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APPLICABILITY TO FOUR NEUROCOGNITIVE THEORIES 

DECEMBER 2012 

Current research regarding the neurocognitive constrnct of memory in children and 

adolescents within clinical populations is insufficient (Hughes & Graham, 2002). 

Controversial theories of memory have led to divergent hypotheses about the construct of 

memory. Based on cun-ent disparity regarding the theoretical paradign:i of memory, it 

cannot be assumed that test instruments are measuring the same constructs. Due to the 

critical impo11ance of memory in comprehensive neuropsychological evaluations, it is 

essential to establish the validity of theoretical foundations and assessment instruments, 

particularly within clinical populations. Valid neuropsychological instruments are 

particularly important in educational settings, where the resulting eval nations often serve 

as the framework for recommendations, interventions, and other support services. This 

study examined the concmTent validity of memory subscales of three commonly used 

neurocognitive instruments: the Woodcock-Johnson III Tests of Cognitive Abilities, 

Normative Update (WJ III COG; Woodcock, McGrew, & Mather, 2001c, McGrew, 

Schrank, & Woodcock, 2007; Woodcock, Shrank, Mather, & McGraw, 2007)~ the Wide 
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CHAPTER I 

INTRODUCTION 

Most contemporary neurocognitive assessment instruments have been developed 

to reflect specific theories of intelligence, which are thought to accurately assess an 

individuars cognitive abilities (Alfonso, Flanagan, & Radwan, 2005). Over the last 

several decades, test developers have begun to recognize that creating assessments 

grounded in well-validated theory allows practitioners to better interpret test results and 

implement interventions based on the child's cognitive needs . When intelligence tests are 

based on an empirically validated theory, practitioners can more accurately and 

consistently understand and interpret the unique neurocognitive constructs being 

measured (Kaufman, 2000). Understanding an individuars particular needs helps 

educators to maximize their instruction and thereby improve student achievement (Ward, 

Rothlisberg, McIntosh, & Bradley, 2011 ). 

The vast majority of research in the field of neuropsychology has focused on adult 

populations. Over the last decade, researchers have attempted to narrow the gap that 

currently exists in the field of child-oriented neuropsychology, but there continues to be a 

need for further research. One impoiiant consideration is the unique developmental and 

cognitive differences between children and adults. These distinct developmental 

differences have significant implications as a child matures from infancy through young 

adulthood, when substantial variability occurs in tenns of physical, cognitive, and 
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behavioral growth. Research addressing the neuropsychological implications of this 

developmental disparity between children and adolescents is greatly lacking. 

Memory is a significant and essential cognitive function that impacts virtually 

every aspect of life. The importance of memory functioning is evident and research on 

memory functioning is at the forefront of recent neuroscientific investigation. However, 

the existing literature on memory and learning impairments in children and adolescents 

within clinical populations is inadequate (Hughes & Graham, 2002). Memory impainnent 

is typically assessed through a comprehensive neuropsychological assessment. 

Unfortunately, research on the use of published, standardized neuropsychological 

assessment instruments measuring memory in children and adolescents in a clinical 

population continues to have questionable validity and is a source of substantial 

disagreement among professionals. The effective use of standardized neuropsychological 

evaluations is of particular importance in educational settings, as these eval nations ofl:en 

serve as the framework for the design of recommendations, interventions, and other 

support services necessitated by cognitive deficits including memory and learning. 

The concept of memory and how it relates to cognitive functioning can be traced 

back to the earliest beginnings of psychology (James, 1890). Memory is a critical element 

within a broad range of cognitive functions including attention, executive functioning. 

and other mental operations required for the brain to work accurately and efiiciently in 

individuals. Memory is a multifaceted, broad term referring to multiple cognitive and 

behavioral processes necessary for information processing. While there are numerous 

theories attempting to explain the construct of memory, neuropsychologists often 
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categorize memory into selected subtypes including short-tenn memory, working 

memory, long-term storage and retrieval, or long-tem1 memory. 

Due to the interwoven and complex relationship between short-tenn memory and 

working memory there is much disagreement on the underlying structure of this aspect of 

memory. However, most researchers agree that sho1i-tem1 memory is the ability to 

"apprehend and maintain awareness of elements of infomrntion in the immediate 

situation" (McGrew, 2005, p. 153). On the other hand, working memory is the abi]ity to 

"temporarily store and perfom1 a set of cognitive operations on information that requires 

divided attention and the management of the limited capacity resources of short-tem1 

memory" (McGrew, 2005, p. 154). One of the most imp01iant roles working memory 

plays is in the process of learning. Research continually validates the significance of 

working memory for reading comprehension, mathematics, test-taking, impulse control, 

and other aspects related to understanding and retaining new information (Dehn, 2008). 

In fact, prominent research studies (Alloway & Alloway, 201 0; Gathercole & Pickering, 

2000; Westerberg, Hirvikoski, F orssberg, & Klingberg, 2004) indicate that working 

memory is one of the strongest predictors of academic success. 

Memory plays a significant role in human development. It is essential for 

adequate cognitive processing, especially in the process of learning. Developmentally, 

memory functions are apparent from infancy and continue to progress through adulthood. 

Memory is deeply interwoven with other cognitive processes, such as executive 

functioning and attention; therefore, the development of memory continues to evolve 

concmTently with these other cognitive processes throughout infancy, childhood. and 



adolescence (Dehn, 2008). The proper development of memory in childhood is crucial to 

developing more advanced fonns of memory in adulthood. When memory fails to 

develop nonnally, the consequences can be profound. Research has linked memory 

deficits to numerous developmental, cognitive, behavioral, and mental disorders. More 

specifically, memory deficits are thought to be one of the primary causes of learning 

disabilities (Gathercole & Pickering, 2000). 

As previously mentioned, memory deficits are a common psychological 

characteristic in a variety of clinical disorders. Because of the potentially devastating 

impact caused by impaired memory functioning, it is vital to understand the etiology of 

memory deficits. While memory disorders are commonly associated with adults and 

aging, there are numerous memory disorders that can be found in children ;.1nd 

adolescents. These disorders include traumatic or acquired brain injuries, fetal alcohol 

spectrum disorders, Down syndrome, and Type l Diabetes, as well as underlying 

memory deficits in children diagnosed with specific learning disabilities and attention 

deficit/hyperactivity disorder (Castillo, 2008). Due to the pervasive influence of memory 

on cognitive functioning, improved research and understanding of memory disorders is 

needed. Further research will help reduce the likelihood of misdiagnosis, aid in the 

detection of potential underlying medical conditions such as brain tumors, achieve a 

better understanding of common co-morbid disorders, and create better strategies for 

interventions. 

Research continues to highlight memory as a complex and multidimensional 

cognitive function that involves many interconnected structures within the brain. Recent 
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brain studies have used cerebral blood flow, electrical activity in the brain, neurochemical 

studies, and brain imaging techniques in order to better understand the neuroanatomical 

structures as they relate to memory (Blumenfeld, 2010). The two primary 

neuroanatomical structures involved in memory processing are the medial temporal lobe 

and the medial dience_phalic area. The medial temporal lobe includes the hippocampal 

fomrntion and cortex of the parahippocampal gyrus. This widespread neural system is 

essential for establishing long-te1111 memory for facts and events, also known as 

declarative memory (Squire & Zola-Morgan, 1991). The medial diencephalic area 

includes the thalamic medio-dorsal nucleus, anterior nucleus of the thalamus, 

mammillary bodies, and other diencephalic nuclei lining the third ventricle (Blumenfeld, 

2010). Damage to the medial diencephalic area causes essentially the same 9eficits as 

damage to the medial temporal lobe, such as amnesia associated with declarative memory 

(Squire & Wixted, 2011 ). 

Based on the structural complexities and intertwined cognitive processes 

associated with memory, a comprehensive approach to assessment is necessary for the 

evaluation of all aspects of memory and other associated cognitive components. The 

growing amount of information regarding the various structures and important roles of 

memory has been the catalyst for multiple theories and models of memory and learning 

functioning. Several models of memory are pm1 of more comprehensive 

neuropsychological theories that describe the global cognitive functioning of the brain. 

Within these models, memory may be represented as one of several areas of cognitive 

functioning. An example of a comprehensive theory of neurocognitive functioning is the 
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Cattell-Hom-Canoll theory of cognitive abilities (CHC theory; McGrew, 2005; McGrew 

& Woodcock, 2001). CHC theory is a hierarchical, three-tiered model of cognitive 

functioning. Compared to other comprehensive models, CHC theory is considered to be 

the most thorough empirically derived framework for understanding cognitive 

functioning (McGrew, Schrank, & Woodcock, 2007). The majority of modern intellectual 

and cognitive scales are aligned with or influenced by CHC theory. Fmihermore, CHC 

theory is the most recognized theory of intelligence that includes memory factors (Dehn, 

2008). 

CHC theory posits that at the top of the three-tier model exists an overarching ·•g'' 

factor, describing overall, general intelligence. Subsumed within the g factor are nine 

broad cognitive ability factors, which describe general areas of cognitive functioning 

including Crystallized .lnteJligence ( Ge; the depth and breadth of acquired knowledge), 

Fluid Intelligence (Gf, novel reasoning and problem solving), Short-Tenn Memory ( Gsm; 

the ability to hold info1mation in immediate awareness and use it within a few seconds), 

Long-Tenn Storage and Retrieval (Glr: the ability to store infom1ation and fluently 

retrieve it later), Visual-Spatial Thinking (Gv; the ability to generate, perceive, analyze, 

and think with visual patterns), Auditory Processing (Ga; the ability to analyze, 

synthesize, and integrate auditory information), Processing Speed (Gs; the ability to 

automatically and fluently perfonn cognitive tasks), Quantitative Knowledge (Gq; 

knowledge and use of quantitative facts), and Reading-Writing Ability ( Gnv; reading, 

reading fluency, and writing ability). In CBC theory, the broad abilities related to 

memory are short-tenn memory (Gsm) and long-tenn storage and retrieval (Glr). In ClIC 

6 



theory, working memory is classified as a subtype, or nanow ability, under the construct 

of short-tenn memory (Flanagan et al., 2010). The third tier of CI-IC theory represents 

approximately 70 narrow abilities describing the general areas of cognitive functioning. 

A second comprehensive model of cognitive assessment is the Conceptual Model 

for School Neuropsychological Assessment (SNP model; Miller, 2007, 201 0; Miller & 

Maricle, 2012). The SNP model organizes cognitive processes in a bottom-up approach, 

with higher-order cognitive functions building on more basic cognitive skills. Within the 

SNP model, memory and learning is a broad classification followed by more natTow, 

second order classifications. According to the SNP model, second order classifications of 

memory that can be measured by current neuropsychological assessment include eight 

elements: rate of learning, verbal immediate learning, visual immediate lean;ing, delayed 

verbal memory, delayed visual memory, verbal-visual associative learning and recall, 

working memory, and semantic memory (Miller, 2007, 2010; Miller & Maricle, 2012). 

While CHC theory and the SNP model are comprehensive models of cognitive 

functioning, there are also more targeted theories of memory functioning dedicated 

specifically to the various constructs of memory. Two examples of targeted theories of 

memory are the Atkinson-Shiffrin multimodal model of memory ( 1968) and Baddeley 

and Bitch's working memory model (1974). Based on the plethora of memory models 

proposed in the l 960's and l 970's, the Atkinson-Shiffrin model emerged as the most 

accepted and most enduring (Dehn, 2008). The Atkinson-Shiffrin model divides memory 

into three major types of storage including a sensory store, short-term memory, and long

term memory. Within this model are visual (iconic) sensory stores and auditory (echoic) 
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sensory stores, also called buffers, which accept infonnation. Central to the Atkinson

Shiffrin model is short-tenn memory, which is fed by sensory buffer stores. According to 

Atkinson and Shiffrin, sho1i-tem1 memory is thought to have a very limited capacity 

unless infonnation is maintained through rehearsal. The encoding and retrieval of 

infonnation fi.-om long-term memory is dependent on short-tem1 memory. Atkinson and 

Shiffrin propose that the process of learning relies on the amount of time information 

subsists in temporary storage (Hulme & Mackenzie, 1992). 

In 1974, Alan Baddeley and Graham Hitch proposed a multi-component model of 

\Vorking memory. Baddeley and Bitch's working memory model is a modification and 

extension of Atkinson and Shiffrin's alleged over-simplified model of memory. Baddeley 

and Bitch's model was developed to enhance the understanding and importam;e of 

working memory operations within the short-tem1 memory stores. Baddeley and Hitch 

described working memory as a '·system for the temporary holding and manipulation of 

infonnation during the performance of a range of cognitive tasks such as comprehension, 

learning, and reasoning" (Baddeley, 1986, p. 34). According to this theory, working 

memory is composed of a phonological loop, visuospatial sketchpad, and central 

executive. In 2000, Baddeley added an episodic buffer, which increases the types of 

inf01mation, such as semantic and episodic memory, that can be stored and processed in 

working memory (Gathercole & Pickering, 2000). 

In addition to the aforementioned theories of memory, there is an abundance of 

both comprehensive and targeted models of memory, which will be further discussed in 
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the review of literature; however, many of these models have significant limitations and 

therefore were not used in the study. 

Purpose, Rationale, and Significance of the Study 

The purpose of the ctment study was to first examine the concurrent validity of 

subtests measuring memory tasks from three prevailing neurocognitive assessment 

instruments. These include the Woodcock-Johnson III Tests ql Cognitive Abilities, 

Normative Update (WJ III COG; Woodcock, McGrew, & Mather, 2001c, McGrew, 

Schrank, & Woodcock 2007; Woodcock, Shrank, Mather, & McGraw, 2007), the fVide 

Range Assessn1ent <fA-fenw,y and Learning. Second Edition (WRAML-2; Adams & 

Sheslow, 2003 ), and the NE'PSY 11: A Developmental Neurop.\ychological Assessnient. 

Second Edition (Korkman, Kirk, & Kemp, 2007). This research was intended to provide 

valuable information regarding the validity of the memory subtests found within these 

three commonly used neuropsychological test instruments. More specifically, the 

research provides information regarding the convergent and divergent validity of memory 

subtests in a clinical population of children. The verification or contradiction of the 

validity of the WJ III COG, WRAML-2, and NEPSY II will provide practitioners with 

knowledge of specific memory subtests that are the most valid and reliable for use in 

clinical practice. 

While memory in adults has been widely researched by neuropsychologists since 

the l 950's (Mandler, 2007), memory research among children and adolescents is grossly 

deficient. This study serves to contribute to the existing body of literature regarding the 

validity of frequently used, standardized instruments to measure a range of memory 
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subtypes in children and adolescents. In addition, this knowledge may lead to more 

accurate and reliable clinical diagnoses, specifically regarding the diagnosis of memory 

deficits and related learning difficulties. This may ultimately lead to more appropriate 

educational support and interventions for struggling students. 

The four previously discussed models, including Miller's SNP conceptual model 

(2007, 2010; Miller & Maricle, 2012), the CHC model of cognitive abilities (McGrew, 

2005), Atkinson and Shiffrin' s multimodal model of memory ( 1968), and Baddeley and 

Hitch's working memory model (1974), were examined to detennine the congruence of 

the theory with the three selected assessment batteries. Examining the fit of various 

theories of memory functioning with the three selected assessment batteries is important 

in order to detem1ine which of these theories is most suitable for conceptualizing the 

construct of memory in children and adolescents. The CHC model was analyzed because 

it is one of the most comprehensive and empirically supported theories of cognition 

cutTently available, as well as its widespread use as a framework for test development. 

The SNP conceptual model was analyzed due to its specific focus on neuropsychological 

assessment in children, the specific subtests that are extracted from commonly used test 

batteries within the constructs of memory and learning, and its emphasis on the 

integration of assessment into educational practice. The Atkinson-Shiffrin multimodal 

model of memory is a targeted model of memory functioning. It was selected for this 

research because it is a classic, well-accepted, and enduring model that provides a multi

component perspective on memory functioning. In addition to Atkinson and Shiffrin' s 

multimodal model of memory, Baddeley and Hitch's model of working memory was 
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analyzed specifically in the areas of short-te1111 and working memory. This model ,vas 

examined based on research suggesting that Atkinson and Shifii-in' s model is over

simplified, particularly in terms of its explanation of short-term memory. Baddeley and 

Hitch's working memory model is a widely accepted, well-researched model of working 

memory. Analyzing the fit of memory subtests from the WJ III COG, WRAML-2, and 

NEPSY II within these models of memory serves to facilitate the process of detem1ining 

the efficacy of these memory models. In addition, it may reveal the validity of the 

assessment instruments as wel 1 as the developmental pattern of memory in children and 

adolescents in a clinical population. 

With the intention of detennining the fit of the previously mentioned memory 

theories with memory subtests from the WJ III COG, WRAML-2, and NEPSY II, a 

confomatory factor analysis (CFA) was conducted. CF A is an extension of factor 

analysis in which specific hypotheses about the structure of the factor loadings and 

intercorrelations are tested (Schumacker & Lomax, 2010). CFA is utilized when a 

researcher has a pre-existing knowledge of the underlying latent variable structure that is 

based on theory, empirical research, or both theory and research (Thompson, 2004). CFA 

falls under the umbrella of a larger set of statistical techniques, known as structural 

equation modeling (SEM; Schumacker & Lomax, 2010). SEM is a multi variate analysis 

technique that tests and estimates causal relationships. Within CF A and SEM, the 

researcher first designates the relationships between factors and subtests in each model 

based on theory. The data is then analyzed to determine how well each model or factor 

structure fits with the sample data. In the cmTent study, a CFA was completed in an effort 
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to better understand the underlying structure of memory tasks across the WJ Ill COG, 

WRAML-2, and NEPSY II. The following research questions were addressed: 

1. Is the underlying factor structure of memory tasks across the WJ III COG, 

WRAML-2, and NEPSY II in a mixed clinical sample best described by: 

a. Atkinson and Shiffrin's multimodal model of memory with subtests loading on 

short-tenn memory storage and long-tenn retrieval memory storage? 

b. Baddeley and Hitch's working memory model with subtests loading on the 

phonological loop, the visual sketchpad, or the central executive? 

c. The Cattell-llorn-Can-oll (CBC) theory of cognitive abilities memory subtests 

loading on Short-Tenn Memory (Gsn1), Long-Tenn Storage and Retrieval (Glr), 

Auditory Processing (Ga), Visual-Spatial Thinking (Gv), and Crystallized 

Intelligence (Ge)? 

d. The School Neuropsychological (SNP) Conceptual Model, where memory 

subtests load on second order classifications of Leaming and Memory including 

Verbal Immediate Memory, Visual Immediate Memory, Verbal Delayed Long

Tenn Memory, Visual Delayed Long-Tenn Memory, Verbal-Visual Associative 

Leaming and Memory, Working Memory, and Semantic Memory? 

It was hypothesized that the School Neuropsychological Conceptual Model's 

memory framework (Miller, 2007, 2010; Miller & Maricle, 2012) would be the best fit of 

the underlying structure of memory subtests in the sample data. The SNP model is a 

comprehensive approach to understanding neurocognitive functioning, with specific 

classifications designated specifically to memory. Within the SNP model, memory is a 
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broad classification followed by more narrow, second order classifications. This model is 

broad in scope and includes eight \Nell-supported factors of memory including rate of 

learning, verbal immediate memory, visual immediate memory, delayed verbal memory, 

delayed visual memory, verbal-visual associative learning and recall, working memory, 

and semantic memory. Therefore, it was hypothesized that the SNP model would be a 

better fit than the previously mentioned models in relation to the sample data of children 

and adolescents in a clinical population. 
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CHAPTER II 

REVIEW OF THE LITERATURE 

Prior to examining the validity and functionality of specific measures of memory, 

essential and foundational knowledge of several concepts related to memory will be 

reviewed. This chapter serves to provide an overview of the literature related to the 

foundations of me1nory as well as how various theories and models have shaped the field 

of neuropsychology related to children and adolescents. This review of literature will 

examine how memory has historically been conceptualized through the lens of several 

influential and prominent models of memory. In addition, the past and present research 

related to neurocognitive test development will be discussed. An understanding of how 

memory develops across the lifespan is essential, thus a review of the neuroanatomical 

and neurobiological structures as well as developmental influences related to memory 

will be presented. This chapter will also examine several common clinical disorders 

affecting memory in children and adolescents. Furthermore, a review of prominent 

cognitive and neuropsychological instruments designed to assess a wide range of memory 

subtypes will be examined. Within this review of memory instruments, the validity and 

research behind utilizing these specific measures of memory in child and adolescent 

clinical populations will be explored. Finally, a review of the rationale for the cun-ent 

study is discussed. 
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Overview of Memory Functioning 

Memory and learning are inextricably linked, although these two concepts are 

often confounded due to their complex interaction and association with one another. 

Memory can be described as the ability to recall past events and infonnation, while it has 

been suggested that learning is a way of linking memories with new experiences (Miller 

& Blasik, 2010). Through these inte1iwined processes, it is evident that memory is 

essential to the process of learning and in order to learn, one must be able to store and 

access memories. Despite the profusion of research in the area of memory, a lack of 

consensus exists regarding the exact construct of memory and methods of memory and 

learning functions. This has led to differing theories and models represented within the 

literature. Differences in how memory is defined and conceptualized have resulted in a 

disagreement among professionals on how to comprehensively evaluate and accurately 

interpret memory deficits in clinical settings. This lack of consensus among professionals 

necessitates further research in an effort to better understand how memory is to be 

accurately conceptualized and how professionals should use and inteqxet the results of 

memory and learning assessments. 

Conceptualization of Memory from a Cognitive Neuroscience Perspective 

Understanding the basic structure of memory is important in the investigation of 

more complex theories of memory. Therefore, an overview of fundamental and 

commonly used tenninology related to the organization of memory as they are discussed 

in the cognitive neuroscience literature will be reviewed. However, it is worth noting that 

these tem1s do not necessarily align with memory tests that are used for assessment 
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purposes, nor do they directly align with the models of memory used in the study. Thus, 

practitioners must conduct a careful analysis of individual memory subtests to detennine 

whether the test is a valid representation of an individual's abilities as well as the 

theoretical foundations of memory (Miller & Blasik, 2010). 

Three overarching concepts involved in memory functioning are encoding, 

storage, and the retrieval of information. Encoding is the process of receiving and 

processing information. Basic encoding is defined as the conversion of input into a code 

for short-tenn or long-term memory, while complex encoding is the process of 

associating meaningful information into related schemas in long-term storage (Dehn, 

2008). Storage is the consolidation of existing information and newly encoded 

infom1ation, and retrieval is the ability to access stored information from long-tenn 

memory (Miller & Blasik, 2010). Memory processes can break down at any of these three 

stages. 

The organization of memory from a cognitive neuroscience perspective begins 

largely with the unique concepts of sensory memory, short-tem1 memory, working 

memory, and long-term memory. Figure 1 provides an illustration of these commonly 

used terms describing different aspects of memory. Sensory memory is the ability to 

briefly retain visual, auditory, or tactile infonnation after the original stimulus is removed 

(Baddeley, 2004). After infonnation is processed in the sensory register, it is then 

transferred to short-tem1 memory through two sensory memory channels. First, is the 

iconic memory channel for processing visual stimuli, and second, is the echoic memory 

channel used to process auditory stimuli. It is important to note that attention must be 
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allocated in order for infonnation to be passed from sensory memory to short-term 

memory. 

Short-tenn memory was originally used to describe all temporary memories 

coming from sensory memory (Atkinson & Shiffrin, 1968). However, empirical evidence 

from more recent theories of memory suggest that short-tetm memory processes are 

embedded within a more comprehensive working memory system (Baddeley, 2004). 

Other researchers view working memory as a completely separate entity with close ties to 

long-tenn memory (Dehn, 2008). Seemingly, the relationship between the original idea of 

short-tenn memory and more recent research endorsing working memory are frequently 

debated topics of memory functioning. Generally, short-term memory is thought to 

consist of temporary memories that are simply repeated, whereas working memory is 

thought of as the process of temporarily storing and manipulating infom1ation (Leffard, 

Miller, Bernstein, DeMann, Mangis, & McCoy, 2006). Working memory involves the 

active transfom1ation of infonnation and requires attentional resources. Research 

suppo11s the idea that working memmy is divided into four components consisting of the 

central executive, the phonological loop, the visuospatial sketchpad, and the episodic 

buffer (Baddeley, 2007). These components will be further elaborated upon in this 

literature review in a complete review of Baddeley and Hitch's (1974) working memory 

model. Much evidence exists suppo11ing the idea that both short-tem1 and working 

memory have a limited capacity (Dehn, 2008). The popular concept of The Magical 

Number Seven, Plus or Minus Two, proposed that individuals could retain approximately 

seven chunks of infom1ation in short-tenn memory (Miller, 1956). Since the initial 
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proposition of this limited capacity model, many controversial theories have been 

developed on how to measure and identify the capacity of working memory ( Cowan, 

Elliott, Scott-Saults, Morey, Mattox, & Hismjatullina, 2005; Dehn, 2008). 

Infonnation from short-tem1 memory is then stored in long-tenn memory, 

oftentimes through a process called rehearsal. The repeated exposure to a stimulus 

transfers it into long-term memory. Long-tenn memory can be divided into two global 

concepts known as explicit memory, or declarative memory, and implicit memory, or 

non-declarative memory (Peters & Madduri, 2008). 

Explicit memory consists of infonnation that is explicitly stored and retrieved, 

requiring conscious recollection. Explicit memory can be further sub-divided into 

seman6c and episodic memory. Semantic memory is a collection of all of an individual's 

knowledge about facts and objects. Episodic memories, also known as autobiographical 

memories, are personal memories and events from an individual's life. Evidence of a 

third, less well-known type of long-tenn memory is called lexical memory. Lexical 

memory specifically focuses on decoding spoken and written language (Martin~ 2003). 

This lexical memory system is of particular importance for practitioners in an educational 

setting because it is relevant for listening comprehension, oral expression, reading, 

mathematics, and writing (Miller & Blasik, 2005). 

Implicit memory is the ability to automatically perfom1 perceptual, cognitive, and 

motor tasks. In contrast to explicit memory, implicit memories are not based on the 

conscious recall of infonnation, but rather on implicit learning. Procedural memory falls 

under the umbrella of implicit memory and is primarily employed when learning motor 
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skills. Procedural memory is enlisted when an individual's perfonnance on a task 

improves due to repetition (Dehn, 2008). In other words, no new explicit memories have 

been fonned, but the individual is unconsciously accessing infonnation from previous 

expenences. 

In addition to understanding explicit and implicit memories, there are several 

other important functions related to long-tenn memory processes. These include storage, 

deletion, and retrieval of infonnation. The storage of infonnation can be influenced by 

various factors such as distributed learning, a concept suggesting that learning is most 

effective when distributed over time. The tern1 deletion refers to an inability to access 

info1mation due to decay or interference (Bem1an, 2009). Lastly, a critical concept within 

long-tem1 memory is infonnation retrieval. Two commonly discussed types of 

infonnation retrieval are recall and recognition. Recall is the ability to generate a mental 

image of an absent stimulus, while recognition is the ability to tell whether a stimulus is 

the same as one that has been seen before (Berk, 2007). 

Theories and Models of Memory 

In the 1953, William Scoville, a neurosurgeon, performed a groundbreaking brain 

operation which forever altered the understanding of memory functioning. Scoville 

completed a surgical resection of the medial temporal lobes in a patient called H.M. to 

treat severe epilepsy. Approximately two-thirds of H. M. 's hippocampus, 

parahippocampal gyrus, and amygdale were removed (Kolb & Whishaw, 2008). As a 

result, H. M. suffered from severe anterograde amnesia. Although working memory and 

procedural memory remained intact, H.M. could not commit new events to long-tenn 
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memory (Scoville, 1968, as cited in Nelson, Moulson, & Richmond, 2006). To explain 

the dissociation between types of memory that were impaired versus those that remained 

intact, researchers suggested that there may be multiple memory systems. The case of 

H.M. played a crucial role in the development of theories that explain the link between 

brain functions and memory, and the multiple systems engaged in memory. 

While numerous theories of cognition and, more specifically, theories of memory 

have been proposed, a significant controversy continues to exist regarding how memory 

should be operationally defined and measured. In effect, many different models of 

memory exist. In the 1970's and 1980's there was a surge of interest by cognitive 

psychologists in the domain of information processing. Sternberg, Conway, Ketron, and 

Bernstein (1981) described infonnation processing as '"the sequence of mental operation 

and their products involved in perfom1ing a cognitive task" (p. 1182). Memory is a 

fundamental cognitive task involved in infom1ation processing. Within each of these of 

infonnation processing models are various methods of conceptualizing of memory. In 

effect, there are many proposed subtypes of memory within the overarching domain of 

memory. Additionally, there are unique cognitive systems proposed to be implicated as 

each type of memory is engaged. 

Comprehensive neurocognitive theories are theories broadly describing global 

cognitive functioning of the brain and involve areas such as language, attention, memory, 

processing speed, and executive functioning. On the other hand, targeted theories of 

memory are limited exclusively to the functioning of memory systems within the brain. 
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Selected cognitive and targeted models of neurocognitive functioning in relation to 

memory will be discussed in the following section. 

• Sensory Memory 

o Iconic - Visual 

o Echoic - .Audit01y 

• Working Memory (Short-Term Memory) 

o Central Executive - Focusing, dividing, and sh(fiing 

attentional resources 

o Phonological Loop - Te,nporm}' auditmy storage 

o Visuospatial Sketchpad - Temporal}' visual storage 

o Episodic Buffer - Updates long-term memmy 

• Long-Term Memory 

o Explicit Memory (Declarative) - C'onscious 

• Semantic Memory - Facts, objects 

• Episodic Memory (Autobiographical) - Personal events 

• Lexical Memory - Decode spoken and ivritten language 

o Implicit Memory (Non-Declarative) -Unconscious 

• Procedural - Skills, tasks 

• Long-Term Memory Processes 

o Retrieval of Information 

• Recall 

• Recognition 

Figure 1. A conceptualization of the human memory from a neurocognitive 

perspective. 
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Comprehensive theories and models of memory. One of the most well-known 

and widely accepted comprehensive theories of cognitive ability is the Cattell-Hom

Carroll theory (CHC theory; McGrew & Woodcock, 2001; McGrew, 2005). Many 

contemporary researchers have focused on the CHC framework of intelligence while 

developing tests because of CHC theory's strong empirical support. CHC theory is data 

driven and based on decades of meta-analyses, which investigated the structure of 

intelligence (Kaufman & Kaufman, 2004 ). 

CHC theory integrates two well-validated theories of cognitive abilities. The first 

of these two theories is qf:Gc theory (Cattell, 1941; Horn 1965) and the second is John 

Carroll'sThree-Stratum theory (1993; McGrew, 2005). CHC is a psychometric theory of 

intelligence, meaning that it is primarily based on procedures assuming that "the structure 

of intelligence can be discovered by analyzing the interrelationship of scores on mental 

ability tests" (Davidson & Downing, 2000, p. 37). A statistical technique called factor 

analysis is then used to analyze the test scores of a large sample of individuals, thereby 

identifying the factors, or latent sources, of individual differences in intelligence 

(Davidson & Downing, 2000). 

The first component of CHC theory is Raymond Cattell and John Hom's GJ:Gc 

theory (Horn, 1991 ). Cattell' s theory identified nine broad cognitive factors which 

included: Crystallized Intelligence ( Ge; the depth and breadth of acquired knowledge), 

Fluid Intelligence (G.f; novel reasoning and problem solving), Short-Tenn Memory (Gs,n; 

the ability to hold info1mation in immediate awareness and use it within a few seconds), 

Long-Tenn Storage and Retrieval (Glr,· the ability to store information and fluently 
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retrieve it later), Visual-Spatial Thinking (Gv; the ability to generate, perceive, analyze, 

and think with visual patterns), Auditory-Processing (Ga; the ability to analyze, 

synthesize, and integrate auditory information), Processing Speed ( Gs; the ability to 

automatically and fluently perfonn cognitive tasks), Quantitative Knowledge (Gq; 

knowledge and use of quantitative facts), and Reading-Writing Ability ( Grw; reading, 

reading fluency, and writing ability). 

The second component of CHC theory is comprised of John Carroll's (1993) 

Three-Stratum Theory. Canoll's theory proposed that there were a large number of 

distinct individual differences in cognitive ability. Thus, his model evaluates the 

relationship between each individual's unique cognitive abilities and then classifies them 

into three different strata. Stratum I constitutes 69 natTow abilities, which describe 

specialized cognitive abilities. Stratum II describes broad abilities and is comprised of 

several broad categories of cognitive abilities, specifically, Fluid Intelligence, 

Crystallized Intelligence, General Memory and Learning, Broad Visual Perception, Broad 

Retrieval Ability, Broad Cognitive Efficiency, and Processing Speed. The broadest level 

of ability under which Stratum I narrow abilities and Stratum II broad abilities are 

subsumed, is known as Stratum III, which describes General Intelligence (g) (Can-oll, 

1993). 

In 1999, CHC theory was developed after merging Gf-Gc theory (Horn, 1991) and 

the Three-Stratum theory (Carroll, 1993). CHC theory represents both Carroll's (1993) 

hierarchical, three-tier model of cognitive functioning and Cattell and Horn's (1991) nine 

broad factors of cognitive ability. CHC theory suggests a ··g'' factor, which represents an 



individual's overall intellectual abilities. Each of the three tiers, or strata, falls under the 

umbrella of this overarching g factor. Within the g factor exists the aforementioned nine 

broad intelligence factors from the Gc-qftheory namely, Ge, Gj,' Gsnz, Glr, Gv, Ga, Gs, 

Gq, and Grw (Hom, 1991). The lowest tier contains over 70 narrow abilities, which 

describe more specialized aspects of intelligence (Flanagan & Han-ison, 2005) 

In comparison to other well-known theories of intelligence or cognitive abilities, 

CHC theory is the most supp01ted psychometric theory regarding the structure of 

cognitive and academic abilities (McGrew, 2005). According to Flanagan and Ortiz 

(2001 ), CBC is ·'currently the most researched, empirically supported, and 

comprehensive descriptive hierarchical psychometric framework from which to organize 

thinking about intelligence-test interpretation" (p. 25). The present study only examined 

domains thought to be applicable to the construct of memory including Short-Term 

Memory (Gsm), Long-Tem1 Storage and Retrieval (Glr), Auditory Processing (Ga), 

Visual-Spatial Thinking (Gv), and Crystallized Intelligence (Ge). For a more 

comprehensive review of CHC theory, see Flanagan and HatTison's (2012) 

Contemporm:v intellectual assessment: Theories, tests, and issues (3 rd Ed.) . This text 

takes an in-depth look at CHC theory and each of the associated domains. 

CHC theory identifies two broad domains of memory known as Short-Term 

Memory (Gsm) and Long-Tem1 Storage and Retrieval (G/r). Gsm is sh01i-term, or 

immediate memory, and is described as the ability to hold infom1ation in immediate 

awareness and use it within a few seconds. In the latest CBC model (Flanagan, Ortiz, 

Alfonso, & Dynda, 2008), Gsm includes two narrow abilities: Memory Span (MS), the 
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ability to attend to and immediately recall temporally ordered elements in the conect 

order after a single presentation, and Working Memory (MW), the ability to temporarily 

store and perfom1 a set of cognitive operations on information that requires divided 

attention and the management of the limited capacity of short-term memory. 

Glr is the ability to store and retrieve infom1ation. It involves memory storage and 

retrieval over longer periods of time than Gsm. Glr should not be confused with acquired 

stores of knowledge as measured by Ge and Gq. The most recent CHC model (Flanagan, 

Ortiz, Alfonso, & Dynda, 2008) includes thi1ieen nanow abilities in the area of Glr: 

Associative Memory (AM), the ability to recall one part of a previously learned but 

unrelated pair of items when the other pmi is presented (e.g. paired-associate learning); 

Meaningful Memory (MM), the ability to note, retain, and recall infom1ation where there 

is a meaningful relation between the pieces of infom1ation; Free Recall Memory (M6), 

the ability to recall as many unrelated items as possible, in order, after a large collection 

of items is presented; Ideational Fluency (FI), the ability to rapidly produce a series of 

ideas, words, or phrases related to a specific condition or object; Associational Fluency 

(FA), the ability to rapidly produce a series of words or phrases associated in meaning 

when given a word or concept with a restricted area of meaning; Expressional Fluency 

(FE), the ability to rapidly think of and organize words or phrases into meaningful 

complex ideas under high general or more specific cueing conditions; Naming Facility 

(NA), the ability to rapidly produce names for concepts when presented with a pictorial 

or verbal cue; Word Fluency (FW), the ability to rapidly produce words that have specific 

phonemic, structural, or 01ihographic characteristics (independent of word meanings); 
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Figural Fluency (FF), the ability to rapidly draw or sketch several examples or 

elaborations when given a starting visual or descriptive stimulus; Figural Flexibility (FX), 

the ability to quickly change set in order to generate new and different solutions to figural 

problems; Sensitivity to Problems (SP), the ability to identify and state practical problems 

in a given situation or rapidly think of and state various solutions to, or consequences of, 

such problems; Originality/Creativity (FO), the ability to rapidly produce original, clever, 

or uncommon verbal or ideational responses to specified tasks; and Learning Abilities 

(L 1 ), the general rate at which an individual learns information. 

In addition to Short-Term Memory and Long-Term Storage and Retrieval, several 

other CHC factors were addressed in the study including Auditory Processing (Ga), 

Visual-Spatial Thinking (Gv), and Crystallized Intelligence (Ge). Auditory Processing 

(Ga) describes a wide range of abilities involved in interpreting and organizing auditory 

infonnation. Visual-Spatial Thinking (Gv) is the ability to generate, store, retrieve, and 

transfonn visual infonnation. Crystallized Intelligence (Ge) is a person's depth and 

breadth of acquired knowledge oflanguage and information related to one's culture. 

CBC theory directly influenced the development of Cross-Battery Assessment, 

which is a commonly used approach to conducting neuropsychological evaluations in 

children. Practitioners utilize Cross-Battery Assessment as means of making systematic 

interpretations of intelligence batteries and augmenting them with other standardized tests 

of intelligence (Flanagan et al., 2010). CHC theory provides an empirically-based method 

of measuring a wider range of cognitive abilities through the use of multiple measures 

rather than using a single test battery (Flanagan, Ortiz, & Alfonso, 2007). Due to its 
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significant influence on psychoeducational and neuropsychological test development as 

well as Cross-Battery Assessment in children, CHC theory was analyzed for its fit with 

various tests of memory. More specifically, those factors which were hypothesized to be 

applicable to the construct of memory including Short-Tenn Memory (Gsm ), Long-Term 

Storage and Retrieval (Glr), Auditory Processing (Ga), Visual-Spatial Thinking (Gv), and 

Crystallized Intelligence ( Ge). 

