrepancies in cognitive and achievement abilities.  

Attention-Deficit/Hyperactivity Disorder (ADHD) 

Some disorders stem from similar cognitive abnormalities (Sexton, Gelhorn, Bell, 

& Classi, 2012). SLD and ADHD are two distinct neurobehavioral developmental 

disorders that commonly occur in children and are distinguishable from one another. 

Both are genetically inherited and are known to impair educational achievement and 

social functioning (Karande et al. 2007). However, research suggests that students with 

ADHD tend to score much lower on achievement tests in comparison to peers and that 

task failures are often attributed to a lack of emotional self-regulation, while some might 

be related to cognitive deficits, such as those seen in learning disabilities. It is suggested 

that gaining an in-depth understanding of specific cognitive profiles may contribute to an 

advanced understanding of such disorders. This clarity will help to facilitate the early 

identification and initiation of proper psychoeducational interventions, namely 

accommodations for those with a SLD and behavioral and medication management for 

students with ADHD (Saklofske et al., 2016). 
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ADHD is a developmental condition characterized by a pattern of inattention and 

hyperactivity-impulsivity that causes interference with functioning or development across 

multiple settings (APA, 2013). Inattention may manifest as poor attention to detail, 

difficulty maintaining focus or poor organization of time and materials. The hyperactivity 

and impulsivity components reflect an inability to sit still, fidgeting, excessive talking, 

and difficulty waiting for one’s turn (Sjoberg & Dahlbeck, 2017). ADHD is considered a 

chronic neurodevelopmental disorder that affects approximately 5% of school age-

children (Polanczyk, Willcutt, Salum, Kieling, & Rohde, 2014). Current data suggest 

that approximately 33%–50% of children with ADHD exhibit impairments in executive 

functioning (Nigg, Willcutt, Doyle, Sonuga-& Barke, 2005). 

Gf, EFs, and ADHD 

ADHD is associated with Gf deficit, which may be related to the self-regulation of 

cognition and behavior. Furthermore, research suggests that ADHD is associated with EF 

deficits, such as response inhibition and working memory (Tamm & Juranek, 2012). The 

same regions involved in Gf, as well as inhibition, are also implicated by both functional 

and structural imaging studies in the development of ADHD (Dickstein, Bannon, 

Castellanos, & Milham, 2006; Paloyelis, Mehta, Kuntsi, & Asherson, 2007). Thus, it 

appears that Gf is vital in ADHD, given its relationship to inhibition and working 

memory deficits seen in ADHD profiles (Schafer & Semrud-Cikeman, 2008).  

SLD and ADHD 

SLD and ADHD are often comorbid disorders due to common cognitive and 

executive dysfunctions, Gf, and inhibition, as well as similar structural abnormalities, 

https://www-sciencedirect-com.ezp.twu.edu/topics/neuroscience/structural-imaging


64 
 

including the frontal cortex. According to Barkley (1997), there is a critical need for 

research examining whether the inhibition deficits related to ADHD can be 

distinguishable from those relating to SLDs. Though the Gf deficits are apparent in the 

profiles of children with ADHD, they are not as prominent as deficits in Gs and Gwm. 

 A study conducted by Penny, Waschbusch, Carrey, and Drabman (2005) found 

that inattention was only marginally related to Gf abilities, thus indicating that children 

with ADHD might have more difficulty than a typically developing child with problem-

solving, due to their reduced capacity to generate different solutions to problems. Though 

Gf is implicated in both SLD and ADHD, it is unclear whether or how impairments or 

strengths in these Gf abilities might help to determine classification. 

Rationale for Study Purpose 

Gf is essential to academic functioning. Gf often serves as a precursor to Gc and 

facilitates and enhances the acquisition of crystallized knowledge and subsequent 

learning. Research shows that Gf abilities as a domain-cognitive measure are related to 

academic functioning. Further research shows high correlations between executive 

functions such as cognitive flexibility and inhibition and Gf; thereby, making these 

cognitively complex skills and Gf abilities nearly interchangeable. Moreover, research 

supports the relationship between executive functioning, academic performance, and 

SLD classification. However, no studies have examined the extent of Gf as measured by 

both cognitive domain-specific and executive functions tasks on academic achievement 

or on learning disability classification using children with ADHD as a comparison group. 
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 The results of this study could aid in understanding how students with different 

facets of fluid reasoning strengths and weaknesses may experience learning problems, 

which will help to develop more individualized and specific approaches to intervention 

development and specific educational plans. More specifically, learning about the 

cognitive precursors to academic skill development such as math, reading, or writing, can 

help aid educators when determining appropriate instruction, so that they target not only 

the academic skill but also the underlying cognitive processes (Green et al., 2017). 

Moreover, early identification of children at risk for developing academic difficulties 

would allow for early intervention with students. Lastly, specific knowledge of the type 

of difficulties identified children experience would enable an individualized intervention 

that is tailored to the needs of each child. 
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CHAPTER III 

METHODOLOGY 

This study examined the role of fluid reasoning in learning disability diagnostic 

classification. The primary focus was whether fluid reasoning, as represented by a 

combination of cognitive and neurocognitive tasks from the WJ-III-COG NU, NEPSY-2, 

and D-KEFS, could predict learning disability diagnostic classification in a pediatric 

clinical sample. The second aim focused on the relationship between fluid reasoning 

constructs and academic abilities in children diagnosed with specific learning disabilities. 

This section aims to explain further the description of the methods used to answer the 

study’s research questions.  

Participants 

An archival data set compiled of case studies completed for the KIDS, Inc., 

School Psychology Post-Graduate Certification Program was utilized for case selection. 

The data set includes more than 1,700 cases with more than 1,200 variables that represent 

demographic information, behavioral and emotional rating scale scores, and scores 

obtained on cognitive, academic, sensory-motor, and neuropsychological assessments. 

Participants included students aged four to 18, who met diagnostic criteria for a SLD in 

reading, writing, or mathematics or ADHD. Children noted to have comorbid 

developmental diagnoses (i.e., autism, pervasive developmental disorder), severe mood 

(i.e., emotional disturbance), psychotic disorders or traumatic brain injury symptoms 

were excluded due to affiliated cognitive deficits which may have altered the profiles and 
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complicated the identification of a SLD or ADHD.  A sample size of approximately 118 

cases (SLD n = 60; ADHD n = 58) was selected based upon the inclusion criteria. The 

sample included a relatively equal number of males and females to provide a good 

representation of both genders. Selected participants represented diverse racial and ethnic 

backgrounds, identifying as Caucasian, Hispanic, African American, or other groups 

(specific information is discussed in the results section). 

Procedure 

   As part of the KIDS, Inc. School Neuropsychology Post-Graduate Certification 

Program, parents/legal guardians provided consent for evaluation at the time of testing, 

which included information regarding the possible use of de-identified data for research 

purposes. All practitioners from the course completed three case studies under the 

supervision of a trained professional certified in neuropsychological assessment. The 

finalized reports were approved by the supervisor, de-identified, and submitted to the 

school neuropsychology research team at Texas Woman’s University. Graduate students 

coded and entered the demographic and testing data into the archival data set, working in 

pairs to check for accuracy.  

Participant Identification 

 The data set was carefully reviewed to determine the appropriateness of each case 

for study inclusion. All participants within the database who meet criteria for a learning 

disability or ADHD and who were administered selected fluid reasoning, executive 

functioning (fluid reasoning facilitator tasks), and academic measures met full inclusion 

criteria. It should be noted that learning disability classification decisions were pre-



68 
 

determined by each clinician, based upon DSM-IV criteria, and the method for 

determination varied by the clinician. The specific learning disability model information 

was not collected.  

 Regarding scores, a variety of subtest scores from the selected cognitive, 

neuropsychological, and academic tests were analyzed to address the research questions. 

The selection was based on the measured construct as well as available scores for each 

respective ability. A total of three fluid reasoning two fluid reasoning facilitator and six 

academic tasks were utilized in the study. Specific descriptions and psychometric 

properties are provided for each included subtest.  

Measures 

The study included two subtests from the WJ III COG NU, one subtest from the 

NEPSY-2 purported to measure fluid reasoning abilities as determined by research, and 

one subtest from both the D-KEFS and NEPSY-2 measuring cognitive flexibility and 

inhibition, respectively. The executive functioning tasks were selected based upon their 

ability to measure inhibition abilities and cognitive flexibility, which are presumed 

facilitators of fluid reasoning. Six subtests from the WJ III ACH NU were selected to 

provide measures of Reading, Mathematics, and Writing abilities.  

The WJ-IV Tests of Cognitive Abilities and Tests of Achievement were released 

in 2014 and now represent the most current version of the Woodcock-Johnson series of 

tests. However, due to limited availability of WJ IV data, the tests used in this study 

included the WJ III cognitive and academic tasks that were retained in the updated 

version and that purport to measure the same constructs. Moreover, the specific tasks 
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remained unchanged and measure each respective area comparable to the most recent 

version of the test (content validity). Therefore, the study’s outcomes resulting from the 

utility of WJ III measures for this study will be generalizable to the same WJ-IV tasks 

and assessed abilities for practical use. 

WJ III COG NU 

The WJ III COG NU is an individually administered set of intelligence tasks 

initially developed by Richard Woodcock and Mary Johnson in 1977 and revised in 1989, 

1991, 2007, and most recently in 2014. The norm-referenced assessment system is 

designed for the measurement of overall cognitive abilities in individuals between 24 

months and 90 plus years of age (Woodcock et al., 2007a). It is comprised of 20 tests that 

measure one or more narrow or specific abilities of a domain of intellectual functioning 

(Flanagan & Harrison, 2012).  A total of 14 tests comprise the General Intellectual 

Ability (GIA)-Standard Battery and GIA-Extended Battery, as well as six additional 

supplemental tasks that can provide extra information about individual strengths and 

weaknesses. Though the battery is designed to measure seven broad cognitive abilities 

that are based on CHC theory, the primary focus of this study is on two tasks purported to 

measure fluid reasoning cognitive abilities. 

Psychometric properties. The WJ III COG NU norming sample included 

individuals from 24 months to over 90 years of age. The complete standardization sample 

of 1,818 subjects was selected from more than 100 geographically and economically 

diverse communities (Schrank, Flanagan, Woodcock, & Mascolo, 2001). All participants 
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were grouped by age to comprise pre-school, kindergarten through 12th grade, 

college/university, and adult clusters for statistical calculations. 

The WJ III COG NU demonstrates average to high reliability with reliability 

coefficients derived from split-half and Rasch analysis procedures reportedly between .60 

and .96, with most falling at .80 or higher (Woodcock et al., 2007a). The WJ III COG NU 

also demonstrated moderate to high validity from multiple sources of validity evidence. 

The validity is theory-driven, and identification of the broad abilities in the WJ III COG 

NU is primarily linked to the Gf-Gc research of Cattell, Horn, and their associates 

(Flanagan & Harrison, 2005). Content validity was addressed by mapping the test and 

cluster content according to the CHC theory. Thus, each test measures distinct narrow 

abilities that are subsumed into a broad CHC factor. The increased breadth of 

measurement is attained with the provision of two qualitatively different narrow abilities 

incorporated into one broad area.  

The battery further demonstrated divergent and convergent validity, as evidenced 

by the growth curve for unique abilities. The patterns of score intercorrelations, which 

support the growth curve interpretation, ranged from .20-.60. The validity statistics 

support that the measured cognitive clusters are different from one another and that the 

unique abilities measured follow different developmental trajectories across the life span. 

Confirmatory factor analyses further demonstrated convergent validity by exemplifying 

that the relationships between the tests conform to each respective narrow, broad, and 

general intellectual level derived from the CHC theory. The following section describes 

the subtests from the WJ III COG NU battery that were included in the study.  
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Subtest description: Concept formation. Concept formation is a test of fluid 

reasoning that involves categorical thinking based on principles of inductive reasoning. It 

also measures an aspect of executive processing that requires the ability to flexibly when 

needed to frequently shift an individual’s mental set (Schrank, Miller, Wendling, & 

Woodcock, 2010). Further, it involves the use of working memory to hold and 

manipulate information, and the mental flexibility to change rules as needed (Decker, 

Davis, Eason, Bridges, & Vasel, 2014). This task requires individuals to examine a set of 

stimuli and then formulate a rule that applies to the group of items. On this test, 

participants are asked to view a complete puzzle made up of colored squares and to state 

the “rule” (e.g., yellow square) for the group inclusion squares when shown illustrations 

of both instances and non-instances of the concept (e.g., red square).  To complete this 

task successfully, participants must use inductive reasoning skills to unveil the governing 

rule for each puzzle, and frequently switch between those rules.  

Notably, this task was retained in the WJ-IV Tests Cognitive Abilities Standard 

Battery as a measure of fluid reasoning. The fluid reasoning median factor loading was 

high at .76 on the WJ III across all age ranges (ages 4 to 90 plus) and remained a direct 

predictor on the WJ-IV with a highly complex task median g factor loading of .69 

(Schrank, McGrew, & Mather, 2014).  The factor loading represents the relationship 

between the g factor (fluid reasoning) and the concept formation task. It is interpreted in 

the same way as a correlation coefficient, in that the higher number represents the most 

influence on any given factor, with those closer to 1, and closer to zero representing 

strong and weak relationships, respectively. It is also notable that though the task remains 
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included in the standard battery, it was replaced by another fluid reasoning task in the 

first seven tasks comprising the GIA on the WJ IV Tests of Cognitive Abilities. More 

specifically, though concept formation has a high g factor loading, that is comparable to 

that of the most recent battery; a task from the diagnostic supplement with a slightly 

higher loading of .79 is now utilized as the fluid reasoning representation for the GIA 

composite.  However, the g-factor loading on this specific task remains relatively similar 

across both batteries. 

 Analysis synthesis. As a test of fluid reasoning, analysis synthesis involves 

deductive reasoning. It consists of the use of known premises and logic for logical or 

rational reasoning. The task specifically measures an individual’s ability to reason and 

draw conclusions from given conditions. The task requires that individuals listen to 

instructions on how to perform an increasingly complex procedure that requires the 

examinee to observe and solve a series of puzzles. Participants are asked to analyze an 

incomplete logic puzzle made up of colored squares using a legend to determine the 

missing color in each puzzle. To complete this task successfully, participants must use 

general sequential (or deductive) reasoning skills to draw correct conclusions from the 

key. This task was also retained in WJ-IV Standard Battery as a measure of fluid 

reasoning. The fluid reasoning median factor loading was high at .73 on the WJ III and 

remained a direct predictor on the WJ-IV with a highly complex task median g factor 

loading of .63 (Schrank et al., 2014). 
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NEPSY-2 

The NEPSY-2 is a comprehensive multi-domain neuropsychological assessment 

system designed for use with preschoolers, children, and adolescents. It consists of 32 

subtests designed to assess neurocognitive abilities across six domains including: 

Attention and Executive Functioning; Language; Memory and Learning; Sensorimotor; 

Social Perception; and Visuospatial Processing (Korkman et al., 2007). The flexible 

battery allows for the administration of specific subtests, groups of subtests, or the entire 

system. For the scope of this study, two subtests from the Attention and Executive 

Functioning were utilized as measures of fluid reasoning and cognitive 

flexibility/inhibition. The composites of this assessment are based primarily on theory 

rather than statistical methods and empirical evidence, and the publishers encourage 

practitioners to focus on the subtests (Korkman et al., 2007). This theoretical approach 

fits well with Luria’s theory which posits that patterns of strengths and weakness are vital 

in understanding how and why a person is functioning in a particular manner (Mathews, 

Riccio, & Davis, 2012).  

Psychometric properties. The validity of the NEPSY-2 has been assessed using 

multiple methods (Matthews et al., 2012). During development, content validity was 

ensured by gathering expert opinions on the neuropsychological, cognitive, and 

educational makeup of each subtest (Korkman et al., 2007). Also, a pilot study and tryout 

study were conducted and evaluated to ensure that participants were performing as 

expected on the subtests and that all items were valid based upon clinicians’ impressions 

of the testing (Korkman et al., 2007). Since this test looks at a variety of areas that are not 
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accounted for on average intelligence and achievement tests, studies have evaluated 

construct validity by looking at how specific subtests of the NEPSY-2 relate to subtests 

and constructs on related assessments (Matthews et al., 2012).  

The test has also been shown to have good criterion validity through studies 

looking at performance differences for children with several disabilities (Korkman et al., 

2007). The results consistently show that children with disabilities including ADHD, 

ASD, LD, TBI, language disorders, and ID perform differently than their typical peers on 

specific subtests depending upon their diagnosis (Korkman et al., 2007). This indicates 

that the NEPSY-2 is sensitive to a variety of disabilities. Since the NEPSY-2 does not 

provide broad or overall ability scores, only the reliability of each subtest can be 

described, and this information is provided below for the subtests utilized in this study. 

Subtest description. The tests included in the study from the NEPSY-2 were 

selected from the tasks comprising the Attention and Executive Function composite. 

Selected tasks provided measures of subcomponent executive functions in the areas of 

inhibition and cognitive flexibility (Korkman et al., 2007).  

Inhibition. The inhibition task from the NEPSY-2 assesses the ability to inhibit 

automatic responses in favor of new responses, and the ability to switch between 

response types (Korkman et al., 2007). Individuals are instructed to look at a series of 

black and white shapes or arrows and to name either the shape or direction, depending on 

the color of the stimuli. This task specifically measures an individual’s level of inhibitory 

control, which involves the ability to resist the urge to engage in enticing behavior, as 

well as the ability to restrain oneself from engaging in automatic behaviors. It also 
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measures additional aspects of executive functioning to include cognitive flexibility and 

self-monitoring (Korkman et al., 2007). 

Inhibitory control abilities allow a child to inhibit automatic responses for 

replacement with a new one. Self-regulatory abilities enable the children to monitor 

ability for adherence to the task rules. Cognitive flexibility is required in various regions 

of the task, including the ability to switch between inhibitory and naming tasks. Low 

inhibitory-switching combined scores reflect poor inhibitory control and cognitive 

flexibility, both of which are important for successful academic achievement.  

Animal sorting. The Animal Sorting task is categorized as an executive function 

measure, but it also assesses the aspect of fluid reasoning that involves the ability to 

formulate basic concepts. In addition, it also involves cognitive flexibility to transfer 

those concepts into action and shift from one thought to another. Furthermore, the task 

assesses initiation and self-monitoring. On this subtest, the individual is instructed to sort 

cards into two groups of four cards using various self-initiated sorting criteria (Korkman 

et al., 2007). When performing this task, the initiative allows the child to generate 

concepts and shift quickly and effectively. Children who have difficulty generating 

conceptual links may have difficulty composing and comprehending written abstract and 

inferential text, like those with low reading achievement. 

D-KEFS 

The Delis-Kaplan Executive Function System (D-KEFS; Delis et al., 2001) is 

designed to measure the executive functioning of individuals between the ages of eight 

and 89.  The flexible design allows for each subtest to be used in isolation, as opposed to 
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an entire battery, and practitioners are encouraged to select subtests specific to referral 

questions (Delis et al., 2001).  The overall development of this assessment was based on 

research relating frontal lobe development to executive functioning. The subtests were 

either empirically based or based upon the modification of existing advanced cognitive 

tasks. Each test was designed to measure a specific area of cognitive functioning to allow 

for a detailed analysis of the examinee’s abilities. Though it is comprised of nine 

individual subtests intended to provide a comprehensive evaluation of higher-level 

cognitive functioning and frontal lobe integrity (Delis et al., 2001), only one subtest was 

employed for this study.  

Psychometric properties. The validity of the D-KEFS was assessed in a variety 

of ways, including through consideration of age effects on subtest performance (Delis et 

al., 2001). Executive functions generally show improvement throughout childhood and 

adolescence, and then typically decline in later adulthood (Delis et al., 2001). The 

performance of the normative group demonstrated that the subtests of the D-KEFS were 

sensitive to these age differences, indicating criterion validity for the assessment. The D-

KEFS has demonstrated good criterion validity in studies of children with Fetal Alcohol 

Syndrome (FAS), who scored significantly lower than neurologically typical peers on 

most subtests (Delis et al., 2001). Older adults with Alzheimer’s performed more poorly 

on memory and processing speed subtests, which is in line with the literature on this 

disease (Delis et al., 2001). Studies also demonstrated clinical specificity for individuals 

with Huntington’s disease. The D-KEFS looks at a variety of areas not measured by 
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standardized cognitive and academic tests. Construct validity was established for the 

individual subtests instead of as an entire battery (Delis et al., 2001).  

Subtest description: Response inhibition: Color-word 3rd condition. The D-

KEFS Color-Word Interference Test (CWIT) is based upon the original Stroop-Color 

Word Test. This subtest consists of 4 conditions. This subtest consists of 4 conditions. 

Conditions 1 and 2 serve as lower-level assessments of color naming and word reading. 

Condition 3 introduces a distracter by displaying the names of colors across the page 

printed in ink of a different color. For example, the word red would be printed in blue 

ink. The subject then has to say the name of the ink color while inhibiting saying the 

word. Condition 4 takes Condition 3 a step further by introducing a switching response. 

On this portion of the task, the color word names are printed in different ink color, and 

random words are also outlined within a black box. The individual is instructed to name 

the color of the ink unless the word is within a box, at which point they are instructed to 

read the word, and not name the color of the ink. Executive functions utilized on this 

subtest are response inhibition and cognitive flexibility, both of which correlate highly 

with the respective areas on the Inhibition task from the NEPSY-2. Though the task has 

four conditions, only Condition 3 was used for this study.  

 WJ III ACH NU 

 The WJ III ACH-NU (Woodcock, 2007) includes 22 tests for measuring five 

academic domains including reading, mathematics, written language, oral language, and 

academic knowledge. The first WJ ACH (Woodcock & Johnson, 1977) was published in 
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1977. It has undergone a variety of updates and changes to become the most recent 

version. 

As with the cognitive measures, the preexisting database includes data from the 

WJ III ACH NU; however, only subtests retained in the most recent version were utilized 

from the WJ III ACH NU as academic measures. Like its predecessors, the development 

of the WJ III ACH NU was grounded in CHC theory. Therefore, each subtest is designed 

to measure a specific broad and corresponding narrow ability (Mather, Wendling, & 

Woodcock, 2001). The achievement battery was normed on the same population used to 

standardize the WJ III COG NU. The utilization of the same population for 

standardization allows for practitioners to have more empirical support for cognitive and 

achievement score comparison (Mather & Woodcock, 2001). Subtests from the WJ III 

ACH NU were utilized to obtain two narrow measures of academic functioning in the 

broad areas of reading, mathematics, and writing.  

Subtest description: Letter-word identification. The letter-word identification 

task from the standard battery was utilized in the study as a measure of reading decoding 

(sight recognition) and reading readiness. This task requires the identification and oral 

pronunciation of isolated letters and words (Mather et al., 2001). On this task, individuals 

are presented with a word list and asked to pronounce words of increasing difficulty. This 

task can identify participants’ sight-word recognition skills and their automaticity, both of 

which facilitate overall reading comprehension (Stanovich, 1982).  

The task was retained on the WJ-IV and purported to measure the same 

underlying construct as on the WJ-III. However, some difficult items were replaced to 
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ensure equivalence in item difficulty (Schrank et al., 2014). The reading median g-factor 

loadings on the WJ III were high at .81. On the updated version, it continues to have a 

high median reading g-factor loading of .92. Therefore, the measures are considered 

comparable.  

Passage comprehension. The passage comprehension task was included in the 

study to provide a measure of reading comprehension. This task is a complex, 

conceptually driven processing task that measures the ability to produce mental 

representations implied by text during the reading process (Wendling, Schrank, & 

Schmidt, 2007). During the reading, the meaning of the text is derived through 

constructing the representation based upon stored knowledge, which requires verbal/print 

language comprehension. The meaning is placed on the words as the passage is read and 

understood, and representations are altered or added as the reading progresses. This task 

requires the ability to use syntactic and semantic clues in comprehending contextual 

information. On this task, individuals are asked to silently read a passage, understand the 

information, and provide the missing word from the excerpt. It is of note that this task 

was also retained on the WJ-IV Tests of Achievement, Standard Battery as a broad and 

narrow measure of reading and reading comprehension, respectively. The reading median 

g-factor loadings on the WJ III were moderate at .51. In its newest rendition, it continues 

to have a moderate median reading g-factor loading of .56.  

 Writing fluency. The writing fluency task was included in the study to provide 

measures of broad (written language) and narrow (writing speed) writing abilities. 

Writing Fluency is a measure of written language, but the subtest also involves the 
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narrow ability of writing speed (McGrew, Schrank, & Woodcock., 2007). Writing Speed 

(also called Writing Fluency) measures how quickly a person can formulate and put on 

paper an organized and semantically appropriate combination of words and phrases. On 

this task, individuals are asked to write a sentence related to a stimulus picture, including 

a given set of three words. The fluency aspect of the task limits the time (7 minutes) 

participants must complete the task and requires that the participant quickly generate and 

write simple sentences (McGrew et al., 2007).  

Though renamed in the updated test version from its original name of writing 

fluency to sentence writing fluency, to better fit the composite reconceptualization, the 

test items remained unchanged. The writing fluency median g-factor loadings on the WJ 

III were moderate at .49. In its newest version, it continues to have a moderate median 

writing-factor loading of .40. Like other tasks, the measures appear to be comparable. 

 Writing samples. The writing samples task included in the study provides a 

measure of written language (broad ability) and writing ability (narrow ability). This task 

requires individuals to produce written sentences in response to a variety of prompts and 

tasks. The writing samples task remained unchanged, and the median g-factor loading on 

the WJ III was moderate at .77. In its newest version, it continues to have a moderate 

median written expression g-factor loading of .68.  

Calculation. To contribute to the broad mathematics ability, the calculation task 

provides a narrow measure of math achievement and math calculation skills. It 

specifically measures the ability to perform mathematical problems of increasing 

difficulty, starting with fundamental math, and ending with complex math reasoning and 
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problem-solving. This test requires the individual to perform a variety of math 

calculations ranging from simple mathematical procedures such as an addition to 

complex functions such as those utilized in calculus. It specifically assesses in the areas 

of (a) basic addition, subtraction, multiplication, and division; (b) advanced calculations 

of operations with regrouping and negative numbers; and (c) variables in calculations 

using fractions, percentages, algebra, trigonometry, logarithms, and calculus (Mather et 

al., 2001).  The calculation median g-factor loading on the WJ III ACH NU was 

moderately high at .88. In its newest version, it continues to have a moderately high 

median mathematics g-factor loading of .76. The measure appears to assess mathematics 

abilities comparably. 