Another comprehensive model used for interpreting cognitive abilities is the 

Conceptual Model for School Neuropsychological Assessment (SNP Model; Miller, 

2007, 2010; Miller & Maricle, 2012). This model is designed to be used as a framework 

for conceptualizing neuropsychological assessment in children with the purpose of 

enhancing cross-battery interpretation. The SNP Model is a classification of commonly 

used tests batteries that evaluate neuropsychological, cognitive, academic achievement, 

and behavior in school-aged children (Miller, 2007, 201 0; Miller & Maricle, 2012). The 

SNP Model utilizes a bottom-up approach, where higher-order cognitive functions are 

built upon more basic cognitive skills. There are seven broad classifications of cognitive 

abilities including: sensorimotor functions, attentional processes, visual-spatial processes, 

language functions, learning and memory, executive [-unctions, and speed and efficiency 

of cognitive processes (see Figure 2). Each of these cognitive processes is built upon one 

another, beginning with the most basic sensorimotor functions and attentional processes. 

These basic cognitive processes serve as the building blocks for all other cognitive 

processes and each of the subsequent, higher-order skills are dependent upon abilities in 

the preceding domains. 
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Speed and Efficiency of Cognitive Processing 

Leaming and Memory 

Visual-Spatial Processes 

Sensorimotor Functions 

The 
Individual 

learner 

Executive Functions 

Language Functions 

Attentional Processes 

Figure 2. The school neuropsychology conceptual model. Adapted with 

pe1mission from KIDS, Inc. (Miller, 2007, 201 0; Miller & Maricle, 2012). 

The seven SNP Model broad classifications are further subdivided into naffower, 

second-order classifications. Sensorimotor functions are subdivided into basic sensory 

abilities, fine and gross motor skills, visual-motor integration, and balance and 

coordination. Attentional processes are divided into selective/focused attention, sustained 

attention, shifting attention, and attentional capacity. Visual-spatial processes include 

visual perception (with and without motor response), visual-perceptual organization, and 

visual scanning/tracking. Language processes are comprised of phonological processing, 

receptive language, and expressive language. Memory and learning are subdivided into 
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the areas of immediate memory, long-term memory, and semantic memory. Finally, 

executive functioning encompasses multiple components that are associated with each 

neurocognitive domain of the executive system. In addition to cognitive abilities, the SNP 

Model incorporates academic, social-emotional, cultural, environmental, and situational 

factors (Miller, 2007, 201 0; Miller & Maricle, 2012). 

Within the broad classification of Memory and Leaming are nine second order 

classifications including rate of learning, verbal immediate memory, visual immediate 

memory, delayed verbal memory, delayed visual memory, verbal-visual associative 

learning and recall, working memory, semantic memory, and qualitative behavior. For 

purvoses of the cutTent study, specific sub tests comprising the second order 

classifications under the broad classification of Memory and Leaming were analyzed for 

theoretical fit. More specifically, the study utilized memory subtests encompassed within 

seven of the nine second order classifications including verbal immediate memory, visual 

immediate memory, delayed verbal memory, delayed visual memory, verbal-visual 

associative learning and recall, working memory, and semantic memory. 

Targeted theories and models of memory. There is an abundance of research 

dedicated solely to understanding the concept of memory. These theories are known as 

targeted theories of memory. The first major empirical study dedicated to memory was 

conducted by Hennann Ebbinghaus in 1885. Ebbinghaus was a German psychologist 

who pioneered the experimental study of memory (Wozniak, 1999). He is well-known for 

his discovery and research of the learning curve and forgetting curve, which continue to 

be empirically-supported concepts in psychology. In 1968, Atkinson and Shiffrin 
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proposed a monumental model of memory called the multimodal model of memory. In 

response to Atkinson and Shiffrin's model, Craik and Lockhart (1972) developed a 

contrary theory called the levels-of-processing model, which proposed that deeper and 

more elaborate processing and encoding leads to increased long-term memory. In 1973, 

Tulving and Thomson introduced the encoding-specificity principle, which emphasizes 

the imp01iance of the encoding and retrieval processes of memory. In 1974, Baddeley 

and Hitch developed a revolutionary model, which coined the tenn working memory, 

while further examining Atkinson and Shiffrin's short-tenn memory stores. Beyond these 

popular conceptual models, numerous in-depth studies exist, which explore specific 

systems of memory such as the structure of semantic memory (Collins & Quillian, 1969), 

episodic versus semantic memory (Tulving, 1983), and implicit versus explicit memory 

(Schacter, 1987). 

Among the most influential of the aforementioned targeted approaches to 

understanding memory are the Atkinson-Shiffrin (1968) multi-store model of memory 

and Baddeley and Bitch's (1974) working memory model. The cunent study utilized 

these two well-known, empirically-supported targeted theories of memory. 

Atkinson-Shiffrin (1968) Multimodal Model of Memory. Richard Atkinson 

and Richard Shiffrin proposed the Atkinson-Shiffrin multimodal model of memory in 

1968. Atkinson and Shiffrin developed a framework for memory consisting of three built

in structures of memory that included a sensory register, multiple short-term memory 

stores, and a long-tenn memory store. The sensory register represents the temporary 

holding space for all stimuli in the environment that are detected by the sense organs. If 
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this infom1ation is not attended to, it is lost in milliseconds. If it is attended to, 

infonnation is sent to one of the short-tem1 memory stores. These short-term memory 

stores include an auditory-verbal-linguistic store, a visual sh01t-tenn store, and a haptic, 

or touch-related, store. This information is stored for approximately 30 seconds and 

becomes lost if it is not rehearsed or reactivated in some way. Infonnation in the short

tem1 stores is then sent to the long-term memory store, which is considered a relatively 

pennanent storage area, although information may appear to be lost due to decay of the 

infonnation, interference due to subsequent experiences, or weakening of the bonds 

between units of information (Floyd, Evans, & McGrew, 2003). Similar to Baddeley and 

Bitch's (1974) theory, long tem1 memories are encoded primarily through meaningful, 

semantic memory; however, memories may be transported directly from sensory memory 

to L TM if it receives instant attention, which is known as a flashbulb memory 

(Raaijmakers & Shiffrin, 1981 ). 
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Long-term 
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Figure 3. IIlustration of Atkinson and Shiffrin's (1968) model of memory. 

In addition to Atkinson-Shiffrin's permanent, structural aspects of memory, there 

are flexible control processes controlling the operations behind these structures. These 
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control processes include rehearsal of infom1ation in the short-term store, verbal 

encoding of stimuli, and memory storage and retrieval (Floyd, Evans, & McGrew, 2003). 

According to this model, the individual coordinates each of these control processes in 

order to accomplish cognitive goals. 

Craik & Lockha11 (1972) Levels-of-Processing Model. As an alternative to 

Atkinson-Shiffrin, Fergus Craik and Robert Lockhart proposed the levels-of-processing 

model in 1972. This model posits that memory recall and the extent to which something 

is memorized, is a function of the depth of mental processing. Depth of mental processing 

is proposed to fa11 on a continuum ranging from shallow processing to deep processing. 

Shallow processing is composed of processing based on phonemic and orthographic 

components, and leads to a fragile memory trace that is susceptible to rapid decay. 

Alternatively deep processing, such as semantic processing, results in a more durable 

memory trace. Even though this model emphasizes processing over structure, it does 

maintain a distinction between short-tem1 and long-tenn memory. Craik and Lockhart's 

theory contradicts Atkinson and Shiffrin's (1968) multimodal model in its representation 

of memory strength as a continuous variable. Despite its popularity, the level of 

processing approach has not held up well in research studies (Dehn, 2008). For example, 

Morris, Bransford, and Franks ( 1977) demonstrated that inf01111ation for sound, such as 

rhyming, was better remembered than information processed for meaning (semantic), 

contradicting the depth of processing approach. 



Baddeley and Bitch's (1974) \Vorking Memory Model. Alan Baddeley and 

Graham Hitch (1974) proposed a multi-component model of working memory, which is a 

modification and extension of the Atkinson-Shifli-in multimodal model of memory (see 

Figure 4 ). Baddeley and colleagues developed this model to increase the understanding of 

the working memory operations within the short-tenn memory stores. Baddeley and 

Hitch's model proposes that two slave systems are responsible for the short-tem1 

maintenance of infom1ation and that a central executive is responsible for the supervision 

of infonnation integration as well as coordinating the slave systems. 

One slave system, the phonological loop, stores phonological information and 

prevents its decay by continuously articulating its contents, thereby refreshing the 

infonnation in a rehearsal loop. The other slave system, the visuospatial sketchpad, stores 

visual and spatial infonnation. This sketchpad is further broken down into a visual 

subsystem and a spatial subsystem (Baddeley & Della Sala, 1996). The more visual 

aspects of imagery depend on the occipital lobes, while spatial aspects reflect activity in 

the parietal lobes, although the frontal lobes may also be involved in an imagery 

controlling function (Baddeley, 2007). The central executive is seen as an attentional 

system that coordinates the phonological loop and visuospatial sketchpad, and then 

relates them to long-tenn memory. The central executive processes, analyzes, stores, and 

retrieves memories held in the long-term memory store. In addition, the central executive 

manages and regulates attention in the memory system (Floyd, 2005). 

In 2000, Baddeley extended the model by adding a fomih component called the 

episodic buffer, which holds representations integrating phonological, visual, and spatial 



infonnation, and other infom1ation not covered by the slave systems, such as semantic 

and episodic information. Primary characteristics of the episodic buffer are that it has a 

limited capacity for storing information, it integrates infom1ation from a range of sources 

into a single structure, and it acts as an intennediary between subsystems, combining 

them into one, multi-dimensional representation (Baddeley & Wilson, 2002). The 

episodic buffer was designed to fill a gap in the working memory model, because none of 

the three components (phonological loop, visuospatial sketchpad, or central executive) 

can be regarded as general storage that can combine several kinds of information 

(Eysenck & Keane, 2005). 
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Central ~ 

Executive . ) 
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~-~---, 
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Loop 

Figure 4. lllustration of Baddeley and Bitch's (1974) working memory model. 

While other models of working memory such as Ericsson and Kintsch's (1995) 

long-tem1 working memory model and Cowan' s ( 1999) embedded process model have 

been presented in the literature, Baddeley and Bitch's model is the most frequently cited 
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and widely-accepted model for conceptualizing working memory. Based on the extensive 

research (Baddeley, 1996; 2000; 2002; 2007) and numerous subcomponents of working 

memory incorporated into this model, Baddeley and Hitch's targeted model of working 

memory was analyzed in the current study. 

Integration of memory theories and models. Consistent with classic 

infonnation processing models such as Atkinson and Shiffrin (1968) and Baddeley and 

Bitch's (1974) models, Woodcock and colleagues developed an infonnation processing 

model that outlines the organization and interactions among latent abilities specified by 

CHC theory (Dean, Decker, Woodcock & Shrank, 2003). The following explains the 

integration of these two classic information- processing theories into CHC theory as well 

as the SNP model in regards to memory. 

According to Woodcock and colleagues, environmental stimuli are first registered 

by the senses. If attended to, this information is encoded into immediate awareness, 

represented by the broad cognitive ability known as sh01i-tem1 memory (Gsm) in the 

CBC model. CBC includes several nanow abilities within Gsm including Memory Span 

(MS) and Working Memory (MW; McGrew, 2005). This aligns with the short-tem1 store 

in the Atkinson-Shiffrin model and the phonological loop in Baddeley and Hitch 's model. 

According to the SNP model, information is encoded in immediate awareness through 

verbal or visual processes. 

CHC theory also proposes a long-term storage and retrieval (G/r) factor for the 

consolidation, storage, and retrieval of information (Hom & Blankson, 2005). Within G/r 

exists thirteen naITow abilities including Associative Memory (AM), Meaningful 
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Memory (MM), Free Recall Memory (M6), Ideational Fluency (Fl), Associational 

Fluency (FA), Expressional Fluency (FE), Naming Facility (NA), Word Fluency (FW), 

Figural Fluency (FF), Figural Flexibility (FX), Sensitivity to Problems (SP), 

Originality/Creativity (FO), and Leaming Abilities (Ll). These long-term storage and 

retrieval processes are consistent with Atkinson and Shiffrin's long-term memory store. 

The SNP model proposes two separate factors for long-tenn memory, known as Visual 

Delayed Long-Tem1 Memory and Verbal Delayed Long-Tem1 Memory. In addition, the 

SNP model suggests a Semantic Memory component, where meaningful infonnation is 

stored. 

In addition to the aforementioned components, many of which are operationalized 

by existing assessment instruments such as the WJ III COG, each of these theories 

propose a type of executive control system for managing active memory. Woodcock and 

colleagues include an executive control component in the CI-IC model. This component is 

consistent with Baddeley and Bitch's central executive, where executive control oversees 

the choice and sequence of cognitive processes (Dean, Decker, Woodcock & Shrank, 

2003).While Atkinson and Shiffrin do not propose a distinct store for active memory, 

there are several control processes associated with this model such as rehearsal of 

infonnation within the short-term store, verbal encoding strategies, and memory and 

retrieval strategies. The SNP model proposes a separate Working Memory factor, which 

includes infom1ation that is actively processed through either visual or auditory 

processes. 

Neuroanatomy and Neurobiology of Memory 
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In the 1930's, A. R. Luria endeavored to develop one of the first systematic 

approaches to understanding the brain and cognition. This initial research has more 

recently come to be known as the discipline of neuropsychology (Luria, 1979). At the 

core of Luria's approach was the belief that "to understand the brain foundations for 

psychological activity, one must be prepared to study both the brain and the system of 

activity" (Luria, A., 1979, p. 173). In other words, understanding the brain structures and 

how the brain operates at the neurobiological level are essential to understanding 

psychological activity. Adequate memory functioning requires neurologically complex 

brain processes and there continues to be disagreement about what structures of the brain 

are involved in each distinct process of memory. 

The aforementioned case of H.M. provided much insight into the specific 

anatomical structures involved in memory formation. Since H.M., the study of human 

memory has continued to yield new insights and to improve understanding of the 

structure and organization of memory (Squire & Wixted, 2011 ). The following section 

will first provide an overview of the specific neuroanatomical structures involved in 

memory, followed by an integration of the neurobiological foundations of memory and 

the associated subtypes of memory. 

Neuroanatomy of memory structures. According to Blumenfeld (2010), there 

are two main regions of the brain that are critical to the fonnation of memories. The first 

area is the medial temporal lobe (MTL). The MTL includes the hippocampal fonnation 

and cortex of the parahippocampal gyrus. The second area is the medial diencephalic 
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area, which includes the thalamic medio-dorsal nucleus, anterior nucleus of the thalamus, 

mammillary bodies, and other diencephalic nuclei lining the third ventricle. 

The MTL and medial diencephalic areas are interconnected with each other and 

with other regions of the cortex through a variety of pathways that are crucial for memory 

consolidation and retrieval. The basal forebrain is also thought to play a role in memory, 

primarily through widespread cholinergic projections to the cerebral cortex, including the 

MTL. The limbic system, which is also involved in memory, includes diverse cortical and 

subc01iical structures located primarily in the medial and ventral regions of the cerebral 

hemispheres. These structures of the limbic system, which together comprise the 

forebrain, are crucial to memory fonnation and declarative memory retrieval, as well as 

olfaction, emotions, and homeostasis (Blumenfeld, 2010). 

Neurobiology of short-term and working memory. Research on brain activity 

indicates that short-tem1 memory and working memory tasks are primarily localized in 

the frontal lobes. The frontal lobes are located at the front of each cerebral hemisphere 

and are separated from the parietal lobes by the primary motor cortex (Blumenfeld, 

2010). According to Osaka and Osaka (2007), brain activation studies indicate which 

areas of the brain are stimulated when infom1ation is held in the phonological loop, 

visuospatial sketchpad, and the central executive. Findings from this research suggest that 

infonnation held in the phonological loop activates the left ventrolateral prefrontal cortex, 

while information held in the visuospatia] sketchpad activates the c01.Tesponding right 

ventrolateral prefrontal c01iex. Working memory tasks involving the central executive 

activate the prefrontal c01iex, in particular the dorsolateral prefrontal cortex and the 
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anterior cingulate co11ex (Osaka & Osaka, 2007). In addition to being involved in 

working memory, the frontal lobes are also thought to be involved in prospective 

memory, or the ability to remember what an individual needs to do in the future 

(Winograd, 1988). 

Neurobiology of long-term memory. Two critical structures involved in the 

consolidation of long-term memory are the hippocampus and the amygdala (Miller & 

Blasik, 2010). These two structures are located within the temporal lobes of the brain. 

The temporal lobes are located within a region of the cerebral c011ex, beneath the Sylvian 

fissure, and are found on both the left and right hemispheres of the brain (Blumenfeld, 

2010). 

Long-tenn memories are thought to be formed through two actions called long

term potentiation and consolidation. According Bruel-Jungemrnn, Davis, and LaRoche 

(2007), long-tem1 potentiation and consolidation are vital to the transfer of information 

from sho11-term memory to long-tenn memory. Long-tenn potentiation occurs bilaterally 

in the MTL, specifica1ly in the hippocampus (Mi1ler & Blasik, 2010). Memory and 

learning consolidation are thought to occur through multiple processes including synaptic 

strengthening, synaptic weakening, synaptogenesis (the growth of new synapses), and 

neurogenesis (the growth of new neurons). Synaptic strengthening, which takes place in 

the hippocampus, supports and strengthens memories (Brnel-Jungem1an et al, 2007). 

Located below the hippocampus in the MTL is the amygdala. Like the hippocampus, the 

amygdala is also known to be essential to the process of memory consolidation (Miller & 

Blasik, 2007). Recent research demonstrates that the amygdala also plays a role in 
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transferring short-tenn memories to long-term memory by consolidating memories 

through the basolateral nucleus region (McGaugh, 2002). The amygdala is also vital for 

encoding recent emotional information into memory. Research suggests that emotional 

arousal during an event increases the chances that the event will be remembered 

(McGaugh, 2004). 

Temporal lobe damage can have profound effects on long-tem1 memory (Kolb & 

Whishaw, 1990). Damage to the hippocampus, amygdala, and other surrounding areas 

can cause anterograde amnesia, or the inability to fonn new memories (Mahut, Zola

Morgan, & Moss, 1982). This suggests that the hippocampus is imp01iant for encoding 

memories. The temporal lobes are also associated with recognition memory, or the 

capacity to identify an item as one that was recently encountered (Berk, 2007). 

Individuals with damage to the hippocampus, but some remaining parahippocampal 

cortex, have been shown to maintain some semantic memory, although episodic memory 

was not intact. This suggests that it may be possible to retain and fonn new semantic 

memories, or understand concept-based knowledge that is unrelated to specific 

experiences. However, damage to the hippocampus can cause total amnesia related to 

episodic memories, or explicit memories and descriptions of actual events (Ward, 2009). 

Neurobiology of motor memory. The basal ganglia and the cerebellum are 

essential structures for motor memory. The basal ganglia are primarily associated with 

cognition, motor control, learning, memory, and unconscious memory processes, such as 

motor skills and implicit memory (Mishkin & Appenzeller, 1987). The basal ganglia are 

a group of nuclei located in the MTL. These nuclei include the subthalamic nucleus, 
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substantia nigra, globus pallidus, ventral striatum, and dorsal striatum (Packard & 

Knowlton, 2002). Oftentimes disorders associated with damage to the basal ganglia 

involve motor dysfunction, as well as difficulty switching back and fo1th between tasks in 

working memory. 

The cerebellum is generally associated with procedural memory and motor 

learning (Mishkin & Appenzeller, 1987). According to Doyon, Penhune, and Ungerleider 

(2003), when an individual begins to learn a new motor skill, conscious cognitive 

involvement is required until the skill is over-learned, at which point conscious 

involvement is no longer necessary. When learning a new motor skill, the cerebellun1 is 

highly activated (Miller & Blasik, 2009). After the skill is learned, the cerebellum 

becomes less involved and instead the striatum, located within the basal ganglia, becomes 

increasingly involved. This suggests that there is a switch in loop activation from the time 

a new skill is learned to the time it is well-learned (Nyberg, Eriksson, Larson, & 

Marklund, 2006). 

Development of Memory from Infancy to Early Adulthood 

In 1984, Fletcher and Taylor produced an influential article emphasizing the 

behavioral and biological differences between children and adults. This article highlights 

the importance of understanding that brain maturation continues into early adulthood. 

Recent research has flourished with this growing appreciation of neurological differences 

between children and adults. In addition, federal mandates set forth by the Individuals 

with Disabilities Education Act (IDEA; IDEA 2004) for early intervention programs have 

increased psychoeducational refimals, thus requiring clinicians to become increasingly 
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competent in understanding the scope and sequence of developmental changes that occur 

in very young children. 

Birth and infancy. As previously mentioned, there are numerous theories on the 

ways in which memory develops in children and adolescents. However, research 

demonstrates that fonns of sho1i-tem1 memory are shown to exist in infancy. In object

permanence studies, infants as early as four to eight months of age begin to search for 

hidden objects (Brainerd, 1978). Additionally, researchers suggest that implicit memory 

is present from infancy, although the development of explicit memory does not occur 

until around eight months of age (Nelson, 1995). In other words, an infant's memory may 

allow for improved perfonnance on unconscious tasks, but memories are likely limited to 

this implicit memory rather than being able to utilize explicit memory, or conscious 

recollection. Others researchers argue that implicit and explicit memory systems develop 

in a gradual and parallel nature (Rovee-Collier, Hayne, & Colombo, 2001 ). However, 

there are limitations to much of the research on infants and young children. Theories of 

memory in adults are typically derived from neuroanatomical or cognitive measures. 

However, modern neuroimaging techniques, such as magnetic resonance imaging (MRI), 

are rarely used on young infants. In addition, given that infants cannot verbally report 

whether they are consciously aware of having experienced a paiiicular event, it is not 

possible to fully understand cognitive development (Rovee-Collier & Cuevas, 2009). 

Therefore, much of the research investigating the development of memory is limited to 

neuropsychological studies of adults (McDonough, Mandler, McKee, & Squire, 1995) 

and neuroanatomical studies of animals (Seress, 2001 ). It is implausible to assume that an 
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infant's intact, yet underdeveloped brain, is comparable to that of an adult or an animal's 

brain (Nelson, Moulson, & Richmond, 2006). 

Over the course of development, children use increasingly sophisticated methods 

to recall infom1ation, and as a result, their memory improves. Research shows that 

infants learn and retain a wide variety of infonnation just by watching objects and events. 

By the age of two, children begin using intentional memory strategies including looking, 

pointing, and naming (Berk, 2007). 

Early and middle childhood. As development continues, children become more 

accurate, process infonnation more quickly, deal with more complex infomrntion at one 

time, and use increased memory strategies (Dehn, 2008). In early childhood, working 

memory may consist of little more than sh01i-tem1 memory processes. From around the 

age four, there are significant developmental increases in short-term memory span and 

working memory capacity (Dehn, 2008). Developmentally, verbal short-term and 

working memory doubles or triples between the ages of four and sixteen. At age four, the 

typical child can recall an average of three digits in order. By age twelve, that number has 

doubled to an average of six digits. By age sixteen, digit span plateaus at adult levels of 

around seven or eight digits (Hulme & Mackenzie, 1992). In general, children appear to 

rely more heavily on phonological sho1i-tem1 memory than adults. While adults tend to 

rely on semantic associations in memory processing, children depend more on 

phonological features of words (Conlin & Gathercole, 2006). In early childhood, 

Baddeley's three components, the phonological loop, visuospatial sketchpad, and the 

central executive, tend to function independently, but as executive functions of working 
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memory develop, these components evolve and begin to work interdependently, leading 

to more efficient processing (Dehn, 2008). 

As children develop, they begin to understand and utilize memory strategies. 

There are several types of cognitive strategies children begin to use to improve memory 

including mnemonic devices, rehearsal and repetition, clustering, distributed practice, 

organizing material, and visual imagery (Berk, 2007). By around the age of 7 or 8, 

children begin to utilize rehearsal and repetition strategies. During late elementary 

school, children begin to employ strategies such as organization and clustering (Kron

Sperl, Schneider, & Hasselhorn, 2008). For example, they may use semantic grouping'., or 

grouping of objects or items into meaningful categories. 

In relation to long-tenn memory, there is debate over whether explicit memory 

exists in infancy; however, research suggests that by early and middle childhood there is 

significant developmental maturation in explicit memory. In one study by Hunt, 

Couperus, Nelson, and Thomas (2004), seven and eight year-old children and a group of 

adults were given a continuous recognition task. Results indicated that the medial 

temporal lobes were similarly activated in children and adults; however, there were large 

developmental differences between children and adults in the extent to which the 

prefrontal cmiex was recruited for the recognition tasks (Nelson, Moulson, & Richmond, 

2006). This suggests that different strnctures of the brain are utilized in childhood 

compared to adulthood. 

Late childhood, adolescence, and early adulthood. As mentioned earlier, 

Fletcher and Taylor (1984) emphasized the importance of understanding that brain 
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maturation continues into early adulthood. More specifically, the prefrontal cotiex and 

associated systems are the last areas to completely develop. Subcortical gray matter and 

limbic system structures, as well as the prefrontal cortex continue to show significant 

myelination, synaptogenesis, and synaptic pruning until the early 20's (Levitt, 2003). As 

a result, working memory processes become faster and more efiicient. The majority of 

change that occurs during later development is not so much an increase in capacity, rather 

increases in operating speed and efficiency, as well as increased use of sophisticated 

memory strategies (Gathercole & Baddeley, 1993). 

In 2005 , Menon, Boyett-Anderson, and Reiss recorded brain activity during 

encoding and recognition in a group of 11-19 year-olds. In all pmiicipants, encoding was 

associated with activation in the striatum and MTL; however, in the younger participants, 

there was greater activation in the left MTL and less activation in the prefrontal cortex. 

The results of this study indicate that increasing connectivity between the MTL and 

pre-frontal co1iex may account for age-related changes in memory across childhood 

(Menon et al., 2005). As the prefrontal cmtex becomes more developed, individuals use 

more sophisticated and efficient control processes and memory strategies, which enhance 

memory and learning skills. In terms of memory strategies in adolescence and early 

adulthood, more elaborate strategies involving creating verbal or visual connections are 

utilized (Kron-Sperl, Schneider, & Hasselhom, 2008). Improved results on memory span 

tasks during development are often attributed to improved efficiency and greater use of 

strategies. Some researchers argue that the development of related cognitive processes, 

such as executive functions and processing speed, account for most of the improved 

45 



efficiency. On the other hand, other researchers believe that memory span improvement 

is the result of faster speech rate, which in tum allows for faster sub-vocal rehearsal 

(Henry & Millar, 1993). Regardless of position, most researchers agree that more 

sophisticated control processes and strategies increase operating efficiency (Dehn, 2008). 

Disorders Affecting Memory in Children and Adolescents 

Memory and the complications associated with memory impainnent are a 

complex and multifaceted subject. Difficulty in the area of memory is the most frequent 

complaint reported by individuals with neuropsychological disorders (Butters, Soety, & 

Glisky, 2000). While empirical investigation of childhood memory disorders has 

increased in recent years, there is a paucity of infom1ation in the literature regarding the 

learning and behavioral implications of memory impairment in children within 

educational settings. Memory dysfunction is inextricably linked to academic 

performance, meaning that professionals must understand the range of consequences, as 

well as effective interventions for children and adolescents suffering from memory 

impainnent. 

Memory deficits and memory loss are common neuropsychological sequelae of a 

variety of medical conditions. Children with significant medical issues are being 

increasingly incorporated into the general school environment in order to adhere to 

federal mandates requiring schools to provide the least restrictive environment for all 

students (IDEA, 2004). As a result, educators must be progressively more aware of the 

effects medical issues can have on neurocognitive, academic, behavioral, and emotional 

functioning in order to target the specific and unique needs of each child (Castillo, 2008). 
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Based on the complexity of memory processes and the abundant etiologies of 

memory dysfunction in children, there are a broad range of implications that may affect 

each individual differently. Despite the copious potential origins of childhood memory 

disorders, there are several leading disorders commonly seen in school-aged children, 

which include traumatic or acquired brain injury, post-concussion syndrome, type I 

diabetes, epilepsy, post-traumatic stress disorder, fetal alcohol spectrum disorders, and 

developmental and acquired amnesia (Castillo, 2008). Memory impainnent can also be 

the catalyst for problems associated with specific learning disabilities and attention 

deficit/hyperactivity disorder. While memory impainnent is most frequently associated 

with diseases affecting adults such as Alzheimer's and other forms of dementia, this 

literature review will focus specifically on prevalent childhood memory disorders seen in 

educational settings including traumatic brain injury, fetal alcohol spectrum disorders, 

Down syndrome, type 1 diabetes, and the implications of memory deficits in children 

diagnosed with specific learning disabilities and attention-deficit/hyperactivity disorder. 

Traumatic and acquired brain injury. According to Kuhtz-Buschbeck, Stolze, 

Golge, and Ritz (2003 ), traumatic brain injury (TBI) is the number one cause of death in 

children and accounts for a significant proportion of childhood disabilities. Each year 

nearly 1.3 million people are treated in the emergency room for TBI, and almost half of 

those visits (473 , 947) are made annually by children aged 0-14 years (Faul, Xu, Wald, & 

Coronado, 2010). Due to the abundance of ways in which the brain may become injured, 

there are many types and combinations of TBI (Woolston & Stavinoha, 2008). 
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Frequent cognitive symptoms following a brain injury include memory 

impainnent, reduced social competence, difficulty solving problems, decreased attention 

and concentration, trouble organizing, impaired mental flexibility, slowed processing 

speed, and lack of impulse or emotional control. In addition, children may develop 

amnesia as a result of brain injuries (Baron, 2004). Those with anterograde amnesia will 

have difficulty forming new memories after the injury while those with retrograde 

amnesia will have difiiculty recalling infonnation that was encoded prior to the injury. 

Amongst this wide range of cognitive impairments endured by individuals with a TBI, 

memory is one of the universal problems associated with head injuries. Depending on the 

type and location of the head injury, problems may vary significantly (Brenner, Dise

Lewis, Battles, O'Brien, Godleski, & Selinger, 2007). Memory symptoms are likely to 

manifest if any of the neural underpinnings of memory such as the hippocampal regions, 

the medial temporal lobe, the basal forebrain, or the cerebellum are affected (O'Connor 

& Morin, 2000). 

Fetal alcohol spectrum disorders. According to the National Organization on 

Fetal Alcohol Syndrome (NOF AS; 2011 ), prenatal exposure to alcohol is associated with 

a variety of negative outcomes referred to as fetal alcohol syndrome disorders (F ASD), 

which include fetal alcohol syndrome (FAS), alcohol-related neurodevelopmental 

disorder (ARND), patiial fetal alcohol syndrome (PFAS), and alcohol related bi1ih 

defects (ARBD). Every year as many as two in 1,000 children in the United States are 

born with F ASD (Castillo, 2008). Although F ASD is 100 percent preventable, it is the 

leading known preventable cause of mental retardation and birth defects, and a leading 
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known cause of learning disabilities in children and adults. is the leading known 

preventable cause of mental retardation and bi1th defects, and a leading known cause of 

learning disabilities in children and adults (NOFAS, 2011). 

Sustained alcohol exposure can result in significant cortical abnom1alities, 

affecting the basal ganglia, cerebellum, and corpus callosum (Walsh & Law, 2008). 

Damage to these regions is associated with impairments in motor functioning, memory, 

attention, and executive functioning (Phelps, 2005). School-age children with F ASD 

typically demonstrate difficulties with sho1t-tem1 memory, infonnation processing, 

problem-solving, organizational skills, motor skills, and often exhibit ADHD 

symptomology. In the domain of memory, research suggests that verbal memory is one of 

the main areas of memory affected by gestational alcohol exposure, especially in the 

areas of memory encoding and retrieval (Manji, Pei, Loomes, & Rasmussen, 2009). 

Spatial memory has also emerged as a significant deficit in individuals with F ASD 

(Loomes, Rasmussen, Pei, Manji, & Andrew, 2008). 

Type 1 diabetes. Type 1 diabetes is a chronic metabolic disorder characterized by 

insulin deficiency (Fontaine & Snyder, 2008). It is the most frequently occun-ing 

pediatric endocrine disorder and one of the most common chronic diseases in school-age 

children. According to the National Institute of Diabetes and Digestive and Kidney 

Diseases (2010), it is estimated that approximately 215,000 people under the age of 

twenty are diagnosed with Type l or Type II Diabetes. Approximately 1 in 400 children 

and adolescents has diabetes. Type 1 Diabetes is associated with deficits across a variety 

of learning and memory tasks, much of which can be attributed to recunent episodes of 
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hyperglycemia and hypoglycemia (Kaufman, Epport, Engliman, & Halvorson, 1999). 

Kaufman et al. (1999) reported that children diagnosed with hypoglycemic seizures 

caused by diabetes prior to age 10 performed more poorly on tests of short-term memory. 

Children with diabetes also display deficits in long-term spatial memory and rote verbal 

memory, although semantic verbal memory appears to remain generally intact. Gender 

and disease duration are associated with the risk for memory deficits in children with 

diabetes. A study by Fox, Chen, and Holmes (2003) report that boys are at greater risk 

for failing to meet age-appropriate gains in verbal learning, although the researchers 

reported that the duration of the disease is the most significant predictor of overalJ 

memory perfonnance, regardless of gender. 

Down syndrome. Down syndrome (OS) occurs in one out of every 691 live 

births, and each year approximately 6,000 babies are born in the United States with Down 

syndrome (Centers for Disease Control and Prevention, 2011 ). Individuals with OS often 

have cognitive abilities falling within the moderate range of mental retardation, which 

may progressively decrease with age (Peters & Madduri, 2008). MRI has been used to 

detem1ine specific neuroanatomical differences in individuals with DS. Studies reveal 

that individuals with DS typically have lower overall brain volume, with 

disproportionately smaller volumes in the frontal, cerebellar, and temporal regions such 

as the amygdala, hippocampus, and parahippocampal gyrus (Pinter, Eliez, Schmitt, 

Capone, & Reiss, 2001 ). 

Memory research in individuals with DS suggests memory impairment in the 

areas of verbal short-term and working memory (Janold, Baddeley, & Hewes, 2000). 
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Memory span tasks are a commonly used measure of sh01i-tem1 or working memory. 

Adolescents with DS typically have a memory span of three or four digits, compared to 

seven or eight digits in typically developing adolescents (Hulme & MacKenzie, 1992). 

Long-term memory has also been researched in individuals with DS. In studies 

comparing individuals with DS to typically developing children, results show that 

children with DS perfom1 worse on tasks of explicit memory, or information that is 

consciously stored and retrieved. However, performance on tasks of implicit memory, or 

the ability to automatically perform perceptual, cognitive, and motor tasks did not differ 

significantly (Carlesimo, Marotta, & Vicari, 1997). Additionally, young adults with DS 

are frequently diagnosed with a type of dementia similar to Alzheimer's. Research 

reveals that individuals with early-stage dementia of Alzheimer's type show severely 

diminished long-tenn storage and retrieval abilities (Krinsky-McHale, Devenny, & 

Silvennan, 2002). 

Specific learning disabilities. Leaming disabilities have frequently been 

associated with deficits in memory. While the source and extent of memory impaim1ent 

in children with specific learning disabilities (SLD) can vary greatly, research suggests 

that children with learning disabilities often have impainnents in working memory 

(Hulme & MacKenzie, 1992). An abundance of empirical evidence confinns that 

deficiencies in working memory skills are implicated when a student has difficulty 

acquiring academic skills (Gathercole & Pickering, 2000). Studies suggest that reading 

disabilities often stem from deficits in verbal working memory, based on the fact that 

learning to read requires specific components of working memory to allow for the 

51 



coding, storage, and retrieval of associations between spoken and ¼Titten words 

(Wimmer & Mayringer, 2002). Additionally, because of a deficit in verbal working 

memory, individuals with impaired reading abilities may rely heavily on visual memory, 

rather than using phonological memory, which is a domain of working memory (Hulme, 

1981 ). According to Bull et al. (2008), math disabilities are frequently associated with 

visuospatial working memory and visuospatial short-term memory impairments. 

Attention deficit/hyperactivity disorder. According to the Centers for Disease 

Control and Prevention (2011 ), an estimated 4.4 million youth, ages 4 to 17, have been 

diagnosed with attention deficit/ hyperactivity disorder (ADI-ID). In 2003, nearly eight 

percent of school-aged children were repo1ied to have an ADHD diagnosis (Nauert, 

2009). Deficits in working memory are thought to be of central importance in explaining 

many of the cognitive and behavioral problems linked to AD"HD (Westerberg et al., 

2004). Research suggests that working memory problems may be the underlying cause of 

observable behavioral symptoms seen in ADI-ID, such as distractibility and poor 

academic achievement (Dingfelder, 2005). In other words, some researchers contend that 

difficulty with working-memory capacity may be attributed to an individual's tendency to 

become distracted and resulting learning problems. Children with ADHD show more 

inconsistent responses during short-term memory tasks as compared to typically 

developing peers (Naue11, 2009), particularly on visual-spatial tasks (Martinussen, 

Hayden, Hogg-Johnson, & Tannock, 2005). In a study by Klingberg et al. (2005), the 

parents of children with ADHD who received working memory training reported a 
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reduction in their child's hyperactivity and inattention three months after the intervention, 

while the parents of the control group paiiicipants did not. 

This review of literature demonstrates that deficits in memory are found in a wide 

variety of childhood medical and neuropsychological disorders. Thus, when evaluating an 

individual child for memory deficits, it is critical to complete a comprehensive memory 

assessment and understand the type of memory deficits associated with certain disorders 

in order to inform appropriate and effective interventions. 