 Applied problems. The applied problems task was utilized to measure the 

participants’ ability to solve practical math problems using simple operations such as 

counting, addition, or subtraction. This task was left unchanged in the transition from the 

WJ III to the WJ-IV, and it measures the same mathematical ability comparably. On this 

task, individuals are presented with a picture (i.e., graphs of sales at a carnival or a group 

of coins) and read aloud a mathematical question relating to the picture (e.g., which booth 

made the most sales?”). To correctly solve the problems, individual needs to both 

understand the needed mathematical procedure and can perform the needed operations. 

As the individual progresses through the questions, the need for more advanced and 

complex knowledge and procedures increases to answer the questions correctly. 

Examinees are awarded one point for each correct answer, and the test is discontinued 

after either the completion of all items or when the individual misses six consecutive 
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items. Like the other measures, the old and new versions provide comparable g-factor 

loadings of .48 and .54, respectively. 

Analyses 

Rationale for Use 

Multiple analyses were conducted using the Statistical Package for the Social 

Sciences (SPSS) version 25.0 to address the aims of the study. As previously noted, the 

over-arching research questions of the study were:  

1. Does a combination of independent Gf tasks from the WJ III COG NU, 

NEPSY II, and D-KEFS predict SLD diagnostic classification?  

2. If the collection of Gf tasks does not predict classification, do specific tasks 

from the WJ III COG NU, NEPSY 2, and D-KEFS predict SLD diagnostic 

classification? 

3. What is the relationship between fluid reasoning constructs and academic 

abilities in children identified with specific learning disabilities? 

Thus, the analyses were utilized to address the following hypotheses:  

1. Fluid Reasoning will predict SLD diagnostic classification in the SLD 

versus Non-SLD group. 

2. Fluid Reasoning will have the strongest relationship with mathematical 

factors in comparison to reading and writing factors in children diagnosed 

with a learning disability. 
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3. Fluid Reasoning will have a stronger relationship to reading ability factors 

in comparison to writing factors in children diagnosed with a learning 

disability. 

4. For math abilities, Fluid Reasoning will have a stronger relationship to 

Applied Problems than to the Calculation subtest. 

5. Fluid Reasoning will have the strongest correlation with the Applied 

Problems subtest in comparison to the Calculation, Writing Samples, 

Writing Fluency, Letter-Word Identification, and Passage Comprehension 

tasks.  

6. For reading abilities, Fluid Reasoning will have a stronger relationship to 

the Passage Comprehension subtest than to the Letter-Word Identification 

subtest. 

7. Fluid Reasoning will have a stronger relationship to the Passage 

Comprehension subtest than to the Writing Samples subtest. 

8. For writing abilities, Fluid Reasoning will have a stronger relationship to 

the Writing Samples subtest than to the Writing Fluency subtest. 

Descriptive statistics and frequency counts were computed to describe the data, 

examine violations of the normality of distribution, and address statistical assumptions. A 

Multivariate Analysis of Variance (MANOVA), Canonical Correlational Analysis 

(CCA), and Bivariate Correlation Analyses were utilized to address the research 

questions and hypotheses.  
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Statistical Methods 

MANOVA 

To define significant intergroup differences between the SLD group and ADHD 

group (independent variable), a MANOVA was used to compare the Gf scores 

(dependent variables) across each group (SLD versus Non-SLD/ADHD). The purpose of 

a MANOVA is to test for a difference in multiple vectors of means between two or more 

groups. In this case, the use of the MANOVA was to determine if the different facets of 

Gf differed depending on group classification (e.g., SLD or Non-SLD/ADHD). The 

MANOVA was selected because it allows for the measurement of several dependent 

variables in a single experience, which produces a better chance of revealing the most 

important contributing factors and greater power to detect differences across a 

combination of the variables. Second, the analysis offers some protection against Type I 

errors, which increase whenever multiple analyses are conducted independently.  

Missing data. It was expected that due to the individualized nature of each case, 

missing data would be inevitable. Missing data is considered completely missing at 

random (MCAR) when there is no relationship between the missing data points and other 

variables or missing at random (MAR) when no pattern exists within the missing data 

even after holding all other variables constant (MAR; Meyers, Gamst, & Guarino, 2013).  

The data extracted for use in this study were classified as missing at random (MAR) 

because the missing data did not follow a pattern. Though missing data can be considered 

“ignorable” if the total is less than 5% (Meyers et al., 2013), given the generous size of 



85 
 

this database, the percentage exceeded this number and missingness was addressed and 

corrected. 

Multiple imputation (MI) is a sophisticated technique that works through 

relapsing the variables with missing data to produce an equation for the absent scores and 

another equation to estimate limitations (e.g., correlations between variables; Meyers et 

al., 2013). The MI then iterates until the two equations converge and replace the missing 

scores in the data set with estimated averages (Meyers et al., 2013). Additionally, MI 

utilizes residuals from the regression analysis to create error variance, which is built into 

the estimated values (Meyers et al., 2013). The process is conducted up to 20 times, and 

the resulting data sets (iterations) are then averaged or pooled to create the imputed data 

set for analysis. This process preserves the sample size while avoiding decreasing the 

variance. Research in the field of statistics had found that MI is a useful tool at estimating 

about 93% of scores correctly, when 50% were removed from the data and can produce 

unbiased parameter estimates under such conditions (Peugh & Enders, 2004). All cases 

containing missing data were examined and addressed with MI procedures to address the 

substantial amount of missing data.  

Outliers. Before analyses were conducted, outliers in the data and assumptions 

were addressed. Outliers can bias the estimates of parameters such as the mean and 

dramatically affect the sum of squares, which is used to compute the standard deviation 

and ultimately the confidence intervals surrounding the mean estimate (Fields, 2013). As 

such, anticipatory steps were taken to avoid these situations. Histograms and scatterplots 

were utilized to identify unusual and extreme scores and detect possible outliers (Meyers 
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et al., 2013). For all continuous variables (i.e., facets of fluid reasoning and academic 

scores) a threshold for an outlier was designated, based upon standard score ranges. A 

histogram was utilized to inspect for univariate outliers visually, and a bivariate 

scatterplot was created to assess for multivariate outliers. No significant outliers were 

identified, as no cases fell outside of the histogram or outside the oval on the scatterplot. 

All data points were considered an actual representation of the students’ skills and were 

retained in the data set. Also, a Mahalanobis Distances was run to check for outliers, and 

results were consistent with those revealed by the histogram and scatterplots.  

Assumptions. Satisfying the assumptions or conditions ensures that what is being 

tested works and that the test statistics derived from the analysis are dependable and able 

to be interpreted accordingly. All conditions need to be identified and tested to reduce the 

probability of Type I (false positives) and Type II (false negatives) error. Type one error 

appears when the null hypothesis is incorrectly rejected, thus accounting for a significant 

group difference or correlation when one does not exist. Contrarily, Type II error occurs 

when a significant effect is not found when one exists (Meyers et al., 2013).  

Assumptions varied by the analysis type and were tested with different statistical 

procedures. If assumptions are violated, then the test statistics and p-values are 

considered inaccurate, and the results can lead to erroneous conclusions if interpreted at 

face value. The following assumptions must be met for the use of a MANOVA: (1)  each 

dependent variable should have an interval measurement; (2) the observations should be 

randomly and independently sampled from the population; (3) dependent variables are 

multivariate and are normally distributed within each group of the independent variables; 
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(4) variables should be linearly related; (5) little to no multicollinearity should exist; and  

(6) the population covariance matrices of each group should be equal. Each assumption is 

explained in detail.  

Scale determination. The first assumption was determining the levels of 

measurement for each variable. This assumption clarification helps to ensure the numbers 

accurately represent the measured variable (Fields, 2013). Variables can be categorical in 

that each variable represents a distinct group, for examples like male or female, and an 

entity can be in only one of the two groups. Entities can also be continuous in that it has 

an infinite number of possible values, which is opposite of a categorical variable. A 

common type of continuous variable is one based on an interval scale, which posits that 

there are equal intervals of the scale representing equal differences on the measured 

entity (Fields, 2013). For example, when utilizing a 5-point, Likert-type scale for 

professor ratings, the difference between 1 and 2 is same as the difference between 3 and 

4 for each dimension (helpfulness, the relevance of material, etc.). 

For a MANOVA to work correctly, the independent variables can be either 

continuous or dichotomous/categorical, but the criterion variable must be continuous. In 

this study’s first aim, the independent variables (SLD group versus Non-SLD group) are 

categorical, and the dependent variables (fluid reasoning facets) are continuous and based 

on an interval scale, which satisfied the conditions of the assumption. In this case, 

because the predictor variables are categorical, the independent variables meet the 

assumption. Also, the dependent variables (i.e., fluid reasoning scores) are continuous, 

which satisfies the assumption in its entirety. It is vital that this assumption was met for 
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the predictor and outcome measures to meet the conditions of the model. This assumption 

was tested by viewing the measurement scale for each of the proposed variables.  

Independent residuals. The second assumption requires the residuals (i.e., the 

scores minus the group mean) or error components of the dependent variable (Gf) scores 

in the data to be random and independent across each case (Fields, 2013). This means 

that the errors in the model are not related to each other and that the error associated with 

predicting scores is not associated with the error in another score prediction. The equation 

used to compute confidence intervals and tests of significance are based upon the 

independent observations; therefore, if the assumption is violated, the confidence 

intervals and statistical analyses are invalid. A violation occurs when one dependent 

variable score contains information about another score. 

Testing this assumption was accomplished running the Durbin-Watson test on the 

model, which examines the null hypothesis that residuals are not linearly related. If the 

results on the Durbin-Watson test yield an acceptable test statistic between 1.5 and 2.5, 

the data are independent, and the assumption is met. A violation assumption is critical 

because it can lead to an inflation of the specified alpha level, which increases the 

probability of Type I error. There is not a way to fix this violation; however, if it can be 

avoided through diligent research planning that includes random sampling, random 

assignment, and ensuring that each condition is independent of each other (Meyers et al., 

2013). It is of note that violation was not violated.  

Multivariate normality. For confidence intervals around the means to be 

accurate, the estimate must be normally distributed (Fields, 2013). In addition, for the 
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significance test models to be accurate, the sampling distribution of what is being tested 

must also be normal. Therefore, when examining the differences between the two means, 

the data do not need to be normally distributed; however, the differences between the 

means do. The test statistics will only be significant if the sampling distribution is 

normal. Further, for the estimates of means that define a model to be optimal, the error in 

the population must be normally distributed. The notion of multivariate normality 

purports that the shape of the distribution of quantitative variables in a multivariate 

analysis should roughly approximate the bell-shaped curve (Meyers et al., 2013).  

For univariate normality, this assumption was assessed by running the statistical 

analysis for skewness and kurtosis. There is no specific test for multivariate normality; 

therefore, multiple strategies were utilized to detect normality. In addition to running the 

univariate normality statistics, a bivariate scatterplot examining the variable sets was 

examined. The distributions were normal; thus, the assumption was met and did not 

require any transformations.  

Additive and linearity. The next assumption of linearity means that the outcome 

variable (dependent variable) is linearly related to the predictors, and if there are several 

predictors, then the combined effects are best described by adding the effects together 

(Fields, 2013). As such, it is assumed that the best fitting function representing the 

scatterplot is a straight line (Meyers et al., 2013). If this assumption is violated, then other 

assumptions will not be met. More specifically, if violated, it means that the model has 

been incorrectly described and all statistics retrieved from it will be misinterpreted and 

insignificant.  
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A scatterplot of residuals was utilized to test this assumption by determining 

whether a systematic relationship existed between the predicted values and the errors in 

the model. Variables that are typically distributed and linear will produce scatterplots that 

are oval-shaped or elliptical. If the relationship appears to be linear on the scatterplot, 

then linearity can be assumed between the independent and dependent variables. This 

would imply that a MANOVA test could be used to analyze the predictability of the 

variables on the dependent variable. This assumption was not violated; thus, linearly was 

assumed, and transformations were not warranted. 

Multicollinearity. The fourth assumption assumes that there is little to no 

multicollinearity in the data. Multicollinearity happens when dependent variables 

correlate strongly, as values may approach and exceed .80 (Meyers et al., 2013). This is 

problematic because it can misconstrue the interpretation of the results. When variables 

are highly correlated, they may be measuring similar constructs; therefore, it is 

challenging to attribute relevance to the appropriate variable. A correlation matrix was 

utilized to test this assumption by determining the relationships between the dependent 

variables. Though the dependent variables should be moderately related, any correlation 

over .80 was considered a violation. No violation occurred, thus no variables were 

removed or combined for correction. 

Homoscedasticity. The last assumption for a MANOVA is homoscedasticity or 

homogeneity of equal variances around the regression line. This assumption purports that 

the quantitative dependent variables have equal levels of variability across a range of the 

independent variables (Meyers et al., 2013). If violated, heteroscedasticity occurs, which 
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happens when a variable is not normally distributed or when a data transformation 

procedure has yielded an unanticipated distribution (Meyers et al., 2013). Unequal 

variances create bias and inconsistency in the standard error associated with the mean 

estimate in the model (Hayes & Cai, 2007). Therefore, confidence intervals are also 

biased.  

The Box’s M test for equality of variance-covariance matrices was utilized to test 

this assumption for a MANOVA. This test evaluates the statistical null hypothesis that 

variance-covariance matrixes are equal; therefore, a p-value above .001 (fail to reject the 

null hypothesis) implies that the assumption has been met. This test has stringent 

guidelines, which explains why the level of significance is .001 instead of .05. This 

assumption was not violated (p>.001; fail to reject the null hypothesis. Thus, no data 

transformation procedures were warranted. 