Assessment of Memory 

Memory and learning are at the core of educational success. Based on the 

foundational importance of memory in cognitive processes, a comprehensive evaluation 

must include the assessment of memory to detem1ine possible underlying causes for 

cognitive impairment. When psychologists evaluate cognitive abilities in children and 

adolescents, of utmost importance is assessing the ability to remember what has been 

learned. The depth and breadth of memory assessment can have a great impact on the 

results of the evaluation because different subtests engage memory systems in distinct 

ways. Over the last 100 years many measures have been developed to assess memory, 

however; the lack of consensus on the overall construct of memory has resulted in flaws 

within the development of these instruments. Additionally, there have been challenges in 

the clinical assessment of memory in children. For example, many tests were simply 

downward extensions of adult measures of memory and did not take into account 

. developmental growths curves. In the 1990's~ many popular assessment instruments 

began adding working memory subtests and created working memory composites. These 
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changes represent the growing awareness of the importance of working memory to 

overall cognitive functioning (Delm, 2008). 

Despite test revisions and expanded measures, some of the available intellectual 

and cognitive batteries still do not tap into all aspects of short-tem1 memory, working 

memory, and long-term memory. For example, some measures only evaluate the 

phonological and verbal dimensions of memory while ignoring visuospatial components. 

Consequently, practitioners are often forced to administer a selection of memory subtests 

from a variety of different instruments in order to complete a comprehensive assessment 

of memory. Another challenge is that some batteries do not distinguish between short

tenn memory and working memory, leaving it up to the practitioner to differentiate 

between these two separate types of temporary storage (Dehn, 2008). 

There is a significant lack of available tests to conduct an in-depth measure of 

working memory processes. According to Dehn (2008), there are no standardized 

measures available to explicitly assess Baddeley's episodic buffer, or the ability to 

maintain long-tem1 representations in an active, retrievable state. In addition, there are no 

measures allowing for the assessment of specific working memory operations, such as the 

ability to recode visuospatial input into verbal codes. CmTent cognitive assessments also 

lack the ability to assess the use of memory strategies, despite the perceived importance 

of using strategies for remembering (Dehn, 2008). The combination of incomplete 

assessment batteries, a lack of understanding on how to evaluate specific types of 

memory, and the lack of infonnation on how specific types of memory are implicated in 
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learning, can make it confusing for practitioners to interpret results and create effective 

interventions. 

The majority of modem tests of memory can be divided into two categories, 

comprehensive cognitive and neuropsychological assessment batteries, and those that are 

designed for a more targeted assessment of memory. Several different types of 

comprehensive assessment batteries are available that include measures of memory 

functioning. For example, there are memory tasks on most cognitive assessment batteries, 

such as the WJ III COG (Woodcock, Sclu·ank, Mather, & McGrew, 2007) and the WISC-

IV (Wechsler, 2003). Other assessment instruments were developed as comprehensive 

neuropsychological batteries and contain specific measures of memory, such as the 

NEPSY and NEPSY-II (Korkman et al., 1998, 2007). Additionally, there are assessments 

which were designed to contain broad scales of memory, standardized into one 

assessment battery, such as the WRAML-2 (Adams & Sheslow, 2003) and the Tests (d° 

MemOJ}' and Learning, Second Edition (TOMAL-2; Reynolds & Bigler, 1994). Although 

numerous measures of memory exist, the W J III COG, NEPSY II, and WRAML-2 are 

the focus of the present study. The purpose of focusing on these three batteries was to 

widen the currently sparse literature on memory tasks among the WJ III COG, NEPSY II, 

and WRAML-2. 

Broad Tests of Memory and Learning 

Several broad measures of memory will be discussed in the following section, as 

well as the more nanow types of memory they purport to measure. Table 2.1 , adapted 

and modified from Dehn (2008), lists several commonly used types of memory tasks. 
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Each of these types of memory tasks is based on experimental research and they are often 

incorporated into standardized test batteries. 

The following section focuses on individual test batteries that were incorporated 

into the cmrent study. Test batteries that will be reviewed in this section include the WJ 

III COG, the NEPSY II, and the WRAML-2, each of which contain specific measures of 

memory. Several standardized tests of memory are contained within more comprehensive 

assessment batteries. For example, the WJ III COG (Woodcock, Schrank, Mather, & 

McGrew, 2007) is comprised of two broad abilities measuring memory (Short-Tem1 

Memory and Long-Term Storage and Retrieval) and four narrow abilities (Associative 

Memory, Working Memory, Visual Memory, and Auditory Memory Span). Each 

composite score is comprised of various memory subtests within that domain. 

Other assessment instruments that were developed as comprehensive 

neuropsychological batteries also contain specific memory subtests that combine to 

determine a composite memory score. An example of a neuropsychological instrument 

that contains memory subtests is the NEPSY JI: A Developmental Neurop.')yclwlogical 

Assessment (NEPSY II; Korkman, Kirk, & Kemp, 2007). The NEPSY II does not contain 

domain scores due to low conelations between subtests within the same domain and the 

higher clinical value associated with subtest-level scores. 
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Table 2.1 

Common Afen101J' Tasks· Utilized In Standardized Assessment Batteries 

Short-Tem1 Memory Span: Phonological 
• Forward Digit Span 
• Letter Span 
• Word Span 
• Nonword Span 

Short-Term Memory Span: Visual 
• Forward Block-tapping Span 
• Visual Digit Span 

Working Memory: Verbal 
• Memory for Sentences 
• Memory for Stories 
• Reading Span 
• Listening Span 
• Operation Span 

Working Memory: Visuospatial Memory 
• Backward Block-tapping span 
• Counting Span 
• Tower Tests 

Working Memory: Executive 
• Backward Word Span 
• Backward Digit Span 
• Computation Span 
• N-Back 
• Stroop Task 
• Trail Making Test 
• Random Generation 
• Verbal-Spatial Association 

Long-Tenn Memory Retrieval 
• Retrieval Fluency 
• Rapid Automatic Naming 
• Paired Associate Leaming 

Note. Adapted and modified from 1-Vorking Men101}' and Academic Learning: Assessment 
and Intervention_. by M. Dehn, 2008. Copyright 2008 by John Wiley and Sons. 
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A third type of assessment instrument, the fVide Range Assess,nent <?fMenwry 

and Learning, Second Edition (WRAML-2; Adams & Sheslow, 2003) was developed for 

the sole purpose of measuring various aspects of memory. Although numerous measures 

of memory exist, the WJ III COG, theNEPSY II, and the WRAML-2 are the focus of the 

cmTent study. Each of these measures of memory is empirically-derived and contained 

within commonly-used, standardized test batteries. The purpose of focusing on these 

three test batteries was to examine the concurrent validity and enhance the literature on 

memory tasks among the WJ III COG, the NEPSY II and the WRAML-2. 

Woodcock .Johnson III: Tests of Cognitive Abilities, Normative Update (WJ 

III COG). The WJ III COG (Woodcock, McGrew, & Mather, 2001c) is a comprehensive 

measure of general intellectual abilities as well as broad and nanow cognitive abilities. 

The battery contains a set of individually administerecL nonn-referenced tests for 

measuring cognitive abilities in individuals aged 2 to 95 (Schrank, 2005). The WJ III 

COG includes 20 tests, each of which measures one or more nan-ow cognitive ability 

based on by research by Hom, Cattell, and CatToll (Schrank, 2005). 

The theoretical model that underlies the development and organization of the WJ 

III COG is refen-ed to as the Cattell-Hom-Carroll (CHC) theory. CHC theory, which is a 

three-tiered, hierarchical model of cognitive functions, provided the blueprint upon which 

WJ III COG constructs are measured (Schrank, 2005). At the top of the three-tier model 

is general intellectual ability, known as the GIA on the WJ III COG. The second level of 

the CHC model contains clusters of broad intellectual abilities. Broad intellectual abilities 

include Crystallized Intelligence (Ge; the depth and breadth of acquired knowledge), 
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Fluid Intelligence (G.f; novel reasoning and problem solving), Short-Tenn Memory (Gs,n; 

the ability to hold information in immediate awareness and use it within a few seconds), 

Long-Tenn Storage and Retrieval (Glr: the ability to store information and fluently 

retrieve it later), Visual-Spatial Thinking (Gv; the ability to generate, perceive, analyze, 

and think with visual patterns), Auditory-Processing (Ga; the ability to analyze, 

synthesize, and integrate auditory infonnation), and Processing Speed ( Gs; the ability to 

automatically and fluently perfonn cognitive tasks). Each of the broad clusters of 

intellectual abilities is comprised of narrow, more specific abilities. 

In addition to the aforementioned CHC factors of cognitive abilities, the WJ III 

COG produces clusters of abilities related to cognitive performance, namely Verbal 

Ability, Thinking Ability, and Cognitive Efficiency. There are other combinations of 

subtests that can be clustered together for use in diagnostic or clinical settings. These 

clusters include Broad Attention, Cognitive Fluency, Executive Processes, Delayed 

Recall, and Knowledge (Schrank, 2005). 

On the WJ III COG, subtests that measure memory are often interpreted in te1ms 

of CHC theory. Subtests aligned with CHC theory fall into two broad clusters, Sh011-

Tenn Memory and Long-Tenn Storage and Retrieval. Short-Tenn Memory, or (Gsm), 

can be described as the ability to apprehend and hold infonnation in immediate 

awareness and then use it within a few seconds. Gsm is defined as a limited-capacity 

system because the average adult can only hold seven chunks of information (plus or 

minus two chunks), for a matter of seconds before it is acted upon, lost, or stored (Miller, 

1956). Long-Term Storage and Retrieval, or (Glr), is the ability to store information and 
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fluently retrieve it later (Mather & Woodcock, 2001 ). Narrow CHC clusters related to 

memory consist of Working Memory, Associative Memory, Visual Memory, and 

Auditory Memory Span. Working Memory (WM), is described as the ability to hold 

infom1ation in immediate awareness while performing a mental operation on the 

information. Associative Memory, (MA), is the ability to store and retrieve associations. 

Memory of objects or pictures is known as Visual Memory, or (MV). Lastly, Auditory 

Memory Span (MS) is the ability to listen to a presentation of sequentially ordered 

infomrntion and the recall the sequence immediately. In addition to the previously 

mentioned tests of memory, two subtests, Verbal Comprehension and General 

Infonnation, will be studied. The reason these subtests will be included is that one of the 

theories being evaluated, the Conceptual Model for School Neuropsychological 

Assessment (SNP Model; Miller, 2007, 2010; Miller & Maricle, 2012), proposes that 

these two subtests are measures of semantic memory. 

The following are brief descriptions of each of the subtests that were used in the 

cun-ent study. Visual-Auditory Leaming measures the ability to learn, store, and retrieve 

a series of rebuses, which are pictographic representations of words. This task extends for 

several minutes; therefore, associations must be readily available in long-term memory 

while working memory accesses the relevant associations and inhibits irrelevant 

infomrntion. The amount of long-tenn storage resulting from this learning task can be 

assessed with the Visual-Auditory Leaming Delayed subtest, which can be administered 

after a minimum of 30 minutes. Number Reversed measures the ability to hold a span of 

numbers in immediate awareness while repeating the numbers in reverse sequential order. 
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Often this backward digit span is considered a measure of working memory, such as on 

the WISC-IV; however, the authors of the WJ III COG have the Numbers Reversed 

subtest contributing to the battery's (Gsm) cluster and (WM) factor (Dehn, 2008). 

Auditory Working Memory requires the individual to listen to a series of intermixed 

words and digits and recall the words in sequential order first, followed by the digits in 

the order they were presented. The Retrieval Fluency subtest measures fluency of 

retrieval from stored knowledge. The examinee is given one minute to name as many 

examples as possible from a specified category. The task consists of three different well

known categories, with a I -minute time limit for each. Picture Recognition falls under the 

Visual-Spatial Thinking (Gv) broad ability; however, it falls under the Visual Memory 

na1Tow ability. This subtest fall under the Gv cluster because short-tenn vi~ual-spatial 

memory is considered a naffow ability of visual-spatial processing (Dehn, 2008). 

On the Picture Recognition subtest, the examinee is presented with one or more 

pictures of common objects for five seconds and then the examinee selects the previously 

presented item or items from a page that includes distracters. Memory for Words is a 

measure of short-tem1 auditory memory span, where the examinee is directed to repeat 

lists of unrelated words in the conect sequence. Verbal Comprehension measures aspects 

of language development in English, such as knowledge of vocabulary or the ability to 

reason with lexical knowledge. General Infonnation measures genera] verbal knowledge. 

The latter two subtests are often classified as semantic memory based on the required 

ability to recall meaningful infonnation from long-tenn storage in order to successfully 

complete this task. Lastly, Story Recall, a listening comprehension subtest from the WJ 
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III ACH test battery, was included in the study. Story Recall, which is hypothesized to be 

a measure of memory, requires the individual to answer oral questions from increasingly 

complex stories that are dictated from an audio device. 

NEPSY and NEPSY II. The NEPSY (Korkman, Kirk, & Kemp, 1998) and its 

2007 revision, the NEPSY II (Korkman et al., 2007), were developed as a 

neuropsycho]ogical assessment tool specifically designed for children. The 1998 NEPSY 

was designed for children ages 5 to 12 years old. The NEPSY II is an upward extension 

of the NEPSY and is standardized for children ages 3 through 16. Archival data collected 

from NEPSY II memory subtests was used in the cutTent study. 

The NEPSY and the NEPSY II both have theoretical foundations in the 

infonnation-processing approach of A. R. Luria. This approach emphasizes the 

interaction of the tasks on the subtests, rather than a focus only on individual subtests in 

the battery. Luria theorized that human cognitive functioning can be conceptualized into 

three '·blocks" of cognitive processes. Each block is regarded as a functional but 

integrated cognitive process that increases in complexity with progression through the 

blocks (Luria, 1980). Luria suggested that all brain systems are intetTelated, thus, if one 

cognitive process in impaired, others will be impacted. Therefore, at the center of Luria's 

approach is identifying primary deficits involved in impaired perfonnance, which may 

subsequently contribute to secondary deficits in a different functional domain (Korkman, 

1998). 

The original NEPSY was developed with four primary purposes in mind. First, 

the authors wanted to provide a valid and reliable neurocognitive instrument for 
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investigating both typical and atypical development. Second, the authors wanted an 

instrument that was capable of identifying deficits that might lead to learning difficulties 

in the five original domains. The third purpose of the NEPSY was to develop a tool that 

could be used to study long-term typical and atypical neurological development. Lastly, 

the NEPSY was intended to assess brain damage or dysfunction and the extent to which it 

affects ongoing neurocognitive development and functioning (Korkman, Kirk, & Kemp, 

1998). 

The NEPSY and the NEPSY II both aspire to provide a comprehensive overview 

of a child's neuropsychological status. The NEPSY II was revised with four unified goals 

which were to increase the breadth of domain coverage by adding and improving 

subtests, improve clinical sensitivity through the use of subtest-level primary and process 

scores, develop clinically sensitive subtests as well as collection of data for various 

clinical groups, and finally to improve the psychometric properties and flexibility of the 

test (Korkman et al., 2007). 

The NEPSY II consists of six functional domains including executive functioning, 

language, sensorimotor functioning, visuospatial processing, social perception, and 

memory and learning. All domains are thought to work together, although each domain 

can be evaluated individually as a useful source of infonnation regarding specific 

cognitive functions. The Memory and Leaming domain is comprised of List Memory, 

Memory for Designs, Memory for Faces, Memory for Names, Narrative Memory, 

Sentence Repetition, and Word List Interference. Each subtest has been deemed a valid 

and reliable measure of memory and learning. The subcomponents that are assessed in 
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the Memory and Learning domain are i1m11ediate memory for sentences; narrative 

memory under free recall, cued recall, and recognition conditions; repetition and recall of 

words presented with interference; immediate and delayed memory for abstract designs, 

faces, names, and lists. 

The List Memory subtest requires the individual to recall a list that was learned 

through rote repetition as well as the impact of interference effects in delayed recall after 

a 25-35 minute delay. The test measures how well a child encodes and retrieves verbal 

infonnation :from long-term memory and how well he or she is able to actively memorize 

verbal material. On Memory for Designs, the child is presented with an increasing 

number of designs on a 4 x 4 grid over four trials. After a 15-25 minute delay, the child is 

asked to recall the designs and locations. Spatial recall, visual content recognition, and 

overall visuospatial memory are assessed. Memory for Faces is a subtest that assesses a 

child's ability to encode faces, as well as discriminate among and recognize faces. A 

delayed task assessing long-term memory of faces is administered 15-25 minutes after the 

immediate recall task. The Memory for Names task requires the child to learn the 

association between a visual stimulus and its verbal label. This subtest assesses the 

acquisition and retrieval of visual-verbal paired-associate tasks over three trials, and 

retrieval after a 25-35 minute delay. On the Narrative Memory subtest a story is read to 

the child and he or she recalls the natTative under free recall, cued recall, and recognition 

conditions. Sentence Repetition measures how well a child can accurately repeat 

sentences of increasing complexity and length after hearing them only once. This subtest 

is thought to measure verbal memory span and sh01i-term memory. On Word List 
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Interference, the child is read a word of a brief sequence of unconnected words and asked 

to repeat them. Then the child is asked to say the first word list and the second list. The 

interference of each list allows this test to measure working memory that requires both 

repetition and short-tenn memory for verbal information, as well as holding the verbal 

infonnation in working memory during a cognitive task. 

One of the significant advantages of the NEPSY II is that it allows in-depth 

assessment oflanguage, attention, and executive functions within the same battery. For 

example poor attention, language functioning, or executive functions can influence 

working memory performance on the nanative memory subtest. Each of these functions, 

which may adversely affect the child's ability to encode, retrieve, and express 

infonnation may be assessed with supplementary NEPS Y II subtests. Additionally, the 

NEPSY II standardization process included a study on specific groups of children with 

differing disorders in order to establish the clinical utility of the instrument. Results 

revealed lower functioning on many memory subtests for students with clinical diagnoses 

versus a control group. Thus, the NEPSY II appears to be valid in distinguishing between 

individuals with and without clinical diagnoses, and therefore supp01is the validity of 

using this instrument for children with various disorders. 

Wide Range Assessment of Memory and Learning (WRAML-2). The 

WRAML-2 is standardized measure of memory that is commonly used and was 

developed in an effoti to comprehensively assess memory in children and adolescents. 

For purposes of the cmTent study, this section will focus on the WRAML-2. The 

WRAML-2 core battery is composed of two Verbal, two Visual, and two 
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Attention/Concentration subtests, yielding a Verbal Memory Index, a Visual Memory 

Index, and an Attention/Concentration Index. Together, these subtests yield a General 

Memory Index. A new Working Memory Index was added to the WRAML-2, which 

comprises the Symbolic Working Memory and Verbal Working Memory subtests. 

Additionally, four recognition subtests were added which include Design Recognition, 

Picture Recognition, Verbal Recognition, and Story Memory Recognition. The Story 

Memory subtest was updated with new stories, and the Picture Memory subtest provides 

new full-color scenes. The designs on the Design Memory Cards were changed, and an 

additional Design Card \Vas added. 

The subtests that comprise the Verbal Memory Scale allow the examiner to assess 

the learner's capability on a rote memory task and to compare that perfom1ance with 

tasks that increase in semantic complexity (Sheslow & Adams, 1990). This allows the 

examiner to form hypotheses about the child's ability to utilize language (semantics) as 

an aid or detractor in remembering. The subtests comprising the Verbal Memory Index 

are Verbal Leaming, Story Memory, and Sentence Memory. On the Story Memory 

subtest, two short stories are read and the child is asked to recall as many parts of each 

story as can be remembered. The stories are developed with differing developmental 

levels of linguistic complexity. Both a delayed recall and a recognition task are provided. 

Verbal Leaming is a list-learning task that allows four trials for the examinee to learn a 

list of either eight or sixteen words, based on age. Verbal Leaming Delayed Recall is 

administered after 10 minutes, when the individual is asked to recall as many words as 

possible. Verbal Leaming Delayed Recognition may be given 10 minutes after Verbal 
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Leaming Delayed Recall. The recognition task requires the examinee to respond "yes" or 

··no" to words read aloud by the examiner. Sentence Memory requires the individual to 

repeat a series of increasingly complex and lengthy sentences dictated by the examiner. 

The visual subtests are also constructed along a dimension of increasing 

meaningfulness, fi:om rote memory demands to memory demands with increasingly 

meaningful material. The two subtests comprising the Visual Memory Index are Design 

Memory and Picture Memory. On the Design Memory subtest, four designs are presented 

and the child is asked to draw the designs remembered after a ten-second delay. On 

Picture Memory, the child is shown a complex meaningful scene. The child is then asked 

to look at a second, similar scene. Memory of the original picture is indicated by 

identifying elements that have been added or changed in the second picture. Both subtests 

have an optional recognition task. 

The WRAML-2 contains two Working Memory subtests, which are optional 

subtests yielding a Working Memory Index. These two subtests include Verbal Working 

Memory and Symbolic Working Memory. The Verbal Working Memory subtest requires 

an individual to listen to a list of words, some of which are animals and some of which 

are not. Individuals aged nine through thi1ieen years of age are asked to repeat all of the 

words, recalling the animal words first followed by the non-animal words. Next, the 

individual is asked to recall the animals in order of their typical size (smallest to largest); 

followed by all of the non-animal words in any order. Individuals over age 14 are started 

with the latter task and must recall the presented animal words in size order, followed by 

the non-animals words, also in order ofrelative size. Similar to the Verbal Working 

67 



Memory task, Symbolic Working Memory requires the examinee to manipulate 

infom1ation in working memory. There are two levels to this subtest. First, the examiner 

dictates a series ofletters and numbers and asks the examinee to point out the numbers 

dictated in con-ect numerical order on a stimulus card with numbers. Next, a random 

number-letter series is dictated and the individual is asked to point out the dictated 

numbers followed by the dictated letters in con-ect order on a stimulus card with numbers 

and letters. 

Validity Issues across the W.J III COG, NEPSY II, and WRAML-2. Validity 

refers to the ability to accurately determine if a test is measuring what it is intended to 

measure. Validity is an essential piece of assessment, thus, without valid assessment 

measures results would be inaccurate and misrepresent an individual's abilities. 

Understanding test validity requires understanding construct validity, content validity, 

and criterion-related validity. 

The WJ III COG, NEPSY II, and WRAML-2 each have specific subtests 

measuring memory. However, there is limited independent research on the validity of 

these instruments, particularly with a clinical population. Additionally, numerous theories 

of memory exist, resulting in a lack of consistency in what constructs actually comprise 

memory functioning. Understanding the validity of these instruments in relation to 

popular theories associated with memory is imperative to detennine which subtests can 

be used to most accurately and comprehensively measure memory. 

A review of current literature reveals a lack of depth and consistency regarding 

the validity of memory tasks across the WJ III COG, NEPSY II, and WRAML-2. As 
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previously discussed, CBC theory serves as the theoretical foundation for the WJ III 

COG. While CBC has been widely assessed and demonstrates good validity, there is a 

lack of infonnation regarding its usefulness in clinical populations. However, in one 

noteworthy study by Davis, Finch, and Dean (2005), the WJ III COG was administered to 

1,315 neurological impaired individuals and then compared to CHC theory through 

confinnatory factor analysis. The Comparative Fit Index (CFI) of. 978 suggested a good 

model fit. In another study by Jagodzinski Poock (2005), children with ADHD were 

administered subtests from the WJ III COG. Results indicated that students with ADI-ID 

perfo1111ed consistently lower than the control group and showed deficits on the Working 

Memory cluster and on the Auditory Working Memory subtest; however, this study was 

limited in scope and included few participants. 

While numerous studies were found on the original WRAML (Sheslow & Adams, 

1990; Phelps, 1995; Bmion, Danders, & Mittenberg, 1996), independent studies on the 

validity of the WRAML-2 in a clinical population are extremely limited. Research on the 

original WRAML consistently refuted the Leaming Index, which was subsequently 

removed from the WRAML-2. One study by Williams, Goldstein, and Minshew (2006) 

found that the memory profile of children with Autism was characterized by relatively 

poor memory for complex visual infom1ation, verbal information, and spatial working 

memory with relatively intact associative learning ability, verbal working memory, and 

recognition memory. A principal components analysis revealed that the factor structure of 

the subtests differed substantially between the children with autism and controls, 
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suggesting differing organizations of memory ability (Williams, Goldstein, & Minshew, 

2006). 

According to Davis (2010), very few independent studies have been conducted 

using the NEPSY II, highlighting the need for fmiher research on the NEPSY II, 

especially with clinical populations. While numerous psychometric problems in the 

original NEPSY were identified by Stinnett, Oehler-Stinnett, Fuqua, and Palmer (2002), 

the test authors maintain that these issues were resolved in the NEPSY II by eliminating 

domain scores from the test. However, this does not necessarily address concerns that 

variability on NEPS Y II subtests, which are intended to measure specific cognitive 

functions, may be impacted by a child's language skills. Further research related to the 

impact of language skills on independent cognitive skills, such as memory, is needed on 

the NEPSY II (Davis, 2010). 

Measuring the validity of memory within a clinical population of children ,vill 

help guide effective assessment instruments and interpretation. Detennining the specific 

aspects of memory within the broader construct of memory will aid in understanding 

what aspects of memory are being measured by the three assessment instruments used in 

the present study. This research will also contribute to the existing literature regarding 

how to best interpret memory from a theoretical perspective. 

Conclusion 

This literature review has established that, despite the considerable amount of 

research dedicated to memory, a complete understanding of this complex cognitive skill 

remains inadequate and continued research is necessary to further our understanding of 
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this construct. Neuroimaging and neuropsychological research have confirmed that 

memory is essential for the adequate perfom1ance of other cognitive functions. This 

literature review has also documented the profound effects that clinical disorders can 

have on memory functioning, as well as the impo1iance of recognizing developmental 

patterns in children and adolescents. Given the prevalence of disabilities such as specific 

learning disabilities, ADHD, and traumatic brain injury in school-age children and 

adolescents, it is imperative that the cognitive processes and developmental stages 

involved in memory functioning be well understood. 

As previously discussed in this chapter, there are a variety of cognitive, 

neuropsychological, and memory-specific batteries available for practitioners. However, 

research shows that these assessments do not fully measure all of the cognitive processes 

involved in memory functioning. Frequently used measures of memory often fail to 

address the complex components of memory and learning. For example, there are distinct 

processes that assessment batteries fail to comprehensively assess and differentiate 

among such as: short-term memory, working memory, and long-term memory; visual and 

auditory modalities; and phonological, visuospatial, linguistic, semantic, episodic, and 

procedural differences. In addition, there are no standardized instruments to collect 

infonnation on memory strategies used during test-taking, even though memory 

strategies are one of the critical components involved in remembering information. 

Furthennore, numerous competing theories and models of memory contribute to the 

inconsistency of memory constructs in the literature. Examining the validity of theories 

of memory is necessary, as many of these models serve as the framework for memory 
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assessment tools. While measures of memory and learning are deemed valid and reliable 

by publishers, disagreement exists regarding what theoretical memory constructs are 

actually being measured by individual subtests. Without a foundational understanding of 

the theoretical structure of memory, it is not possible to know whether a subtest is 

measuring what it purports to measure. 

Research is limited regarding the validity and completeness of specific memory 

scales on some of the larger cognitive and neuropsychological measures such as the WJ 

III COG, NEPSY II, and the WRAML-2. This is alanning because the results of these 

assessment batteries typically lead to clinical diagnoses, as well as recommendations and 

interventions for treatment. Detennining which subtests accurately provide valid and 

reliable reflections of the structure of memory is essential for accurate neurocognitive 

evaluations. With accurate evaluations of cognitive strengths and weaknesses, more 

precise differential diagnoses can be made and more effective interventions can be 

implemented. 

Identifying the underlying factor structure of various measures of memory, as 

well as their fit with theories of memory, is an imp011ant step in future research. If future 

studies, such as the cutTent one, reveal adequate consistency and validity among different 

measures, as well as acceptable fit to theories of memory, then neuroimaging studies can 

be used to further substantiate the localization and functions of memory processes. 

Isolating exactly how memory deficits impact children and adolescents can aid in 

providing the most useful and effective interventions. 
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The shortage of valid measures of memory is even more problematic when these 

assessment tools are used for children and adolescents. Very few memory scales \Vere 

developed specifically for children, as most subtests are simply modified, downward 

extensions of adult measures. Carefully examining memory in children is essential to 

understanding what processes of memory manifest at different developmental levels. 

With research like that of the cunent study, more infonnation will be gained regarding 

memory and associated childhood disorders. Furthermore, continued research and the use 

of valid and reliable test instruments will result in more accurate clinical diagnoses, 

educational placements, and intervention strategies for children with memory deficits. 

The current study examined the fit of four, empirically-based theories of memory 

with three commonly-used cognitive and neuropsychological assessment ba.tteries in an 

effort to determine how these theoretica] constructs fit into cunent assessment batteries, 

thus, revealing the most useful and precise assessment batteries. Memory subtests \vithin 

the WJ Ill COG, NEPSY II, and WRAML-2 were be analyzed in comparison to the 

Atkinson-Shiffrin multimodal model (1968), Baddeley and Hitch's working memory 

model (1974), factors hypothesized to be associated with memory from the CHC model 

of cognitive abilities, and factors related to memory from the SNP conceptual model. The 

Atkinson-Shiffrin model was analyzed based on its empirical support and specific focus 

on memory functions. Baddeley and Hitch's model was chosen based on its widely 

accepted and detailed interpretation of working memory. The CHC model was selected 

due to its influence on the construction of many neuropsychological and cognitive 

assessments. CHC theory is the foundational theory for many test batteries and is 
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cmTently viewed as "the most comprehensive and empirically supported framework 

available for understanding the structure of cognitive abilities" (McGrew & Woodcock, 

2001, p. 9). Finally, the SNP model was selected based on its thorough appraisal of 

memory and specific focus on the neuropsychological assessment of children and 

adolescents. 

The ctment study examined some of the aforementioned issues by first 

determining the degree of co1Telation among memory subtests from the WJ III COG, the 

NEPSY II, and the WRAML-2. This will assist in detennining the concu1Tent validity of 

memory subtests. Additionally, the fit of various theories of memory with the three 

assessment batteries was examined in order to determine the efficacy of using the four 

theories to develop assessment tools. Furthennore, the target population for this study is a 

mixed clinical sample of children and adolescents. As previously mentioned, there is 

currently a lack ofresearch regarding the validity of these instruments in children and 

adolescents, particularly in a clinical sample. It is advantageous to investigate these 

constructs within a clinical group of children, as this is the population that is most often 

administered cognitive and neuropsychological tests. 
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CHAPTER III 

METHOD 

The current study was intended to examine the concurrent validity of memory 

tests from the JYoodcock Johnson Ill: Tests o_f' Cognitive Abilities, Nonnative Update (WJ 

III COG; Woodcock, McGrew, & Mather, 2001c; Woodcock, Schrank, Mather & 

McGrew, 2007), the NEPSY II: A Developnzental Neuropsychological Assessment 

(NEPSY II; Korkrnan, Kirk, & Kemp, 2007), and the Wide Range Assessment o_(Menzmy 

and Learning - Second Edition (WRAML-2; Adams & Sheslow, 2003). The purpose of 

this chapter is to provide infom1ation regarding the participants, data collection, 

procedures, instrumentation, data analysis, and methodological issues used in the study. 

Issues related to the fit of memory theories and the aforementioned tests of memory will 

be also reviewed. 

Research Participants 

The data used in the cun-ent study is archival and was collected from case studies 

submitted as part of the course completion requirements for the KIDS, Inc. School 

Neuropsychology Post-Graduate Certification Program. Individuals who completed the 

program submitted three comprehensive pediatric neuropsychological case studies 

addressing a variety of suspected or identified neurocognitive strengths and weaknesses. 

The archival data included inf01mation from male and female children with a wide range 

of clinical diagnoses such as neurological impaim1ents, attention deficit/hyperactivity 

disorder, learning disabilities, autism spectrum disorders, emotional disturbance, multiple 
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disabilities, and other heath impainnents. The participants came from diverse 

demographic and geographic backgrounds. Demographic infonnation included age, 

gender, ethnicity, and broad diagnostic category. 

Based on the assessment instruments selected for this research, this study 

employed infonnation from a mixed clinical sample of children between the ages of five 

and sixteen. This age range was selected based on subtest floor of the WRAML-2 and the 

subtest ceiling of the NEPSY II. The sample consisted of 892 cases. Due to the nature of 

individualized assessment procedures, each case rep011 contained different assessment 

instruments based on the specific refeITal question. Therefore, the cases selected for this 

study were based on the availability of WJ III COG, NEPSY II, and WRAML-2 scores in 

the area of memory. 

Procedure 

Case studies utilized in this study were obtained with pem1ission from Dr. Daniel 

C. Miller, Director of the KIDS, Inc. School Neuropsychology Post-Graduate 

Certification Program. Case repo11s with an attached consent fonn stating that the data 

should not be used for research purposes were excluded from the study. To ensure 

confidentiality, the data from each case was coded. The data was maintained under the 

case code and kept separate from the actual case files. Demographic data for the study 

was aggregated to delineate age, gender, ethnicity, and diagnostic category. 

Based on the use of archival data utilized in the current study, it is not possible to 

manipulate independent variables. Therefore, a non-experimental research design was 

employed. Subtests included in this study are based on descriptions from test authors. 
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Only those subtests that have specifically been accepted as a valid measure of memory 

from the WJ III COG, NEPSY II, and WRAML-2 were used. 

Measures 

Woodcock Johnson III: Tests of Cognitive Abilities 

The Woodcock Johnson Ill: Tests qf Cognitive Abilities. Normative Update (WJ 

III COG; Woodcock, McGrew, & Mather, 2001c; Woodcock et al., 2007) is a 

comprehensive and individually administered battery of subtests that measure cognitive 

abilities and related aspects of cognitive functioning. The entire battery consists of 20 

norm-referenced subtests, each of which measures a unique feature of cognitive 

functioning (Schrank, Flanagan, Woodcock, & Mascolo, 2002). As an extension of the 

WJ III COG, the rVoodcock-Johnson Ill: Diagnostic Supplement (WJ III COG DS; 

Woodcock, McGrew, Mather, & Schrank, 2003) was developed, which contains 11 

supplemental cognitive measures. A counterpart to the W J III COG is the FVoodcock 

Johnson Ill: Tests (?/Achievement (WJ III ACH; Woodcock, McGrew, & Mather, 

2001b), which includes 22 oral language and academic achievement tests. The WJ III 

ACH is available in two parallel test fom1s that may be used to monitor academic 

changes and simultaneously reduce the likelihood of practice effects. The WJ III ACH is 

also available in a brief version containing six subtests, allowing for the identification of 

relative strengths and weaknesses on reading, math, and writing clusters. The WJ III 

COG and the WJ III ACH were co-nom1ed and together comprise the Woodcock

Johnson III Battery (WJ III; Woodcock, McGrew, & Mather, 2001a). 
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Development. The WJ III COG and the WJ III ACH were most recently updated 

in 2007, reflecting the third generation of tests in the Woodcock series. The cunent WJ 

III COG assessment battery is a revised and expanded version of the original 1977 

TVoodcock-Johnson Ps_ychoeducational Batte,}' (WJPEB; Woodcock & Johnson, 1977; 

Schrank et al., 2002). In 1989, the battery was again revised, resulting in the 1-Voodcock

Johnson Psychoeducational Battery - Revised: Tests of Cognitive Ability (WJ R COG; 

Woodcock & Johnson, 1989). The 1989 revision of the WJ R COG \Vas theoretically 

grounded in Raymond Cattell and John Horn's Gj~Gc theory (1991) of cognition. Cattell 

and Hom's original Gf-Gc theory of cognition suggested that fluid intelligence (Gj) and 

crystallized intelligence (Ge) together fully encompassed human intellectual abilities 

(Schrank, 2002). Further research by John Horn led to the expansion of other aspects of 

cognition which included short-term memory (Gs,n), long-term storage and retrieval 

(Glr), visual-spatial thinking (Gv), auditory processing (Ga), quantitative ability (Gq), 

and reading-writing ability (Gnv) (McGrew et al., 2007). 

In 2001, the WJ lll COG was developed, integrating Cattell and Hom's Gf-Gc 

theory, as well as an influential factor analytic meta-analysis conducted by John Canoll. 

Can-oll' s research, known as the three-stratum theory, consisted of three unique strata of 

ability. The incorporation of Cattell, Hom, and Carroll's cognitive theories fom1 what is 

cmTently known as the Cattell-Hom-Canoll (CBC) theory of cognitive abilities 

(McGrew, 2005; McGrew & Woodcock, 2001). 

The third generation of the WJ III COG and WJ III ACH were developed to fully 

integrate CHC theory which became the theoretical foundation for these test batteries 
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(McGrew et al., 2007). CHC theory suggests that there are three tiers under which 

intelligence can be conceptualized. The first tier, containing an overarching ''g" factor, 

describes overall intelligence. Subsumed by the g factor, on the second tier, are nine 

broad factors of cognitive ability which delineate specific aspects of intelligence. These 

nine broad factors include Comprehension-Knowledge (Ge), Long-Tem1 Storage and 

Retrieval (Glr), Auditory Processing (Ga), Visual-Spatial Thinking (Gv), Fluid 

Reasoning (Gf), Sh01i-Tenn Memory (Gsnz), Processing Speed (Gs), Quantitative 

Reasoning ( Gq), and Reading/Writing (Grlv). Seven of these broad factors are 

operationalized on the WJ III COG and the two additional factors are included on the WJ 

III ACH. The third and lowest tier within this model contains multiple natTow abilities 

that describe more specific characteristics of intelligence (McGrew & Woodcock, 2001 ). 

While several features of the 1989 WJ R COG remained the same during the 

revision of the WJ III COG, there were several notable improvements made. First, the 

factor structure of the updated WJ III COG included two to three tests for each cluster of 

cognitive abilities. In addition, each subtest subsumed within a broad ability cluster 

measured a different and unique nan-ow ability, thereby allowing for qualitative 

interpretation of differences found on subtests that fell within the same broad category. 

Also, oral language tests were removed from the WJ III COG and transferred to the WJ 

III ACH, and eight new subtests measuring working memory, planning, naming speed, 

and attention were added to the WJ III COG. Fmihem10re, five clinical clusters were 

added to improve diagnostic interpretation and clinical sensitivity. Lastly, many of the 

individual subtests were redesigned to be more sensitive to bilingual subjects and 
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nonnative samples were widened to include a greater variety of subjects (Mather & 

Woodcock, 2001 ). 