MLR 

  Since the MANOVA revealed a significant multivariate effect, MLR was used to 

analyze the identified predictors of SLD classification. This analysis was selected 

because it allows for the comparison of multiple predictors, which provides a clearer 

picture of the relationship than would a single linear regression. Particularly in behavioral 

sciences, this is important because multiple factors are generally considered to contribute 

to actions or performance (Meyers et al., 2013). The dependent variable for the MLR was 

group classification for which participants were either in the SLD or ADHD group. 

Independent variables were statistically significant Gf factors identified by the 

MANOVA.  
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The Stepwise MLR was selected for use due to the use of more than one 

independent variable (SLD/ADHD). This method allows for the automatic selection of 

only the most significant predictors, thus ultimately achieving maximized prediction 

power using the fewest number of variables, which is accomplished by eliminating the 

weakest contributors and adding stronger ones. The statistical goal of the MLR was to 

produce a model in the form of a linear equation that identifies the best weighted linear 

combination of the independent variables to predict group membership optimally. 

However, before the analysis was conducted, all assumptions were tested in to order to 

reduce the probability of type I and type II error. 

Dummy coding. “Dummy coding” is a customary practice used to recode 

categorical variables into several distinct dichotomous variables in regression analyses to 

ensure that the results are interpretable. The independent variable for this research was a 

categorical variable (e.g., group membership) with two levels (SLD or ADHD); thus, the 

independent variable dummy coded for ease of interpretability. For the dummy coded 

independent variable, SLD was selected as the target condition for analysis. Thus, the 

SLD group was recoded to “1” as the reference group, and the ADHD group was coded 

“0.” 

Assumptions. Like the MANOVA, the MLR is a multivariate analysis, thus 

shares the same assumptions. The assumptions, including measurement scale, linearity, 

normality, multicollinearity, and independent residuals, were previously tested and 

satisfied prior to the conduction of the MANOVA. However, since one variable was 
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removed (NEPSY-2 Animal Sorting), assumptions were re-rested; results revealed that 

no assumptions were violated. 

CCA 

A CCA was utilized to evaluate the strength and directionality of the relationship 

between fluid reasoning facets and achievement scores in the sample of students 

diagnosed with a specific learning disability. The results of the canonical correlation 

reflect the relationship between the weighted linear composite of predictor variables 

(fluid reasoning facets) and the discriminating scores (academic achievement scores; 

Meyers et al., 2013). The rationale for the use of this multivariate analysis in comparison 

to a Pearson correlation is that it automatically reduces the probability of Type I error 

within the study (like the MANOVA) by simultaneously analyzing all relationships.  

The CCA allows for the evaluation of simultaneous relationships between several 

predictors and criterion variables by allowing for the observed variables in each set to 

somehow be combined into one synthetic or latent variable. The CCA can be 

conceptualized as a simple bivariate correlation (Pearson r) between two artificial 

variables (Sherry & Henson, 2005). Since the study includes multiple variables for each 

set, the CCA was needed. The synthetic criterion variables are weighted based on the 

relationship between the variables within the sets (i.e., fluid reasoning set, and 

achievement score set) and are created by applying a linear equation to the observed 

predictor variable to create a single synthetic predictor/criterion variable.  It is notable 

that though the terms predictor and criterion variable are utilized based on the 

researcher’s expectations, the nature of CCA is correlational, and results were interpreted 
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as such. Regarding analysis, there is not a specific point and click procedure in SPSS for 

a CCA; therefore, a short-hand syntax in SPSS will be created to allow for the analysis 

conduction.  

Assumptions. For a CCA to be conducted with integrity, the following 

assumptions must be met missing data, multivariate normality, linearity, 

multicollinearity, robust sample size, outlier detection, and Matrix III Conditioning 

(multicollinearity). As both the MANOVA and Canonical Correlation are multivariate 

procedures, the multivariate normality, linearity, multicollinearity, missing data, and 

outlier detection assumptions overlap and have already been discussed with the 

MANOVA. However, the sample size is presented below as an additional assumption for 

the CCA.  

Sample size. In order to arrive at the most reliable estimates of canonical factor 

loadings, there should be at least 20 times as many cases as variables in the analysis for 

one canonical root (Stevens, 1986) and at least 40 to 60 times as many variables for the 

valid interpretation of two significant canonical roots (Barcikowski & Stevens, 1975).  

This assumption was cross-referenced with the total number of cases that were included 

in the study. All attempts were made to ensure that there was enough power to render 

interpretable findings. 

Conclusion 

Utilizing knowledge from previous studies and operationalizing it into measurable 

variables, this chapter purported to explain the planned design and methods for 

evaluating the relationship and predictability of Gf on academic functioning. This 
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research design allows explicitly for the exploration of the underlying neurocognitive 

factors possibly contributing to the academic functioning and SLD group membership in 

a pediatric population.  
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CHAPTER IV 

RESULTS 

This study was conducted to determine the effects of Gf on learning disability 

classification and academic functioning in a pediatric population. The lack of consensus 

in the field psychology defining different EFs has resulted in an ambiguous definition as 

well as an unclear understanding of how such factors might contribute to or mitigate 

academic functioning and qualification for a SLD classification. An archival data set of 

clinical pediatric neuropsychological evaluation data was utilized to determine how both 

Gf and EFs contribute to, individually or collectively, SLD classification, and academic 

functioning. Data from Gf and academic subtests for SLD and ADHD groups were used 

to run a MANOVA, MLR, and CCA. The results of these analyses were evaluated to 

determine which factors and subtests contributed to diagnostic classification and 

relatedness to academic achievement in a clinical pediatric population.  

Data Selection 

Data utilized in this study were drawn from a more extensive archival data set. 

Selected cases included individuals diagnosed with either SLD or ADHD; all cases with 

comorbid diagnoses (e.g., autism, traumatic brain injury, emotional disturbance, etc.) 

were excluded. This selection resulted in 118 cases (60 SLD; 58 ADHD) for the 

preliminary and primary analyses. 
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Descriptive Analyses 

Before any primary analyses were conducted, descriptive statistics and 

assumptions underlying the major analyses were run to ensure that the results were 

interpretable. All analyses were run utilizing SPSS Version 25 (IBM, 2017). The first 

step was to identify outliers and the percentage of missing data. No significant outliers 

were identified using Mahalanobis Distances with a critical value of .001. Thus, case 

removal was not warranted.  

Missing Data 

 Within SPSS, a missing data analysis was run, which revealed that of the 11 

included variables, approximately 56% of the data were missing. Upon further 

investigation, the pattern of the missing data was found to be Missing at Random (MAR) 

and thus was not ignorable. Specifically, it was found that of the cognitive and 

neurocognitive tasks for the SLD group including Analysis Synthesis, Concept 

Formation, Inhibition, Color-Word Interference, and Animal Sorting, the percentage of 

missing data was 66.7%, 68.3%, 60%, 51.7%, and 68.3%, respectively. The portion of 

missing data from the ADHD group for the cognitive/neurocognitive tasks (NEPSY-2 

Animal Sorting; WJ III COG NU Analysis Synthesis; WJ III COG NU Concept 

Formation; NEPSY-2 Inhibition, and D-KEFS Color-Word Interference) was 56.9%, 

75.9%, 74.1%, 53.4%, and 72.4%, respectively.   

For the SLD group, missing data for academic tasks (WJ III ACH NU Letter 

Word Identification; WJ III ACH NU Passage Comprehension; WJ III ACH NU 

Calculation; WJ III ACH NU Applied Problems; WJ III ACH NU Writing Fluency; WJ 
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III ACH NU Writing Samples) was 43.3%, 43.4%, 43.3%, 41.7%, 40%, and 45%, 

respectively (see Table 1). Overall, the total missing data across both diagnostic groups 

(SLD and ADHD) was over a maximum of 5%, which warranted statistical imputation 

for better data interpretation. Please refer to Table 1 to see the percentages of missing 

data broken down by group. 

A MI with 11 imputations and ten iterations was conducted to estimate scores for 

the missing data. SPSS uses an MCMC algorithm known as a wholly conditional 

specification (FCS) or chained equations imputation. The basic idea is to impute 

incomplete variables one at a time, using the supplemented variable from one step as a 

predictor in all subsequent levels. SPSS uses linear regression for continuous variables 

and logistic regression for categorical variables. After establishing convergence, the 

MCMC was run a second time to generate the imputed data set. Following the imputation 

demographic data was conducted on both the original (see Table 1) and imputed data (see 

Table 2) to allow for analysis and comparison.
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Table 1 

Original Missing Variable Statistics by Diagnostic by Group 

                                                                  SLD Group (N = 60)                       ADHD Group (N = 58) 

 Number of 

Valid cases 

                 Missing       % 

Missing 

Number of 

Valid Cases 

Missing % Missing 

 

NEPSY 2_Animal Sorting 19 41 68.3 25 33 56.9 

WJ III COG NU_Analysis Synthesis 20 40 66.7 14 44 75.9 

WJ III COG NU _Concept Formation 19 41 68.3 15 43 74.1 

D-KEFS-Color-Word Interference: Condition 3 29 31 51.7 16 42 72.4 

NEPSY 2_Inhibition 24 36 60.0 27 31 53.4 

WJ III ACH NU_ Passage Comprehension 34 26 43.4 24 34 58.6 

WJ III ACH NU _Letter-Word Identification 34 26 43.3 26 32 55.2 

WJ III ACH NU _Applied Problems 35 25 41.7 26 32 55.2 

WJ III ACH NU _Calculation 34 26 43.3 26 32 55.2 

WJ III ACH NU _Written Sentences 33 27 45.0 24 34 58.6 

WJ III ACH NU _Writing Fluency 36 24 40.0 24 38 65.5 

*WJ III COG NU= Woodcock-Johnson, Tests of Cognitive Abilities, Third Edition-Normative Update 

*WJ III ACH NU= Woodcock-Johnson, Tests of Academic Abilities, Third Edition-Normative Update 
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Table 2 

Imputed Missing Case Statistics by Diagnostic Group 
                                                                                                 SLD Group                             ADHD Group  

 N Missing Total N Missing Total 

NEPSY 2_Animal Sorting 53 7 60 50 8 58 

WJ III COG NU_Analysis Synthesis 53 7 60 50 8 58 

WJ III COG NU _Concept Formation 53 7 60 50 8 58 

D-KEFS-Color-Word Interference: Condition 3 53 7 60 50 8 58 

NEPSY 2_Inhibition 53 7 60 50 8 58 

WJ III ACH NU_ Passage Comprehension 53 7 60    

WJ III ACH NU _Letter-Word Identification 53 7 60    

WJ III ACH NU _Applied Problems 53 7 60    

WJ III ACH NU _Calculation 53 7 60    

WJ III ACH NU _Written Sentences 53 7 60    

WJ III ACH NU _Writing Fluency 53 7 60    

*WJ III COG NU= Woodcock-Johnson, Tests of Cognitive Abilities, Third Edition-Normative Update 

*WJ III ACH NU= Woodcock-Johnson, Tests of Academic Abilities, Third Edition-Normative Update 
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Demographics 

 Descriptive statistics were conducted to understand the demographic 

characteristics of the sample used in the primary analyses. Frequency counts, 

percentages, and histograms were computed for all demographic variables. The study 

included 118 participants, between the ages of 10 and 17, diagnosed with either ADHD 

or SLD. Of the 118 participants, approximately 57% were male and 43% female, with 

51% diagnosed with SLD and 49% carrying the ADHD diagnosis. In terms of ethnicity, 

58% of the participants were identified as Caucasian, while the remaining 40% were 

divided between African American (10.2%), Hispanic (20%), Asian (1.7%), Native 

American (.8%), and other (5.1%) races/ethnicities. Frequencies and percentages for the 

demographic information are displayed below in Table 3.  
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Table 3 

 

Frequencies and Percentages for Gender, Ethnicity, and Broad Diagnosis 

 

 

 

 

 N Percentage 

Race/Ethnicity    

Caucasian 69 58.0% 

African American 12 10.6% 

Latina/Latino 24 20.3% 

Asian/Pacific Islander 2 1.7% 

Other 6 5.1% 

Missing Information 5 4.3% 

Total 118 100% 

Gender   

Male 67 57.0% 

Female 51 43.0% 

Broad Diagnosis   

Specific Learning Disability         60 51.0% 

Attention 

Deficit/Hyperactivity 

Disorder (ADHD)                                                   

 

58 

 

49.0% 
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As demonstrated in Tables 4, 5, and 6, the Gf scores were analyzed descriptively 

before and after imputation. Split by diagnostic group (ADHD and SLD), students’ Gf 

scales and standard scores in the SLD group ranged from 6.98 to 9.51 and 95.48 to 98.38, 

respectively. Specifically, average scores in the SLD group for Gf measures were: 

NEPSY 2 Animal Sorting M = 9.51 (SD = 3.50); WJ III COG NU Concept Formation  

M = 95.48 (SD = 13.76); WJ III COG NU Analysis Synthesis M = 98.38 (SD = 18.36); 

D-KEFS Color-Word Interference Condition 3 M = 6.98 (SD = 5.19) and NEPSY 2 

Inhibition M = 7.12 (SD = 2.94). Average Gf scores for individuals diagnosed with 

ADHD were: NEPSY 2 Animal Sorting M = 9.48 (SD = .634); WJ III COG NU Concept 

Formation = 100.87 (SD = 12.12); WJ III COG NU Analysis Synthesis M = 95.00 (SD = 

9.76); D-KEFS Color-Word Interference Condition 3 M = 9.38 (SD = 3.44); and NEPSY 

2 Inhibition M = 7.56 (SD = 2.83).  

As reflected in table 4, academic standard scores for the SLD group ranged from 

85.94 to 92.05. Specifically, average scores were: WJ III ACH NU Letter Word 

Identification, M = 90.04 (SD = 15.74); WJ III ACH NU Passage Comprehension,  

M = 85.15 (SD = 11.23); WJ III ACH NU Writing Samples, M = 92.50 (SD = 14.76); WJ 

III ACH NU, Writing Fluency M = 86.58 (SD = 14.36); WJ III ACH NU Calculation,  

M = 84.85 (SD = 18.79); and WJ III ACH NU Applied Problems, M = 88.89 

(SD = 14.36). Means and standard deviations of the imputed scores were found to be 

highly consistent with the raw data. Descriptive statistics outlining the imputed and non-

imputed means and standard errors of measurement of the 11 subtest scores are in Tables 

4, 5, and 6. 
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Table 4 

Original Group Statistics (Unimputed) for Tasks for SLD Group 

   

 Number of Valid 

Cases 

Number of 

Missing Cases 

 

Mean 

 

SD 

 

 Min 

 

Max 

NEPSY 2_Animal Sorting 19 41 9.51 3.50 5 15 

WJ III COG NU_Analysis Synthesis 20 40 98.38 18.36 69 113 

WJ III COG NU _Concept Formation 19 41 95.48 13.96 40 73 

D-KEFS-Color-Word Interference: Condition 3 29 31 6.98 5.19 0 13 

NEPSY 2_Inhibition 24 36 7.12 2.94 0 12 

WJ III ACH NU_ Passage Comprehension 34 26 85.15 11.23 55 107 

WJ III ACH NU _Letter-Word Identification 34 26 90.04 15.74 59 123 

WJ III ACH NU _Applied Problems 35 25 88.89 14.36 10 116 

WJ III ACH NU _Calculation 34 26 84.85 18.79 7 112 

WJ III ACH NU _Written Sentences 33 27 92.50 14.76 45 112 

WJ III ACH NU _Writing Fluency 36 24 86.58 14.36 60 113 

*WJ III COG NU= Woodcock-Johnson, Tests of Cognitive Abilities, Third Edition-Normative Update; WJ III ACH NU= Woodcock-Johnson,  

Tests of Academic Abilities, Third Edition-Normative Update; D-KEFS= Delis-Kaplan Executive Function System 
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Table 5 

Original Group Statistics (Unimputed) for Tasks for ADHD Group 

    

 Number of 

Valid Cases 

Number of 

Missing Cases 

 

Mean 

 

SD 

 

Min 

 

Max 

NEPSY 2_Animal Sorting 25 33 9.48  .634 2        19 

WJ III COG NU_Analysis Synthesis 14 44 95.00    9.76 81 109 

WJ III COG NU _Concept Formation 15 43 100.87          12.12 78 135 

D-KEFS Color-Word Interference: Condition 3 16 42    9.38           3.44 1 14 

NEPSY 2_Inhibition 27 31   7.56          2.83 3 14 

*WJ III COG NU= Woodcock-Johnson, Tests of Cognitive Abilities, Third Edition-Normative Update; 

 WJ III ACH NU= Woodcock-Johnson, Tests of Academic Abilities, Third Edition-Normative Update; D-KEFS= Delis-Kaplan 

 Executive Function System 
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Table 6 

 
Imputed Group Statistics for Tasks by Diagnostic Group (Pooled) 

*WJ III COG NU= Woodcock-Johnson, Tests of Cognitive Abilities, Third Edition-Normative Update; WJ III ACH NU= Woodcock-Johnson, 

 Tests of Academic Abilities, Third Edition-Normative Update; D-KEFS= Delis-Kaplan Executive Function System 

                                                                      SLD Group                      ADHD Group 

 Valid 

Cases 

Missing 

Cases 

Mean SEM Valid 

Cases 

Missing 

Cases 

Mean SEM 

NEPSY 2_Animal Sorting 53 7 9.39 .664 50 

50 

50 

50 

50 

8 9.40 .634 

WJ III COG NU_Analysis Synthesis 53 7 95.79 4.38 8 97.82 4.09 

WJ III COG NU _Concept Formation 53 7 93.38 3.21 8 89.68 3.28 

D-KEFS-Color-Word Interference: Condition 3 53 7  7.40 .802 8 8.59 .832 

NEPSY 2_Inhibition 53 7   7.17 .570 8 7.60 .714 

WJ III ACH NU_ Passage Comprehension 53 7 86.13 2.01 50 89.48 3.46 

WJ III ACH NU _Letter-Word Identification 53 7 92.05 2.37 50 92.68 3.37 

WJ III ACH NU _Applied Problems 53 7 90.18 3.30 50 95.48 13.96 

WJ III ACH NU _Calculation 53 7 85.94 3.35 50 88.50 4.60 

WJ III ACH NU _Written Sentences 53 7 91.87 4.45 50 92.58 3.64 

WJ III ACH NU _Writing Fluency 53 7 87.23 2.38 50 85.24 2.72 



107 
 

Primary Analyses 

The first and second research questions examined whether Gf as a group of 

collective tasks or as individual tasks predicted SLD diagnostic classification between 

SLD and ADHD groups. The associated hypothesis posited that Gf would predict SLD 

diagnostic classification in the SLD versus Non-SLD group. The veracity of this 

prediction was tested by running a Multivariate Analysis of Variance (MANOVA); 

however, the assumptions were tested before the primary analysis was conducted. 

Assumptions for multivariate analyses include scale determination, independent 

residuals, multivariate normality, additivity and linearity, multicollinearity, and 

homoscedasticity. 

Assumptions 

Scale measurement and independent residuals. All measurement scales for the 

proposed dependent variables were reviewed, and findings revealed that all variables 

were on an interval scale, thus satisfying the scale measurement assumption for the 

MANOVA analysis. The Durbin-Watson test was run between the independent and 

dependent variables, and results yielded all acceptable test statistics between 1.5 and 2.5, 

which satisfied the independent residuals.  

Multivariate normality and linearity. In addition to running the univariate 

normality statistics for skewness and kurtosis for dependent variables, a bivariate 

scatterplot examining the variable sets was completed. Linearity was also assessed by 

reviewing the residuals and results. The probability P-Plot included dependent variables 

was conducted, and results revealed normally distributed data, utilizing a diagonal line as 
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a reference point. Further, all the cognitive subtests displayed levels of skewness between 

1 and -1 and kurtosis below 3, thus revealing that the normality and linearity assumptions 

were met (see Table 7). As a result, no transformations were warranted for the conduction 

of a MANOVA.  

 Multicollinearity and homoscedasticity. A correlation matrix was utilized to 

determine relationships between the dependent variables and to test for multicollinearity 

in the data. Results revealed an absence of multicollinearity with all correlations between 

the dependent variables being under .80 (see Table 8). The last assumption for a 

MANOVA is homoscedasticity or homogeneity of equal variances around the regression 

line. This assumption was tested using the Box’s M test for equality of variance-

covariance matrices, which revealed equal covariance matrixes. In particular, the results 

of the Box’s M test of equality of covariance matrices were non-significant, with p-values 

ranging from .286 to .775 from independent variables and from .101 to 1.2 for dependent 

variables. 

Table 7 

 

Test Statistics for Multivariate Normality  

                                                 Skewness   Kurtosis 

NEPSY 2_Animal Sorting   .011 .310 

WJ III COG NU_Analysis Synthesis -.244 1.80 

WJ III COG NU _Concept Formation .496 .969 

D-KEFS-Color-Word Interference: Condition 3 -.040 .725 

NEPSY 2_Inhibition -.136 .503 

*WJ III COG NU= Woodcock-Johnson, Tests of Cognitive Abilities, Third  

Edition-Normative Update; D-KEFS= Delis-Kaplan Executive Function System
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Table 8 

Test Statistics for Multicollinearity 

 

  

NEPSY 

2_Animal 

Sorting 

WJ III 

COG NU 

_Concept 

Formation 

 

WJ III COG 

NU_Analysis 

Synthesis 

 

D-KEFS Color-Word 

Interference: Condition 3 

 

 

NEPSY 

2_Inhibition 

WJ III ACH NU _Written Sentences .002 .164 .259 .265 .114 

WJ III ACH NU _Calculation .255 .320 .230 .018 .077 

WJ III ACH NU _Applied Problems .318 .741* .241 .214 .282 

WJ III ACH NU _Writing Fluency .146 -.066 -.352 .033 .643 

WJ III ACH NU _Letter-Word 

Identification 

.986 .083 -.047 .126 .125 

WJ III ACH NU _Passage 

Comprehension 

.228 .407* -.144 .173 .188 

*=significant at p < 05; WJ III ACH NU= Woodcock-Johnson, Tests of Academic Abilities, Third Edition-Normative Update 
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Primary Analysis: MANOVA 

A MANOVA was conducted on five dependent variables: WJ III COG NU 

Concept Formation, WJ III COG NU Analysis Synthesis, NEPSY 2-Inhibition, NEPSY 

2- Animal Sorting, and D-KEFS Color-Word Interference to examine potential 

performance differences between the two groups. The independent variable was the 

diagnostic group (SLD; ADHD). Due to a non-significant Box’s M test of equality of the 

variance-covariance matrices (Box’s M, 33.03, p > .001) indicating that the observed 

covariance matrices of the dependent variables were equal across the independent 

variable group, a Wilks’ lambda was employed to evaluate all multivariate effects.  For 

MANOVAs, the Wilks’ lambda test evaluates the null hypothesis that there are not any 

independent group differences on the dependent variate, which focuses on unexplained 

variance by the effect (classification group).  

Using Wilks lambda as the criterion, the composite dependent variate was 

significantly affected by diagnostic group classification group, Wilks lambda = .964,  

F(5, 1136), p  <  .001. Univariate ANOVAs were conducted on each dependent measure 

separately to determine the locus of the statistically significant multivariate effect. 

Several statistically significant multivariate effects were associated with the independent 

variables including the Concept Formation task, F(1, 1140) = 32.18,  p < .05, η2
p  =  

.027; in that those with an ADHD diagnosis had higher Concept Formation scores (M = 

98.69, SD = 16.45) than did those in the SLD diagnostic group (M = 93.37, SD = 16.45). 

The second multivariate effect revealed a significant association with the Analysis-

Synthesis task,  
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F(1, 1140) = 3.82, p < .05, η2 = .003; those with an ADHD diagnosis had higher Analysis 

Synthesis sores (M = 97.78; SD = 16.27) than did those in the SLD diagnostic group  

(M = 95.76; SD =18.39). The third multivariate effect was associated with performance 

on the Color-Word Interference task, F(1, 1140) = 20.71, p < .05, η2 = .018; those with an 

ADHD diagnosis had higher scores on the Color-Word Interference task (M = 8.59, SD = 

4.28) than did those in the SLD diagnostic group (M = 7.51, SD = 4.50). The fourth 

multivariate effect was associated with performance on the Inhibition task, F(1, 1140) = 

4.84, p < .05, η2 = .028; those with an ADHD diagnosis had higher scores on the 

Inhibition task (M = 7.60, SD = 4.28) than did those in the SLD diagnostic group  

(M = 7.17, SD = 3.31). Finally, there was not a significant multivariate effect associated 

with performance on the Animal Sorting task, F(1, 1140) = 0.00, p = .998. Means and 

standard deviations for the subtest performance of each disability type are listed in Table 

9. Results consistently revealed a pattern indicating that children with ADHD tended to 

perform slightly better on most Gf tasks than those diagnosed with SLD. 
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Table 9 

 

Means and Standard Deviations for the Woodcock-Johnson Tests of Cognitive Abilities, 

Third Edition, Normative Update (WJ III COG NU), A Developmental Neuropsychological 

Assessment, Second Edition (NEPSY-2), and the Delis-Kaplan Executive Function System 

(D- KEFS) Items by Diagnostic Group 
 Mean SD F p-value 

NEPSY_Animal Sorting Correct 0 .99 

SLD 9.38 3.45   

ADHD 9.39 3.67   

NEPSY_Inhibition 4.84 .02 

SLD 7.17 3.31   

ADHD 7.60 3.30   

WJ COG NU_Analysis Synthesis 3.82 .05 

SLD 95.76 18.39   

ADHD 97.78 16.27   

WJ_COG NU_ Concept Formation 32.13 .00 

SLD 93.37 16.45   

ADHD 98.69 15.17   

D-KEFS_Color-Word Interference 

-Condition 3 

20.71 .00 

SLD 7.41 3.30   

ADHD 7.38 3.31   

*WJ III COG NU= Woodcock-Johnson, Tests of Cognitive Abilities, Third 

 Edition-Normative Update; D-KEFS= Delis-Kaplan Executive Function System 
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Primary Analysis: Multiple Linear Regression 

 

 To further address research questions one and two regarding the specific 

predictability of significant Gf factors, a MLR was conducted, using the four Gf variables 

identified by the MANOVA as independent variables. The use of these the MLR 

analyzed whether these four individual Gf measures or collective Gf measures better 

predicted group classification. The predictor variables WJ III COG NU Analysis 

Synthesis, WJ III COG NU Concept Formation, NEPSY-2 Inhibition, and D-KEFS 

Color-Word Interference were entered in the regression model in a stepwise manner to 

predict group classification.  