The Woodcock Johnson Ill_. Normative Update (WJ III COG; Woodcock et al., 

2007), which provided a nom1ative update for the WJ III COG and WJ III ACH, was 

made available in 2007. While the WJ III COG and the WJ III ACH test content 

remained intact, the normative data was revised based on the 2005 U.S. Census statistics, 

thus improving the validity of subtests. The current research study utilized nomiative data 

from the WJ III COG NU. 

Content. In congruence with its foundation in CHC theory, the WJ III COG is 

organized into three hierarchical tiers measuring cognitive abilities. These tiers measure 

an individual's overall general ability, broad abilities, and nan-ow abilities. General 

ability, or the g factor, is measured by the comprehensive General Intellectual Ability 

(GIA) score. While the GIA is included in an effort to provide an overall indication of 

general intellectual abilities, the primary objective of the WJ III COG is to evaluate the 

broad CHC factor scores (Schrank et al., 2002). Each cluster, or composite, which 

measures an overall broad ability, includes a minimum of two tests that measure specific, 

naiTow abilities. The seven broad cluster scores on the WJ III COG are Comprehension

Knowledge (Ge), Long-Tenn Storage and Retrieval (G/r), Auditory Processing (Ga), 

Visual-Spatial Thinking (Gv), Fluid Reasoning (Gf), Short-Tem1 Memory (Gsm), and 

Processing Speed (Gs). The uppercase "G" indicates a measure of cognitive ability, and 

the subsequent lowercase initials are used to specify the specific type of cognitive ability. 
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Scores from subtests that comprise the broad clusters of Gsm and Glr will be utilized in 

this study. 

In addition to obtaining GIA and broad CHC factor scores, other cognitive 

clusters can be fonned by dividing subtest scores into unique groups, thus, allowing for 

additional ways of interpreting infonnation about an individual's unique cognitive 

characteristics. Three alternative cognitive clusters include Acquired Knowledge, 

Thinking Ability, and Cognitive Efliciency. Practitioners may also obtain clinical cluster 

scores which include Phonemic Awareness, Working Memory, Broad Attention, 

Cognitive Fluency, and Executive Processes, Delayed Recall, and Knowledge (Wendling, 

Mather, & Schrank, 2009). 

Subtests that measure memory on the WJ III COG are typically interpreted in 

tem1s of CHC theory. Memory subtests on this instrument fall into two broad clusters, 

Sh01t-Term Memory and Long-Tem1 Storage and Retrieval. Short-Tem1 Memory ( Gsnz) 

is the ability to apprehend and maintain awareness of elements of infonnation within a 

short time frame and Long-Tem1 Storage and Retrieval (G/r) is described as the ability to 

store infonnation and fluently retrieve it later (Mather & Woodcock, 2001 ). 

Naffow CHC clusters related to memory consist of Working Memory, 

Associative Memory, Visual Memory, and Auditory Memory Span. Working Memory 

(WM) is described as the ability to hold infonnation in immediate awareness while 

perf01ming a mental operation on the infonnation. Associative Memory (MA) is the 

ability to store and retrieve associations. Memory of objects or pictures is known as 

Visual Memory (MV). Lastly, Auditory Memory Span (MS) is the ability to listen to a 
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presentation of sequentially ordered infonnation and the recall the sequence immediately. 

Table 3 .1 provides a list of subtests that were used in the cmTent study which measure 

memory and their associated broad cognitive and nanow cognitive abilities. Each of the 

subtests listed on this table was utilized in study. In addition to the memory subtests, 

three additional subtests, Verbal Comprehension, General Infomrntion, and Story Recall, 

were evaluated in this study. These subtests were hypothesized to measure various 

aspects of memory (Miller, 2007, 201 0; Miller & Maricle, 2012). 

The following are brief descriptions of each of the subtests that were used in the 

study. Visual-Auditory Learning measures the ability to learn, store, and retrieve a series 

of rebuses (pictographic representations of words). This task extends for several minutes; 

therefore, associations must be readily available in long-term memory while working 

memory accesses the relevant associations and inhibits in-elevant information. The degree 

of long-term storage resulting from this learning task can be assessed with the Visual

Auditory Leaming Delayed subtest, which can be administered after a minimum of 30 

minutes. Numbers Reversed measures the ability to hold a span of numbers in immediate 

awareness while repeating the numbers in reverse sequential order. Auditory Working 

Memory requires the individual to listen to a series of intennixed words and digits and 

first recall the words in sequential order followed by the digits in the order they were 

presented. The Retrieval Fluency subtest measures fluency of retrieval from stored 

knowledge. The examinee is given one minute to name as many examples as possible 

from a specified category. The task consists of three different well-known categories, 
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Table 3.1 

J,f;:J Ill COG. Subtests and Associated Broad and Narrmv Abilities 

Memory Subtest Broad Ability Nan-ow Ability 

Visual-Audito1y Learning Long-Tenn Retrieval (Glr) Associative Memory (MA) 

Numbers Reversed Short-Tem1 Memory (Gsm) Working Memory (WM) 

Auditm}' Working A1emo,y Short-Tem1 Memory (Gsm) Working Memory (WM) 

Visual-Audit01:v Learning 
(Delayed) 

Retrieval FluencJ' 

Picture Recognition 

Memo,yfor J.Vordy 

Verbal Co,nprehensiona 

General b?formationa 

Story Recalfh 

Long-Tenn Retrieval (Glr) Associative Memory (MA) 
Delayed 

Long-Tenn Retrieval (Glr) Associative Memory (MA) 

Visuospatial Thinking(Gv) Visual Memory (MV) 

Short-Term Memory (Gsm) Auditory Memory Span (MS) 

Comprehension
Knowledge (Ge) 

Comprehension
Knowledge (Ge) 

Lexical Knowledge 
Language Development 

General ( verbal) Infonnation 

Note. aHypothesized by Miller (2007~ 2010) to be a measures of long-te1111 semantic 
memory. bI--Jypothesized by Miller (2007, 2010) to be a measure of short-term verbal 
memory. 

with a I-minute time limit for each. On the Picture Recognition subtest, the examinee is 

presented with one or more pictures of common objects for five seconds and then the 

examinee selects the previously presented item or items from a page that includes 

distracters. Picture Recognition is not categorized under a specific memory cluster; rather 
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it is contained in the Visuospatial Thinking (Gv) broad ability. However, it does fall 

under the Visual Memory nanow ability because short-tem1 visual-spatial memory is 

considered a nanow ability of visuospatial processing (Dehn, 2008). Memory for Words 

is a measure of short-term auditory memory span, where the examinee is directed to 

repeat lists of unrelated words in the c01rect sequence. Verbal Comprehension measures 

aspects of language development in English, such as knowledge of vocabulary or the 

ability to reason with lexical knowledge. General Infonnation measures general verbal 

knowledge. The latter two subtests are often classified as semantic memory based on the 

demand to recall meaningful infonnation from long-tem1 storage in order to successfully 

complete this task. Story Memory, a subtest from the WJ III ACH, is a listening 

comprehension subtest requiring the individual to orally answer questions about a story 

dictated by an audio device. 

Standardization and norm development. In 2007, a nonnative update for the 

WJ III COG and WJ III ACH was completed using the original sample of 8,782 

individuals ranging in age from 12 months old to 80 years and older. Using innovative 

statistical advancements, the update was developed through a recalculation of the 

normative data so that the nom1s would closely reflect more cunent data from the U.S. 

Census projections. The original WJ Ill nonns were based on the U.S. Census Bureau's 

2000 projections, which were issued in 1996. The nonnative update is based upon the 

final 2000 Census statistics which were released in 2005 (Mather & Wendling, 2009). 

Individuals from this sample closely reflected the demographic characteristics of the 

United States population, according to the 2000 U.S. Census. Data were collected from 
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over 100 geographically diverse regions of the U.S. and were randomly selected through 

a three-stage stratified sampling design and controlled for census region, community size, 

gender, race, type of school/university, educational attainment of adults, occupational 

status of adults, and nation of bilih. Nomiative data were collected by teams of trained 

examiners under direct supervision (McGrew & Woodcock, 2001). The WJ III series 

utilizes a computer scoring system for its standardized tests called the Woodcock Johnson 

III Normative Update Compuscore and Profiles Program, Version 3.1 (Schrank & 

Woodcock, 2008). The updated technical manual and computer scoring program both 

represent the updated norms (McGrew et al., 2007). 

Reliability. There are several methods used to calculate subtest score and cluster 

score reliability on the WJ III COG. For the original and updated nom1ative version of 

the test, the internal consistency for all tests, except the speeded tests and tests with 

multiple-point scoring, were calculated using a split-half procedure and corrected for 

length using the Spearman-Brown correction fonnula. Split-half calculations were 

performed by separating odd and even test items and comparing the internal consistency 

of the two halves (McGrew et al., 2007). 

The reliability of speeded subtests and those with multiple scoring systems was 

measured using Rasch analysis procedures (Wendling, Mather, & Schrank, 2009). 

Speeded tests on the WJ III COG include Visual Matching, Retrieval Fluency, Decision 

Speed, Rapid Picture Naming, and Pair Cancellation. Subtests using multiple-point 

scoring include Spatial Relations, Retrieval Fluency, Picture Recognition, and Planning. 

The reliability for speeded tests was measured through a test-retest procedure, where 
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subjects were administered the same subtest twice. Tests were then presented in a 

counterba]anced fashion in order to reduce confounding variables, such as practice 

effects, due to test familiarity. Retest intervals were set at one day to minimize changes in 

subjects' states or traits. Additional retest reliability studies were conducted for 15 

cognitive and academic tests, with retest intervals ranging from less than one year to ten 

years (Mather & Woodcock, 2001). 

Table 3.2 presents the median reliability coefficients for the broad and nan-ow 

ability memory clusters as well as subtests found within the WJ III COG. Reliability 

coefficients were obtained using the aforementioned split-half and the test-retest 

procedures. In general, the WJ III COG subtest and cluster scores meet or exceed the 

benchmarks typica11y accepted for reliability (.80 or higher for subtests and .90 or higher 

for clusters). 

Validity. Test validity refers to the degree to which test use and interpretation is 

supported by theory and empirical evidence (AERA, APA, & NCME, 1999). There is 

evidence of content validity, internal validity, and external validity on the WJ III COG 

(Schrank et al., 2002; McGrew et al., 2007). Paramount to its validity is the fact that the 

WJ III COG is based on the empirically-based and well-documented CHC theory. 

Subtests on the WJ III COG were modeled and revised based on existing tests found in 

cognitive and neuroscience research which con-esponded with constructs in CHC theory. 

Content validity was established by developing theory-based operational definitions of 

abilities and constructs within CHC theory. Experts in CHC theory were charged with 

reviewing each subtest and cluster numerous times in an effort to determine the best fit 
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Table 3.2 

T1Voodcock Johnson Ill: Tests of Cognitive Ability, Normative Update, A1edian Reliability 
Statistics/or Afemo1y Clusters and Subtests 

WJ III COG Memory Constructs 

Broad Ability Cluster 

Short-Tem1 Memory (Gsm) 

Long-Tenn Storage and Retrieval (Glr) 

Visual-Spatial Thinking (Gv) 

Auditory Processing (Ga) 

Comprehension-Knowledge (Ge) 

[ndividual Subtests 

Visual-Auditory Leaming 

Numbers Reversed 

Auditory Working Memory 

Visual-Auditory Leaming (Delayed) 

Retrieval Fluency 

Picture Recognition 

Memory for Words 

Verbal Comprehension 

General Information 

Story Recall (WJ III ACH) 

Nan-ow Ability Clusters 

Associative Memory 

Associative Memory Delayed 

Auditory Memory Span 
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Median Reliability Statistics 

.88 

.88 

.81 

.91 

.95 

.87 

.87 

.87 

.94 

.85 

.76 

.80 

.92 

.89 

.87 

.92 

.94 
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with operational definitions and CHC theory (Schrank & Flanagan, 2003). Furthermore, 

additional experts were called upon to critique test items to detennine any sources of 

potential bias based on gender, individuals \Vith disabilities, and cultural or linguistic 

groups. Items detennined to be biased were eliminated or revised (McGrew et al, 2007). 

Internal validity for the WJ III COG was detem1ined by matching the fit of test 

and cluster perfonnance to CHC theory. Confirmatory factor analyses (CF A) were 

employed to detem1ine the match of the WJ III COG subtests to the proposed general 

intellectual ability, broad abilities, and nan-ow abilities outlined by the CBC theory. The 

subtests from the WJ III COG were found to fit most closely with the CBC model when 

compared to other models of cognitive and intellectual functioning (Schrank & Flanagan, 

2003). 

External validity is the degree to which test composite scores relate to measures 

of other constructs and/or subjects in a manner consistent with the theoretical 

expectations of the intended construct (McGrew & Woodcock, 2001). External validity 

was established by comparing WJ III COG test performance to outside variables. 

Evidence of convergent and divergent validity exists for subtests and clusters on the WJ 

III COG. Divergent developmental growth curves are apparent for each of the CBC broad 

and nan-ow abilities, as evidenced by cross--sectional data. Furthermore, subtest scores 

and cluster scores reveal changes that con-espond with the developmental growth and 

decline of cognitive abilities across the lifespan (McGrew et al., 2007). These patterns 

vary noticeably across the seven broad CHC abilities. For example, as expected based on 

developmental research, Long-Tenn Storage and Retrieval demonstrates the least amount 
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of developmental change, while Comprehension-Knowledge demonstrates the greatest 

amount of change as well as the slowest rate of decline (Wendling, Mather, & Schrank, 

2009). Additionally, distinct developmental patterns among the nan-ow abilities defined 

on the WJ III COG provide evidence of their validity. 

Further evidence of external validity is supported by examining the scores of 

individuals who have taken other intellectual assessment batteries and comparing those 

scores to WJ III COG scores. Convergent validity was evident in studies comparing the 

GIA from the WJ III COG to the Full Scale Intelligence Quotient (FSIQ) score of other 

cognitive batteries. Moderate to high correlations were found between the WJ III COG 

and other commonly-used intellectual measures. For example, correlations with the 

Star?f'ord-Binet Intelligence Scale, Fourth Edition (SB-IV; Thorndike, Hagen, & Sattler, 

1986) were reported to be .71 for the standard GIA score and .76 for the extended GIA 

score. Conelations with the TVechsler Intelligence Scale for Children -- Third Edition 

(WISC-III; Wechsler, 1 991) were also reported to be . 71 for the standard GIA score and 

.76 for the extended GIA score. Additionally, research has shown that the CHC broad and 

nanow abilities predict perforn1ance on academic tasks (Floyd, McGrew, & Evans, 

2008). External validity is also evident in the WJ III COG clinical clusters. For example, 

evidence for validity of the Working Memory cluster is supported by conelations with 

working memory measures from related batteries such as the Working Memory Index 

from the Wechsler Adult Intelligence Scale, Third Edition (WAIS-III; Wechsler, 1997a) 

and the Digit Span subtest on the WISC-IV (Wechsler, 2003; Schrank & Flanagan, 

2003). 
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NEPSY II: A Developmental Neuropsychological Assessment, Second Edition 

The NEPSY II: A Developmental Neuropsychological Assessment (NEPSY II; 

Korkman, Kirk, & Kemp, 2007) is a nemopsychological instrument designed specifically 

for children ages 3 to 16: 11. It consists of 34 subtests that are used to assess six different 

domains. These domains include executive functioning, language, sensorimotor 

functioning, visuospatial processing, social perception, and memory and learning. The 

original NEPSY was introduced in the United States in 1998. The second edition, which 

was introduced in 2007, builds upon the 1998 NEPSY while increasing content coverage 

and improving its psychometric prope1ties. 

Both the NEPSY and the NEPSY II aim to provide a comprehensive overview of 

a child's neuropsychological status. The original NEPSY was developed as a 

neuropsychological tool for children between the ages of three and twelve years old. The 

NEPSY was developed with four primary purposes in mind. The first was to provide a 

valid and reliable neurocognitive instrument that was sensitive to strengths and 

weaknesses in each cognitive domain. Next, the authors wanted to make a contribution to 

research and knowledge in the area of traumatic brain injury. The third purpose of the 

NEPSY was to create a long-tenn way to follow-up with children who had experienced a 

brain injury. Lastly, the NEPSY was intended to study neuropsychological development 

specifically in preschool and school-aged children (Kemp, Kirk, & Korkman, 1998). 

The NEPSY II was revised with four goals in mind: to increase domain coverage 

by adding and improving measures of attention and executive functioning, visual 

memory, visuospatial processing, and creating measures of social perception; to improve 
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clinical sensitivity through the use of subtest primary scores and process scores, the 

development of clinically sensitive subtests, and a collection of data for various clinical 

groups; to improve the psychometric properties, including the ceilings and floors of 

sub tests, and the reliability and validity of the instrument; and to enhance usability 

through increased flexibility of subtest administration (Korkman et al., 2007). Several 

other significant changes in the NEPSY II were the removal of domain scores, the 

addition of a functional domain called social perception, and the upward extension of the 

test to age 16: 11 (Dehn, 2008). While there were several imp011ant changes, many of the 

subtests from the original NEPSY remained unchanged. This study will utilize data 

collected from the NEPSY II and will be based on the availability of information, as not 

all participants have likely been administered each of the subtests from the NEPSY II. 

Development and standardization. The NEPSY and the NEPSY II are 

theoretically based on neuropsychological traditions and research by A. R. Luria. Luria 

believed that cognitive functions such as memory and learning, attention and executive 

functions, language, sensory perception, motor function, and visuospatial abilities are all 

complex capacities in which multiple brain systems are required in order to contribute to 

and mediate complex cognitive fonc6ons (Kemp, Kirk & Korkman, 200 I). 

Luria's theory and a lack of neuropsychological instruments available for children 

led to the creation of the Finnish version of the NEPSY in 1988 by Marit Korkman 

(Miller, 2007, 201 0; Miller & Maricle, 2012). It was designed to measure five domains of 

neuropsychological functioning in children ages five to six years old. The original five 
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domains consisted of attention and executive functions, language, sensorimotor functions, 

visuospatiaI processing, and memory and learning (Korkman et al, 1998). 

ln 1998, an American version of the NEPSY was introduced after ten years of 

intensive development and standardization procedures. The American version of this 

instrument was intended to provide a psychometrically sound neuropsychological 

assessment tool for children, as well as incorporate appropriate multicultural sensitivity 

for the United States (Kemp et al., 2001). The NEPSY was then updated and revised in 

2007, resulting in the NEPS Y II. 

The NEPSY II revision was completed in three phases. The first was a pilot 

phase, followed by a tryout phase, and finally a standardization and validation phase. 

During the pilot phase, the 1998 NEPSY subtests were adapted and revised for children 

between the ages of three and twelve. New subtests and test items were developed for 

each of the five original functional domains. In addition, subtests designed to measure a 

new domain called social perception were added. The pilot version of the NEPS Y lI 

consisted of 13 total subtests and was administered to a stratified sample of I 09 children 

across the United States. During this phase, examiners were encouraged to provide 

feedback about subtests, write detailed qualitative behavioral observations, and describe 

the children's reactions to subtests. 

The tryout version of the NEPS Y II consisted of 22 subtests, which were 

administered to 205 children between the ages of three and twelve. A stratified sample 

was used and included nonnally-developing children and children with clinical 

diagnoses. Subtests were edited based on the results of the pilot phase, ongoing literature 
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reviews, and clinical experiences. The Face Discrimination subtest was eliminated and 

several other subtests were modified including: Affect Recognition, Auditory Attention 

and Response Set, Comprehension of Instructions, Memory for Designs, Narrative 

Memory, Phonological Processing, Speeded Naming, Visuomotor Precision, and Word 

Repetition and Recall. New subtests were added including Animal Sorting, Inhibition, 

Word List Interference (changed from Word Recognition and Recall), and Theory of 

Mind. 

The standardization and validation phase was conducted from 2005 to 2006. The 

standardization version of the NEPSY II, containing 29 subtests and three delayed tasks, 

was administered to 1,200 children ages 3 to 16: 11. A stratified, random sample was used 

to ensure that the sample was representative of the U.S. population of children from each 

demographic group. Data gathered from the 2003 lJ .S. Census provided the basis for 

stratification along the following variables: age, race/ethnicity, geographic region, and 

parent education level. Gender was not stratified according to the Census; rather it was 

split as 50% female and 50% male. The NEPSY II allows examiners the flexibility of 

selecting subtests based on the specific needs of the child; therefore, four different record 

fom1s were used during the standardization process, minimizing the influence of subtest 

order on the normative data. During the final standardization phase, an additional 260 

children with clinical diagnoses were administered the NEPSY II and 1,060 concurrent 

validity cases were collected. 

Following the standardization phase, subtests were reevaluated for content, bias, 

and psychometric properties. Three standardization subtests were not used based on 
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difficulty with administration or low clinical sensitivity. A final selection of 34 subtests 

for each of the six functional domains was assigned. During the final phase, scores \Vere 

derived for subtests and process scores were developed for specific subcomponents of 

subtests. Domain scores were removed from the NEPSY II due to low con-elations 

between subtests within the same domain and the higher clinical value associated with 

subtest-level scores. Subtests that were not modified from the 1998 NEPSY were 

reviewed closely for psychometric and theoretical issues. According to the authors, some 

subtests, paiiicularly sensorimotor subtests, were not expected to change based on the 

Flynn effect or changes in population; therefore these subtests were not re-nom1ed in 

2007 and nonnative data is based on the 1998 NEPS Y sample data (Korkman et al., 

2007). 

Content. The NEPSY II contains six comprehensive neuropsychological domains 

including attention and executive functioning, language, memory and learning, 

sensorimotor, visuospatial processing, and social perception. Korkman and colleagues 

(1998) suggest that these domains do not develop in isolation, rather they develop and 

work together concmTently. However, each domain is considered to be an independent 

and adequate measure of neurocognitive functioning. The subtests from the Memory and 

Leaming domain evaluate different aspects of verbal memory, nonverbal memory, and 

learning. Only applicable measures from the Memory and Learning domain were 

discussed and utilized in the ctment study. Two subcomponents were eliminated from the 

Memory and Leaming domain because not enough data ,vas available (i.e. Sentence 

Repetition Total and Word List Interference Repetition). 
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The subtests that comprise the NEPS Y II Memory and Leaming domain are List 

Memory, Memory for Designs, Memory for Faces, Memory for Names, Narrative 

Memory, Sentence Repetition, and Word List Interference. The List Memory subtest 

requires the individual to recall a list that was learned through rote repetition as well as 

the impact of interference effects on delayed recall after a 25-35 minute delay. This 

subtest measures how well a child encodes and retrieves verbal info1111ation from long

term memory and how well he or she is able to actively memorize verbal material. On 

Memory for Designs, the child is presented with increasingly complex designs on a 4 x 4 

grid over four trials. After a 15-25 minute delay, the child is asked to recall the designs 

and location of each design. This subtest assesses spatial recall, visual content 

recognition, and overall visuospatial memory. Memory for Faces is a subtest that 

evaluates a child's ability to encode faces, as well as discriminate amongst and recognize 

faces. A delayed task assessing long-tern1 memory of faces is administered 15-25 minutes 

after the immediate recall task. The Memory for Names subtest requires the child to learn 

the association between a visual stimulus and its verbal label. This subtest assesses the 

acquisition and retrieval of visual-verbal paired-associate tasks over three trials, and then 

verbal-visual paired-associate retrieval after a 25-35 minute delay. On the Nanative 

Memory subtest a story is read to the child. Verbal working memory and long-tenn 

retrieval are tested as the individual recalls the narrative under free recall and cued recall 

conditions. On Word List Interference Recall, the child is read words from a brief 

sequence of unconnected words and asked to repeat them. The child is then asked to 

repeat the first word list again after an interference list is presented. This task requires 
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short-tenn memory for verbal infonnation, as well as holding the verbal infonnation in 

working memory during the interference task. 

Reliability. The reliability of a test refers to the accuracy, consistency, and 

stability of test scores across situations (Anastasi & Urbina, 1997). Reliability measures 

are provided for each of the primary and process scaled scores on the NEPSY II. As a 

measure of internal consistency, reliability coefficients were obtained using split-half 

procedures. The split-half reliability coefficient of a subtest can be found by calculating 

the con-elation between the total scores of two half-tests, and cotTected for the length of 

the test using the Speannan-Brown fonnula (Crocker & Algina, 1986). When the split

half method was not appropriate, stability coefficients and decision-consistency 

procedures were used. Stability coefficients are based on the scores of children who 

paiiicipated in a test-retest study. Test-retest reliability was generally used for subtests 

that could not be split into two parallel fom1s because scores are dependent on additional 

variables such as time or speed of perfonmmce. Decision-consistency procedures were 

used when scores are reported as percentile ranks because of highly skewed distributions 

on scores. Decision-consistency reliability utilizes cutoff scores to generate a percent 

agreement from test to test (Korkman et al., 2007). 

Table 3.3 provides reliability coefficients for the NEPSY II 1101111ative sample 

across age bands based on the primary scaled scores on tests of memory. Average 

reliability coefficients were calculated using Fisher's z transfonnations (Silver & Dunlap, 

1987). The results of reliability studies reveal that most of the NEPSY II subtests have 

adequate to high internal consistency. The benchmarks typical1y used for reliability are 
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.80 or higher for subtests and .90 or higher for clusters. In the area of memory, List 

Memory has the highest reliability coefficient. The lowest reliability coefficients are 

often found on scores calculated with test-retest reliability, which included Memory for 

Designs Total and Memory for Designs Delayed. Reliability coefficients on scores using 

test-retest methods are consistent with findings that memory subtests often produce lower 

reliability on test-retest methods due to practice effects (Korkman et al., 2007). 

Table 3.3 

NEPSY fl Average Reliability Statistics qf'Scaled Scores.for Nonnative Sample 

Memory Subtest Ages 3-4 

List Memory/List Memory (D) 

Memory for Designs Total .84 

Memory for Designs (D) .78 

Memory for Faces Total 

Memory for Faces (D) 

Memory for Names Total 

Memory for Names (D) 

NaiTative Memory (FR) 

NaITative Memory (FRCR) .62 

Word List Interference (R) 

Ages 5-6 

.88 

.64 

.50 

.59 

.80 

.68 

.64 

.72 

Ages 7-12 

.91 

.89 

.65 

.68 

.76 

.80 

.68 

.69 

.75 

.66 

Ages 13-16 

.84 

.71 

.73 

.81 

.74 

.59 

.78 

.70 

Note. D = Delayed; R = Recall; FR = Free Recall; FRCR = Free & Cued Recall. 

Validity. Validity refers to the degree to which evidence and theory suppoti the 

interpretation of test scores and the proposed uses of tests (AERA, AP A, & N CMK 
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1999). In other words, test validity is concerned with the extent to which a test measures 

what it purpmis to measure. Validity was established for the NEPS Y II through a variety 

of techniques including response processes, inter-c01Telations of subtest scores, 

relationships to other measures, and special group studies. 

Response processes information was collected to ensure that children engaged in 

the expected cognitive processes when responding to subtest tasks. Extensive literature 

reviews, expert consultations, and empirical evaluations were conducted to provide 

evidence of validity based on response processes. Additionally, evidence of validity was 

gathered through empirical and qualitative analysis of response processes during test 

development. For example, test questions that were frequently answered incorrectly were 

examined to detem1ine the acceptability of the answers; they were then eliminated or 

adjusted as needed (Korkman et al., 2007). 

Inter-correlations among subtest scores from the NEPSY II were studied in an 

effort to establish construct validity. It is important to note that subtests within the same 

domain are not expected to have high correlations because subtests in the same domain 

are expected to measure widely difierent abilities; hence the removal of domain scores on 

the NEPSY IL Most subtests were found to have low correlations, although the highest 

correlations did occur between subtests from the same domain. 

Evidence of concurrent validity, or the relationship between test scores and 

external variables, was examined by comparing the NEPSY II to other assessment 

instruments. NEPSY II scores were compared to twelve other measures of general 

cognitive ability, academic achievement, neuropsychological functioning, and behavior. 
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Other measures included the NEPSY, 1Yechsler Intelligence Scales/or Children. Fourth 

Edition (Wechsler, 2003), D[flerential Abilities Scales, Second Edition (Elliott, 2007), 

1Yechsler Nonverbal Scale<~[ Ability (Wechsler & Naglieri, 2006), Wechsler Individual 

Achievement Test, Second Edition (Wechsler, 2005), Children's Mem01:v Scale (Cohen, 

1997), Delis-Kaplan Executive Function System (Delis, Kaplan, & Kramer, 2001), 

Bracken Basic Concept Scale, Third Edition: Receptive (Bracken, 2006a), Bracken Basic 

Concept Scale: Etpressive (Bracken, 2006b), Devereaux Scales ofMental Disorders 

(Naglieri, LeBuffe, & Pfeiffer, 1994), Adaptive Behavior Assessnzent Systen1, Second 

Edition (Hanison & Oakland, 2003), Bro1vn Attention-Dejzcit Disorder ScalesfiJr 

Children and Adolescents (Brown, 200 I), and the Children's Communication Checklist, 

Second Edition (Bishop, 2006). The results of these studies provide evidence of 

convergent and discriminate validity of the NEPSY II subtests. 

Test validity based on test-criterion relationships was evidenced through special 

group studies. Data were collected for a group of 260 children with a variety of disorders 

including autism spectrum disorders, specific learning disabilities, ADHD, language 

impaired, intellectually disabled, deaf or hard of hearing, emotionally disabled, and 

traumatic brain injury. These case studies demonstrated that groups of individuals with 

clinical diagnoses performed more poorly on specific subtests related to memory. Table 

3.4 shows memory subtests from the NEPSY II, which revealed a significant effect size 

when the clinical group was compared to the control group. Effect size is a measure of 

the strength of the relationship between two variables in a statistical population 

(Wilkinson, 1999). Cohen (1988) suggests that effect size is small, medium, or large if d 
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is .20, .50, or .80, respectively. The results of these case studies provide evidence for the 

clinical utility and discriminant validity of using the NEPSY II for use with clinical 

populations (Hooper, Poon, Marcus, & Fine, 2006). 

Table 3.4 

Climcal J'ersus Afatched Control Groups on NEPSY II Aienwry SubtesL'i 

Clinical Diagnosis 

ADHD 

Memory Subtests with Significant Effect 
Size 

Memory for Faces 

Narrative Memory 

Word List Interference Recall 

Reading Disorder None 

,Hathematics 

Disorder 

Lanouaae t, b 

Disorder 

Autistic Disorders 

Asperger's 
Disorder 

Emotional 
Disturbance 

Memory for Designs 

Memory for Designs Delayed 

Memory for Faces Delayed 

Narrative Memory Free & Cued Recall 

Narrative Memory Free Recall 

Word List Interference Recall 

Memory for Faces 

Narrative Memory Free & Cued Recall 

Narrative Memory Free Recall 

Sentence Repetition 

Word List Interference Repetition 

word List interference Recall 

Memory for Designs 

Memory for Designs Delayed 

Memory for Faces 

Memory for Faces Delayed 

Narrative Memory Free & Cued Recall 

Narrative Memory Free Recall 

Word List Interference Repetition 

word List interference Recall 

Memory for Faces 

Memorv for Faces Delayed 

100 

Effect Size Between 
Clinical Group &A 

Matched Control Group 

0.44 

0.41 

0.45 

1.27 

1.18 

1.18 

0.75 

0.61 

0.71 

0.71 

0.87 

0.91 

0.64 

1.55 

0.81 

0.70 

1.03 

1.03 

0.64 

1.28 

1.21 

1.68 

1.71 

1.34 

0.68 



Wide Range Assessment of Memory and Learning, Second Edition (WRAML-2) 

The Wide Range Assessnzent q(Me,nm}' and Learning. Second Edition 

(WRAML-2; Adams & Sheslow, 2003) is a comprehensive, individually administered 

test battery designed to assess unique aspects of memory. The WRAML-2 is an updated 

and expanded version of the Wide Range Assessment ofAf emo,J' and Learning 

(WRAML; Sheslow & Adams, 1990). The original WRAML was designed to evaluate 

memory in children 5 through 17 years of age (Sheslow & Adams, 1990). The WRAML-

2 was developed as an upward extension of the original WRAML, allowing for the 

assessment of memory abilities of individuals aged 5 to 90. The current study utilized 

data from the WRAML-2. Data used in this study was based on the availability of 

infonnation from the WRAML-2, as not all participants were likely to have been 

administered each of the subtests from the test battery. 

The WRAML-2 is based on influences from cognitive, neuropsychological, and 

developmental traditions (Sheslow & Adams, 1990). According to Sheslow and Adams 

(2003), the structure of the WRAML-2 was derived based on the following goals: to 

provide psychometrically sound measures of important core memory components; to use 

optional memory components which better reflect contemporary concerns in the field; to 

provide qualitative data allowing clinicians a more comprehensive view of memory 

processes; to expand the WRAML-2 age range, allowing appropriate follow-up from 

childhood to adulthood; to enhance the ability to assess immediate and delayed memory 

functions; to provide an enhanced measure of Attention/Concentration and Working 
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Memory abilities; and to update the nonns to incorporate changes in demographic 

representation, assess item difficulty, update language and artwork, and incorporate new 

research. 

Development and standardization. The original WRAML was released in 1990 

as the first well-normed, standardized test battery designed specifically for assessing 

memory abilities in children (Sheslow & Adams, 2003). In 2003, the WRAML-2 was 

released with the goal of reflecting important developments in the field since its original 

release, while preserving parts that users found especially valuable. In addition to revised 

and updated subtests, among the most significant changes in the WRAML-2 were the 

extended age range, the addition of Attention/Concentration and Working Memory 

Indexes and coITesponding subtests, and the addition of recognition and qualitative 

measures. As with the original WRAML, the WRAML-2 includes standard scores, scaled 

scores, and percentiles. Age equivalents are provided for child and pre-adolescent age 

groups. 

The WRAML-2 was revised using two research programs: an item tryout 

program and a standardization program. The purpose of the item tryout program was to 

gather data about individual test items to detem1ine appropriateness for the 

standardization program. This program began in 2001, when a total of 140 individuals, 

aged 5 to 95, from five different sites across the United States, were administered test 

items. Classical item analysis and Item Response Theory (IRT) methods were used to 

evaluate test items. Classical item analyses were used to assess the range of difficulty and 

discrimination oftest items. IRT, using Rasch procedures, provided estimates of item 
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difficulty and goodness-of-fit statistics. Difficulty estimates were used to order subtest 

items and eliminate items with redundant levels of difficulty and items with poor fit were 

either revised or eliminated. The results of the item tryout program were the inclusion of 

633 items, the addition of four new subtests, and the deletion of I 07 items and one entire 

subtest. 

After the item tryout program was reviewed, the standardization edition of the 

WRAML-2 was prepared. The standardization program was conducted from 2002 to 

2003, when a total of 1,200 individuals aged 5 through 95 were administered the test. The 

no1mative sample was constructed using a stratified sampling technique controlling for 

gender, race/ethnicity, educational attainment, and geographic region. The sample was 

representative of the United States population according to the 2001 U.S. Census 

(Sheslow & Adams, 2003 ). 

Content. The core WRAML-2 battery consists of six subtests, two subtests for 

each of the main memory Indexes. The core memory Indexes are the Verbal Memory 

Index, Visual Memory Index, and Attention/Concentration Index. These three Index 

scores are combined to form the General Memory Index. In addition to the core subtests, 

the WRAML-2 contains 11 optional subtests, seven of which are delayed-recall and 

recognition subtests. The optional subtests have been co-nom1ed with the core subtests to 

allow for a more in-depth and qualitative assessment of memory functions. Both the core 

subtests and the optional subtests provide scaled scores. The WRAML-2 also contains a 

memory screening option containing four subtests and yielding a Memory Screening 

Index. 
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The following is a brief description of each of the memory subtests on the 

WRAML-2. All of the subtests from the WRAML-2 with the exception of two measuring 

Attention/Concentration, are reviewed and were utilized in the study. The Verbal 

Memory Index is comprised of the Story Memory and Verbal Learning subtests. On the 

Story Memory subtest, two short stories are read to the examinee, who is then asked to 

recall as many parts of the story that can be remembered. Story Memory Delayed Recall 

requires the individual to recall as much of the story as possible after 15 minutes. Story 

Memory Delayed Recognition allows the individual to recall the two stories under a 

multiple-choice format. Verbal Leaming is a list-learning task that allows four trials for 

the examinee to learn a list of either eight or sixteen words, based on age. Verbal 

Leaming Delayed Recall is administered after 10 minutes, when the individual is asked to 

recall as many words as possible. Verbal Leaming Delayed Recognition may be given 10 

minutes after Verbal Leaming Delayed Recall. The recognition task requires the 

examinee to response '"yes" or "no" to words read aloud by the examiner. Sentence 

Memory requires the individual to repeat a series of increasingly complex and lengthy 

sentences dictated by the examiner. 

The Visual Memory Index includes Design Memory and Picture Memory. Design 

Memory is a visuospatial short-te1111 memory task, where geometric designs are exposed 

for five seconds and then after 10 seconds the examinee is asked to draw the designs from 

memory. Design Memory Recognition employs a cued recall procedure, where the 

participant is provided with 46 designs and marks "yes" or "no" based on whether he or 

she believes the shape was seen before. On the Picture Memory subtest the examinee is 
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shown four common but visually complex scenes for 10 seconds. The participant is then 

shown an alternate scene and asked to identify any elements that have been moved, 

changed, or added. Picture Memory Recognition allows the examinee to mark "'yes" or 

""no" options on a Picture Memory Recognition F onn based on whether he or she believes 

the element was previously seen in the original scenes. 

The WRAML-2 contains two Working Memory subtests, which are optional 

subtests yielding a Working Memory Index. These two subtests include Verbal Working 

Memory and Symbolic Working Memory. The Verbal Working Memory subtest requires 

an individual to listen to a list of words, some of which are animals and some of which 

are not. Individuals aged 9 through 13 years of age are asked to repeat all of the words, 

recalling the animal words first followed by the non-animal words. Next, the individual is 

asked to recall the animals in order of their typical size (smallest to largest); followed by 

all of the non-animal words in any order. Individuals over age 14 are started with the 

latter task and must recall the presented animal words in size order, followed by the non

animals words, also in order of relative size. Similar to the Verba] Working Memory task, 

Symbolic Working Memory requires the examinee to manipulate infonnation in working 

memory. There are two levels to this subtest. First, the examiner dictates a series of 

letters and numbers and asks the examinee to point out the numbers dictated in conect 

numerical order on a stimulus card with numbers. Next, a random number-letter series is 

dictated and the individual is asked to point out the dictated numbers followed by the 

dictated letters in correct order on a stimulus card with numbers and letters. 
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Reliability. Reliability is defined as the consistency of a test's scores across items 

across time (Anastasi & Urbina, 1997). Several methods are used to provide evidence of 

reliability on the WRAML-2 including person separation indices, median reliability 

statistics, standard etTor of measurement (SEM), test-retest coefficients, and inter-rater 

scoring statistics. Evidence for internal consistency was gathered by using person and 

item separation indices, which were obtained through Rasch item analysis. Person 

separation indices provide infom1ation about the test's ability to distinguish among 

persons on the basis of total number of items answered cotTectly. Person separation 

indices ranged from .85 to .94 for the core subtests and .56 to .93 for optional subtests. 

These statistics are considered to be supportive evidence for content validity of the 

vVRAML-2 (Sheslow & Adams, 2003). 

Table 3.5 repo1is the median reliability statistics and the SEM for the WRAML-2 

Indexes associated with memory. The SEM represents how much error is associated with 

subtest and index scores. In general, items ,vith high reliability have a smaller SEM. 

Median reliability coefficients ranged from .86 to .93 for the General Memory Index, 

Verbal Memory Index, Visual Memory Index, and Working Memory Index. Benchmarks 

for reliability are typically .90 for Index scores. With the exception of recognition 

Indexes, these values represent generally moderate to high internal consistency for most 

Indexes on the WRAML-2. 
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Table 3.5 

T1VRAAIL-2, lvfedian Reliability Statistics and SEA! of Indexesfi·om Normative Sample 

INDEX Median Reliability Coefficient SEM 

General Memory Index .93 4.0 

Verbal Memory Index .92 4? 

Visual Memory Index .89 5.0 

Working Memory Index .90 4.7 

Verbal Recognition Index .85 5.8 

Visual Recognition Index .54 10.2 

General Recognition Index .79 6.9 

Table 3 .6 presents the median reliability statistics and SEM for the WRAML-2 

subtests associated with memory. Average reliabilities for core and optional subtests 

range from .40 to . 92. Median reliability coefficients on recognition subtests were 

considerably lower than most other subtests. This is primarily due to the structure of 

recognition tasks, where the difficulty of items is restricted, therefore causing 

unavoidably low ceiling and thus, low internal consistency. Benchmarks for reliability 

are typically .80 for subtests. With the exception of the recognition subtests~ these values 

represent moderate to high internal consistency for most subtests on the WRAML-2. 

Test-retest reliability is moderately low on the WRAML-2, due to the influence of 

practice effects on tests of memory, which can spoil the stability of the measurement. 
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Con-elations ranged from .53 to .85 with a noticeable gain on each subtest and Index 

score, indicating the presence of practice effects. 

Table 3.6 

TYRAML-2, lvfedian Reliability Statistics and SEMofSubtestsfrom Nonnative Sample 

SUBTEST Median Coefficient Reliability SEM 

Story Memory .92 0.8 

Design Memory .86 1.1 

Verbal Learning .84 1.2 

Picture Memory .83 1.2 

Verbal Working Memory .82 1.3 

Symbolic Working Memory .85 1.2 

Sentence Memory .80 1.3 

Story Memory Delayed Recall .92 0.8 

Verbal Learning Delayed Recall .79 1.4 

Story Memory Delayed Recognition .79 1.4 

Design Memory Recognition .40 ")--, ..... .) 

Picture Memory Recognition .52 2.1 

Verbal Leaming Delayed Recognition .70 1.6 

Interscorer reliability can be thought of as the degree of consensus among raters. 

While the majority of subtests on the WRAML-2 are not subjective, and therefore 

interscorer reliability is inelevant, Design Memory is a subtest that requires some degree 

of judgment. The drawings of a random sample of 30 cases were selected and given to 
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three scorers. Design Memory scores received a . 98 correlation, showing a very high 

relationship among the scores given by examiners. 

Validity. The WRAML-2 was evaluated for internal and external validity. 

Internal validity was addressed through Exploratory Factor Analysis, Confinnatory 

Factor Analysis, and differential item functioning. External validity was addressed 

through WRAML-2 correlations with other psychological tests and clinical studies. 

Evidence of internal validity was established through Exploratory Factor 

Analyses (EPA). EFA was conducted to examine the factor structure of the core subtests 

of the WRAML-2. Over 70% of the variance is explained by three factors with loadings 

that are consistent with three predicted factors. Confirmatory Factor Analysis (CF A) was 

conducted to examine the nature of the relationships among the subtests and their 

hypothesized latent dimensions. According to Kline (1998), good measurement models 

demonstrate moderate to high factor loadings, or convergent validity, as well as factor 

conelations that are not unreasonably high (<.85), or discriminant validity. All factor 

loadings were found to be acceptable, ranging from .50 to . 70, and the con-elations 

between the three factor loadings suggest adequate discriminant validity and imply that 

the scores from the tlu·ee factors can be interpreted in isolation. 

Differential item functioning was used to assess item bias. Correlations were nm 

based on gender (male/female) and race (African-American vs. White and Hispanic vs. 

White). Only one cone]ation fell below .90. The c01Telation on the Story Memory subtest 

for the White sample versus the Hispanic sample was .88. This may be attributed to the 

high demand for language comprehension required on the Story Memory subtest. 
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Evidence of external validity was established by comparing the WRAML-2 to 

other measures of memory, along with other tests of cognitive and academic ability. The 

WRAML-2 has a moderately high relationship with other tests. In order to investigate the 

relationship between the WRAML-2 and other measures of memory, the WRAML-2 was 

cotTelated with the TYechsler Memory Scale, 171ird Edition (WMS-III, Wechsler, 1997b), 

the Tests ofAlemory and Learning (TOMAL; Reynolds & Bigler, 1994), the California 

Verbal Learning Test (CVLT; Delis, Kramer, Kaplan, & Ober~ 1987), and the Cal(.lornia 

Verbal Learning Test, Second Edition (CVL T-II; Delis, Kramer, Kaplan, & Ober, 2000). 

The WRAML-2 was correlated with two cognitive measures, the Wechsler Adult 

Intelligence Scale, T11ird Edition (WAIS-III, Wechsler~ 1997a) and the Wechsler 

Intelligence Scale for Children, Third Edition (WISC-III, Wechsler, 1991 ). In the area of 

achievement, the WRAML-2 was cotTelated with the 1Yide Range Achievement Test. 

Third Edition (WRAT-3; Jastak & Wilkinson, 1984) and the Woodcock Johnson Tests ql 

Achievement, Third Edition (WJ III ACH; Woodcock, McGrew&, Mather, 2001 b). 

There is extensive support for convergent validity on Verbal Memory and Visual 

Memory Indexes and cotTesponding measures fiom other test batteries. Research shows a 

moderate relationship between the WRAML-2 General Memory Index and other tests of 

cognitive ability and academic achievement. Thus, the WRAML-2 does measure 

something different than other tests of cognitive ability and is thought to provide useful 

supplementary data for these tests. 

Further supp01i for external validity was garnered by administering the WRAML-

2 to five clinical groups including individuals diagnosed with Learning Disabilities, 
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Alzheimer's disease, Parkinson's disease, Traumatic Brain Injury, and alcohol abuse. The 

WRAML-2 results fi:om the clinical groups were compared to a matched control group 

based on age, gender, educational background, ethnicity, and regional residence. The 

group with diagnosed Leaming Disabilities (LD) is most relevant to the study, as this is 

the only clinical population that included children. This group included 29 children, aged 

six to fifteen, who were diagnosed with a reading or mathematics disability. All subtest 

and index scores from the LD group were lower than the corresponding scores of the 

matched control group. The mean standard score difference for this group on the Genera] 

Memory Index was -21.4 and other standard scores ranged from -8.0 to 40.2. The greatest 

differences ,vere seen on recognition indexes. In general, children with LD performed 

significantly different from the matched control group, providing evidence for the clinical 

utility and discriminant validity of using the WRAML-2 for use with this population. 

Review of Selected Tests 

The WJ III COG, NEPSY II, and WRAML-2 were chosen because each are 

commonly utilized assessment tools that contain specific measures of memory 

functioning. Subtests intended to measure various components of memory were selected 

for this study. Table 3. 7 provides a list of subtests used in the cun-ent study. Each 

memory subtest and the associated memory components measured by the subtest are 

incorporated into the table. 

111 



Table 3.7 

Tests Instruments and Subtests Utilized in Study 

WRAML-2 

Story Memory 

Story Memory Delayed Recall 

Story Memory Delayed Recognition 

Verbal Leaming 

Verbal Learning Delayed Recall 

Verbal Leaming Delayed Recognition 

Design Memory 

Design Memory Recognition 

Picture Memory 

Picture Memory Recognition 

Sentence Memory 

Symbolic Working Memory 

W.J III COG 

Auditory Working Memory 

Retrieval Fluency 

Memory for Words 

Picture Recognition 

Visual-Auditory Leaming 

Story Recall (WJ III ACH) 

NEPSY-II 

Memory for Faces Total 

Memory for Faces Delayed 

Memory for Names Total 

Memory for Names Delayed 

List Memory Delayed Total Conect 

Narrative Memory Free and Cued Recall 

Narrative Memory Free Recall 

Memory for Designs Total 

Memory for Designs Delayed 

Word List Interference Recal 1 

Verbal Working Memory 

WJ JU COG (Cont.) 

Rapid Picture Naming 

Numbers Reversed 

Verbal Comprehension 

General Infom1ation 

Visual-Auditory Leaming Delayed 
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Data Analysis 

Descriptive Statistics 

Descriptive statistics were first calculated on the demographic variables of age, 

gender, ethnicity, broad diagnostic category, and the scores of memory subtests from the 

WJ III COG, NEPSY II, and WRAML-2. The normality distribution of the subscales was 

tested using a Kologorov-Smirnov test and outliers were examined with descriptive 

statistics and stem-and-leaf plots. Means, standard deviations, and ranges for these test 

scores are used to describe subscale scores and were calculated using the Statistical 

Package for the Social Sciences (SPSS) 19.0 statistical program. Cross-tabulations with 

Pearson's Chi-square and Cramer's Vwere used to examine the relationships between 

categorical variables. Means and standard deviations were used to describe the subscale 

scores. A series of multivariate analysis of variance (MANO VA) were used to test the 

subscale scores of each of the three measures (WJ III COG, NEPSY II, and WRAML-2) 

by each of the categorical variables. In addition, Pearson Product Moment Conelation 

coefficients were analyzed to test the strength of the relationship within the WJ III COG, 

NEPS Y II, and WRAML-2, providing infonnation on convergent and divergent validity. 

Bivariate Correlations 

A bivariate correlation is a statistical test that measures the association or 

relationship between two variables (Schumacker & Lomax, 2010). In the cun-ent study, 

bivariate con-elations were conducted in order to dete1mine the amount and degree of 

relationship between each subtest used in the study. Bivariate con-elations were 

calculated using SPSS 19.0. The type of data matrix used for computations in structural 
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equation modeling programs is called a variance-covariance matrix (Schumacker & 

Lomax, 2010). The con-elation matrix developed for the study included correlation 

coefficients and significance levels for the entire set of scores. This analysis helped 

establish which tasks have significant correlations. It also helps detem1ine which tasks 

have weak or insignificant conelations, or measure discriminate abilities (McGrew & 

Woodcock, 2001). 

The dete1111ination of pmver and sample size comparing the nested models with 

the data set was computed using the linear structural equations model, or LISREL. A 

sample size of at least 150 is needed to obtain parameter estimates that have standard 

errors small enough to be of practical use (Anderson & Gerbing, 198 8), thus, the sample 

size of 892 cases was more than enough to obtain parameter estimates. 

Confirmatory Factor Analysis and Structural Equation Modeling 

Factor analysis has been used for over 100 years to create academic measurement 

instruments (Schumacker & Lomax, 20 l 0). A confirmatory measurement, or factor 

analysis, is an approach to data analyses where patterns of covariation among multiple 

observed variables are used to obtain data on latent variables (Byrne, 1989). There are 

two basic types of factor analysis commonly used including exploratory factor analysis 

(EF A) and confomatory factor analysis (CF A). Statistical procedures, such as 

confinnatory factor analysis, provide evidence for the validity of specific test instruments 

(Schumacker & Lomax, 2010). Confirn1atory methods, such as structural equation 

modeling, have been growing in psychology and other social sciences. One reason for 

this is that confirmatory methods provide researchers with a comprehensive means for 
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assessing and modifying theoretical models (Schumacker & Lomax, 2010). EF A is 

typically used when a researcher does not have cunent knowledge of the latent variable 

structure of a group of data. Consequently, a researcher utilizing EF A explores the 

minimal number of latent variables that explain the data. 

On the other hand, CF A is employed \vhen a researcher has a pre-existing 

knowledge of the underlying latent variable structure, which is based on theory and/or 

empirical research (Thompson, 2004). CF A is used to study the relationships between a 

set of observed variables and a set of continuous latent variables. A confim1atory 

structural model then specifies the causal relations of the constructs to one another, as 

posited by some theory. CFA is often employed to test the existence of theoretical 

constructs, where it is important to identify how well the test actually measures the 

underlying latent variables that it is hypothesized to measure. For example, CFA was 

used to confim1 the Big Five model of personality (Goldberg, 1990), where five 

hypothesized personality factors were confim1ed through the use of multiple indicator 

variables for each of the five factors (Schumacker & Lomax, 2010). CFA was utilized in 

an effort to understand how well various neurocognitive theories of memory fit with 

memory subtests on the WJ III COG, NEPSY II, and WRAML-2. 

CF A is subsumed under a larger set of statistical techniques, known as structural 

equation modeling (SEM). SEM was developed in the early l 970's based on research by 

Joreskog, Keesling, and Wiley. In 1973, the first software program for SEM was 

developed called the linear structural relations model (LISREL; Schumacker & Lomax, 

20 I 0). SEM primarily utilizes CF A and path models. Path models, which are an 
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extension of multiple regression models, use correlation coefficients and regression 

analysis to model more complex relationships among observed variables. Path analysis 

depicts more meaningful theoretical relationships across observed variables than simple 

regression models (Schumacker & Lomax, 2010). SEM essentially combines CF A and 

path models, thus incorporating both latent and observed variables (Schumacker & 

Lomax, 2010). 

There are several issues that can impact data analysis after it has been impotied 

into a software program. One common issue is missing data. SEM is a cotTelation 

research method; therefore, covariance among variables can significantly impact the 

outcome of data analysis. The current research imputed missing variables, which uses 

matching response patterns to fill in missing data. When imputing data, the value to be 

substituted fix the missing is obtained from other cases that have a similar response 

pattern over a set of matching variables (Schumacker & Lomax, 2010). 

There are four theories that will be used in the study: Atkinson and Shi ffrin' s 

(1968) multimodal model; Baddeley and Hitch's (1973) working memory model; CHC 

theory; and the SNP model. There are three main approaches for going from theory to a 

SEM model: the confinnatory approach, the alternative models approach, and the model

generating approach (Schumacker & Lomax, 2010). In the confim1atory approach, one 

specific theoretical model is hypothesized and then data are collected and tested to 

detennine whether they fit the model. The model is either confitmed or disconfirmed 

based on the outcome of the statistical analysis. The model-generating approach specifies 

an initial theoretical model. Since the data do not fit the criterion for this model at an 
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acceptable level, a final model is derived by adding or deleting paths. The third approach, 

known as the alternative models approach, a1lows the researcher to create a limited 

number of theoretically different models in order to detem1ine which model the sample 

data fits best. The al temative model approach will be used in the current study. The 

models developed for this study utilized the same data set. When models use the same 

data set, they are referred to as nested models (Schumacker & Lomax, 2010). 

The goal in building a structural equation model is to find a model that fits the 

data well enough to serve as a useful representation and explanation of the data. 

There are five steps involved in constructing SEM's. These include model specification, 

model identification, model estimation, model testing, and model modification 

(Schumacker & Lomax, 201 0; Thompson, 2000). 

The first step in SEM is called model specification, which involves using all 

available relevant theory, research, and infom1ation to develop a theoretical model. 

Ultimately, the goal is to ensure that the data in each model is consistent with the true 

theoretical model. Prior to data collection, a researcher should specify a model to be 

confinned with variance-covariance data. When building measurement models, it is 

important to structure the model so that each latent construct is defined by two or more 

indicators, or observed variables. It is also important that each observed measure is an 

estimate of only one latent construct (Anderson & Gerbing, 1988). In the model 

specification step, parameters are determined to be fixed or free. Fixed parameters are not 

estimated from the data and are typically fixed at zero, indicating no relationship between 

variables. Free parameters are estimated from the observed data and are believed by the 
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investigator to be non-zero. Detem1ining which parameters are fixed and which are free 

in a SEM is extremely imp01iant because it determines which parameters will be used to 

compare the hypothesized diagram with the sample population variance and covariance 

matrix in testing the fit of the model (Step 4). For the current study, models based on 

available memory research and theories were created according to these guidelines and 

can be found later in this chapter. 

Model identification ensures that the data can fit only one theoretical model 

(Thompson, 2004). This increases the meaningfulness of the data by providing 

confidence that the sample data does not fit an infinite number of theoretical models. 

Model identification concerns whether a unique value for each and every free parameter 

can be obtained from the observed data. This depends on the model choice and the 

specification of free, fixed, and constrained parameters. A free parameter is a parameter 

that is unknown and therefore must be estimated. A fixed parameter is fixed specifically 

to a value, typically either zero or one. A constrained parameter is a parameter that is 

unknown, but is constrained to equal one or more other parameters. A free parameter will 

be set if an observed variable is hypothesized to load on a latent variable, but the degree 

of the relationship still needs to be estimated. In the cmTent study, each of the 

aforementioned type of parameters were identified and utilized. After each parameter was 

specified, the parameters were then combined to fonn a model implied variance

covariance matrix (Schumacker & Lomax, 2010). The number of free parameters were 

then subtracted from the number of total possible parameters in the model, with the 

difference predicting the degrees of freedom. This aided in determining the level of 
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model identification. Three levels of model identification are model under-identification, 

just-identification, and over-identification. A model may be under-identified if one or 

more parameters are not uniquely detem1ined, due to limited information in the matrix, or 

degrees of freedom less than zero. A model will be just-identified if all parameters are 

uniquely detennined due to just enough information in the matrix, or degrees of freedom 

equals zero. A model will be over-identified if there is more than one way to estimate the 

parameter due to more than enough infonnation in the matrix, or degrees of freedom 

greater than zero. Models need to be just-identified or over-identified in order to be 

estimated (Step 3) and in order to test hypotheses about the relationships among variables 

(Ullman, 1996). 

The next step in SEM analysis is model estimation. In this step, estimates of the 

parameters from the implied variance-covariance matrix are detennined in order to 

establish whether these parameters yield a matrix that is similar to the sample variance

covariance matrix of the observed variables (Schumacker & Lomax, 2010). After the 

parameters are estimated, model testing was completed to dete1mine the fit of the implied 

matrix with the sample variance-covariance matrix. In the cunent study, a two-step 

modeling approach was utilized, which allowed meaningful inferences to be made 

regarding theoretical constructs and their intenelations (Anderson & Gerbing, 1988). The 

two-step modeling approach first analyzes the measurement model followed by the 

analysis of a structural model. The measurement model detem1ines the relationships 

among the observed variables underlying the latent constructs, providing evidence of 

convergent and discriminate validity evidence. A confinnatory factor analysis detennines 
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the model that best fits with the hypothesized constructs. The structural model 

detennines the relationships among the latent constructs, as hypothesized by theory, 

providing evidence of predictive validity (Anderson & Gerbing, 1988). 

After parameter estimates are obtained for a specified SEM model, it is important 

to detennine how well the data fit in the model. To determine the significance of the 

similarities behveen the theoretical models and the sample data, fit statistics were 

utilized. Fit statistics helped detennine the overall fit of the specified theoretical model to 

the sample data and the fit of the individual parameters within the model (Schumacker & 

Lomax, 2010). 

The fit indices used in the study are the Chi-square test (x2) and the model 

covariance matrices. The Chi-square x2 test is a statistical test of significance for testing 

the theoretical model. A x2 value that is not statistically significant indicates that the 

sample covariance matrix and the model's covariance matrix are similar, thus indicating 

adequate model fit. It is important to note that x2 tests are directly related to sample size 

and degrees of freedom. Therefore, the larger the sample size, the more likely a model 

will fail to fit sample data via x2 statistics (Barrett, 2007). To have confidence in the 

goodness of fit test, a sample size of 100 to 200 is recommended (Hoyle, 1995). Due to 

the large sample size in the cunent study, an adjusted x2 test was utilized as a 

precautionary measure. The adjusted x2 test divides the x2 statistic by the degrees of 

freedom in the study, and helps account for large sample size (Wang, Fan, & Wilson, 

1996). Any adjusted x2 value less than 3.00 is considered acceptable (Bollen, 1989). The 
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adjusted x2 difference test was utilized to compare the fit of the alternative models in the 

study. 

Increased error is evident when fit indices are used alone, and it is recommended 

that multiple indices be used when detennining model fitness (Hoyle, 1995; Ullman, 

1996). Therefore, the study supplemented x2 fit indices with standardized root mean 

squared residual (SRMR), the root mean square enor of approximation (RMSEA), the 

Non-Nom1ed Fit Index (NNFI), the Parsimony Normed Fit index (PNFI), and the 

comparative fit index (CFI). Each of these indices is considered to be good indicators 

when using samples with non-random missing data. Fmihennore, SR.MR is considered to 

be the most sensitive index for models containing misspecified factor covariance or latent 

construct structures. RMSEA and CFI are considered to be sensitive indices to 

misspecified factor loadings. NNFI and RMSEA are considered beneficial because they 

take degrees of freedom into account (Bentler, 1990). In addition, CFI takes sample size 

into account, and is particularly useful for studies with large sample sizes (Thompson, 

2000). 

When applying fit indices to a research study, it is important to utilize 

predetermined cutoff criteria to detennine significant values. This helps reduce the 

likelihood of Type 1 (i.e. rejecting the null hypothesis when it is true) and Type 2 (i.e. 

accepting the null hypothesis when it is false) e1rors (Hu & Bentler, 1999). For SRMR 

and RMSEA, recommended cutoff values are Jess than .08 and .06, respectively. For 

NNFI and CFI, cutoff values greater than .08 are acceptable (Hu & Bentler, 1999). For 
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PNFI, which helps determine the best model when more than one demonstrates a good fit 

to the data, values closer to 1 are desirable (Hatcher, 1994). 

Individual parameter estimates for the paths in each theoretical model will also be 

tested for statistical significance and repotied as t scores. The magnitude and direction of 

the parameter estimates will be analyzed in order to detennine if each significant path is 

theoretically meaningful, based on prior research (Schumacker & Lomax, 2010). For 

example, it would not be theoretically meaningful to have a negative coefficient between 

two constructs that are theoretically similar. 

The final step in SEM analysis is model modification. This last step determines 

whether the models should be altered in any way (Schumacker & Lomax, 20 IO; 

Thompson, 2004). Models are considered properly specified when the sample variance

covariance matrix is adequately reproduced by data from the implied theoretical model. If 

the covariance-variance matrix estimated by the model does not adequately reproduce the 

sample covariance-variance matrix, it is considered misspecified. The hypotheses can 

then be adjusted and the model retested. To adjust a model, new pathways are added or 

original ones are removed. In other words, parameters are changed from fixed to free or 

from free to fixed (Ullman, 1996). In the cun-ent study, one model was modified, thus 

requiring it to be tested again for fit with the sample data. Changes were then analyzed to 

determine which, if any models significantly fit the data better than the others 

(Schumacker & Lomax, 2010). It is impo1iant to remember, as in other statistical 

procedures, that adjusting a model after initial testing increases the chance of making a 

Type I error. 
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An expected cross-validation index (ECVI) was calculated for each model that 

was deemed acceptable. ECVI is proposed as a means to assess, in a single sample, the 

likelihood that the model cross-validates similar-size samples from the same population. 

It measures the discrepancy between the fitted covariance matrix in the analyzed sample, 

and the expected covariance matrix that would be obtained in another sample of 

equivalent size. Application of the ECVI assumes a comparison of models whereby an 

ECVI index is computed for each model and then all ECVI values placed in rank order. 

The alternative model having the smallest ECVI value exhibits the greatest potential for 

replication and should be the most consistent in the population (Byrne, 1994). The 

reliability of latent factors was also calculated using Cronbach Alpha reliability 

coefficients (Schumacker & Lomax, 2010). 

Final presentation of model. After the final model attained an acceptable fit, 

individual estimates of free parameters were assessed. Free parameters are compared to a 

null value, using a z-distributed statistic. The z-statistic is obtained by dividing the 

parameter estimate by the standard error of that estimate. After the individual 

relationships within the model was assessed, parameter estimates were standardized for 

final model presentation. When parameter estimates are standardized, they can be 

interpreted with reference to other parameters in the model and the relative strength of 

pathways within the model can be compared (Hoyle, 1995). 

ln the ctment study, statistical analyses were completed by first entering 

demographic data and test scores into the SPSS 19.0 program. Next, the data was 

analyzed within the LISREL 8.80 computer program, which utilizes visual 
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representations of hypothesized models to outline the theoretical relationship between 

observed and latent variables. The LISREL 8.80 program then dete1mined the goodness

of--fit between the hypothesized model and the actual sample data (Byrne, 1989). Based 

on the findings of the confirmatory factor analyses, the model that best represented the 

underlying memory functions was determined. The study subsequently compared several 

different theoretical models of memory and determined the model that best fit with the 

data from memory tasks across three neurocognitive test batteries. 

Research Question 

Is the underlying factor structure of memory tasks across the WJ III COG, 

NEPSY II, and WRAML--2 in a clinical population of children best described by: 

a. Atkinson and Shiffrin's (1968) multimodal model of memory with subtests 

loading on sh01i-tem1 memory storage and long-tenn retrieval memory storage? 

b. Baddeley and Bitch's (1974) working memory model with subtests loading on 

the phonological loop, the visual sketchpad, or the central executive? 

c. The Cattell-Hom-Carroll (CBC) theory of cognitive abilities memory subtests 

loading on Short-Tenn Memory (Gsm), Long-Tenn Storage and Retrieval (Glr), 

Auditory Processing (Ga), Visual-Spatial Thinking (Gv), and Crystallized 

Intelligence ( Ge)? 

d. The School Neuropsychological (SNP) Conceptual Model, where memory 

subtests load on second order classifications of Learning and Memory including 

Verbal Immediate Memory, Visual Immediate Memory, Verbal Delayed Long--
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Term Memory, Visual Delayed Long-Term Memory, Verbal-Visual Associative 

Learning and Memory, Working Memory, and Semantic Memory? 

A joint confirmatory factor analyses was conducted on the memory tasks across 

the WJ III COG, NEPSY II, and WRAML-2. This type of analysis combines and 

analyzes subtests of multiple measures using confirmatory factor analytic procedures 

(Schumacker & Lomax, 2010). The models were then analyzed separately and then 

compared to determine the model that best explained underlying memory constructs. 

Evaluation of the level of fit for each model was evaluated by utilizing fit statistics. The 

following models were analyzed and compared in order to answer the previously stated 

research question. 

Model One - Atkinson and Shiffrin (1968) Model 

For this modei memory tasks across the WJ III COG, NEPSY II, and WRAML-2 

loaded on one of two general categories, as illustrated in Atkinson and Shiffrin's (1968) 

model, which proposes two distinct structures of memory including a short-term memory 

store and a long-term memory store. After information from the environment is detected 

by the sensory store, it sent to a short-term store and is either lost or sent permanently to 

long-term memory. Determination of the loading of each subtest onto one of the two 

structures was based on descriptions of the subtests by test authors (Woodcock, McGrew, 

& Mather, 2001a; Korkman, Kirk, & Kemp, 2007; Adams & Sheslow, 2003), in addition 

to a task analysis of each subtest. The following subtests were hypothesized to load on 

the Short-Term Memory Storage: Auditory Working Memory (WJ Ill COG); Memory 

for Words (WJ III COG); Numbers Reversed (WJ III COG); Picture Recognition (WJ III 
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COG); Story Recall (WJ III ACH); Visual Auditory Learning (WJ III COG); Design 

Memory (WRAML-2); Picture Memory (WRAML-2); Sentence Memory (WRAML-2); 

Story Memory (WRAML-2); Symbolic Working Memory (WRAML-2); Verbal Learning 

(WRAML-2); Verbal Working Memory (WRAML-2); Memory for Designs Total 

(NEPSY II); Memory for Faces Total (NEPSY II); Memory for Names Total (NEPSY 

II); and Word List Interference Recall (NEPSY II). 

Subtest loadings on the Long-Term Retrieval Memory Storage factor included: 

General Information (WJ III COG); Retrieval Fluency (WJ III COG); Verbal 

Comprehension (WJ III COG); Visual Auditory Leaming Delayed (WJ III COG); Design 

Memory Recognition (WRAML-2); Picture Memory Recognition (WRAML-2); Story 

Memory Delayed Recall (WRAML-2); Story Memory Delayed Recognition (WRAML-

2); Verbal Learning Delayed Recall (WRAML-2); Verbal Learning Delayed Recognition 

(WRAML-2); List Memory Delayed Total Correct (NEPSY II); Memory for Designs 

Delayed (NEPSY II); Memory for Faces Delayed (NEPSY II); Memory for Names 

Delayed (NEPSY II); Narrative Memory Free and Cued Recall (NEPSY II): and 

Narrative Memory Free Recall (NEPSY II). Model 1 is presented in Figure 3.1. 

Model Two - Baddeley and Bitch's (1974) Model 

Baddeley and Hitch (1974) theorized that the construct of memory could be 

divided into three separate operations. The factors are the Phonological Loop, the 

Visuospatial Sketchpad, and the Central Executive. For this study, loadings of each 

subtest onto one of the three operations described by Baddeley and Hitch was determined 

based on the descriptions of each subtest from the test authors (Adams & Sheslow, 2003; 
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Korkman, Kirk, & Kemp, 2007; Woodcock, McGrew, & Mather, 2001 a), as well as 

through task analysis of each subtest. Within this model, the following subtests were 

loaded onto the Visuospatial Sketchpad: Picture Recognition (WJ III COG); Visual 

Auditory Leaming (WJ III COG); Visual Auditory Learning Delayed (WJ III COG); 

Design Memory (WRAML-2); Design Memory Recognition (WRAML-2); Picture 

Memory (WRAML-2); Picture Memory Recognition (WRAML-2); Memory for Designs 

Total (NEPSY II); Memory for Faces Delayed (NEPSY II); Memory for Faces Total 

(NEPSY II); and Memory for Names Total (NEPSY II). 

Subtests loaded onto the Phonological Loop included: General Information (WJ 

III COG); Memory for Words (WJ III COG); Retrieval Fluency (WJ III COG); Verbal 

Comprehension (WJ III COG); Story Recall (WJ III ACH); Sentence Memory 

(WRAML-2); Story Memory (WRAML-2); Story Memory Delayed Recall (WRAML-2); 

Story Memory Delayed Recognition (WRAML-2); Verbal Learning (WRAML-2); 

Verbal Leaming Delayed Recall (WRAML-2); Verbal Learning Delayed Recognition 

(WRAML-2); List Memory Delayed Total Correct (NEPSY II); Memory for Designs 

Delayed (NEPSY II); Memory for Names Delayed (NEPSY II); Narrative Memory Free 

and Cued Recall (NEPSY II); and Narrative Memory Free Recall (NEPSY II). 

The subtests that were loaded onto the Central Executive were: Auditory Working 

Memory (WJ III COG); Numbers Reversed (WJ III COG); Symbolic Working Memory 

(WRAML-2); Verbal Working Memory (WRAML-2); and Word List Interference Recall 

(NEPSY II). Baddeley and Hitch's model and the related subtests are presented in Figure 

3.2. 
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Model Three - CHC Model 

The Cattell-Hom-Carroll (CHC; McGrew, 2005) theory proposes a three-tier 

hierarchical model of cognitive abilities in order to explain cognitive functioning. Within 

CHC theory, the second tier includes broad abilities that represent general cognitive 

abilities. The five broad cognitive abilities included in the current study are Short-Term 

Memory ( Gsm ), Long-Tenn Storage and Retrieval ( Glr), Visual-Spatial Thinking ( Gv), 

Auditory Processing (Ga), and Crystallized Intelligence (Ge), While seven broad abilities 

exist to describe general cognitive abilities, the five that were hypothesized to be 

associated with memory were used in this study. The determination of how each subtest 

will load onto one of these given areas was based on descriptions of each subtest 

provided by test authors (Woodcock et al., 2001 c; Korkman et al., 2007; Adams & 

Sheslow, 2003). The loading of each subtest onto the CHC broad abilities is 

supplemented by the neurocognitive demand task analyses presented by Flanagan and 

colleagues (2010). The Short-Term Memory, or Gsm, factor included: Memory for 

Words (WJ III COG); Numbers Reversed (WJ III COG); Story Recall (WJ III ACH); 

Sentence Memory (WRAML-2); Story Memory (WRAML-2); Symbolic Working 

Memory (WRAML-2); Verbal Working Memory (WRAML-2); and Word List 

Interference (NEPSY II). 

The Long-Term Storage and Retrieval ( Glr) factor included: Retrieval Fluency 

(WJ III COG); Visual-Auditory Leaming (WJ Ill COG); Visual-Auditory Leaming 

Delayed (WJ III COG); Design Memory Recognition (WRAML-2); Picture Memory 

Recognition (WRAML-2); Story Memory Recognition (WRAML-2); Story Memory 
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Delayed Recognition (WRAML-2); Verbal Learning Delayed Recall (WRAML-2); 

Verbal Learning Delayed Recognition (WRAML-2); List Memory Delayed Total Correct 

(NEPSY II); Memory for Names Delayed (NEPSY II); Memory for Designs Delayed 

(NEPSY II); and Memory for Faces Delayed (NEPSY II). 

Subtests comprising the Auditory Processing, or Ga, factor included: Auditory 

Working Memory (WJ III COG); Verbal Learning (WRAML-2); Memory for Names 

Total (NEPSY II); Narrative Memory Free and Cued Recall (NEPSY II); and Narrative 

Memory Free Recall (NEPSY II). Subtests comprising the Visual-Spatial Processing, or 

Gv, factor will include: Picture Recognition (WJ III COG); Design Memory (WRAML-

2); Picture Memory (WRAML-2); Memory for Designs Total (NEPSY II); and Memory 

for Faces Total (NEPSY II). Finally, the Crystallized Intelligence, or Ge 'factor, will 

include: Verbal Comprehension (WJ III COG); and General Information (WJ III COG). 

The CHC factors and associated subtests are presented in Figure 3.3. 

Model Four - SNP Model 

The Conceptual Model for School Neuropsychological Assessment (SNP model; 

Miller, 2007, 2010; Miller & Maricle, 2012) is a broad neurocognitive model that is 

specifically aimed at assessing neuropsychological processes in children and adolescents. 

The SNP model suggests that the areas of memory that can be measured by current 

neuropsychological assessments are as follows: Verbal Immediate Memory, Visual 

Immediate Memory, Verbal Delayed Long-Term Memory, Visual Delayed Long-Term 

Memory, Verbal-Visual Associative Learning and Memory, Working Memory, Semantic 

Memory, as well as Rate of Leaming, and Qualitative Behavior. The last two areas (i.e., 
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Leaming, and Qualitative Behavior. The last two areas (i.e., Rate of Leaming and 

Qualitative Behavior) were not used as they are beyond the scope of the current study. 

The loadings of each subtest onto one of the seven aforementioned areas are 

based on the SNP model (Miller, 2007, 2010; Miller & Maricle, 2012). Verbal Immediate 

Memory included: Memory for Words (WJ III COG); Sentence Memory (WRAML-2); 

Story Recall (WJ III ACH); Story Memory (WRAML-2); Verbal Leaming (WRAML-2); 

Narrative Memory Free and Cued Recall (NEPSY II); and Sentence Repetition Total 

(NEPSY II). Visual Immediate Memory will include: Picture Recognition (WJ III COG); 

Design Memory (WRAML-2); Picture Memory (WRAML-2); Memory for Designs Total 

(NEPSY II); Memory for Faces Total (NEPSY II); and Memory for Names Immediate 

Recall (NEPSY II). Verbal Delayed Long-Tenn Memory will include: Retrieval Fluency 

(WJ III COG); Story Memory Delayed Recall (WRAML-2); Story Memo1y Delayed 

Recognition (WRAML-2); Verbal Leaming Delayed Recall (WRAML-2); Verbal 

Leaming Delayed Recognition (WRAML-2), and List Memory Delayed Total Coffect 

(NEPSY II). The Verbal Delayed Long-Term Memory factor will include: Design 

Memory Recognition (WRAML-2); Picture Memory Recognition (WRAML-2); Memory 

for Designs Delayed (NEPSY II); and Memory for Faces Delayed (NEPSY II). 

Within this model, the following subtests were loaded onto the Verbal-Visual 

Associative Leaming and Memory factor: Visual Auditory Leaming (WJ Ill COG); 

Visual-Auditory Leaming Delayed (WJ III COG); Memory for Names Delayed (NEPSY 

II); and Memory for Names Total (WJ III COG). Subtests that will load on the Working 

Memory factor wm include: Auditory Working Memory (WJ III COG); Numbers 
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Reversed (WJ Ill COG); Symbolic Working Memory (WRAML-2); Verbal Working 

Memory (WRAML-2); and Word List Interference Recall (NEPSY Il). Lastly, Semantic 

Memory will include: Verbal Comprehension (WJ III COG); and General Infonnation 

(WJ III COG). The SNP model and related subtests are presented in Figure 3.4. 