The stepwise regression method eliminates variables that fail to make useful 

contributions to the model. Thus, the NEPSY-2 Inhibition and WJ III COG NU Analysis 

Synthesis tasks were removed due to their inability to contribute to the prediction model 

significantly. The final prediction model contained two of the original four predictors, WJ 

III COG NU Concept Formation and D-KEFS Color-Word Interference and was reached 

in two steps with two variables removed. The model was statistically significant F(1, 

1143) = 8.36, p < .05 and accounted for approximately 3.5% of the variance for group 

classification (SLD, ADHD; R2 = .035; Adjusted R2 = .03). Thus, it can be concluded that 

the whole model accounted for a statistically significant percentage of the variance of the 

dependent variable (group membership). 

The model suggested that group classification was mildly predicted by reasoning 

abilities and to a slightly lesser extent by a lower level of cognitive switching abilities. 

The unique variance explained by each variable was relatively small and equaled less 
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than 3% of the variance for group classification. Conclusively, the results suggest that the 

overall model’s prediction of group classification is better than chance, that is the 

predictors can account for some, though a relatively small proportion, of the variance in 

group classification.  

The raw and standardized regression coefficients of predictors together with their 

correlations with SLD/ADHD group classification, their squared semi-partial 

correlations, and their structure coefficients are shown in Table 10. According to the 

model, the D-KEFS Color-Word Interference task received the most substantial weigh, 

followed by the WJ III COG NU Concept Formation measure. With low correlations 

between the predictors, the unique variance explained by each variable indexed by the 

squared semi-partial correlations is low, yet commensurate: the WJ III COG NU Concept 

Formation and the D-KEFS Color-Word Interference uniquely accounted for 

approximately 2% and less than 1% of group classification. The combination of Gf tasks 

(WJ III COG NU Concept Formation and D-KEFS Color-Word Interference 

tasks/abilities) represented by the model appears to be interpretable for diagnostic 

classification (prediction). Inspection of the structure coefficients further suggests that 

each of the reasoning and shifting tasks in isolation are relatively stable indicators of the 

overall collection on independent Gf tasks. 

When assessing the performance of the individual predictors, the results of the 

model specifically suggest that for every change in diagnosis group from SLD 

classification to ADHD, there would be an expected increase of 4.50 points on the WJ III 
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COG NU Conception Formation task and a 2.89-point increase on the D-KEFS Color-

Word Interference task (see Table 11). 

Table 10 

Multiple Linear Regression Model 

Model B SE-b Beta Pearson r sr2 Structure 

Coefficient 

Constant .960 .352     

 

WJ COG NU 

Concept 

Formation 

 

.017 

 

.004 

 

.139 

 

.132 

 

.017 

 

.89 

 

D-KEFS 

Color-Word 

Interference 

 

.040 

 

.014 

 

.089 

 

.085 

 

.723 

 

.72 

Note: The dependent variable was group classification group with SLD as a reference 

group, R2=.035, Adjusted R2= .03 

 

 

Table 11 

 

Regression Model 

 

Standard Regression Model Regression Model: 

Ypredicted= a+b1X1+b2X2 

 

Y diagnostic group-SLD= .960+ 4.50 (Concept Formation Score) + 2.89 (Color-Word 

Interference Score) 

 

Note: Y predicted= predicted scores on the dependent variable; Xs=predictor variables; 

bs=weights of coefficients associated with predictors; a=constant 
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Primary Analysis: Canonical Correlation 

 

The third research question was designed to determine the relationships between 

Gf and academic functioning in a pediatric SLD clinical sample. The following 

associated hypotheses were posited: 

1. Fluid Reasoning will have the strongest relationship with mathematical 

factors in comparison to reading and writing factors in children diagnosed 

with a learning disability. 

2. Fluid Reasoning will have a stronger relationship to reading ability factors 

in comparison to writing factors in children diagnosed with a learning 

disability. 

3. For math abilities, Fluid Reasoning will have a stronger relationship to 

Applied Problems than to the Calculation subtest. 

4. Fluid Reasoning will have the strongest correlation with the Applied 

Problems subtest in comparison to the Calculation, Writing Samples, 

Writing Fluency, Letter-Word Identification, and Passage Comprehension 

tasks.  

5. For reading abilities, Fluid Reasoning will have a stronger relationship to 

the Passage Comprehension subtest than to the Letter-Word Identification 

subtest. 

6. Fluid Reasoning will have a stronger relationship to the Passage 

Comprehension subtest than to the Writing Samples subtest. 
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7. For writing abilities, Fluid Reasoning will have a stronger relationship to 

the Writing Samples subtest than to Writing Fluency subtest. 

A canonical correlational analysis was conducted to analyze the research question and 

test the hypotheses. Preliminary analyses were conducted first to test the assumptions.  

Assumptions 

 Stevens (1986) stated that the sample size must be relatively large to arrive at 

relatable estimates of canonical factors for interpretation purposes. Specific 

recommendations insist that there are at least 20 times as many cases as variables for only 

one canonical root and at least 40 to 60 times as much for reliable interpretations of at 

least two canonical roots. The sample size for this study included is 60 participants in the 

SLD group with 11 variables (5 Gf tasks; 6 academic tasks). Thus, for reliable 

interpretation, the N would need to be at least 220 for one canonical root and at least 440 

for two roots. As such, the sample size was too small to yield clinically meaningful 

results; however, the analysis was conducted exploratory; thus, remaining assumptions 

were tested.  

 A careful review of scatterplots conducted using the Gf scores and academic 

scores with the SLD group yielded no significant outliers needing deletion. The normality 

assumption was tested using scatterplots, and the results revealed that the premise was 

not violated. Further, bivariate correlations conducted on the 11 variables revealed 

multicollinearity between the WJ III ACH NU Letter Word Identification and the WJ III 

ACH NU Passage Comprehension variables within each variate (e.g., Gf and academic 
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scores); therefore, these two academic tasks were removed for proper analysis 

conduction. 

Primary Analysis: CCA 

A canonical correlation analysis was attempted to explore the relationship 

between sets of fluid reasoning tasks and academic ability tasks. The dependent variables 

were academic ability as determined by scores on the WJ III ACH NU tasks of Writing 

Samples, Written Fluency, Calculation, and Applied Problems. The predictor variables 

were fluid reasoning abilities as determined by scores on the NEPSY 2 Inhibition, 

NEPSY 2 Animal Sorting, D-KEFS Color-Word Interference, WJ III COG NU Analysis 

Synthesis, and WJ III COG NU Concept Formation tasks. As there was some missing 

data as well as a limited amount of data for students with a SLD, thus yielding a smaller 

than recommended sample size (10 times the number of variables), the CCA was 

conducted with extreme caution.  

A principal component analysis was conducted to extract canonical variates for 

use in the CCA. Using a comparison of 1, initial Eigenvalues revealed that two Gf 

variables (WJ III COG NU Analysis Synthesis; WJ III COG NU Concept Formation) 

accounted for the most variability with values of 2.19 and 1.16, thus accounting for 

43.7% and 23.2% of the variance respectively, and cumulatively accounting for 

approximately 67% of the variance. Therefore, two independent variables (WJ III COG 

NU Analysis Synthesis; WJ III COG NU Concept Formation) and four dependent 

variables (Writing Samples, Writing Fluency, Applied Problems, and Calculation) were 

extracted for the analysis. 
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In demonstrating the application of a canonical correlation, six total variables 

were utilized. The Gf scores (WJ III COG NU Analysis Synthesis; WJ III COG NU 

Concept Formation) were designated as the set of independent variables. The measures of 

academic skills (Writing Samples, Writing Fluency, Applied Problems, and Calculation) 

were specified as the set of dependent variables. The overall purpose of the analysis was 

to identify possible latent relationships (relationships between synthetic composites of 

variables rather the individual variables themselves) between measures of Gf and 

academic skills in students diagnosed with a SLD. Utilizing 60 cases in the analysis, the 

relationship between the sets of variables was not statistically significant, Wilks lambda, 

=.156, Rc
2 = 0, Approximate F(8, 10) =1.91, p > .05.  Thus, for the set of two canonical 

functions, results indicated that the full model did not explain a substantial portion of the 

variance shared between the variable sets (i.e., Gf scores and Academic scores) in the 

SLD sample. 

Additional Analyses 

Since the CCA was insignificant between overall variates, single bivariate 

correlations were conducted to evaluate the nature of the individual relationships between 

Gf and academic skills within the SLD population. Results revealed that two relationships 

were statistically significant, utilizing 60 cases for the association analysis cognitive and 

academic variables. The correlation between WJ III COG NU Concept Formation and 

WJ III ACH NU Applied Problems was found to be statistically significant r (60) = 

+.741, p < .05, two-tailed. Additionally, the correlation between the WJ III COG NU 

Concept Formation and WJ III ACH NU Passage Comprehension tasks was found to be 
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statistically significant r (60) = +.407, p < .05, two-tailed. No further significant 

correlations were found between other Gf and academic abilities in the pediatric 

population diagnosed with SLD (see Table 12).  
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Table 12 

 

Correlations between Gf tasks and Academic Tasks in SLD Group 

*=significant at p < .05

  

NEPSY 

2_Animal 

Sorting 

WJ III 

COG NU 

_Concept 

Formation 

 

WJ III COG 

NU_Analysis 

Synthesis 

D-KEFS 

Color-Word 

Interference: 

Condition 3 

 

 

NEPSY 2 

Inhibition 

WJ III ACH NU _Written Sentences .002 .164 .259 .265 .114 

WJ III ACH NU _Calculation .255 .320 .230 .018 .077 

WJ III ACH NU _Applied Problems .318   .741* .241 .214 .282 

WJ III ACH NU _Writing Fluency .146 -.066 -.352 .033 .643 

WJ III ACH NU _Letter-Word Identification .986  .083 -.047 .126 .125 

WJ III ACH NU _Passage Comprehension .228   .407* -.144 .173 .188 
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Results Summary 

 

This chapter outlined the statistical procedures utilized to test the research 

questions and hypotheses. Findings suggested that two tasks measuring Gf (one cognitive 

task; one neurocognitive task) formed a variate that was mildly predictive of diagnostic 

classification. Further, when analyzing cognitive and academic variables from the SLD 

group, two statistically significant relationships were found among the 11 variables.  

Research Question 1 and 2  

The first and second research questions aimed to determine whether collective Gf 

subtests were predictive of diagnostic classification between two clinical groups, ADHD, 

and SLD. If not, the second question set out to determine whether those individual tasks 

were able to predict diagnostic classification. It was hypothesized that a collection of 

independent Gf tasks measuring cognitive reasoning and neurocognitive shifting abilities 

could indeed predict diagnostic grouping. 

Outcome. The MANOVA revealed that there were significant group differences 

on four of the five Gf factors, with students from the ADHD clinical group achieving 

higher scores on all four tasks (NEPSY-2 Animal Sorting, not significant). Though not all 

5-factors combined to form a predictive latent Gf factor, results from the MLR revealed 

that a variate composed of the WJ III COG NU Concept Formation and D-KEFS Color-

Word Interference tasks accounted for a small percentage (3.5%) of the variance in the 

SLD/ADHD group classification. The difference accounted for by the interaction 

between these two variables was beyond that of either factor in isolation.  
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Research Question 3 

 The last research question examined the relationship between 

cognitive/neurocognitive and academic abilities of students in the SLD group. Only two 

significant associations were found. There were seven proposed hypotheses:   

Hypothesis 1. The first hypothesis regarding the third research question predicted 

that Fluid Reasoning would have the strongest relationship with mathematical factors in 

comparison to reading and writing factors in children diagnosed with a learning 

disability. Results revealed that the WJ III COG NU Concept Formation task was 

strongly related to the WJ III ACH NU Applied Problems task and moderately correlated 

with the WJ ACH NU III Passage Comprehension task. These results support the 

hypothesis in that Gf had the most stable relationship to the mathematical reasoning task 

in comparison to the reading comprehension task (moderately correlated) and the writing 

tasks, all of which were non-significant. 

Hypothesis 2. The second hypothesis addressing the third research question 

predicted that Fluid Reasoning would have a stronger relationship to reading ability 

factors in comparison to writing factors in children diagnosed with a learning disability. 

Results reveal a significant relationship with the WJ III ACH NU Passage 

Comprehension task and no meaningful relationships between Gf and writing, thus 

supporting the hypothesis. 

Hypothesis 3. The third hypothesis about the third research question related to 

math abilities stated that Fluid Reasoning would have a stronger relationship to WJ III 

ACH NU Applied Problems test than to the WJ III ACH NU Calculation subtest. Results 
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indicated only a significant relationship with Gf and the WJ III ACH NU Applied 

Problems subtest and no other significant relationships between Gf and mathematical 

tasks were unveiled, thereby supporting the hypothesis.  

Hypothesis 4. The fourth hypothesis pertaining to the third research question 

predicted that Fluid Reasoning would have the strongest correlation with the Applied 

Problems subtest in comparison to Calculation, Writing Samples, Writing Fluency, 

Letter-Word Identification, and Passage Comprehension tasks. Results revealed only two 

significant relationships, one of which was between WJ III COG NU Concept Formation 

and WJ III ACH NU Applied Problems tasks. The hypothesis was supported as the 

correlation was stronger than the other significant relationship with reading 

comprehension.  

Hypothesis 5. The fifth hypothesis about the third research question predicted 

that for reading abilities Fluid Reasoning would have a stronger relationship to the WJ III 

ACH Passage Comprehension subtest than to the WJ III ACH NU Letter-Word 

Identification subtest. Results revealed that correlation between the WJ III COG NU 

Concept Formation and the WJ III ACH NU Passage Comprehension tasks was the only 

significant relationship between Gf and reading abilities, thus supporting the fifth 

hypothesis.  

Hypothesis 6. The sixth hypothesis regarding the third research question 

predicted that Fluid Reasoning would have a stronger relationship to the WJ III ACH NU 

Passage Comprehension subtest than to the WJ III ACH NU Writing Samples subtest. 

This hypothesis was supported by the statistically significant correlation between the Gf 



125 
 

and Passage Comprehension task and the non-significant association between Gf and the 

WJ III ACH NU Writing Sample subtest. 

Hypothesis 7. The seventh hypothesis addressing the third research question 

predicted that for writing abilities, Fluid Reasoning would have a stronger relationship to 

the WJ III ACH NU Writing Samples subtest than to WJ III NU ACH Writing Fluency 

subtest. Results revealed no significant correlations for Gf and writing abilities; thus, this 

hypothesis was not supported. 
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CHAPTER V 

DISCUSSION 

Though both the understanding and origin of SLD are marked with differences of 

opinion, ranging from theoretical to conceptual to practical and applied, the notion of the 

underlying causes of SLD as being “neurological” in nature is widely accepted in the 

field by many organizations (Flanagan et al., 2017). However, only recently have 

psychologists begun to integrate neurocognitive approaches and measures into school-

based evaluations effectively. 

This study aimed to address that integration by evaluating both cognitive and 

neurocognitive constructs, purported to measure fluid reasoning (Gf), as potential 

predictors of SLD, and by examining the relationships between these factors and 

academic abilities in an SLD population. The specific purpose of this study was to 

determine whether individual or collective Gf tasks (measured by cognitive and 

neurocognitive tasks) could predict SLD classification; the second aim was to examine 

the relationship between Gf and academic functioning in students diagnosed with a SLD. 

The research questions aimed to determine Gf’s contribution to diagnostic classification 

by answering whether it could differentiate among ADHD and SLD groups and to 

determine which academic skills were the most highly correlated with Gf factors in a 

pediatric SLD population. Therefore, the current research provides an extension to the 

existing SLD literature by examining the role and relation of different facets of Gf to 

SLD predictability and academic skills.  
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Overall Findings 

Research Questions 

1. Does a combination of independent Gf tasks from the WJ III COG NU, 

NEPSY II, and D-KEFS predict SLD diagnostic classification?  

2. If the collection of Gf tasks does not predict classification, do specific tasks 

from the WJ III COG NU, NEPSY 2, and D-KEFS predict SLD diagnostic 

classification? 

One primary research goal was to determine whether neurocognitive and 

cognitive tasks could collectively combine to form a Gf predictor for SLD classification 

or whether individual tasks in isolation were better predictors. Using a MANOVA 

procedure, scores achieved on various facets of Gf were found to differ across the SLD 

and ADHD groups significantly. Gf, as measured by cognitive (e.g., WJ III COG NU 

Concept Formation; WJ III COG NU Analysis Synthesis) and neuropsychological (e.g., 

NEPSY 2 Inhibition; D-KEFS Color-Word Interference: Condition 3) measures, revealed 

significantly different scores across the groups. The results of this study supported the 

presence of significant differences in reasoning, inhibition, and cognitive shifting abilities 

between groups of children diagnosed with SLD and ADHD. 

Using the four tasks identified from the MANOVA, the results of multiple linear 

regression suggested that two tasks measuring Gf, namely WJ-COG NU Concept 

Formation and D-KEFS Color-Word Interference, accounted for a significant portion of 

the variance in SLD/ADHD classification. Thus, regarding the first and second research 

questions as well as the first hypothesis, one cognitive measure and one EF measure of Gf 
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collectively predicted diagnostic classification, beyond that of either task in isolation. It 

appears that reasoning and cognitive flexibility best predicted group classification in a 

pediatric clinical sample.  

SLD Classification Predictors: Linkage to Previous Research 

Overall, study findings supported Gf as a predictor of SLD classification, as 

individual Gf tasks combined to form a conglomerate predictor. These findings are not 

surprising as Gf is purported to be so closely related to overall intelligence; however, it 

was novel that a combination of Gf facets had some predictive power between these two 

specific diagnostic groups. Since clinical findings of SLD overlap with those of ADHD, 

difficulties in the differential diagnosis of SLD exist, as previously used cognitive 

measures showed trouble in differentiating between the two diagnostic groups. Generally, 

cognitive batteries are not able to significantly distinguish between these two disorders, 

due to such overlapping clinical findings; thus, highlighting the need for exploring 

alternative techniques to assess cognitive traits in the two disorders above (Turan, Bakar, 

Erden, & Karakas, 2016).  

Evidence supports that cognitive disorders may be apparent in both SLD and 

ADHD, and neuropsychological measures prove to be effective at assessing ADHD, due 

to the involvement of both biological and psychological factors. For example, a study 

conducted by Turan et al. (2016) found that using a neuropsychological battery with 

measures that related to both intelligence and neurocognitive processes was the most 

useful in the differential diagnosis of SLD. Therefore, the results of this study, which 

used both cognitive and neurocognitive factors as predictors of diagnostic classification, 
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are in line with previously conducted research. A unique battery focusing on different 

measures of Gf was utilized explicitly in this study, thus adding to the pre-existing 

database. The previous research taken together with this study’s findings, delineates Gf 

explicitly as an essential factor in SLD, due to its ability to differentiate among relatively 

similar groups, regarding Gf deficits.  

Previous research found that cognitive flexibility contributes to a number of life 

outcomes, such as academic achievement, as it has been shown to predict reading skills in 

second graders and both math and reading skills in children between the ages of 4 and 13 

years (Tiz & Karbach, 2014; Cole, 2014; Schwaighofer, Fisher, & Buhner, 2015). The 

fact that cognitive flexibility rapidly develops during the preschool year and continues to 

expand across adolescent and into early adulthood in combination with its relationship to 

academic achievement highlights the importance of early intervention designed to 

improve this EF in childhood (Buttelmann & Karbach, 2017). Furthermore, Gf has been 

shown to play moderate to strong roles in reading, math, and written expression, thus 

further highlighting the contribution of Gf to academic skills. 

Of the four significant Gf tasks chosen for this study, two measured the identified 

EF skills of inhibition and shifting, one of which (shifting) was able to predict diagnostic 

classification like the Gf cognitive measure (WJ III COG NU Concept Formation). 

Though the MANOVA yielded four Gf tasks on which scores were significantly different 

across groups, only two proved to have significant predictive power. This finding might 

suggest that pairing a cognitive Gf reasoning measure with an EF measure of cognitive 

flexibility might yield the highest predictive power for these two groups. However, given 
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the small sample size and varied age range of the participants, these task combinations 

will likely need to be analyzed using a much larger, homogenized sample size to 

determine whether the pattern holds.  

Additional findings. These findings might further suggest that Gf abilities are 

generally measured as a part of certain types of EF tasks or that cognitive measures 

measure some EF skills. Furthermore, in addition to cognitive Gf measures, EF constructs 

such as inhibition and shifting might play a more significant role in reading, writing, and 

mathematical functioning, possibly serving as Gf facilitators. Though Gf skills generally 

set the foundation for the growth and development of other cognitive and academic skills, 

it is probable that Gf abilities may not reach full potential without the proper functioning 

of inhibition and shifting skills. Moreover, Gf tasks, mental flexibility (shifting), and 

inhibition tasks were closely related and had similar score differences between groups. 

Thus, it is also possible that traditional measures of these tasks have a high degree of 

impurity and may not adequately discriminate between Gf and EF functions or even 

among EF factors (cognitive flexibility; inhibition) since all appear to be dependent on 

one another for optimal functioning.  

1.) What is the relationship between fluid reasoning constructs and academic abilities  

in children identified with specific learning disabilities? 

The secondary aim of this study was to examine the relationships between 

cognitive and neurocognitive measures of Gf and academic performance in an SLD 

population. Correlational analyses were used to determine the strength of the 

relationships between Gf tasks and the academic subtests for children diagnosed with 
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SLD. Gf, as measured by the WJ III COG NU Concept Formation task, was identified as 

having a strong, positive correlation with the WJ III ACH NU Applied Problems subtest 

and a positive, moderate relationship with the WJ III ACH NU Reading Comprehension 

task. There were no significant correlations between other Gf measures and academic 

scores, nor was there an overall meaningful relationship between the Gf and academic 

skill variates in the SLD pediatric clinical sample. It appears that overall reasoning 

abilities are related to performances on some math and reading tasks in this SLD sample.  

Cognitive and Academic Correlates: Linkage to Previous Research 

Overall, research findings in this study supported most of the hypotheses 

regarding correlations between Gf and academic abilities in a SLD population as well as 

the notion of Gf as predictive variate for these specific diagnostic groups. Like previous 

research, Gf, as measured by the WJ III COG NU Concept Formation task, was highly 

correlated to math problem-solving abilities. This finding is not surprising as Gf is a 

known cognitive factor associated with math abilities. The high correlation of Gf to 

mathematical reasoning abilities is consistent with previous findings in past studies 

utilizing tasks from the Woodcock-Johnson series (Floyd et al., 2003; Keith, 1999; 

McGrew & Hessler, 1995; Niileksela & Reynolds, 2014; Taub et al., 2008) as well as the 

WISC-IV (Caemmerer, Maddocks, Keith, & Reynolds, 2018; Parkin & Beaujean, 2012). 

Though most previous studies were conducted with typically developing students, it 

appears that the findings hold for clinical groups (e.g., SLD) as well.  

Notably, the WJ III COG NU Concept Formation task is not necessarily a pure Gf 

task, as it also measures concepts of cognitive flexibility; therefore, it may be the 
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interaction between the two (Gf and EFs) that accounts for the most substantial amount of 

explained variance between the cognitive/neurocognitive and academic factors, in 

comparison to either in isolation.  This finding is also in line with the significant 

predictability of the interaction between the WJ III COG NU Concept Formation as a 

reasoning task and Color-Word Interference task as a measure of cognitive flexibility for 

diagnostic grouping. 

Findings further support a correlation between Gf as measured by the WJ III COG 

NU Concept Formation task and reading comprehension abilities in the SLD population. 

The significant relationship with reading comprehension was not as strong as that 

between Gf and math problem-solving. This result may be partially explained by the 

amount of exposure to each ability daily. Specifically, individuals encounter more daily 

reading in comparison to math, thus facilitating the use of background or preexisting 

knowledge to reduce the cognitive loadings (e.g., Gf) in contrast to those utilized during 

math tasks (Peng, Wang, Wang, & Lin, 2019). Though Gf is closely related to reading 

comprehension, the relationship strengthens as children age and progress through the 

grades. Specifically, during primary school, fewer Gf skills are in demand for 

rudimentary reading in comparison to upper-grade levels when the content changes to 

expository texts, for which more reasoning is involved (Etmanskie, Partanen, & Siegal, 

2016). Thus, because this sample utilized an uneven number of children across the age 

span, with varying levels of reading comprehension skills (due to developmentally 

appropriate demands), the overall strength of the relationship for this sample might not be 

as strong as those seen with secondary level students. 
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Overall, the notion that these findings support significant relationships between 

Gf and complex academic tasks (e.g., math problem solving and reading comprehension), 

is sensible since each task has multiple features that draw on Gf skills in comparison to 

foundational tasks (e.g., word reading and calculation) that demand fewer Gf skills for 

success. It was somewhat unexpected that the other EF tasks (e.g., cognitive flexibility, 

inhibition) were not significantly related to reading comprehension. This finding was 

particularly unforeseen as emerging literature supports the contribution of these EFs in 

reading comprehension; for example, a study conducted by Locascio et al. (2010) found 

9-14-year olds demonstrating reading comprehension difficulties to also have deficits in 

EFs, including inhibition and cognitive shifting. Further, another study conducted by 

Kieffer, Vulkovi, and Berry (2013) evaluating the specific contributions of inhibition and 

cognitive shifting on reading comprehension found these factors to have made significant 

contributions to reading comprehension, beyond language and other cognitive factors.  

A growing body of research supports the use of specific abilities in identifying 

cognitive correlates that specifically inhibit active learning. Results of this study 

confirmed that the cognitive ability Gf is a critical component when considering SLD and 

ADHD classification, especially when considering targeted areas for intervention. It was 

hypothesized that a collection of Gf measures would predict SLD diagnostic 

classification, which was supported by the results of the overall MLR model. More 

specifically, combining two measures of Gf accounted for some variability in diagnostic 

classification in this study. Further, reasoning abilities, as measured by a cognitive 
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measure, was significantly related to mathematics reasoning, and reaching 

comprehension. 

Implications for the Field of School Psychology 

 

The findings from this study have critical implications for both researchers and 

clinical practitioners. EFs continue to be much more complicated than initially stated 

(Ionescu, 2012), and the constructs appear to be the result of a scaffolding design 

framework (e.g., cognitive flexibility requires functional inhibition; Gf requires intact 

inhibition and cognitive shifting). Similarly, this study proposed that reasoning abilities 

and cognitive flexibility are particularly essential and might mitigate classification and 

possible academic struggles at school. Thus, it may be that overall Gf is an interaction of 

cognitive and neurocognitive mechanisms. Further, the interaction of both Gf cognitive 

factors and EFs or Gf factors alone might best mitigate SLD classification or potential 

learning problems. The question is, how might this knowledge help or support children 

be going forward?  