Methodological Issues 

The cunent study utilized archival data that was collected from multiple 

professionals who have completed the KIDS, Inc. School Neuropsychology Post

Graduate Certification Program between 2007 and 2010. Archival data can be 

particularly useful in studies like the current one because significant amounts of data can 

provide better views of trends and results. The data for this research were col1ected from 

school neuropsychological evaluations, which were individually-administered to a wide 

range of children and adolescents. Due to the uniqueness of individual evaluations, there 

were missing data, which may have affected statistical analysis and outcomes. As a 

result, statistical power may have been reduced due to the loss of data and biased 

_parameter estimates (Allison, 2003). While it was possible to eliminate this concern by 

using only complete cases (i.e. listwise deletion), a large number of subjects would have 

been Iost by excluding the incomplete cases, thereby drastically reducing the sample size 

(Schumacker & Lomax, 2010). In addition, when incomplete cases are deleted through 

listwise deletion, any methodological differences between the complete cases and the 

incomplete cases may fail to be detected. Accordingly, the resulting inferences may not 

be applicable to the population of all cases, especially with a smaller number of complete 

cases (Allison, 2003). 
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In an effort to accommodate the missing data, multiple imputation (MI) ,vas 

utilized. Multiple imputation is a procedure by which missing data are imputed several 

times to produce several different complete-data estimates of the parameters. The 

parameter estimates from each imputation are then combined to give an overall estimate 

of the complete-data parameters, as well as reasonable estimates of the standard enors 

(Newman, 2003). The primary advantage of the MI method is that it leads to valid 

statistical interpretations in the instance of non-response. To implement MI for the 

present data set, each missing value ,vas imputed five times using LISREL 8.80. 

The cases used in the study were comprised of a variety of neuropsychological 

clinical groups, thereby creating a sample that is not representative of the population. 

Consequently, the results of this study may not be generalizable to other populations or 

circumstances, thereby reducing external validity. However, it should also be noted that 

each of the professionals that contributed data were trained through the same program; 

therefore, consistency among testing procedures and techniques was expected. 

Fm1hem1ore, the use of archival data allows for an expansive collection of participants 

from various geographic regions and demographic backgrounds, which may positively 

impact the generalizability of the study. 

While the assessment batteries used in the study are standardized across a variety 

ofpopulations and examiners are expected to be knowledgeable about cross-cultural 

assessment, multicultural considerations should be addressed within this diverse sample. 

For example, the level of acculturation and knowledge of the English language can 
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impact cognitive assessment test results and pose a threat to internal validity (Heppner, 

Wampold, & Kivlighan, 2008). 

With 892 cases, a limited sample size should not have negatively impacted the 

study. However, sample size is an impo11ant methodological issue that should be 

addressed. Although several numeric guidelines for minimum sample size have been 

rep01ied in the literature, the minimum sample size for adequate power depends on more 

than a cutoff value alone (Cohen, 1988; MacCallum, Browne, & Sugawara, 1996). Power 

is dependent on the particular statistical test used, the alpha level, the directionality of the 

statistical test, the size of the effect, and the number of participants (Heppner, Wampold, 

& Kivlighan, 2008). As already discussed, since the sample size included 892 subjects, 

methodological issues were predicted to surface, thus, a variety of additional fit indices, 

some of which are not affected by sample size, were utilized in the study. 

ChaJ}ter Summary 

The ctment study was designed to assess the level of concurrent validity of 

memory tasks among three commonly used neurocognitive assessment batteries. This 

study was also created in order to detennine the applicability and fit of existing theories 

of memory in a clinical population of subjects. The review of current literature provided 

confinnation for a need to research the validity of memory components across the W J III 

COG, NEPSY II, and WRAML-2, as well as their fit with existing theories of memory. 

The current study examined the research questions by executing a confirmatory factor 

analysis in order to detennine the underlying constructs of memory tasks across the WJ 

III COG, NEPSY II, and WRAML-2. 
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Descriptive statistics were first calculated based on the overall test scores and 

composite cluster scores of the WJ III COG, NEPSY II, and WRAML-2. Bivariate 

c01Telations were then conducted in an effort to better understand the amount and degree 

of relationship between each memory subset used in the study. 

Confirmatory factor analysis were also used in this study to determine the 

underlying memory constructs and determine factor loadings across the three test 

batteries. Specifically, four models were analyzed and compared to detem1ine the best fit 

with the sample data. These models included a factor model arising from Atkinson and 

Shiffrin's (1968) multimodal model, a model based on Baddeley and Bitch's (1974) 

working memory model, a model developed from CHC theory, and a model outlining the 

SNP model. Each of these models were analyzed using confinnatory factor analytic 

procedures from the LISREL 8.80 statistical program. 

138 



CHAPTER IV 

RESULTS 

The goal of the present study was to examine the underlying constrncts of three 

neurocognitive assessments in relation to four existing models of memory in a mixed 

clinical sample of children. Archival data were extracted from case studies of children 

with known or suspected neurocognitive issues. A joint confirmatory analysis evaluated 

the factor structure of memory subtests from the Woodcock-Johnson Ill Tests of 

Cognitive Abilities, Normative Update (WJ III COG; Woodcock, McGrew, & Mather, 

2001c, McGrevv, Schrank, & Woodcock, 2007; Woodcock, Shrank, Mather, & McGraw, 

2007), the FVide Range Assess,nent q(Memory and Learning. Second Edition (WRAML-

2; Adams & Sheslow, 2003), and the NEPSY JI: A Developmental Neuropsychological 

Assessment, Second Edition (Korkman, Kirk, & Kemp, 2007). In addition, Baddeley and 

Hitch's working memory model (1974), Atkinson and Shiffrin's multimodal model of 

memory (1968), the Cattell-Hom-Carroll theory of cognitive abilities (CHC theory; 

McGrew, 2005), and the Conceptual Model for School Neuropsychological Assessment 

(SNP model; Miller, 2007, 2010; Miller & Maricle, 2012) were individually analyzed and 

compared to determine the model that best describes underlying memory constructs. 

Preliminary Analysis 

Descriptive Statistics 

Prior to conducting the statistical analysis, missing data points were identified. 

Data points were detem1ined to not be missing at random, thus, multiple imputation was 
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used to estimate missing data (Rubin, 1997). Data were also examined for outliers; data 

with significantly high or low scores compared to the average were removed. A total of 

892 paiiicipants were included in the cunent study. 

Frequencies and percentages were calculated for three categorical demographic 

variables (gender, ethnicity, and broad diagnostic category). Demographic data are 

repotied in Table 4.1 and 4.2. Females represented 52.1% of the sample, whereas males 

accounted for 47.6% of the pmticipants. For 0.3% of the sample, gender was not 

reported. Ethnicity was unknown or unreported in 41.5% of the cases. Of the remaining 

paiiicipants, 38.8% were Caucasian, followed by 6.6% Asian American/Pacific Islander, 

6.1 % Black/ African American, 4. 7% Hispanic/Latino and 0. 9% Native American. Due to 

the uneven distribution of ethnicity in the sample ( e.g. over-representation of Caucasian 

participants), the smaller ethnicity variables (Asian American/Pacific Islander, 

Black/ African American, Hispanic/Latino(a), and Native American) were collapsed into 

one category labeled "Other". Thus, in the analyses, ethnicity was classified into three 

categories (Caucasian, Other Race, and Race Not Specified). This was important to 

prevent Type II errors caused by the small sample size of some ethnicities in the sample 

population. 

The distribution of broad diagnostic categories varied more than other categorical 

variables, indicating a wide range of clinical diagnoses. The original data sample 

contained several broad diagnoses that were insufiicient in numbers to provide an 

adequate sample size. To reduce the risk of a Type II en-or and ensure that differences 

among the data were detected, several of the broad diagnostic categories were combined. 
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Table 4.2 outlines the original frequencies and percentages of broad diagnoses, as 

rep01ied in the archival data. Table 4.2 also illustrates the diagnoses that were combined 

by the researcher and utilized in the statistical analysis. The majority of children with 

reported clinical diagnoses in the study were diagnosed with a Learning Disability 

(30.7% ). This is followed by Attention Deficit/Hyperactivity Disorder (ADI-ID) or 

Attention Deficit Disorder (ADD; 12.4% ), neurological impainnent (8. 7% ), Emotional 

Disability (6.3%), Autism Spectrum Disorder (5.6%), multiple disabilities (5.2%), and 

general medical conditions (4.1 %). Clinical diagnoses were not reported for 26. 9% of the 

population. 

Table 4.1 

Frequencies and Percentages of Participants by Gender and Ethnicity 

N % 

----- - - ------- ------------------·--·-

Participant's Gender 
Male 
Female 
Not Reported 

Ethnicity 
Caucasian 
Black/African-American 
Asian-American/Pacific Islander 
Hispanic/Latino(a) 
Native American 
Other 
Not Reported/Unknown 

425 
464 

346 
54 
59 
42 
8 
13 
370 

Note: Ft:~quencies not equaling 892 reflect missing data. 
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In many of the cases, co-morbid ADHD was reported; however, the study 

categorized participants based on the primary diagnoses. Leaming Disabilities were 

combined with Language Disorders and co-morbid Leaming Disability/ADJ-ID. The 

category of neurological disorder was comprised of students with traumatic or acquired 

brain injuries, seizure disorders, brain tumors, or miscellaneous neurological 

impainnents, and co-morbid ADHD. Autism Spectrum Disorders (ASD) was combined 

with co-morbid ASD/ ADHD cases. General Medical Conditions, or Other Health 

Impainnent (OHI) was combined with Deaf and co-morbid OHI/ADHD cases. 

ADD/ ADHD, Multiple Disabilities and cases where a diagnosis was not specified in the 

data (Not Specified) were not re-categorized. The composition of c1inical diagnoses in 

this study is not representative of the frequencies of diagnoses in the general population. 

Instead, the sample is comprised of deficits that are neurocognitive in nature, which is 

expected based on the neurocognitive test instruments utilized in the research. 

Frequencies, means, standard deviations (SD) and minimum/maximum ranges for 

each subtest utilized in the analysis were calculated for the sample and are presented in 

Table 4.3. The standardization mean for the WJ III COG subtests with Standard Scores is 

100, with a SD of] 5. The standardization mean for the NEPSY II and WRAML-2 

subtests with Scaled Scores is 10, with a SD of 3. Means are described as falling in the 

th th · 1 Th. . h . 1 f 8 -average range if they fall between the 25 and 74 percentI e. IS Is t e eqrnva ent o ) 

to 115 for Standard Scores and 8 to ] 2 for Scaled Scores. The means of all of the WJ lII 

COG subtests fell within 1.5 standard deviations of the standardized mean, with means 

ranging from 86.59 to 99.55. The means of the NEPSY II subtests fell between 7.69 and 
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10.44. Memory for Names Delayed (n = 7.69) was the only subtest on the NEPSY II that 

fell below the average range, indicating that this subtest was more difficult for the mixed 

clinical sample used in this study. Mean scores on the WRAML-2 ranged from 7.83 to 

9.72. Design Memory (n = 7.83) was the only subtest on the WRAML-2 that fell below 

the average range. 

Table 4.2 

Frequencies and Percentages qf Participants by Broad Diagnosis 

Broad Diagnosis 

Learning Disability 

Language Disability 

Mental Retardation 

Neurological Impairment (Acquired) 

ADD/ADHD 

Autism Spectrum Disorder 

Emotional Disability 

General Medical (OHi) 
Deaf 

Other (Multiple Disabilities) 

Leaming Disability/ ADHD 

Neurological Impairment/ ADHD 

Autism/ ADHD 

Emotional Disability/ ADHD 

General Medical/ ADHD 

Not Specified 

143 

n 

178 

18 

9 

69 

111 

44 

28 

26 
4 

46 

78 

9 

6 
28 

7 

234 

% 

20.0 

2.0 

1.0 

7.7 

12.4 

4.9 

3.1 

2.9 

.4 

5.2 

8.7 

1.0 

.7 

3.1 

.8 

26.2 

(continued) 



n % 

Broad Diagnosis Recoded 

Leaming Disability 274 30.7 
Neurological Impainnent (Acquired) 78 8.7 
ADD/ADHD 111 12.4 
Autism Spectrum Disorder 50 5.6 
Emotional Disability 56 6.3 
General Medical (OHi) 37 4.1 
Other (Multiple Disabilities) 46 5.2 
Not Specified 234 26.9 

Note. Frequencies not equaling 892 reflect missing data; ADHD = Attention 
Deficit/Hyperactivity Disorder; ADD = Attention Deficit Disorder. 

The overall sample was restricted in range (SD of WJ III COG subtest scores= 

10.79 to 15.95; SD ofNEPSY II subtest scores= 2.31 to 2.96; and SD ofWRAML-2 

subtest scores= 1.74 to 2.98). This is unexpected given the mixed clinical sample of 

children. Since children with a variety of clinical diagnoses were included in the study, it 

is expected that there would be more variability in subtest scores. The bivariate 

cotTelations, which are described later in this chapter, were likely higher due to the 

restricted range of subtest scores. 
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Table 4.3 

Frequencies., 1\leans, and .5tandard Deviations o(TVRAML-2, NEPSY II, and n,~J Ill COG 

Subtests 

n Mean SD Min Max 

WRAML-2 

Verbal Working Memory 892 8.16 2.04 1 14 

Verbal Leaming 892 8.19 2.27 1 19 

Story Memory 892 8.66 2.48 1 18 

Sentence Memory 892 9.10 2.49 1 16 

Design Memory 892 7.83 2.59 1 16 

Picture Memory 892 9.69 2.43 17 

Story Memory Delayed Recall 892 8.44 2.52 l 16 

Verbal Learning Delayed Recall 892 7.91 1.74 1 16 

Design Memory Recognition 892 8.66 2.98 1 17 

Picture Memory Recognition 892 8.85 2.05 19 

Symbolic Working Memory 892 8.33 2.22 1 17 

Story Memory Delayed Recognition 892 9.72 2.09 1 16 

Verbal Leaming Delayed Recognition 892 8.59 2.43 1 18 

( continued) 
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continued 

n Mean SD Min Max 

NEPSYII 

Nanative Memory Free Recall 892 10.44 2.96 2 19 

Narrative Memory Free & Cued Recall 892 8.27 2.80 18 

Memory for Faces Total 892 9.72 2.85 17 

Memory for Designs Total 892 8.67 2.59 1 18 

List Memory Delayed Total Conect 892 8.23 2.31 1 14 

Memory for Faces Delayed 892 8.95 2.51 1 17 

Memory for Designs Delayed 892 8.25 2.67 1 19 

Memory for Names Total 892 8.16 2.88 1 17 

Memory for N arnes Delayed 892 7.69 2.40 I 15 

Word List Interference Recall 892 7.95 2.51 l 15 

vVJ III COG 

Memory for Words 892 91.87 12.86 49 141 

Story Recall (WJ III ACH) 892 96.75 13.02 43 153 

Picture Recognition 892 99.55 10.79 45 138 

Visual Auditory Learning 892 88.59 15.24 25 150 

Retrieval Fluency 892 91.63 11. 71 50 132 

Visual Auditory Learning Delayed 892 86.59 15.95 21 138 

Numbers Reversed 892 90.21 14.25 24 148 

Auditory Working Memory 892 94.75 14.32 37 148 

Verbal Comprehension 892 96.13 12.58 57 144 

General Information 892 93.58 13.10 40 144 

Relationships among Demographic Variables 

Crosstabulations using Pearson's chi-square and Cramer's V tests were conducted 

to examine the relationship between independent categorical variables including gender, 
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ethnicity, and broad diagnosis. ANOVAs were conducted to examine a potential 

relationship between age, ethnicity, gender, and broad diagnosis. The only continuous 

demographic variable used in this study was participant age. Of the 892 participants with 

age rep01ied, ages ranged from 5 to 16 years old CM= 10.44, SD= 2.81 ). As shown in 

Table 4.4, broad diagnosis had a significant relationship with age, F(6, 645) = 2.98,p = 

.007. Those who were diagnosed as having a neurological impai1ment (acquired) were 

significantly older (Af = 11.81, SD= 3.05) than those who were diagnosed with a 

Leaming Disability (Ad= 10.62, SD= 2.68) or Autism Spectrum Disorder (M = 10.24, SD 

2.91). Crosstabulations with Pearson chi square analyses were conducted to detennine 

if there were any significant relationships between the three demographic variables: 

ethnicity, gender and broad diagnosis. The results demonstrated that there were no 

significant relationships between any of the categorical variables, all ps non-significant. 

Bivariate Correlations 

Pearson-product moment conelations were computed between and among all 

subtest scores used in the study from the WJ III COG, NEPSY II, and WRAML-2. Due 

to the large sample size, this research will only discuss conelation coefiicients exceeding 

the standard, r = .15 (Podsakoff, MacKenzie, Lee, & Podsakoff, 2003). 

Beginning with the relationship between the WRAML-2 subtests, as shown in Table 4.5, 

there were three negative relationships between the subtests that exceeded this standard. 

Negative relationships between variables indicate that higher scores on one subtest 

tended to be associated with lower scores on the other subtest. Verbal Learning Delayed 

Recognition was negatively related to Design Memory Recognition, r = -.292, p < .001. 
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Verbal Leaming Delayed Recall was also negatively significantly related to Sentence 

Memory, r = -.171,p < .001. Design Memory Recognition was also negatively related to 

Story Memory Delayed Recall, r = -.205,p < .001. There were a number of positive 

relationships that exceeded the standard for this sample size as well. A positive 

relationship between variables indicates that higher scores on one variable tend to be 

associated with higher scores on the other variable. 

Table 4.4 

Afeans and Standard Deviations ofAge by Ethnicity, Gender, and Broad Diagnosis 

Gender 

Male 

Female 

Race 

Other 

Caucasian 

Broad Diagnosis 

Learning Disability 

Neurological Impainnent (Acquired) 

ADD/ADHD 

Autism Spectrum 

Emotional Disability 

General Medical (OHI) 

Other 

11 

425 

464 

176 

346 

274 

78 

111 

50 

56 

37 

46 

Mean 

10.62 

10.88 

10.82 

10.77 

10.62 

11.81 

10.82 

10.24 

11.21 

10.31 

11.49 

a 

b 

ab 

a 

ab 

ab 

ab 

SD 

2.84 

2.77 

2.80 

2.88 

2.68 

3.05 

2.74 

2.91 

2.99 

2.91 

3.04 

F p 

1.93 .165 

.04 .844 

2.98 .007 

Note. Different superscripts C6
) indicate that the mean difference is p < .05. 
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Verbal Leaming was positively associated with Story Memory, Design Memory, 

Verbal Leaming Delayed Recall, Symbolic Working Memory, and Story Memory 

Delayed Recognition, rs range between .183 and .371,ps < .001. Story Memory was 

positively associated with Sentence Memory, Design Memory, Picture Memoty, Story 

Memory Delayed Recall, Verbal Leaming Delayed Recall, Picture Memory Recognition, 

Symbolic Working Mem01y, and Story Memory Delayed Recognition, rs range between 

.170 and .403,ps < .001. 

Sentence Memory (as seen in Table 4.5) was significantly positively related to 

Story Memory Delayed Recognition, r = .213, p < .0l. Design Memory was positively 

related to Picture Memory, Design Memory Recognition, Picture Memory Recognition, 

and Story Memory Delayed Recognition, rs range between .151 and .224,ps < .001. 

Picture Memory was positively related to Picture Memory Recognition, r = .275, p < 

.001. Story Memory Delayed Recall was positively related to Verbal Leaming Delayed 

Recall, Picture Memory Recognition, Symbolic Working Memory, and Verbal Leaming 

Delayed Recognition, rs range between .161 and .441, ps < .001. Verbal Leaming 

Delayed Recall was positively related to Picture Memory Recognition, Symbolic 

Working Memory, and Verbal Leaming Delayed Recognition, rs range between .186 and 

.351,ps < .001. Symbolic Working Memory was related to Verbal Leaming Delayed 

Recognition, r = .242, p < .001. 
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As seen in Table 4.6, there were no negative relationships within the WJ III COG 

subtests, which would indicate an association between a high score on one subtest and a 

lower score on another subtest. However, there were a number of positive relationships 

that exceeded the standard (r = .15) for this sample size. As previously mentioned, 

positive relationships between variables indicate that higher scores on one variable 

tended to be associated with higher scores on the other variable. Memory for Words was 

positively associated with Visual Auditory Learning, Retrieval Fluency, Visual Auditory 

Leaming Delayed, Numbers Reversed, Auditory Working Memory, Verbal 

Comprehension, and General Information, rs range betvveen .175 and .310, ps < .001. 

Story Recall was positively associated with Retrieval Fluency, Numbers Reversed, 

Verbal Comprehension, and General Infonnation, rs range between .150 and .239,ps < 

.00 l. Picture Recognition was positively associated with Visual Auditory Leaming, 

Retrieval Fluency, Numbers Reversed, Auditory Working Memory, Verbal 

Comprehension, and General Infom1ation, rs range between .154 and .289, ps < . 001. 

Visual Auditory Leaming was positively related to Visual Auditory Leaming Delayed, 

Numbers Reversed, Auditory Working Memory, Verbal Comprehension, and General 

Information, rs range between= .271 and .402, ps < .001. Retrieval Fluency was 

positively related to Numbers Reversed, Auditory Working Memory, Verbal 

Comprehension, and General Infom1ation, rs range between .202 and .24 7, ps < .001. 

Visual Auditory Leaming Delayed was positively related to Numbers Reversed, r =. l 52, 

p<.001. 
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As also seen in Table 4.6, Numbers Reversed was positively associated with 

Auditory Working Memory, Verbal Comprehension, and General Infom1ation, rs range 

between .238 and .435, ps < .001. Auditory Working Memory was positively related to 

both Verbal Comprehension and General Infom1ation, rs range between .330 and .418,ps 

< .001. Lastly, Verbal Comprehension was positively associated with General 

In:fom1ation, r = .631, p < .001. 

Finally, similar to the WJ III COG, the NEPSY II did not reveal any significant 

negative relationships between subtests. As seen in Table 4.7, many positive relationships 

exceeding the standard for this sample size were found between NEPSY II subtests. 

Nmrntive Memory Free Recall was positively associated with Nanative Memory Free 

and Cued Recall, Memory for Faces Delayed, Memory for Names Total, and Memory for 

Names Delayed, rs range between .150 and .460, ps < .001. Narrative Memory Free and 

Cued Recall was positively related to Memory for Designs Total, List Memory Delayed 

Total C01Tect, and Memory for Designs Delayed, rs range between .170 and .207, ps < 

.001. Memory for Faces Total was positively related to List Memory Delayed Total 

Correct, Memory for Faces Delayed and Memory for Names Total, rs range between .168 

and .366, ps < .001. Nlemory for Designs Total was positively related to List Memory 

Delayed Total Correct, Memory for Faces Delayed, Memory for Designs Delayed, and 

Word List Interference Recall, rs range between .152 and .765,ps < .001. List Memory 

Delayed Total Conect was positively related to Memory for Faces Delayed, Memory for 

Designs Delayed, and Word List Interference Recall, rs range between .168 and .189, ps 

< .00 I. Memory for Faces Delayed was positively related to Memory for Names Total, 

152 



Memory for Names Delayed, and Word List Interference Recall, rs range between .158 

and .196, ps < .001. Memory for Designs Delayed was related to Word List Interference 

Recall, r = .183 , p < .001. Lastly, Memory for Names Total was positively associated 

with Memory for Names Delayed, r = .534,p < .001. 
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Correlations were also examined between the WJ III COG, NEPSY II, and 

WRAML-2. An analysis of the relationship between the WRAML-2 subtests and WJ III 

COG subtests (see Table 4.8) revealed a negative relationship between Verbal Leaming 

Delayed Recognition (WRAML-2) and Auditory Working Memory (WJ III COG), r = 

-.161, p < .001. This indicates that higher scores on Verbal Leaming Delayed 

Recognition tended to be associated with lower scores on Auditory Working Memory. 

There were a few notable positive relationships between the WJ III COG and 

WRAML-2, as seen in Table 4.8. Verbal Leaming (WRAML-2) was positively related to 

the WJ III COG subtests, Memory for Words and General Information, rs range between 

.152 and .201, ps < .001. Story Memory (WRAML-2) was positively related to Visual 

Auditory Learning, Visual Auditory Learning Delayed, Numbers Reversed, Verbal 

Comprehension, and General lnfommtion, rs range between .150 and .248, ps < .001. 

Sentence Memory (WRAML-2) was positively related to Memory for Words, Visual 

Auditory Learning, Visual Auditory Learning Delayed, Verbal Comprehension, and 

General Infom1ation, rs range between .150 and .245, ps < .001. Story Memory Delayed 

Recall (WRAML-2) was positively related to Visual Auditory Leaming Delayed subtest, 

r = .279,p < .001. 
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Finally, Story Memory Delayed Recognition (WRAML-2) was positively related to the 

WJ III COG subtest, Visual Auditory Leaming Delayed, r =.157, p < .001. A positive 

relationship between subtests indicates that higher scores on one subtest tended to be 

associated with higher scores on the other subtest. 

Several negative relationships were also found between the NEPSY II and 

WRAML-2 subtests (see Tables 4.9a and 4.9b). Verbal Working Memory (WRAML-2) 

was significantly negatively related to Memory for Names Delayed (NEPSY-II), r = 

-.197, p < .001. Furthennore, Story Memory Delayed Recall was significantly negatively 

related to Memory for Designs Delayed (NEPSY-II), r = -.197,p < .001. Story Memory 

Delayed Recognition (WRAML-2) was significantly negatively related to Nairntive 

Memory Free Recall (NEPSY-II), r = -.174,p < .001. Finally, Verbal Leaming Delayed 

Recognition was significantly negatively related to the following NEPSY-IJ scores: 

Memory for Designs Total (r = -.252); List Memory Delayed Total Correct (r = -.152); 

Memory for Faces Delayed (r = -.204); and Memory for Designs Delayed (r = -.281 ), all 

ps < .001. These were no significant negative relationships between the NEPSY-Jl and 

the WJ COG III subtests, all ps ns. 

When comparing the NEPSY II with the WJ III COG, several positive 

relationships were revealed (See Table 4.9a). As mentioned earlier, a positive relationship 

between subtests indicates that higher scores on one subtest tended to be associated with 

higher scores on the other subtest. Memory for Words (\VJ III COG) was significantly 

positively related to the NEPSY II subtests, Memory for Designs Total, Memory for 

Faces Delayed, and Memory for Designs Delayed, rs range between .155 and .197, ps < 
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.001. Story Recall (WJ III COG) was positively related to Memory for Faces Delayed 

(NEPSY II), r .157,p < .001. Retrieval Fluency (WJ III COG) was positively related to 

Memory for Designs Delayed (NEPSY II), r = .176, p < .001. Numbers Reversed (WJ III 

COG) was positively related to Memory for Faces Total (NEPSY II), Memory for Faces 

Delayed (NEPSY II) and Word List Interference Recall, rs range between .167 and .195, 

ps < .001. Auditory Working Memory (WJ III COG) was related to the NEPSY II 

subtests, Memory for Designs Total, Memory for Faces Delayed, Memory for Names 

Total, and Word List Interference Recall, rs range between .159 and .183,ps < .001. 

Verbal Comprehension (W.J III COG) was positively related to both Nanative Memory 

Free and Cued Recall and Memory for Names Total on the NEPSY II, both rs ranging 

from .187 to .189,ps < .001. General Infom1ation (WJ III COG) was positively related to 

Memory for Names Total (NEPSY II), r = .150,p < .001. 

In a comparison ofNEPSY II subtests with WRAML-2 subtests, positive 

relationships were found among many subtests (See Table 4. 9b). Sentence Memory 

(WRAML-2) was associated with List Memory Delayed Total Conect (NEPSY II) and 

Memory for Designs Delayed (NEPSY II), rs ranging from .155 to .157, ps < .001. 

Design Memory Recognition (WRAML-2) vvas related to both Memory for Faces 

Delayed and Word List Interference Recall on the NEPSY II, rs ranging between .191 

and .361, ps < .001. Lastly, Picture Memory Recognition (WRAML-2) was related to 

rv:Iemory for Names Delayed (NEPSY II), r = .186,p < .001. 
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Table 4.9a 

Pearson Product J,Joment Correlations ·with NEPSY 11 and rVJ 111 COG Subtests 

NEPSY II 
1 2 3 4 5 6 7 8 9 10 

WJ II COG 

11 .072 .087 .050 .160 ** .045 .197 ** .155 ** .126 .065 .101 

12 .025 .114 .061 .129 .092 .157 ** .120 .028 -.027 .079 

13 -.030 .062 .084 .120 .135 .087 .086 .008 -.014 .099 

14 .034 .067 .071 .116 .094 .056 .096 .140 .106 .062 

15 -.091 .015 .044 .094 .146 .069 .176 ** -.084 -.139 .059 
...... 
0\ 16 .123 .037 .000 .081 .149 .107 .018 .079 .132 .036 0 

17 .042 .032 .191 ** .060 .037 .195 ** .074 .138 .099 .167 ** 

18 .131 .126 .114 .183 ** .128 .176 ** .146 .159 ** .104 .183 ** 

19 .101 .189 ** .078 .095 .093 .103 .081 .187 ** .045 .127 

20 .083 .118 .036 .137 .-110 .104 .094 .150 ** .010 .131 



Table 4.9b 

Pearson Product .Afornent Correlations ivith NEPSY 11 and WRA.ML-2 Subtests 

NEPSY II 

1 2 
,., 

4 5 6 7 8 9 10 .) 

WRAML-2 

21 -.107 .103 -.058 -.008 -.113 -.067 -.034 -.136 -.197 ** .011 

22 -.046 -.089 -.025 .121 -.116 .088 .098 .054 .022 .109 

-:r _.) .027 .010 -.011 .050 -.096 -.005 .027 .124 .026 .034 

24 -.066 .121 -.011 .139 .155 ** .049 .157 ** -.014 -.087 .033 

25 .102 -.009 .007 .015 -.099 .139 -.109 .149 .143 .057 
_.. 
0\ 

26 .015 .082 .072 -.037 .076 .067 -.035 .102 .090 -.003 

27 .079 .008 .092 -.079 .048 -.063 -.197 ** -.023 .001 -.033 

28 .042 -.112 .072 -.010 -.066 -.017 -.102 -.003 .046 .022 

29 .137 .057 .077 .132 .032 .191 ** .094 .128 .057 .361 ** 

( continued) 



0\ 
I<> 

NEPSY II 

2 
,.., 

4 5 6 7 8 9 10 .) 

WRAML-2 (cont.) 

30 .126 -.047 .045 -.014 .030 .054 .120 .133 .186 ** -.103 

31 .000 -.112 .069 -.067 -.110 .031 -.051 .124 .112 -.010 

32 -.174** -.075 -.048 .055 -.106 -.028 .032 -.023 .002 .110 

33 -.062 -.032 -.047 -.252 ** -.152 ** -.204 ** -.281 ** .053 .108 -.106 

Note. ** p < .001; 1 =Narrative Memory Free Recall (NEPSY II); 2= Nanative Memory Free and Cued Recall (NEPSY II); 
3=Memory for Faces Total (NEPSY II):, 4=Memory for Designs Total (NEPSY II); 5=List Memory Delayed Total Correct 
(NEPSY II) ; 6=Memory for Faces Delayed (NEPSY II); ?=Memory for Designs Delayed (NEPSY II); 8=Memory for Names 
Total (NEPSY II); 9=Memory for Names Delayed (NEPSY II); l0=Word List Interference Recall (NEPSY II); 11 =Memory 
for Words (WJ III COG); 12=Story Recall (WJ III ACH); 13=Picture Recognition (WJ III COG); 14=Visual Auditory 
Learning (WJ III COG); 15=Retrieval Fluency (WJ III COG); 16=Visual Auditory Learning Delayed (WJ III COG); 
17=Numbers Reversed (WJ III COG); 18=Auditory Working Memory (WJ III COG); 19=Verbal Comprehension (WJ III 
COG); 20=General Information (WJ III COG); 21 =Verbal Working Memory (WRAML-2); 22=Verbal Learning (WRAML-
2); 23=Story Memory (WRAML-2); 24=Sentence Memory (WRAML-2); 25=Design Memory (WRAML-2); 26=Picture 
Memory (WRAML-2); 27=Story Memory Delayed Recall (WRAML-2); 28=Verbal Leaming Delayed Recall (WRAML-2); 
29=Design Memory Recognition (WRAML-2); 30=Picture Memory Recognition (WRAML-2); 31 =Symbolic Working 
Memory (WRAML-2); 32=Story Memory Delayed Recognition (WRAML-2); 33=Verbal Learning Delayed Recognition 
(WRAML-2). 



Multivariate Effects 

A series of Multivariate Analysis of Variance (MANOV A) were conducted to 

examine the relationship bet\veen the WJ III COG, NEPSY II, and WRAML-2 subtests 

with the categorical demographic variables of gender, ethnicity, and broad diagnosis. 

Gender. A one-way MANOV A on WJ III COG subtest scores between genders 

revealed a significant multivariate effect, F(l0, 878) = 5.03,p < .001, 1,2 = .054. See 

Table 4.10. Only one WJ III COG subtest revealed a significant effect, Retrieval Fluency 

F(l, 887) = 31.87,p < .001 , 112 = .035, with males having significantly higher Retrieval 

Fluency scores (J\!1=93.92, SD= 10.82) than females (M= 89.55, SD= 12.14). 

As shown in Table 4.10, the one-way MANOV A on NEPSY II subtest scores 

between genders revealed a significant multivariate effect, F(l 0, 878) = 10.38, p < .001, 

1,2 = .106. Examination of univariate effects showed that gender had a significant effect 

on Nanative Memory Free Recall F(l, 887) = 15.80,p < .001, 112 = .018. Females had 

significantly higher Narrative Memory Free Recall scores (M = 10.82, SD= 2. 74) than 

males (A1= 10.03, SD= 3.16). Gender also impacted Narrative Memory Free and Cued 

Recall F(l, 887) = 12.23,p < .001, 1,2 = .014. Females had significantly higher scores (M 

= 8.58, SD= 2.83) than males (Af = 7.93, SD= 2. 74). Gender had an effect on List 

Memory Delayed Total Conect F(l, 887) = 12.68,p < .001, 11
2 = .014. Females scored 

higher (M= 8.49, SD= 1.98) than males (Af ~ 7.94, SD= 2.61). Memory for Faces 

Delayed F(l, 887) = 4.61,p = .032, 112 = .005 was impacted by gender with females 

having significantly higher scores (M= 9.13, SD= 2.51) than males (M= 8.77, SD= 
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2.51). Females also had significantly higher scores (A-1= 7.88, SD= 2.17) than males (Af 

= 7.48, SD= 2.62) on Memory for Names Delayed F(l, 887) = 6.02,p = .014, 112 = .007. 

Alternatively, males (J\;J = 8.64, SD= 2.49) had significantly higher scores than females 

(AI= 7.89, SD= 2.79) on Memory for Designs Delayed F(l, 887) = 17.86,p < .001, 112 = 

.020. Males scored significantly higher (M = 8.27, S'D = 2.48) than females (M = 7.68, SD 

= 2.51) on Word List Interference Recall F(l, 887) = 12.39,p < .001, 1/ = .0014. 

Table 4.10 shows the one-way MANOV A on WRAML-2 subtest scores between 

genders revealed a significant multivariate effect, F(13, 875) = 8.02, p < .001, 112 = .106. 

Further examination of the univariate effects revealed that gender had a significant effect 

on Verbal Working Memory, F(l, 887) = 3.90,p = .049, 112 = .004. Females had 

significantly higher Verbal Working Memory scores (M= 8.29, SD= 1.65) than males 

(M = 8.02, 5'D = 2.39), although this finding was not supported by a non-parametric 

analysis, z = -.68, p = .496. Also, gender had a significant effect on Sentence Memory, 

F(1, 887) = 12.84, p < .001, 1i2 = .014. Females had significantly lo\ver Sentence Memory 

scores (M = 8.82, SD= 2.02) than males (Af = 9 .41, SD= 2.89). Gender also had a 

significant effect on Picture Memory Recognition, F (1, 887) = 5.95, p = .015, 1/ = .017. 

Females had significantly higher Picture Memory Recognition scores (Af = 9.01, SD= 

1.89) than males (lvf = 8.68, SD= 2.21 ). Gender had a significant effect on Story Memory 

Delayed Recognition, F( l, 887) = 60.04, p < .00 l, 112 = .063. Males had significantly 

higher Story Memory Delayed Recognition scores (Af = 10.27, SD= 2.22) than females 

(Af = 9.22, SD= 1.83). There were no other differences at the univariate leveL all p's ns. 
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Table 4.10 

Means and Standard Deviations for WJ III COG, NEPSY 11, and WRAA;JL-2 Subtest Scores by Gender 

Male Female 

11 Mean SD 11 Mean SD F p 

WJCOGIII 

- Memory for Words 425 92.08 13.33 464 91.72 12.45 .17 .673 °" Vl 

Story Recall 425 97.52 13.65 464 96.13 12.37 2.52 .113 

Picture Recognition 425 99.85 10.87 464 99.25 10.73 .68 .408 

Visual Auditory Learning 425 87.66 15.95 464 89.45 14.59 3.06 .081 

Retrieval Fluency 425 93.92 10.82 464 89.55 12.14 31.87 <.001 

Visual Auditory Learning Delayed 425 86.42 17.22 464 86.75 14.77 .09 .764 

Numbers Reversed 425 91.02 14.68 464 89.47 13.86 2.64 .104 

Auditory Working Memory 425 94.10 14.78 464 95.36 13.91 1.70 .192 

Verbal Comprehension 425 95.86 12.49 464 96.38 12.71 .38 .541 

General Infonnation 425 93.25 13.50 464 93 .84 12.74 .44 .505 

( continued) 



Table 4.10, continued 

Male Female 

11 Mean SD 11 Mean SD F p 

NEPSY II 

Narrative Memory Free Recall 425 10.03 3.16 464 10.82 2.74 15.80 <.001 

Narrative Memory Free and Cued Recall 425 7.93 2.74 464 8.58 2.83 12.23 <.001 
Memory for Faces Total 425 9.58 2.89 464 9.86 2.80 2.16 .142 

....... 
0\ 

Memory for Designs Total 425 8.69 2.90 464 8.65 2.28 .55 .815 0\ 

List Memory Delayed Total CotTect 425 7.94 2.61 464 8.49 1.98 12.68 <.001 

Memory for Faces Delayed 425 8.77 2.51 464 9.13 2.51 4.61 .032 

Memory for Designs Delayed 425 8.64 2.49 464 7.89 2.79 17.86 <.001 

Memory for Names Total 425 8.14 2.88 464 8.20 2.88 .12 .732 

Memory for Names Delayed 425 7.48 2.62 464 7.88 2.17 6.02 .014 

Word List Interference Recall 425 8.27 2.48 464 7.68 2.51 12.39 <.001 

(Table 4.10, continued) 



Table 4.10, continued 

Male Female 

n Mean SD n Mean SD F p 

WRAML-2 

Verbal Working Memory 425 8.02 2.39 464 8.29 1.65 3.90 .049 

Verbal Learning 425 8.18 2.18 464 8.19 2.36 .00 .956 

Story Memory 425 8.60 2.60 464 8.70 2.38 .39 .530 
Sentence Memory 425 9.41 2.89 

0\ 
464 8.82 2.02 12.84 <.001 

--.J 
Design Memory 425 7.74 2.63 464 7.92 2.55 1.17 .279 

Picture Memory 425 9.55 2.51 464 9.83 2.35 2.94 .087 

Story Memory Delayed Recall 425 8.36 2.42 464 8.51 2.61 .80 .372 

Verbal Learning Delayed Recall 425 7.89 1.97 464 7.93 1.50 .14 .704 

Design Memory Recognition 425 8.72 2.14 464 8.61 3.58 .31 .575 

Picture Memory Recognition 425 8.68 2.21 464 9.01 1.89 5.95 .015 

Symbolic Working Memory 425 8.42 2.27 464 8.25 2.18 1.28 .258 

Story Memory Delayed Recognition 425 10.27 2.22 464 9.22 1.83 60.04 <.001 

Verbal Leaming Delayed Recognition 425 8.61 2.47 464 8.57 2.39 .05 .825 

Note: WJ: COG III: F(I0, 878) = 5.03,p < .001, 112 = .054.; NEPSY II: F(I0, 878) = 10.38,p < .001 , 112 = .106; WRAML-2: 
F(13, 875) = 8.02,p < .001, 1/ = .106. 



Ethnicity. For the WJ III COG, there was a significant multivariate effect 

between races, F (10, 511) = 8.06, p < .00 l, 112 = .136 (see Table 4.11 ). Further analyses 

showed significant differences on Memory for Words, F (1, 520) = 9.15, p = .003, 112 = 

.018, where Caucasians scored higher (Jvf= 93.64, SD= 12.28) than other races (M= 

90.09, SD= 13.37). Caucasians also scored significantly higher than other races on the 

folloVvfog subtests: Story Recall, F (1,520) = 19.82,p < .001, 112 = .037 [Caucasian (M= 

98.19, SD= 12.81), Other (M= 93.15, SD= l 1.02)]; Visual Auditory Learning: F (1, 

520) = 10.66, p .001, 112 = .020 [Caucasian (Jv/ = 90.45, SD= 13.96) Other (Af = 85.94, 

SD= 16.56)]; Visual Auditory Leaming Delayed: F(l, 520) = 4.26,p = .040, 112 = .008 

[Caucasian (1\;/ = 90.09, SD= 17.14), Other (Af = 86.81, SD= 17.23)]; Numbers 

Reversed: F ( 1, 520) = 6.00, p = .015, 112 = .011; [Caucasian (M = 91.46, SD= 14.48), 

Other (A1 = 88.28, SD= 12.96)]; Auditory Working Memory: F (1,520) = 9.98, p = .002, 

q2 = .019 [Caucasian (M= 96.03, SD= 15.13), Other (M= 91.75, SD= 13.58]; Verbal 

Comprehension: F (1, 520) = 62. 78, p < .001, 112 = .108 [Caucasian (Af = 98.86, SD= 

12.25), Other CM= 89.81, SD= 12.51)]; and General Infomrntion: F (1,520) = 52.01,p < 

.001, 112 = .091 [Caucasian is higher (Af= 96.44, SD= 13.31), Other (M= 87.72, SD= 

12.56)]. 

On the WRAML-2, there was a significant multivariate effect between races, F 

(13, 508) = 4.04, p < .001, 112 = .094. On the WRAML-2, Caucasians scored significantly 

higher than other races on the following subtests: Verbal Leaming: F (1, 520) = 6.63, p = 
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.010, 112 = .013 [Caucasian (M= 8.49, SD= 2.28), Other (AI= 7.96, SD= 2.04)]; Story 

Memory: F (1,520) = 18.27,p < .001, 112 = .034 [Caucasian (AI= 9.06, SD= 2.57), 

Other (AI= 8.05, SD= 2.59)]; Sentence Memory: F (1, 520) = 12.29, p < .001, 112 = .023; 

[Caucasian (Af = 9.45, SD= 2.80), Other (AI= 8.57, SD= 2.53)]; and Story Memory 

Delayed Recognition: F(l, 520) = 21.21,p < .001, 112 = .041 [Caucasian (M= 10.14, SD 

= 2.12), Other CM= 9.24, SD= 1.93)]. Finally, on the NEPSY II, there ,vas no significant 

multivariate effect of Ethnicity on subtest scores, F (10,511) = 1.04,p = .407, r12 = .020. 

Broad diagnosis. In order to detect the multivariate differences between 

diagnoses and the WRAML-2, NEPSY II, and WJ III COG subtests, a series of 

MANOV As were conducted (see Table 4.12). There was a multivariate effect of broad 

diagnostic category on the subscales of the WRAML-2, F(78, 3496) = 1.35, p = .023, 11
2 

= .027 (see Table 4.12). A deeper examination of results revealed that broad diagnostic 

category had a significant effect on Picture Memory scores, F (6, 645) = 2.24, p = .038, 

112 = .030. A post hoc analysis showed that individuals with an acquired neurological 

impai1111ent (AI= 9.19, SD= 2.01) scored significantly low·er on the Picture Memory 

subtest than those with a learning disability (M = 10.07, SD= 2.10). Additionally, broad 

diagnostic category had a significant effect on Verbal Learning, F (6, 645) = 2.41, p = 

.026, 1i2 = .022; however, a non-parametric analyses did not support this finding: ~¥2c6) = 

11.57, p = .072. Broad diagnostic category did not have a significant effect on any other 

WRAML-2 subtests, all ps non-significant. 
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Table 4.11 

Means and Standard Deviationsfor the WJ Ill COG, NEPSY IL and WRA}vJL-2 subtest scores by Ethnicity 

Caucasian Other 

11 Mean SD 11 Mean SD F p_ 
WJIII COG 

Memory for Words 346 93.64 12.28 176 90.09 13.37 9.15 .003 

Story Recall 346 98.19 12.81 176 93.15 11.02 19.82 <.001 
Picture Recognition 346 99.75 10.50 176 98.86 12.28 .75 .388 ....... 

-...J Visual Auditory Leaming 346 90.45 13.96 176 85.94 16.56 10.66 .001 ,_.. 

Retrieval Fluency 346 92.27 12.70 176 90.68 9.63 2.13 .145 

Visual Auditory Leaming Delayed 346 90.09 17.14 176 86.81 17.23 4.26 .040 

Numbers Reversed 346 91.46 14.48 176 88.28 12.96 6.00 .015 

Auditory Working Memory 346 96.03 15.13 176 91.75 13.58 9.98 .002 

Verbal Comprehension 346 98.86 12.25 176 89.81 12.51 62.78 <.001 

General Information 346 96.44 13.31 176 87.72 12.56 52.01 <.001 

(continued) 



Caucasian Other 

n Mean SD n Mean SD F p 

NEPSY II 

Narrative Memory Free Recall 346 10.59 3.42 176 10.21 2.96 1.59 .208 

Narrative Memory Free and Cued Recall 346 8.33 3.21 176 7.89 2.70 2.43 .120 

Memory for Faces Total 346 9.42 2.69 176 9.68 2.83 1.10 .295 

Memory for Designs Total 346 8.85 2.88 176 8.49 2.72 .74 .295 
List Memory Delayed Total Correct 346 8.11 2.43 

-....J 
176 8.11 2.71 1.87 .172 

I',.) 

Memory for Faces Delayed 346 8.95 2.51 176 9.17 2.54 .13 .724 

Memory for Designs Delayed 346 8.36 3.01 176 8.17 2.56 .89 .347 

Memory for Names Total 346 8.22 3.08 176 7.93 2.59 .46 .500 

Memory for Names Delayed 346 7.69 2.70 176 7.82 2.56 1.06 .303 

Word List Interference Recall 346 8.06 2.82 176 7.80 2.42 1.16 .282 

( continued) 



Caucasian Other 

n Mean SD n Mean SD F p 
-- -

WRAML-2 

Verbal Working Memory 346 8.22 2.21 176 8.10 1.86 .35 .556 

Verbal Learning 346 8.49 2.28 176 7.96 2.04 6.63 .010 

Story Memory 346 9.06 2.57 176 8.05 2.59 18.27 <.001 

Sentence Memory 346 9.45 2.80 176 8.57 2.53 12.29 <.001 
Design Memory 346 8.03 2.82 

-.....J 
176 7.88 2.42 .40 .530 

vJ 
Picture Memory 346 9.60 2.87 176 9.90 2.08 1.48 .224 

Story Memory Delayed Recall 346 8.63 2.67 176 8.35 2.51 1.34 .248 

Verbal Learning Delayed Recall 346 7.91 1.97 176 8.18 1.77 2.37 .124 

Design Memory Recognition 346 8.71 2.52 176 8.34 3.27 2.07 .150 

Picture Memory Recognition 346 8.90 1.96 176 8.80 1.94 .31 .579 

Symbolic Working Memory 346 8.47 2.20 176 8.32 1.96 .61 .437 

Story Memory Delayed Recognition 346 10.14 2.12 176 9.24 1.93 21.21 <.001 

Verbal Leaming Delayed Recognition 346 8.63 2.70 176 8.82 2.52 .65 .422 

Note: Multivariate Effect: WJ III COG: F (IO, 511) = 8.06, p < .001, 112 = .136; Multivariate Effect: NEPSEY II: F (IO, 511) 
= 1.04, p = .407, 112 = .020; Multivariate effect: WRAML~2: F(13, 508) = 4.04,p < .001 , 1,2 = .094. 



Table 4.12 

Afeans, Standard Deviations, F, and P fl'aluesfhr the WRAML-2 Subtest Scores b_y 

Diagnosis 

n Mean SD F p 

Verbal Working Memory (WRAML-2) 1.87 .084 
Leaming Disability 274 8.18 1.96 
Neurological Impairment (Acquired) 78 7.97 2.06 
ADD/ADHD 111 8.68 1.94 
Autism Spectrum 50 8.26 1.90 
Emotional Disability 56 8.07 2.35 
General Medical (OHI) 37 7.76 1.71 
Other (Multiple Disabilities) 46 7.85 1.94 

Verbal Leaming (WRAML-2) 2.41 .026 
Leaming Disability 274 7.99 2.32 
Neurological Impai1111ent (Acquired) 78 8.15 1.87 · 
ADD/ADHD 111 8.17 2.21 

Autism Spectrum 50 9.00 2.15 

Emotional Disability 56 8.71 2.29 

General Medical (OHI) 37 8.27 2.42 

Other (Multiple Disabilities) 46 7.65 2.25 

Story Memory (WRAML-2) 1.14 .338 

Learning Disability 274 8.46 2.51 

Neurological Impairment (Acquired) 78 8.37 2.03 

ADD/ADHD 111 8.92 2.42 

Autism Spectrum 50 9.08 2.78 

Emotional Disability 56 9.02 2.69 

General Medical (OHI) 37 8.81 2.22 

Other (Multiple Disabilities) 46 8.65 2.60 

(continued) 
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· n Mean SD F p 

Sentence Memory (WRAML-2) 1.27 .269 
Leaming Disability 274 8.88 2.41 
Neurological Impainnent (Acquired) 78 8.85 1.83 
ADD/ADHD 111 8.67 2.61 
Autism Spectmm 50 9.38 2.71 
Emotional Disability 56 9.39 2.26 
General Medical (OBI) 37 9.54 2.59 
Other (Multiple Disabilities) 46 8.87 2.48 

Design Memory (WRAML-2) 1.86 .085 
Leaming Disability 274 7.60 2.63 
Neurological Impai1111ent (Acquired) 78 8.06 1.94 
ADD/ADHD 111 8.19 2.82 
Autism Spectrum 50 8.64 2.46 
Emotional Disability 56 8.14 2.88 

General Medical (OBI) 37 8.05 2.55 

Other (Multiple Disabilities) 46 7.50 2.47, 

Picture Memory (WRAML-2) 2.24 .038 

Leaming Disability 274 10.07 a 2.20 

Neurological Impairment (Acquired) 78 9.19 b 2.01 

ADD/ADHD 111 9.55 ab 2.56 

Autism Spectrum 50 9.66 ab 2.85 

Emotional Disability 56 9.73 ab 2.71 

General Medical (OBI) 37 9.30 ab 2.17 

Other (Multiple Disabilities) 46 10.22 ab 2.23 

(continued) 
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n Mean SD F p 

Story Memory Delayed Recall (WRAML-2) .79 .579 
Leaming Disability 274 8.57 2.59 
Neurological Impaim1ent (Acquired) 78 8.04 2.34 
ADD/ADHD 111 8.65 2.43 
Autism Spectrum 50 8.82 2.47 
Emotional Disability 56 8.71 2.63 
General Medical (OHI) 37 8.84 2.39 
Other (Multiple Disabilities) 46 8.43 2.80 

Verbal Leaming Delayed Recall (WRAML-2) .71 .638 
Leaming Disability 274 8.04 1.78 
Neurological Impaim1ent (Acquired) 78 7.83 1.49 
ADD/ADHD 111 8.09 1.73 
Autism Spectrum 50 8.10 1.33 
Emotional Disability 56 8.06 1.70 
General Medical ( OHI) 37 8.34 1.52 
Other (Multiple Disabilities) 46 7.71 1.77 

Design Memory Recognition (WRAML-2) .40 .879 

Leaming Disability 274 8.58 3.08 

Neurological Impaim1ent (Acquired) 78 8.97 2.48 

ADD/ADHD 111 8.44 2.81 

Autism Spectrum 50 8.66 3.05 

Emotional Disability 56 8.63 2.65 

General Medical (OHI) 37 8.19 2.05 

Other (Multiple Disabilities) 46 8.67 3.69 

Picture Memory Recognition (WRAML-2) 1.43 .200 

Leaming Disability 274 9.07 2.10 

Neurological Impaim1ent (Acquired) 78 8.56 1.96 

ADD/ADHD 111 8.77 1.89 

Autism Spectrum 50 8.90 2.14 

Emotional Disability 56 8.96 2.48 

General Medical (OHI) 37 9.38 2.07 

Other (Multiple Disabilities) 46 8.41 ') "') ..... .) .:... 

( continued) 
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n Mean SD F p 

Symbolic Working Memory (WRAML-2) 1.79 .098 

Leaming Disability 274 8.12 2.50 

Neurological Impaim1ent (Acquired) 78 8.31 2.10 

ADD/ADHD 111 8.78 2.06 

Autism Spectrum 50 8.90 1.90 

Emotional Disability 56 8.59 2.16 

General Medical (OHI) 37 8.35 1.70 

Other (Multiple Disabilities) 46 8.48 1.79 

Story Memory Delayed Recognition (WRAML-2) .51 .798 

Learning Disability 274 9.69 2.09 

Neurological Impaim1ent (Acquired) 78 9.45 2.10 

ADD/ADHD 111 9.89 2.14 

Autism Spectrum 50 9.64 2.34 

Emotional Disability 56 9.73 2.15 

General Medical (OBI) 37 9.89 1.95 

Other (Multiple Disabilities) 46 9.43 2.05 

Verbal Leaming Delayed Recognition (WRAML-2) 1.48 .183 

Learning Disability 274 8.46 2.46 

Neurological Impaim1ent (Acquired) 78 8.45 1.98 

ADD/ADHD 111 9.07 2.51 

Autism Spectrum 50 9.10 2.65 

Emotional Disability 56 8.73 2.66 

General Medical (OHI) 37 8.30 1.87 

Other (Multiple Disabilities) 46 8.96 2.51 

Note: Multivariate effect: F (78, 3496) = 1.35, p = .023, 1f = .027. Different superscripts 
eb) indicate that the mean difference is p < .05. 
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As shown in Table 4.13, broad diagnostic category did not have a significant 

multivariate effect on NEPSY-II subtests, F(60, 3337) = 1.3 tp = .054, r/ = .020. A 

deeper examination of the results, however, revealed that broad diagnosis had a 

significant effect on Nairntive Memory Free and Cued Recall, F (6, 645) = 2.21,p = 

.040, 1i2 = .020. On the NEPSY II, children with a general medical condition (OHi; M = 

7.30, SD= 3.32) scored significantly lower than those with multiple disabilities (M = 

9.13, SD= 2.98) on the Nanative Memory Free and Cued Recall subtest. This result, 

however, was not suppo1ied by non-parametric analyses, .. X\6) = 10.31, p = .112. There 

\Vere no other significant findings, all ps non-significant. 

Table 4.13 

Aleans, Standard Deviations, F, and P r,ralues.for the NEPSY II Subtest Scores by 

Diagnosis 

N Mean SD F 

Nanative Memory Free Recall (NEPSY II) .91 

Leaming Disability 274 10.26 2.95 

Neurological Impainnent 
(Acquired) 78 10.50 2.39 

ADD/ADHD 111 10.35 2.88 

Autism Spectrum 50 10.46 3.03 

Emotional Disability 56 l 0.11 3.21 

General Medical (OHI) 37 11.24 3.61 

Other (Multiple Disabilities) 46 10.85 2.60 

p 

.486 

(continued) 
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N Mean SD F p 

Narrative Memory Free and Cued Recall (NEPSY II) 2.21 .040 

Learning Disability 274 8.46 2.60 

Neurological Impaim1ent (Acquired) 78 8.23 2.66 

ADD/ADHD 111 8.16 2.56 

Autism Spectrum 50 7.94 2.76 

Emotional Disability 56 7.82 2.80 

General Medical (OHI) 37 7.30 ') ')? 
.) ·-'~ 

Other (Multiple Disabilities) 46 9.13 2.98 

Memory for Faces Total (NEPSY II) .78 .582 

Learning Disability 274 9.86 2.87 

Neurological Impaim1ent (Acquired) 78 9.73 2.83 . 

ADD/ADHD 111 10.11 2.77 

Autism Spectrum 50 9.54 3.28 

Emotional Disability 56 10.21 2.69 

General Medical (OHI) 37 9.41 2.07 

Other (Multiple Disabilities) 46 9.37 3.27 

Memory for Designs Total (NEPSY II) .81 .566 

Learning Disability 274 8.74 2.57 

Neurological Impaim1ent (Acquired) 78 8.74 2.27 

ADD/ADHD 111 8.42 2.62 

Autism Spectrum 50 8.84 2.46 

Emotional Disability 56 8.71 2.46 

General Medical (OHI) 37 9.22 2.36 

Other (Multiple Disabilities) 46 8.22 2.43 

-- ------

(continued) 
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N Mean SD F p 

List Memory Delayed Total Correct (NEPSY II) 1.17 .321 

Leaming Disability 274 8.13 2.22 

Neurological Impaim1ent (Acquired) 78 7.94 1.83 

ADD/ADHD 111 7.69 1.80 

Autism Spectrum 50 8.54 2.17 

Emotional Disability 56 8.05 1.84 

General Medical (OHI) 37 8.14 2.62 

Other (Multiple Disabilities) 46 8.30 2.58 

Memo1y for Faces Delayed (NEPSY II) 1.07 .381 

Learning Disability 274 8.90 2.58 

Neurological Impairment (Acquired) 78 8.88 2.40 

ADD/ADHD 111 9.32 2.05 · 

Autism Spectrum 50 9.32 2.43 

Emotional Disability 56 9.04 2.30 

General Medical (OHi) 37 8.97 2.50 

Other (Multiple Disabilities) 46 8.37 2.56 

Memory for Designs Delayed (NEPSY II) .56 .763 

Leaming Disability 274 8.31 2.56 

Neurological Impaim1ent (Acquired) 78 8.08 2.28 

ADD/ADI-ID 111 8.00 2.72 

Autism Spectrum 50 7.94 3.04 

Emotional Disability 56 8.41 2.48 

General Medical (OBI) 37 8.27 2.93 

Other (Multiple Disabilities) 46 7.78 2.43 

(continued) 
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N Mean SD F p 

Memory for Names Total (NEPSY II) 1.26 .273 

Leaming Disability 274 7.87 2.69 

Neurological Impaim1ent (Acquired) 78 8.49 3.06 

ADD/ADHD 111 8.63 3.10 

Autism Spectrum 50 8.22 3.47 

Emotional Disability 56 8.36 2.93 

General Medical (OHI) 37 8.51 2.61 

Other (Multiple Disabilities) 46 8.41 3.17 

Memory for Names Delayed (NEPSY II) 1.17 .319 

Leaming Disability 274 7.57 2.26 

Neurological hnpaim1ent (Acquired) 78 7.85 2.35 

ADD/ADHD 111 7.72 2.28 

Autism Spectrum 50 8.14 2.54 

Emotional Disability 56 7.80 2.03 

General Medical (OHI) 37 8.46 2.24 

Other (Multiple Disabilities) 46 7.85 2.46 

Total 652 7.76 2.29 

Word List Interference Recall (NEPSY II) 1.79 .098 

Leaming Disability 274 8.01 2.39 

Neurological Impairment (Acquired) 78 8.21 2.51 

ADD/ADHD 11 l 7.80 2.20 

Autism Spectrum 50 8.36 2.65 

Emotional Disability 56 7.86 2.47 

General Medical (OHi) 37 7.43 2.64 

Other (Multiple Disabilities) 46 7.04 2.72 

Note: Multivariate effect: F (60, 3337) = 1.31 , p = .054~ 1f = .020. Different superscripts 
(3b) indicate that the mean difference is p < .05. . 
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The WJ III COG revealed the greatest variation among subtest scores based on 

broad diagnosis. As shown in Table 4.14, broad diagnostic category had a significant 

multivariate effect on the WJ III COG subtests, F(60, 337) = l.74,p < .001, 1/ = .062. 

Broad diagnosis had a significant effect on Picture Recognition, F(l, 645) = 3.58,p = 

.002, 1i2 = .032. Individuals with a learning disability (M= 101.26, SD= 9.62) scored 

significantly higher than those with an acquired neurological impainnent (A/= 96.10, SD 

= 13.70) or those with other multiple disabilities (A/= 95.61, SD= 13.71). Furthermore, 

broad diagnostic category had a significant effect on Visual Auditory Leaming, F(l, 645) 

= 2.52,p = .020, 1/ = .023. Individuals with a neurological impai1ment (Af = 83.99, SD= 

15 .51) scored significantly lower than those diagnosed \Vith an autism spectrum disorder 

(A/= 92.10, SD= 16.44). Additionally, broad diagnostic category had a significant effect 

on Visual Auditory Learning Delayed, F(l, 645) = 2.53,p = .020, 172 = .023. Individuals 

with a neurological impairn1ent (M = 83.35, SD= 16.70) also scored lower than those 

with a general medical condition (M = 92.73, SD= 17.04), although, this result was not 

confim1ed when non-parametric analyses, ""\2 (6) = 12.56, p = .051 were applied. On the 

Numbers Reversed subtest, [F(l, 645) = 2.68,p = .014, 17
2 = .024], individuals with 

multiple disabilities (Al= 82.89, SD= 16.69) scored significantly lower than individuals 

with a learning disability (M= 90.24, SD= 12.96)~ autism (M= 91.88, SD= 14.94), or an 

emotional disturbance (M = 91.54, SD= 16.69). Finally, on Auditory Working Memory 

[ F(l, 645) = 3.16, p = .005, 172 = .029], individuals with multiple disabilities (M = 88.13, 

SD= 16. 78) scored significantly lower than those with ADD/ ADHD (M = 95.41 ~ SD= 
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14.43) or a Leaming Disability (M= 96.00, SD= 12.74). Again, these results were not 

confi1111ed with non-parametric analyses, .,;r2(6) = 11.57,p = .063. 

Table 4.14 

Means, Standard Deviations, F, and P Valuesjc>r the fVJ Ill COG 5'ubtest Scores by· 

Diagnosis 

N Mean SD F p 

Memory for Words (WJ III COG) l.71 .116 

Leaming Di sabi Ii ty 274 90.89 11.91 

Neurological Impainnent (Acquired) 78 91.55 12.02 

ADD/ADI-ID 111 92.00 13.17 

Autism Spectrum 50 94.78 12.38 

Emotional Disability 56 93.95 13.66 

General Medical (OBI) 37 94.38 12.61 

Other (Multiple Disabilities) 46 88.83 12.86 

Story Recall (WJ Ill ACH) .79 .582 

Leaming Disability 274 96.83 11.84 

Neurological Impaim1ent (Acquired) 78 95.56 16.39 

ADD/ADHD 111 98.35 11.16 

Autism Spectrum 50 97.30 13.61 

Emotional Disability 56 96.23 14.83 

General Medical (OHJ) 37 93.65 12.31 

Other (Multiple Disabilities) 46 96.63 13.18 

(continued) 
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N Mean SD F p 

Picture Recognition (WJ III COG) 3.58 .002 

Leaming Disability 274 101.26 a 9.62 

Neurological Impairment (Acquired) 78 96.10 b 13.70 

ADD/ADHD 111 99.47 ab 11.65 

Autism Spectrum 50 97.66 ab 10.11 

Emotional Disability 56 98.27 ab 9.90 

General Medical (OHi) 37 100.00 ab 10.71 

Other (Multiple Disabilities) 46 95.91 b 13. 71 

Visual Auditory Leaming (WJ III COG) 2.52 .020 

Leaming Disability 274 87.65 ab 14.09 

Neurological Impain11ent (Acquired) 78 83.99 a 15.51 

ADD/ADHD 111 88.66 ab 11. 71 

Autism Spectrum 50 92.10 b 16.44 

Emotional Disability 56 90.96 ab 18.14 

General Medical (OHl) 37 92.46 ab 19.63 

Other (Multiple Disabilities) 46 88.99 ab 14.87 

Retrieval Fluency (WJ III COG) 1.28 .263 

Leaming Disability 274 91.54 10.20 

Neurological lmpainnent (Acquired) 78 89.81 12.59 

ADD/ADHD 111 93.59 11.64 

Autism Spectrum 50 89.92 12.44 

Emotional Disability 56 93.23 13.64 

General Medical (OBI) 37 91.27 11.98 

Other (Multiple Disabilities) 46 91.07 10.42 

(continued) 
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N Mean SD F p 

Visual Auditory Leaming Delayed (WJ III COG) 2.53 .020 

Leaming Disability 274 85.65 ab 14.74 

Neurological Impairment (Acquired) 78 83.35 a 16.70 

ADD/ADHD 111 87.02 ab 14.34 

Autism Spectrum 50 91.18 ab 15.80 

Emotional Disability 56 86.89 ab 15.36 

General Medical (OHI) 37 92.73 b 17.04 

Other (Multiple Disabilities) 46 87.09 ab 16.10 

Numbers Reversed (WJ III COG) 2.68 .014 

Leaming Disability 274 90.24 a 12.96 

Neurological Impainnent (Acquired) 78 88.51 ab 13.23 

ADD/ADHD 111 91.51 ab 13.56 

Autism Spectrum 50 91.88 a 14.94 · 

Emotional Disability 56 91.54 a 14.91 

General Medical (OHI) 37 90.86 ab 15.87 

Other (Multiple Disabilities) 46 82.89 b 16.69 

Auditory Working Memory (WJ III COG) 3.16 .005 

Leaming Disability 274 96.00 a 12.74 

Neurological Impairment (Acquired) 78 94.23 ah 12.58 

ADD/ADHD 111 95.41 a 14.43 

Autism Spectrum 50 90.94 ab 15.87 

Emotional Disability 56 93.91 ab 15.00 

General Medical (OHI) 37 97.84 ab 13.68 

Other (Multiple Disabilities) 46 88.13 b 16.78 

(continued) 
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N Mean SD F p 

Verbal Comprehension (WJ III COG) 1.35 .231 

Leaming Disability 274 96.17 11.81 

Neurological Impainnent (Acquired) 78 92.88 11.42 

ADD/ADHD 111 97.52 12.53 

Autism Spectrum 50 97.36 13.40 

Emotional Disability 56 95.57 11.50 

Genera] Medical (OHi) 37 96.62 13.93 

Other (Multiple Disabilities) 46 95.00 11.28 

General Information (WJ III COG) 1.71 .115 

Learning Disability 274 93.52 11.82 

Neurological Impairment (Acquired) 78 90.33 13.63 

ADD/ADHD 111 95.71 12.70 

Autism Spectrum 50 93.48 16.90 

Emotional Disability 56 93.21 11.36 

General Medical (OHI) 37 94.41 15.56 

Other (Multiple Disabilities) 46 90.50 14.86 

Note: Multivariate effect: F (60, 3337) = 1.74, p < .001, 1f = .027. Different superscripts 
Cb) indicate that the mean difference is p < .05. · 

Primary Analysis 

The primary research question was to determine if the underlying factor structure of 

memory tasks across the WJ III COG, WRAML-2, and NEPSY II in a mixed clinical 

sample was best described by: 

a. Atkinson and Shiffrin's multimodal model of memory with subtests loading on 

short-term memory storage and long-tem1 retrieval memory storage? 
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b. Baddeley and Bitch's working memory model with subtests loading on the 

phonological loop, the visual sketchpad, or the central executive? 

c. The Cattell-Hom-Canoll (CI-IC) theory of cognitive abilities memory subtests 

loading on Short-Tenn Memory (Gsm), Long-Tenn Storage and Retrieval (Glr), 

Auditory Processing (Ga), Visual-Spatial Thinking (Gv), and Crystallized 

Intelligence (Ge)? 

d. The School Neuropsychological (SNP) Conceptual Model, where memory 

subtests load on second order classifications of Learning and Memory including 

Verbal Immediate Memory, Visual Immediate Memory, Verbal Delayed Long

Tenn Memory, Visual Delayed Long-Tenn Memory, Verbal-Visual Associative 

Leaming and Memory, Working Memory, and Semantic Memory? 

Confirmatory Factor Analysis 

Four separate confim1atory factor analyses were conducted with corresponding 

models of increasing complexity. The models were then compared to determine which 

model best fit the data set and best described the conceptualization of memory 

functioning. Confinnato1y factor analyses were conducted using the LISREL 8.8 

statistical program. 

Results for each model are displayed as a path diagram (see figures 4.1 through -

4.12). A path diagram consists of paths along which causal relationships are presented. 

The paths are marked with a single-headed arrow representing a direct causal relationship 

between the variable and the factor. In each diagram, the observed variables (subtests) are 
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represented by rectangles, and the unobserved latent variables (factors) are represented by 

ovals. Path coefficients are attached to each an-ow indicating the relative strength of the 

causal relationship between the individual observable variable and the latent variable. In 

this research study, the path coefficients are represented as standard estimates. Typically, 

path coefficients range from 0.0 - 1.0. A path coefficient that is greater than 1.0 often 

represents a high degree of multicollinearity, or a high con-elation, among variables. Path 

coefficients repotted in this chapter demonstrate the relative magnitude of each path, with 

high values indicating a stronger causal relationship. Factor loadings are values that 

describe how well a particular variable measures a factor (Tabachnick & Fidell, 200 I). 

Higher factor loading values indicate that a variable is a more pure measure of a factor. 

Loadings of .71 and greater are considered "excellent," loadings between .63 and .70 are 

considered ""very good," .55 to .62 are considered "good," .45 to 54 are considered '"fair," 

and .32 to .44 are considered "poor" (Comrey & Lee, 1992). Tabachnick and Fidell 

(200 I) suggest however that only loadings of .32 and higher are interpretable. Prior to 

running the factor analysis, a constraint value of I was placed on the observed variable 

(subtest) of each latent factor. This technique is common in model estimations containing 

variables that have a defined scale, such as the standardized tests in this study 

(Schumacker & Lomax, 20 I 0). Prior to conducting the CF A on the full measurement 

models, separate CF As were conducted on each subscale ( e.g., Verbal Immediate 

Memory, Verbal-Visual Associate Leaming and Memory, Semantic Memory) in order to 

confirm the fit of each latent construct. Once the factor structure of each construct 
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demonstrated adequate fit, the measurement model was tested. The error variance of 

strongly related items was allowed to conelate within a latent construct, to reduce the 

impact of multicollinearity. These strongly related items were the following: Narrative 

Memory Free and Cued Recall (NEPSY II) with Nanative Memory Free Recall (NEPSY 

II); Story Memory (WRAML-2) with Verbal Leaming (WRAML-2); Verbal Leaming 

Delayed Recall (WRAML-2) with Story Memory Delayed Recall (WRAML-2); Memory 

for Faces Total (NEPSY II) with Design Memory Recognition (WRAML-2); Design 

Memory (WRAML-2) with Picture Memory (WRAML-2); Memory for Faces Delayed 

(NEPSY II) with Memory for Names Total (NEPSY IT); Story Memory Delayed 

Recognition (WRAML II) with List Memory Delayed Total Correct (NEPSY II). 

In addition to path diagrams, each model resulted in goodness-of-fit statistics, 

which are measurements that indicate how well the factor structure describes the data set 

being examined (Keith, 2005). Three primary fit statistics were used in this study; an 

adjusted chi-square test (x2; cut off value of> 3); root mean square enor of 

approximation (RMSEA; cut off value of< .095); and a comparative fit index (CFI; cut 

off value of> .800). In addition, four more fit statistics were utilized in this study 

including: an expected cross validation index (ECVI; smallest value compared to other 

models); a standardization root mean square residual (SRMR; cut off value of< .08); the 

non-nom1ed fit index (NNFI; cut off value of> .08); and the parsimony nonned fit index 

(PNFI; cut off value of> .50). See Table 4.15 for these fit indices. In the initial test of the 
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four hypothesized models, none of the models reached adequate fit with the data set. A 

modified model was created, but was still not an ideal fit. 

Table 4.15 

Fit Indices of Each Hypothesized Model 

Model 1 Model2 Model3 Model 4 Model 4 (Modified) 

:\2 
..I. 5786.02 5655.07 5800.74 4414.53 3610.70 
df 494 492 485 474.00 467.00 

Adjusted X2 11.713 11.494 11.960 9.313 7.732 
PNFI .426 .434 .465 .517 .569 
NNFI .455 .450 .487 .558 .630 
CFI .477 .488 .529 .603 .673 
RMSEA .110 .109 .107 .097 .087 

SRMR .101 .100 .111 .100 .094 

ECVI 6.644 6.502 6.253 5.150 4.263 

Research Question 

The following section outlines the four models comprising the research question 

including Baddeley and Hitch' s working memory model, Atkinson and Shiffrin' s model, 

and the CHC SNP models. Path coefficients are described for each of the four models. 

Additionally, path coefficients for the modified SNP model are described. 

Model One (Atkinson and Shiffrin's multimodal model of memory). For the 

first factor, Short-Term Memory Storage~ interpretable path coefficients were Auditory 

Working Memory (.59); Memory for Words (.47); Numbers Reversed (.53); Picture 

Recognition (.35); Visual Auditory Leaming (.50); Story Recall (.32); and Story Memory 

(.36). Of these, only Auditory Working Memory was considered to be good whereas 
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Story Memory was considered to be fair. The other interpretable path coefficients were 

considered to be poor. The remaining path coefficients were not interpretable as they 

were less than .32. As also shown in Figure 4.1, the second factor, Long-Tem1 Retrieval 

Memory Storage, the interpretable path coefficients were General Infom1ation (.68), 

which was considered to be very good; Retrieval Fluency (.33), which was considered to 

be poor; and Verbal Comprehension (.76), which was considered to be excellent. The 

remaining path coefficients were less than .32. 

Model Two (Baddeley and Hitch's working memory model). For the first 

factor, Visuospatial Sketchpad, there were four interpretable path coefficients: Picture 

Recognition (.37); Visual Auditory Leaming (.53); Memory For Faces Delayed (.34); and 

Memory For Names Total (.32). Of these, only Visual Auditory Leaming was considered 

to be fair whereas Picture Recognition, Memory For Faces Delayed, and Memory For 

Names Total were considered to be poor. There were no other interpretable path 

coefficients for Visuospatial Sketchpad. For the second factor (Figure 4.2), Phonological 

Loop, there were several interpretable coefiicients. General Infom1ation (. 71) and Verbal 

Comprehension (.77) were considered to be excellent whereas Memory For Words (.45) 

was considered to be fair. Additionally, Retrieval Fluency (.34), Story Recall (.34), and 

Story Memory (.36) were considered to be poor. All other path coefficients \Vere not 

inte11)retable. Finally, for the third factor, Central Executive, there were only two 

inte1vretable path coeflicients: Auditory Working Memory (.69) and Numbers Reversed 

(.61 ). All other path coefficients were not interpretable. 
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Figure 4.1. Illustration of CFA for Atkinson and Shiffrin (1968) multimodal model 
(Model One) with path coefficients. Asterisks indicate significant paths. 
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Figure 4.2 Illustration ofCFA for Baddeley and Hitch's (1974) Working Memory model 
(Model Two) with path coefficients. Asterisks indicate significant paths. 
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Model Three (The CHC theory of memory). The path diagrams with factor 

loadings for Model Three are presented in Figure 4.3. For the first factor, Short-Tem1 

Memory, only two path coefficients were interpretable. Memory For Words (.48) and 

Numbers Reversed (.54) were considered to be fair. There were no other interpretable 

path coefficients for Story-Term Memory. When examining the path coefficients for the 

second factor, Long-Tem1 Storage and Retrieval, there were only two interpretable path 

coefficients. Memory For Designs Delayed was considered to be excellent (. 92) whereas 

Verbal Leaming Delayed Recognition was considered to be poor and in a negative 

direction (-.33). Only one path coeflicient for the third factor, Auditory Processing, was 

found to be interpretable. The path coefficient, Auditory Working Memory, was 

considered to be fair (.53). 