Knowing that Gf and its facilitators have important diagnostic bearings and that 

Gf is notably correlated with reading comprehension and math problem solving, can aid 

in the provision of more individualized interventions to students with SLD. Gf, as 

measured by cognitive measures, involves manipulating rules, abstracting, generalizing, 

and identifying logical reasoning.  Thus, impacted Gf might lead to difficulties with 

higher level reasoning, transferring, or generalizing learning, deriving solutions for novel 

problems, extending knowledge to critical thinking, and perceiving and applying 

underlying rules. This combined knowledge helps clinicians to tailor specific classroom 
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interventions for each set of academic difficulties (Mascolo, Flanagan, & Alfonso, 2014). 

Thus, using data collected from cognitive, neurocognitive, and achievement assessments 

help to support the identified areas of cognitive and academic weakness, giving clinicians 

the chance to design interventions that maximize students’ strengths and minimize 

identified cognitive gaps on learning (Mascolo et al., 2014).  

Linking Assessment Data to Intervention 

 

The primary goal of diagnostic assessment is to classify individuals according to 

their ability, to identify specific areas of need, which ultimately informs the development 

of the most appropriate intervention needed to address these areas. Examining the 

relationships among cognitive abilities, neuropsychological processes, and specific 

academic skills are often one of the first steps taken in making diagnostic decisions and 

tailoring interventions (Mascolo et al., 2014). In the case of SLD/ADHD where the 

integrity of more underlying processes is in question, and academic achievement is 

affected, assessment needs to address the student’s aptitude with specific processing 

capacities (e.g., reasoning, attention). This knowledge is particularly important because 

these abilities and components are directed by EFs during task performance and can 

adversely impact academic achievement (McCloskey, Perkins, & Van Diviner, 2008).  

Using cognitive deficit approaches to help identify SLD helps to target 

interventions based upon specific student need. For example, based on the cognitive 

processes underlying Gf, a student with an SLD with impacted Gf might lead a 

practitioner to recommended step-by-step instructions, problem-solving strategies, 

sequencing skill development, explicit and systematic teaching, and categorization skills 
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as global invention strategies across subjects (Schultz, 2013). Though having a deeper 

understanding of those Gf deficits, particularly by evaluating the contribution of Gf 

deficits, as measured by EF measures (i.e., cognitive flexibility), might strengthen the 

utilization and success rate of such interventions. For example, a student with an SLD in 

mathematics with poor Gf abilities might struggle with math reasoning and have 

interventions in place to address such deficits, though knowing the student also has poor 

cognitive flexibility provides a deeper understanding of their struggles and changes the 

intervention approach. Specifically, in this case, knowing that the student struggles to 

solve math problems in addition to the knowledge that they struggle because they get 

stuck on using ineffective problem-solving strategies, provides answers to “what” and 

“why” questions regarding their areas of struggle and the corresponding underlying 

reasons.  By understanding the underlying source of the problem, the strategies can be 

altered to fit the specific profile better. Thus, the programming for a student with SLD 

who presents with poor Gf in addition to poor cognitive flexibility should look different 

from those in place for a student with Gf deficits and intact cognitive flexibility.  

Intervention development: Cognitive reasoning and flexibility. Specific to the 

results of this study, reasoning and cognitive flexibility are particularly important and 

should be considered when developing interventions for students with SLD. It appears 

that these abilities in addition to inhibition were significantly lower than even those 

groups presumed to have Gf deficits (ADHD group), which further underlines Gf as an 

area of focus when considering the reasoning underlying specific intervention 

development. However, while there is interest and some research on the assessment of 
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cognition and behavior associated with executive functions, there is minimal research 

linking the test results and their relationship to planning and intervention implementation 

for those with deficits.  

The positive, moderate correlation of Gf to reading comprehension likely means 

that individuals with an SLD might have difficulties drawing interference from text and 

abstracting main ideas. Gf was also strongly related to math problem solving, meaning 

that challenges might manifest with quantitative reasoning (word problems), internalizing 

procedures, and processes used to solve problems, in addition to apprehending 

relationships between numbers. Thus, by directly addressing areas related to cognitive 

processing deficits might prove to better help the student in class by utilizing specially 

designed interventions. 

The consideration of how the cognitive and academic profile coincides with the 

instructional plans and materials the student uses the interaction as well between the 

student and their educational environment, instructional styles, and other factors that 

might inhibit learning is also essential when designing interventions. These 

considerations help clinicians to accurately plan designed instructional activities for 

individual students, as the primary focus of tailoring interventions specifically involves 

an understanding of a student’s pattern of cognitive and academic strengths and 

weaknesses (Mascolo et al., 2014).  

It is of particular note that due to the issues related to task impurity as revealed by 

cognitive and EFs alike, specifically for Gf, cognitive flexibility, and inhibition, singular 

methods should not be used in isolation and practitioners should continue best practices 
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of utilizing multiple data sources to reach diagnostic decisions (Schultz, 2013). Similarly, 

important knowledge can be obtained from a combination of cognitive and EF measures 

to be utilized for intervention development. Thus, school recommendations should be 

developed with these notions in mind. 

Overall, the findings suggest that using data collected from cognitive, 

neurocognitive, and academic assessments helps to support the identified areas of 

cognitive and academic weakness and gives clinicians the chance to design interventions 

that maximize students’ strengths and minimize identified cognitive weaknesses on 

learning. Further, the results support that a deeper understanding of Gf deficits, as 

measured by EF measures, might improve the use and effectiveness of interventions. 

Lastly, the results suggest that combining cognitive and neurocognitive measures in 

evaluations yields results that provide answers to “what” and “why” questions regarding 

students’ struggles as well that the neurocognitive abilities responsible for identified 

difficulties. After teachers are informed of how students’ cognitive/neurocognitive skills 

mitigate their academic performance and inform corresponding interventions, hopefully, 

they can implement these instructional strategies in an effective manner that helps 

struggling students achieve educational goals. 

Limitations 

As with any study, there were methodological issues and limitations associated 

with some aspects of this project. The use of archival data resulted in constraints, which 

will be discussed in detail below. Also, some elements of the specific data set used for 

this study are limits the overall generalizability. 



139 
 

Archival Data  

Archival data, while useful in that it allows for the analysis of substantial amounts 

of information without requiring considerable time and resources to be spent on 

collection, comes with a variety of problems (Dworkin, 1987). Since the researcher did 

not personally collect the data, the exact methods of collection and level of adherence to 

test standardization are unknown. As mentioned previously, the evaluations were 

conducted by licensed practitioners under the supervision of a professional certified in 

neuropsychological assessment. Therefore, the training status of the clinicians increases 

the possibility of administration, scoring, and interpretation errors.  

Additionally, it is possible that data were entered the data set incorrectly or 

inconsistently (Dworkin, 1987). The individuals coding the data from the case report into 

the data set changed over the years of collection, and although training and peer data 

checking were in place to attempt to keep entry uniform, there is no guarantee that the 

methods used did not vary slightly between individuals. Changes to the method used for 

entering data, or errors made when coding, could have resulted in data that is not 

representative of the report. Again, steps were taken to minimize this issue, but the 

inability to be sure all data were collected and entered correctly, and uniformly is a 

limitation that must be taken into consideration.  

Incomplete Data  

While there were over 1,000 cases in the data set, no one report contained every 

possible subtest and score. Each report was tailored to the child and the referral questions, 

meaning that each one focused on different areas of functioning and utilized different 
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subtests addressing specific referral concerns. As a result, there was significant variability 

in administered subtests, and many cases did not have complete data for every subtest 

needed for this project. Such tailored evaluations led to a higher than average amount of 

missing data, in comparison to experimental studies, thus reducing the sample size and 

statistical power of the research design. Altogether, there were only 118 cases utilized for 

this study, most of which contained a substantial portion of missing data.  

One method for limiting the impact of incomplete data was the multiple 

imputation process as previously discussed. Though this procedure allowed for an 

increase in the amount of data utilized and the power of the statistical analysis, it 

simultaneously increased the error by replacing missing values with averages instead of 

actual data (Olinsky, Chen, & Harlow, 2003). The use of scores that were obtained 

through statistical processes instead of by direct testing is a severe limitation (Olinsky et 

al., 2003) that limits the interpretability of research findings.  

Clinical Population  

The small sample size, due to the broad exclusionary criteria, is one possible 

limitation in this study related to the clinical population. Another limitation is the 

difficulty in identifying a group of individuals who can exclusively be identified as SLD 

or ADHD. It is difficult to find “pure” disability groups in children, as individuals often 

present with co-morbid disorders (i.e., ADHD). Therefore, it is difficult to determine to 

which group (ADHD, SLD, or Hybrid ADHD/SLD) to generalize the findings. 

Since the data set came from evaluations conducted with children with diagnosed 

or suspected disabilities, the sample for this study was representative of a clinical 
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population. Therefore, the results of this study may reasonably generalize well to children 

with disorders or disabilities those with SLD and ADHD. This limited generalizability 

also means that the results may not apply to the population. It may be that the 

predictability of SLD using Gf in a clinical population may have significantly differed for 

a typically developing group.  

 Additionally, the date of the diagnosis and medication status of those in the 

ADHD group was unknown, thereby posing an additional limitation of the population 

sample. Specifically, without knowing whether the students were diagnosed before or 

after the evaluation or if they were medicated during the assessment makes it more 

challenging to determine if symptoms associated with ADHD affected the performances 

of individuals in this group. Thus, it does not allow for a valid comparison of individuals 

with ADHD as those with and without medication present differently.  

Age Limitations  

Similarly, the sample used for this study contained children from a limited age 

range due to the limits of the subtests utilized as endogenous variables. The results of the 

study may only apply to this age range and might not generalize beyond it, especially 

since the impact of Gf on academic changes throughout development. This study did not 

allow for the use of large enough sample by age to generalize the results to different age 

groups in a meaningful manner. 

Multivariant Analyses Limitations 

 Multivariate analyses are particularly important in social science, as they allow 

researchers to study and quantify the relationships between multiple variables. However, 
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they are rather complex and require a large sample size to yield meaningful results; 

otherwise, the results are somewhat meaningless due to a high probability of error. The 

sample size in this study was relatively small, which reduces the integrity of the results, 

due to the high likelihood of error accounting for the variability in the examined 

relationships (Fields, 2013).  

Recommendations for Future Research 

Based upon the research limitations as mentioned above, further research would 

benefit from the utilization of a comparison group of typically developing children, 

increasing the overall sample size, and a stricter age range for better generalizability to 

specific age groups/developmental levels. Researchers should continue to evaluate the 

predictability or contribution of Gf and Gf facilitators SLD classification. However, 

parameters should be divided by SLD classification (e.g., reading, math, writing, etc.) to 

parcel out those with specific learning disability types, including oral language, to 

provide a more meaningful contribution to the field and to address a multitude of 

disabilities. Specifically, it might be most helpful to determine to the impact of Gf on 

math, reading, writing, or oral language SLDs in an effort create and implement more 

tailored interventions specific the each’s child’s need, based upon their set of deficits and 

strengths.  

Conclusion 

 

Researchers consistently express the opinion that the purpose of identifying a 

specific cognitive ability profile should inform intervention by better defining and 

construct individualized instructional strategies and interventions to meet the particular 
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needs of students with SLD. Numerous research studies have examined the effects of 

cognitive constructs on areas of academic achievement (McGrew & Wendling, 2010). 

Results from these studies have shown that there are some relatively predictable effects 

of neuro constructs (i.e., general intelligence, fluid reasoning) and broad cognitive 

abilities on achievement areas such as reading and math. Due to Gf’s high correlation 

with, and possible vast explanatory power of overall intelligence, Gf accounts for 

variation in many aspects of human functioning, including learning (Blair, 2006).  

This study aimed to examine the predictability of Gf, as identified using cognitive 

and neurocognitive factors, in SLD classification. It also assessed the relationship 

between Gf factors and academic skills, as determined by measures of reading, writing, 

and math in an SLD population. The results of this study specifically identified Gf as a 

predictive factor for SLD in a clinical sample using students with ADHD as a comparison 

group. Thus, it appears that using subtests as a measure of narrow abilities that contribute 

to the overall broad ability is a good interpretive method of identifying a SLD. This 

information is particularly useful because it highlights the student’s learning profile, 

which helps with effective intervention development.  

The notion of cognitive factors accounting for variance in academic performance 

is certainly not new. However, understanding the relationship of Gf and academic 

achievement, precisely as measured by both cognitive and neurocognitive measures helps 

to shed light on the specific cognitive factors contributing to the areas of struggle for 

students, which can help to inform intervention development better. Researchers 

consistently identify the ultimate focus of assessment as the ability to use the evaluation 
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results to inform better interventions and instructional strategies to meet to needs of 

students with SLDs specifically. While relying on a pattern of scores to understand 

cognitive abilities maybe be a generalization (Keith & Reynolds, 2010), some cognitive 

skills appear to be associated with academic deficiencies. Accordingly, knowing which 

abilities are linked with SLD or overall academic skills is beneficial to clinicians, who 

can target those skills to improve instructional methods. 

While the debate regarding the best method to identify SLD continues, linking 

intervention and strategies to data obtained from cognitive assessment holds some 

promise for students with SLD (Schult, 2013). Clinicians frequently recommend 

instructional strategies that correlate with the cognitive processing abilities of the 

students they assess (Schult, 2013). By incorporating cognitive/neurocognitive strategy 

instruction based on an individual's capabilities, the student has an opportunity to 

understand his or her strengths and weaknesses better and further develop overall skills. 

The results of this study can hopefully contribute to research by highlighting both Gf and 

Gf facilitators (cognitive and neurocognitive abilities) as targeted abilities for intervention 

development in the SLD population. 
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