As also shown in Figure 4.3, the fourth factor, Visual-Spatial Processing, the 

results indicated one interpretable path coefficient. Memory For Designs Total was found 

to have a path coefficient of .53 and was considered fair. Finally, for the fifth and final 

factor, Crystalized Intelligence, it was detennined that both path coefficients were 

excellent (General Information [.72] and Verbal Comprehension [.87]). 
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Figure 4.3 Illustration of CFA for CHC theory model (Model Three) with path 
coefficients. Asterisks indicate significant paths. 
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coefficients. Asterisks indicate significant paths. 
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Model Four (Conceptual Model for School Neuropsychological Assessment 

[SNP model)). The path diagrams with factor loadings for Model Four are presented in 

Figure 4.4. For the first factor, Verbal Immediate Memory, the interpretable path 

coefficients were Memory For Words (.45); Story Memory (.49); and Verbal Leaming 

(.38). Memory For Words and Story Memory were considered to be fair whereas Verbal 

Leaming was considered to be poor. All other path coefficients for Verbal Immediate 

Memory were not interpretable. For the second factor, Visual Immediate Memory, there 

was only one interpretable path coefficient: Memory For Designs Total. This path 

coefficient was, however, considered to be excellent (.89). As also shown in Figure 4.4, 

for the third factor, Verbal Delayed Long-Term Memory, the interpretable path 

coeflicients were Story Memory Delayed Recall (-.71); Verbal Leaming Delayed Recall 

(-.56); and Verbal Leaming Delayed Recognition (-.56). Of these path coefficients, Story 

Memory Delayed Recall was considered to be excellent whereas the other two were 

considered to be good. There were no other interpretable path coefficients for the third 

factor. For the fourth factor, Visual Delayed Long-Tenn Memory, there was only one 

interpretable path coefficient: Memory For Designs Delayed. This path coefficient was 

considered to be good (.61). 

As also shown in Figure 4.4, for the fifth factor, Verbal-Visual Associative 

Learning and Memory, three of the four path coefficients were interpretable: Visual 

Auditory Leaming; Visual Auditory Leaming Delayed; and Memory For Names Total. 

Of these Visual Auditory Leaming was considered very good (.64) whereas Visual 
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Auditory Leaming Delayed and Memory For Names Total were considered poor (.43 and 

.36, respectively). For the sixth factor, Working Memory, there were two interpretable 

path coefficients: Auditory Working Memory and Numbers Reversed. Auditory Working 

Memory was considered excellent (.71) whereas Numbers Reversed was considered good 

(.61). Finally, both path coefficients for the seventh and final factor, Semantic Memory, 

were interpretable. General Infommtion (.72) and Verbal Comprehension (.88) were 

considered to be excellent. 

Model Four (The School Neuropsychological Conceptual Model-Modified). I 

In order to ensure the best model for the full sample, modifications were made to 

the hypothesized Model Four. Due to known overlap among subscales, enor covariance 

among highly related subtests was allowed to covary in the measurement model to ensure 

that the unique variance explained by each subtest was accounted for in the full model. 

As shown in Figure 4.5, with the modifications to the model, the first factor, 

Verbal Immediate Memory, the interpretable path coefficients were Story Recall (.33), 

Memory For Words (.49), Sentence Memory (.32), and Story Memory (.32). These path 

coefficients were, with the exception of Memory For Words, considered to be poor. The 

remaining path coefficients for Verbal Immediate Memory were not interpretable. For the 

second factor, Visual Immediate Memory, the only interpretable path coefficient was 

Memory For Designs Total which was excellent (.90). The remaining path coefficients 

for Visual Immediate Memory were not interpretable. 
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As also shown in Figure 4.5, the third factor, Verbal Delayed Long-Tenn 

Memory, the interpretable path coefficients were Story Memory Delayed Recall (-.46), 

Verbal Learning Delayed Recall (-.41), and Verbal Leaming Delayed Recognition (-.79). 

The path coefficient for Verbal Learning Delayed Recognition was considered to be 

excellent although it was in a negative direction. The other interpretable path coefficients 

(Story Men10ry Delayed Recall and Verbal Leaming Delayed Recall) were also in the 

negative direction; however Verbal Leaming Delayed Recall was considered to be a poor 

path coefficient and Story Memory Delayed Recall was considered fair. The remaining 

path coefficients were not interpretable. For the fourth factor in this model, Visual 

Delayed Long-Tem1 Memory, the only interpretable path coefficient was Memory For 

Design Delayed, which was fair (.51 ). The remaining path coefficients for Visual 

Delayed Long-Tem1 Memory were not interpretable. 

For the fifth factor, Verbal-Visual Associative Learning and Memory, only one 

path coefficient Visual Auditory Leaming was excellent (. 75). The path coefficient for 

Visual Auditory Leaming Delayed was also interpretable, but was considered to be poor 

(.42). The remaining path coefficients for Verbal-Visual Associative Leaming and 

Memory were not interpretable. 

For the sixth factor in the modified Model Four, Working Memory, the path 

coefficient Auditory Working Memory was excellent (.71) and the path coefficient 

Numbers Reversed was good (.60). The remaining path coefficients for Working 

Memory were not interpretable. Finally, for the seventh factor, Semantic Memory. both 
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path coefficients were excellent: General Infonnation and Verbal Comprehension(. Tl 

and .89, respectively). 
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Figure 4.5 Illustration of CFA for SNP model-modified (Model Four) with path 
coefficients. Asterisks indicate significant paths. 
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Table 4.16 

Fit Indices o.lAfodel Four-1Hodij1ed Subsets: Gender. Race. and Broad Diagnosis 

Race- Race- Diagnosis 
Male Female Caucasian Other NS LD Other 

x2 3026.34 4276.19 1857.24 1175.94 2936.45 1345.86 1751.84 

df 467.00 467.00 467.00 467.00 467.00 467.00 467.00 

Adj.X2 6.480 9.157 3.977 2.518 6.288 2.882 3.751 

PNFI .475 .310 .515 .456 .310 .490 .551 

NNFI .520 .288 .598 .571 .298 .602 .623 

CFI .575 .371 .645 .621 .379 .648 .649 

RMSEA .114 .133 .093 .093 .120 .083 .091 

SRMR .124 .135 .105 .114 .123 .098 .085 

ECVI 7.581 9.642 5.928 7.794 8.467 5.619 5.145 

Note: Race-NS: Race-Not Specified; LO: Learning Disability 

Model Four with Modification Subsets 

Overall, the results indicated that Model Four with modifications was the best 

fitting model. Because the preliminary analyses had indicated that there were 

relationships between the independent variables (i.e. , gender, ethnicity, and broad 

diagnosis category), subsets for Model Four modified were tested. As before, each model 

resulted in goodness-of-fit statistics, which are measurements that indicate how well the 

factor structure described the data set being examined (Keith, 2005). See Table 4.16 for 

the fit indices for the modified Model Four. 

Gender subsets. As the preliminary analyses indicated that gender had a 

relationship with the various subtests within the WRAML-2, the NEPSY--2, and the WJ 
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III COG scales, it was imp01iant to examine the modified Model 4 among the subsets of 

the data, specifically Males Only and Females Only. The path coefficients for the seven

factor SNP Model were compared for males and females. 

As shown in Figures 4.6 and 4. 7, with the modifications to the male model the 

first factor, Verbal Immediate Memory, the path coefficient for Memory For Words was 

good (.56) whereas Story Recall (.34); Story Memory (.34); and Verbal Leaming (.44) 

were poor. The remaining path coefficients for the male modified Model Four were not 

interpretable. In the female model, the only interpretable path coefficient for Verbal 

Immediate Memory was (.42), considered poor. The remaining path coefficients for the 

female modified Model Four were not interpretable. For the second factor for the male 

subset, Visual Immediate Memory, the path coefficient of Picture Recognition was fair 

(.52) whereas the path coefficient for Memory For Designs Total (.34) was poor. The 

remaining path coefficients for the male subset for Verbal Immediate Memory were not 

interpretable. The only interpretable path coefficient for the female subset was Picture 

Recognition (.42), which was considered to be poor. A deeper examination of the female 

subset for the modified Model Four revealed that there were no other interpretable path 

coefficients. 

As also shown in Figures 4.6 and 4.7, with modifications to the model, the third 

factor, Verbal Delayed Long-Tenn Memory for the male and female subsets, Retrieval 

Fluency was interpretable. For the male subset, this path coefficient was considered to be 

excellent (.80) whereas it was only considered to be poor for the female subset (.43). Two 
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other path coefficients were interpretable in the male subset (Verbal Learning Delayed 

Recognition [-.33] and List Memory Delayed Total Correct [.35]). Both path coefficients 

\Vere poor. No other path coefficients were determined to be interpretable. For the fourth 

factor in the modified Model Four, Visual Delayed Long-Term Memory, only one path 

coefficient was interpretable; Design Memory Recognition (.56) for the male subset was 

considered to be good. In the female subset, this path coefficient was considered to be 

exce11ent (. 77). Furthennore, Memory For Faces Delayed was inteqxetable in the female 

subset (.34) but was considered to be poor. 

For the fifth factor, Verbal-Visual Associative Leaming and Memory, two path 

coefficients were interpretable in the male subset. Visual Auditory Learning was 

determined to be excellent (. 79) whereas visual Auditory Leaming Delayed was 

considered to be good (.56). Similarly, in the female subset, Visual Auditory Leaming 

was detem1ined to be excellent (.90). Memory For Names Total was considered to be 

only fair (.46). 

For the sixth factor in the modified Model Four, Working Memory, the path 

coefiicient of Auditory Working Memory for both males and females was considered to 

be excellent (.77 and .78, respectively) and the path coet1icient for Numbers Reversed 

was .59 and .54, respectively. The remaining path coefficients for both subsets were not 

interpretable. Finally, for the seventh factor in the modified Model Four (Semantic 

Memory), both path coefficients (General Infonnation and Verbal Comprehension) were 

considered to be excellent (.81 and . 78, respectively). 

202 



I Story R~,call (W J Ul ACH) ~---

[ Memory for Word,; tWJ Ill Cog) }- ---w -------
,----_-_-_-_-___ -_-~~~_:::-~_::::-_::::-=: ----- .. ,,,, -----

I s,~ntencc Memory (Vv'RMvlL-2 ) f- --- -----
I L-··=--.·.,,~·.· ----===:~====-~~--.. 
. Story Memory (WRAML-2) r--- " · 
I " l I l L.--·-.,,,·- ____ :::..~?-"' . ,er ,a .c,arning (WRAML-2) r - - ....---------- ---

N,mativ~ tvlemory Free & Cllcd Rc'Call (NEPSY-ll) -· 2" __..----------

Narrativ,; Memory Free Rt·call (NEPSY-ff) 
-~------ ·1~·~ 

Picture Jk·cognition (WJ m C,H!J. 

~=-=-=-=-=-=-=-=-=-=-=-=-~=-=-=-=-=-=-=-=-=-=-=--=-=-=-=-=-= -- <>. I D~sign Memory (WRAML-2) ~ 1 ----·------.. 

L'~ _-_-_-_-_-_-l--'i_c-,t_1-=11 __ -c:::l\_1-e:::n_1_0_r..::.y_'-'(:=-\\:::'R--A:::l\:::11--•• ::2_):.... _____ -_---~_Jf _:::: :'.: ~~~~ 

Mcmmy fr>J Designs Total (NEPSY-11) ----
--· .26~ ,# ___ ____ 

Memory for facts Total (NEPSY-H) 

Retrieval Flus"·ncy (WJ Ill Cog) 

Stt,ry l\·kmory Delayed R,'Call (WRAML-2) 

Story Memory Ddaycd Rcc,ognition (WRAML-2) 

Verbal u,arning Ddayed Recall (WRAML-2) 

Verbal Learning Delayed Re-cognition (WRAML-2) 

List Memory Delayed Total Co1Tect (NEPSY-11) 

Design lvfomory Recognition (WRAML-2) 

Picture Memory R,,wgnition (WRAML-2) 

Memory for Desigm Dday~'<J (NEPSY-ll) 

Memory for Fac~s Dclayc'd (NEPSY-11) 

Visual Auditory Learning {WJ Ill Cog) -- , •• 

~=================~===========~ -----Visual Auditory Leaming Ddaycd (W J Ill Cog) ·---- .w --------==----==--====----
r--M-,-,m-,-lry_· _fo_r_N-1a1_n_<'S_[_)c-la_y_c,-l(-.N-F.-.P-SY---ll_) _~_.is•-·---:::=::--__:::::::=:==="-

-- J<• -------Memory for Name, Total tNEPSY-11! 

__ A_u_d_i1,_,r_y _\~_'o_rk_in_g_. lv_t_c1_m_,1y_· _( \_).J_J I_II_<_:.._,g_) _ _,---- •• -----.___ ___ N_'u_m_oc_·r_, _R_cv_ci_·;;_e,_1 f_\\_'J_l_ll_(_'o.=.g_1 __ ...JI·--- .59' --------===-:::-_~-=:::..-=-. 
Symbolic Working Memory (WRAl\·11.-2) .. -• "'' ------------==:.~'-="°" 

.----------------1------ 01 ---:--=~-~-
VcrbJ.I Working Memory {WRAML-2) . _ -

----Word List lukrforcn,,e Rc,·,ill (NEPSY-!l) 
----- .~6" 

Gt!neral Information (WJ Ill Cog) 

Verbal Cmnprd1cnsion (WJ m Cog) 

Figure 4. 6 Illustration of CF A for SNP factor model-modified (Model Four) with path 
coefficients for male subset. Asterisks indicate significant paths. 
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coefficients for female subset. Asterisks indicate significant paths. 

204 



.Ethnicity subsets. As the preliminary analyses indicated that ethnicity had a 

relationship with the various subtests within the WRAML-2, the NEPSY-2, and the WJ 

Ill COG scales, it was important to examine the modified Model Four among the subsets 

of the data, specifically Caucasian, Other Race, and Race-Not Specified (Race-NS). The 

researcher compared the path coefficients for the seven-factor SNP Model for these three 

subsets. See Figures 4.8, 4.9, and 4.10 for ethnicity subsets. 

As shown, for the first factor, Verbal Immediate Memory, the path coefficient 

was interpretable for Memory For Words for Caucasian (.40), Other Race (.46), and 

Race-NS (.39). The path coefficient for Other Race was considered to be fair, whereas 

the other two path coefficients were considered to be poor. For Other Race, the path 

coeflicient for Sentence Memory was considered to be poor (-.34) whereas the path 

coefficient for Story Memory was considered to be very good (.66). These two path 

coefficients were not interpretable for Caucasian or Race-NS. The path coefficient for 

Story Recall was inteq)retable for Caucasian and Other Race (.42 and .32, respectively), 

but were considered to be poor for both. Finally, the path coefficient for Narrative 

Memory Free And Cued Recall was only interpretable for the Caucasian subset (.35) and 

was considered to be poor. 

For the second factor, Visual Immediate Memory, there was only one 

interpretable path coefficient for Caucasian: Memory For Designs Total. This path 

coefficient was considered to be very good (.69). Similarly, there was only one 

interpretable path coetlicient for Race-NS: Picture Recognition. This path coefficient was 
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also considered to be very good (.63). There was one interpretable path coefficient for 

Other Race, Memory for Designs Total, which was 1.01. For the third factor, Verba] 

Delayed Long-Tem1 Memory, the path coefficient for Retrieval Fluency was 

interpretable for Caucasian (.49) and for Race-NS (.51), which was considered to be fair. 

This path coefficient was not interpretable for Other Race. The path coetlicient for Story 

Memory Delayed Recall was interpretable for Other Race (-.71) and was considered to be 

excellent although in a negative direction. Furthermore, the path coefficient for Verbal 

Leaming Delayed Recall was interpretable for Other Race (-.42) and was considered to 

be poor and in a negative direction. These two path coefficients were not interpretable for 

the Caucasian subset nor the Race-NS subset. The path coefficient for Verbal Leaming 

Delayed Recognition was interpretable for Other Race (-.69, considered to be very good) 

and Race-NS (-.33, considered to be fair). This path coefficient was not interpretable for 

the Caucasian subset. Finally, the path coefficient for List Memory Delayed Total Conect 

was only interpretable for the Caucasian subset (.52) and was considered to be fair. 

For the fomth factor, Visual Delayed Long-Tem1 Memory, the path coefficient 

for Design Memory Recognition was interpretable for both Caucasian (AO) and Race-NS 

(.73), but not for Other Race. The path coefficient for Memory For Designs Delayed was 

interpretable for Other Race (.63) and was considered to be very good. Finally, the path 

coefficient for Memory For Faces Delayed was interpretable for both Caucasian (-1.04) 

and Race-NS (.32). It should be noted that the path coefficients for Memory For Faces 

Delayed, Picture Recognition, and Design Memo1y Recognition in the Caucasian subset 

206 



were above 1.00, suggesting multicollinearity in this subset. For the fifth factor, Verbal

Visual Associative Leaming and Memory, there were two interpretable path coefficients: 

Visual Auditory Leaming and Visual Auditory Leaming Delayed. The path coefficient 

for Visual Auditory Leaming was interpretable for all three subsets: Caucasian (.78); 

Other Race (.78); and Race-NS (.55). Furthem1ore, Visual Auditory Leaming Delayed 

was interpretable for Caucasian and Other Race (.59 and .55, respectively) and 

considered to be good. 

For the sixth factor, Working Memory, there were two interpretable path 

coefficients: Auditory Working Memory and Numbers Reversed. For the Caucasian and 

Race-NS, subsets were considered to be excellent (.78 and .75, respectively) but was 

considered to be good for the Other Race subset (.59). For the Caucasian and Race-NS 

subsets, Numbers Reversed was considered to be good (.59 and .57, respectively) but was 

considered to be only fair for the Other Race subset (.48). Fina1ly, for the final factor, 

Semantic Memory, both path coefficients (General Information and Verbal 

Comprehension) were interpretable. All path coefficients were considered to be excellent, 

except for the path coefficient General Info1mation in the Other Race subset, which was 

considered to be very good (.68). 
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coefficients for Diagnosis - Other subset. Asterisks indicate significant paths. 
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Broad diagnosis subsets. As with gender and race, broad diagnosis was shown to 

have significant relationships with the subtests (see Figures 4.11 and 4.12). Therefore two 

subsets were used: Leaming Disability (LO) and Diagnosis-Other. For the first factor. 

Verbal Immediate Memory, the path coefficient for Memory For Words was considered 

to be fair for LD and Diagnosis-Other (.54 and .49, respectively). There were three other 

interpretable path coefficients for Diagnosis-Other: Story Recall (.35); Story Memory 

(.35); and Verbal Learning (.32). These path coefficients were considered to be poor. 

There were no other interpretable path coefficients for Diagnosis-Other subsets. 

For LO, there was one other interpretable path: Sentence Memory, which \Vas 

considered to be fair (.51 ). For the second factor, Visual Immediate Memory, Design 

Memory was an interpretable path coefficient for LD (-.35) and was considered to be 

poor. Memory For Designs Total, was interpretable for Diagnosis-Other (:86) and was 

considered to be excellent. This path coefficient for the LO subset was 3 .88, which may 

suggest multicollinearity. 

As also shown in the figures, for the third factor, Verbal Delayed Long-Tem1 

Memory, there were three similar interpretable path coefficients: Story Memory Delayed 

Recall; Verbal Learning Delayed Recall; and Verbal Leaming Delayed Recognition. The 

path coefficients for Story Memory Delayed Recall and Verbal Learning Delayed Recall 

were considered to be poor for both subsets. For Verbal Leaming Delayed Recognition, 

the path coefficients were in the negative direction and were considered to be very good 

for the LO subset (-.66) and excellent for the Diagnosis-Other (-.87). For the fourth 
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factor, Visual Delayed Long-Tenn Memory, there was only one interpretable path for the 

LD and Diagnosis-Other subsets: Memory For Designs Delayed. This path coefficient 

was considered to be very good (.65) and fair for Diagnosis-Other (.50). For the fifth 

factor, Verbal-Visual Associative Leaming and Memory, Visual Auditory Leaming was 

considered to be excellent for both the LD subset (.85) and for the Diagnosis-Other 

subset (.74). Furthennore, the path coefficient Visual Auditory Leaming Delayed was 

interpretable for both subsets; however, it was considered to be fair for the LO subset 

(.45) but poor for the Diagnosis-Other subset (.39). 

For the sixth factor, Working Memory, there were two interpretable path 

coefficients: Auditory Working Memory and Numbers Reversed. For the LO subset, 

Auditory Working Memory was considered to be excellent (. 79), but was considered to 

be very good for the Diagnosis-Other subset (.69). For the LO subset, Nm11bers Reversed 

was considered to be fair (.50) but was considered to be very good for the Diagnosis

Other subset (.64). For the final factor, Semantic Memory, both path coefficients 

(General Infonnation and Verbal Comprehension) were interpretable. For both the LO 

and the Diagnosis-Other subsets, the path coefficient for General Infom1ation was 

considered to be very good (.66 and . 72, respectively). The path coefficient for Verbal 

Comprehension was considered to be excellent for both subsets (.95 and .88). 

Chapter Summary 

The purpose of this chapter was to present statistical results from the investigation 

of the underlying constructs of three prominent neurocognitive test instruments in 
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relation to four models of memory. Memory subtests from the WJ Ill COG, NEPSY IL 

and WRAML-2 were examined within Atkinson and Shiffrin's (1968) multirnodal model 

of memory (model I); Baddeley and Hitch' s (1974) working memory model (model 2); 

the Cattell-Hom-Carroll (CHC) theory of cognitive abilities (model 3); and the School 

Neuropsychological (SNP) Conceptual Model (model 4). 

Descriptive statistics were first analyzed to obtain key infonnation regarding the 

demographic and clinical composition of the sample data. Categorical variables including 

gender, ethnicity, and broad diagnostic category were compared to detem1ine any 

potential confounds in the study. Relationships among these demographic variables, as 

well as relationships between the demographic variables and each memory subtest were 

examined. 
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CHAPTER V 

DISCUSSION 

The purpose of this chapter is to summarize the study and discuss major findings 

from the results. The results will also be discussed in terms of how they relate to current 

research and clinical practice. The chapter will conclude with a discussion of possible 

limitations of the study and suggestions for future research. 

Purpose of the Study 

Most modern neurocognitive assessments have been developed based on specific 

theories of intelligence. When intelligence tests are based on a well-validated theory, an 

individual's cognitive strengths and weaknesses can be better identified, thus, allowing 

practitioners to more accurately and consistently understand and interpret the specific 

neurocognitive constrncts being measured. When intelligence tests are developed in 

accordance with theory, practitioners are better able to interpret results more precisely 

and confidently choose interventions that take into account an individual's cognitive 

needs (Kaufman, 2000). In an era absorbed in implementing effective interventions. 

understanding a child's cognitive pattern of abilities may help educators maximize and 

individualize instruction, thereby improving academic achievement (Ward, Rothlisberg, 

McIntosh, & Bradley, 2011 ). The purpose of the cmTent study was to analyze the 

underlying constructs of memory from several commonly used assessment instruments as 
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\Vell as examine how well the instruments fit within four we11-researched theoretical 

models of memory. 

The cmTent study examined the underlying memory constructs across three 

commonly-used neuropsychological instruments including the Woodcock-Johnson III: 

Tests (?fC'ognitive Abilities, Nonnative Update (WJ III COG; Woodcock, McGrew, & 

Mather, 2001c, McGrew, Schrank, & Woodcock, 2007; Woodcock, Shrank, Mather, & 

McGraw, 2007); the TVide Range Assessment of Afemory and Learning, Second Edition 

(WRAML-2; Adams & Sheslow, 2003); and the NEPSY II: A Develop,nental 

Neurop.\ychological Assessment, Second Edition (Korkman, Kirk, & Kemp, 2007). Four 

models of memory were then analyzed and compared to detem1ine the best fit with the 

sample data from a mixed clinical population of children. Model One presented the 

theoretical perspective from Atkinson and Shiffrin' s ( 1968) multimodal rnodel of 

memory. Model Two was developed from Baddeley and Hitch's (1974) working memory 

model. Model Three was derived from the Cattell-Horn-CaiToll (CHC) theory of 

cognitive abilities (McGrew, 2005). Lastly, Model Four outlined memory components 

from the School Neuropsychological Conceptual Model (SNP model; Miller. 2007, 2010~ 

Miller & Maricle, 2012). 

Determining the validity of measures of memory is critical, as memory is a 

foundational skill for intelligence and all higher-order cognitive processes. A 

comprehensive assessment of memory functioning is imperative when assessing for 

clinical disorders with known or suspected memory impairments. If deficits in specific 
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areas of memory are present, countless other cognitive systems may be negatively 

impacted. Impaired memory functioning has been found to be a common characteristic in 

numerous clinical disorders in children and adolescents such as ADHD, Specific 

Leaming Disabilities, Traumatic Brain Injuries, and other medical conditions. This 

research seeks to increase the understanding of ctment measures of memory in clinical 

populations of children. Increased awareness of these measures may lead to more 

effective interventions and recommendations, more accurate diagnoses, and an increased 

understanding of co-morbid disorders. 

Memory is a multifaceted cognitive ability; unfortunately, many assessment 

batteries do not provide a comprehensive view of each unique area of memory. One of 

the primary goals of this study was to determine the validity of memory constructs as 

measured by subtests from the WJ III COG, NEPSY II, and WRAML-2, tising concurrent 

validity methodology. There appears to be a limited amount of literature on the 

conctment validity of these measures. In fact, no current research examining these three 

neurocognitive instruments together could be found, despite the fact that they are often 

used simultaneously in cross battery assessments. Thus, this study contributes knowledge 

to literature regarding the concmTent validity of these instruments. In addition, it assists 

in detennininu how well these instruments measure memory in a mixed clinical sample 
b 

of children. 

Another purpose of this study was to examine the fit of sample data with four 

well-researched theories of memory. Modem assessment measures are typically grounded 
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in theory, yet, there is a lack of consensus regarding the precise definition of memory and 

there is disagreement on the structure of memory constructs. The ambiguity of memory 

and its constructs makes comparisons across measures of memory nearly impossible to 

inteqJret with certainty. Thus, a better understanding of assessment instruments, such as 

the tests designated in this study, and how they relate to theoretical foundations is critical. 

This novel study is the first of its kind to describe the fit of data from these three 

assessment instruments and apply them to well-known theories of memory. 

Findings 

Preliminary Analysis 

Descriptive statistics were initially run to examine the differences between 

demographic categories of participants utilized in this study. This preliminary analysis of 

sample data was conducted based on participant's gender, ethnicity, and broad diagnostic 

category. Crosstabulations were conducted to determine whether categorical 

demographic variables were statistically independent or if they were associated \Vith one 

another. Based on the preliminary analyses, there were no significant relationships 

between categorical variables. In addition, preliminary analyses included analyses of 

variance (ANOV As) to detennine if there were significant relationships between 

continuous demographic variables and categorical demographic variables. A significant 

relationship was found between broad diagnosis and age. Those who were diagnosed as 

having a Leaming Disorder were significantly younger than those diagnosed with 

neurological impainnent. This is not surprising given that youth between the ages of 15-
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19 are at the highest risk for sustaining a Traumatic Brain Injury (Brain Injury 

Association of America, 2010), whereas children are typically diagnosed with Leaming 
---

Disabilities in elementary school. Language crosstabulations could not be analyzed due to 

insufficient data. 

When sample data were examined though multivariate analysis, gender was 

shown to have a significant effect on each of the neuropsychological instruments utilized 

in this study. Despite the vitiually even split among male and female patiicipants, 

females had significantly higher scores than males on the following subtests: Picture 

Memory Recognition (WRAML-2); Nan-ative Memory Free Reca1l (NEPSY 11); 

Nanative Memory Free and Cued Recall (NEPSY II); Memory for Faces Delayed 

(NEPSY II); List Memory Delayed Total Correct (NEPSY II); and Memory for Names 

Delayed (NEPSY II). Alternatively, males had significantly higher scores than females 

on: Retrieval Fluency (WJ III COG); Story Memory Delayed Recognition (WRAML-2); 

Memory for Designs (WRAML-2); Memory for Designs (NEPSY II); and Word List 

Interference Recall (NEPSY II). Lastly, females had significantly lower scores than 

males on Sentence Memory (WRAML-2). Research regarding gender differences in 

memory supports much of these findings. For example, a meta-analysis of memory in the 

literature conducted by Loftus, Banaji, Schooler, and Rachel ( 1987) demonstrated a clear 

pattern of perfom1ance indicating that female children and adults appear to perfom1 better 

than males on tasks involving verbal material. Each of the subtests in which females in 

this study perfonned significantly better were verbally loaded. This meta-analysis also 
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concluded that females are better at face recognition than males, as demonstrated on the 

Memory for Faces Delayed (NEPSY II). Further, this research supp011ed the findings that 

males tend to perfonn significantly better on tasks requiring spatial abilities, such as 

Memory for Designs Delayed (NEPSY II). A more recent study (Association for 

Psychological Science, 2008) further concluded that women excelled in verbal memory 

tasks and remembering faces, while men outperfonned women in visuospatial processing. 

It is interesting that females perfom1ed significantly better than males on several verbally 

loaded delayed tasks, even when perfom1ance on the corresponding measure of 

immediate memory did not vary significantly. This may indicate that females in this 

sample were better able to encode and retrieve verbal information than males. While the 

results from the mixed clinical sample in this study mitrnr the results of numerous 

previous studies, conclusions regarding gender differences on memory tasks must be 

interpreted with caution. The causality of these conclusions cannot be precisely 

determined and may be the result of countless variables including genetic, physiological, 

or psychological abilities, interest, attention, motivation, or some complex interaction of 

factors. 

Ethnicity was unknown or not reported for the majority of participants in the 

study; however, when ethnicity was reported, the majority of participants were identified 

as Caucasian. Ethnicity was found to have a significant effect on W J Ill COG and 

WRAML-2 scores; however, ethnicity did not impact NEPSY II scores. Caucasians had 

significantly higher scores on the following subtests: Memory for Words (WJ III COG): 
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Story Recall (WJ III COG); Visual Auditory Learning (WJ III COG); Visual Auditory 

Leaming Delayed (WJ III COG); Numbers Reversed (WJ III COG); Auditory Working 

Memory (WJ III COG); Verbal Comprehension (WJ III COG); General Infom1ation (WJ 

III COG); Verbal Learning (WRAML-2); Story Memory (WRAML-2); Sentence 

Memory (WRAML-2); and Story Memory Delayed Recognition (WRAML-2). While 

language variables were not analyzed due to insufficient data, it is not implausible to 

assume that many Caucasians and African Americans in the United States speak 

primarily English; while individuals from other ethnic backgrounds (i.e. Latino(a) and 

Asian American/Pacific Islander) are less likely to be native English speakers. Many of 

the implicated memory subtests are grounded in the English language; thus, if the 

participant does not fully understand the subtest or subtest directions due to a language 

baITier, it is probable that subtest scores would be negatively impacted. These results may 

demonstrate the difficulty in assessing English Language Learners (ELL). ELL 's 

generally perform lower academically (01iiz, 1997) and clinicians are often expected to 

use clinical judgment, as well as have access to adequate resources, when detennining 

how to properly assess ELL 's. 

The proportion of clinical diagnoses in the study was not representative of the 

frequencies of diagnoses in the general population. Based on the use of neurocognitive 

test instruments, there were a larger prop01iion of neurologically-based diagnoses in the 

mixed clinical sample than in the general population. Broad diagnostic category had a 

significant effect on subtest performances from the WJ III COG and WRAML-2 as 
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demonstrated through multivariate analysis, which is not surprising considering the 

mixed clinical sample utilized in the study. However, broad diagnosis did not have a 

significant effect on any individual subtest scores from the NEPSY II, suggesting that this 

may not be a good instrument for use with clinical populations. 

Individuals diagnosed with multiple disabilities performed more poorly on 

Numbers Reversed (WJ III COG) than those with Learning Disabilities, Autism 

Spectrum Disorders, or Emotional Disabilities. Additionally, individuals with multiple 

disabilities or ADHD had significantly lower scores on Auditory Working Memory (WJ 

III COG) than those diagnosed with a Learning Disability. Those who were diagnosed 

with Autism Spectrum Disorders had significantly higher Visual Auditory Leaming (W J 

III COG) scores than those who were diagnosed as having neurological impairment. 

These results are not surprising given previous research suggesting that individuals 

diagnosed with Autism Spectrum Disorders tend to demonstrate cognitive strengths on 

visual-spatial tasks (Klinger, O'Kelley, Mussey, Goldstein, & De Vries, 2012). 

Interestingly, individuals with a neurological impairment performed significantly more 

poorly than individuals diagnosed with a Leaming Disability on both Picture Recognition 

(WJ III COG) and Picture Memory (WRAML-2). While symptoms of neurological 

impairment varies based on the specific neuroanatomical location of an injury, there is 

some research suggesting that right-hemispheric damage can cause more long-te1m 

impainnent than left-hemispheric damage because the right hemisphere seems to deal 

with new learning more proficiently than the left, and for children, virtually all 
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experiences are new experiences (Decker, Englund, & Roberts, 2012). Therefore. 

subtests such as Picture Recognition (WJ III COG) and Picture Memory (WRAML-2), 

which not only require right-hemispheric visual-spatial processing, also tap into the right 

hemisphere's ability to learn new infomiation such as the pictures presented on these two 

sub tests. 

Bivariate correlations determined that almost all subtests from the W J III COG, 

NEPSY II, and WRAML-2 reached a .01 or .05 level of statistical significance; however 

fewer exceeded the r = .15 standard, which is the recommended measure of significance 

for large sample sizes (Podsakoff. MacKenzie, Lee, & Podsakoff, 2003). This may be 

because each of the subtests is measuring unique aspects of memory. Interestingly, there 

were several significant (r = .15) negative relationships found on the WRAML-2, 

indicating that higher scores on one subtest tended to be associated with lower scores on 

the other subtest. These negative relationships may be due to the verbal versus visual 

memory demands. For example, on the WRAML-2, Verba] Leaming Delayed 

Recognition was negatively related to Design Memory Recognition and Design Memory 

Recognition was negatively related to Story Memory Delayed Recall. The 

interconelations found among subtests from each test battery are genera1ly consistent 

with the prior research discussed in the technical manuals (Adams & Sheslow, 2003; 

Korkman, Kirk, & Kemp, 2007; McGrew, Schrank, & Woodcock, 2007). 

Con-elations between test batteries were also analyzed in the current study. The 

\VJ III COG Visual Auditory Leaming Delayed and General Infom1ation subtests yielded 

224 



the highest percentage of correlations (at the .15 level) with WRAML-2 subtests. 

Additionally, Visual Auditory Leaming Delayed and General Information yielded the 

most significant conelations (r = .279 and r = .248, respectively). This may indicate that, 

Visual Auditory Leaming Delayed may also be a strong measure of long-term memory. 

Additionally, Visual Auditory Leaming Delayed (WJ III COG), a measure of delayed 

associative memory, was highly intercorrelated with the WRAML-2 subtests of Story 

Memory, Story Memory Delayed Recall, and Story Memory Delayed Recognition. This 

may indicate that these measures of memory on the WRAML-2 are more specifically 

measuring long-term associative memory, particularly since these two subtests show the 

least variability in standard error of measurement according to the technical manual 

(Sheslow & Adams, 2003). 

Between the WJ III COG and the NEPSY II, the majority of conefations were not 

significant. The WJ III COG Auditory Working Memory and NEPSY II Memory for 

Faces Delayed resulted in the highest frequency of interc01Telations. Similar to the WJ Ill 

COG and NEPSY II, the majority of conelations were not significant between the 

WRAML-2 and NEPSY II; however, there were a couple of interesting relationships. 

First, there was a high level of significance (r = .361) between the NEPSY II Word List 

Interference Recall subtest and the WRAML-2 Design Memory Recognition subtest 

suggesting that these tasks may be measuring similar constructs in this clinical sample. 

While both of these subtests require the subject to remember delayed material, this is 

somewhat unexpected as one subtest requires the recall of verbally presented words and 
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the other requires recognition of visually presented designs. The results of these subtcsts 

may be associated with learning and memory consolidation, which occurs in the left 

temporal lobe (Hale & Fiorello, 2004). Second, there were significant negative 

conelations between the WRAML-2 Story Memory Delayed Recognition and the 

NEPSY II subtests Memory for Designs, List Memory Delayed Total Correct Memory 

for Designs Delayed, and Memory for Faces Delayed. This is likely the result of the 

verbal versus visual cognitive demands and indicates that different aspects of memory are 

being measured on these different subtests. 

Overall, much of the preliminary validity evidence presented in the current study 

was similar to previous research identified in the literature and in the W J III COG, 

NEPSY II, and WRAML-2 technical manuals (Korkman, Kirk, & Kemp, 2003; McGrew 

et aL 2007; Sheslow & Adams, 2003). However, some evidence was disc'repant from 

prior research indicating that a clinical sample of children perfonns differently on tests of 

memory than samples of non-clinical children. Furthem10re, within the clinical sample of 

children, gender and clinical diagnosis affected the outcome of test performance. 

Primary Analyses 

A primary goal of the cunent study was to determine which model of memory 

best fit the factor structure among the WJ III COG, NEPSY II, and WRAML-2 in a 

clinical sample of children. Four models were chosen based on the empirical research 

supporting each of them. The four models selected include a model derived from 

Baddeley and Bitch's theory of working memory ( 1974), a model based on Atkinson and 
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Shiffrin' s multimodal model of memory (1968), a model developed from the Cattell

Hom-Carroll theory of cognitive abilities (CBC theory; McGrew, 2005), and a model 

outlining the memory tasks from the School Neuropsychological (SNP) Conceptual 

Model (Miller, 2007, 2010; Miller & Maricle, 2012). These models were analyzed using 

confinnatory factor analysis and compared to determine which mode] best described the 

sample data from the WJ III COG, NEPSY II, and WRAML-2. The results indicated that 

the School Neuropsychology Conceptual model (Model Four) was the best fitting model. 

In order to ensure the best model for the full sample, modifications were made to the 

hypothesized Model Four. Because the preliminary analyses (MANOV As) indicated that 

there were relationships between the independent variables (i.e., gender, ethnicity, and 

broad diagnostic category), subsets for the modified Model Four were tested to determine 

if there were any differences in the modified model among the subsets. These subsets 

included a: male only sample, female only sample, Caucasian only sample, sample with 

other races, sample with race not specified, a learning disability only sample, and an 

other diagnosis sample. The Caucasian subset included only Caucasians, while the Race

Other subset included a race other than Caucasian. Race not-specified (Race NS) 

included all individuals who did not specify a race. For Broad Diagnosis, if the individual 

was identified as Learning Disabled, they were included in the LD subset, while all other 

Broad Diagnoses were included in the Diagnosis Other subset. Participants who did not 

specify a diagnosis were not included in the Other Diagnosis category. 
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Goodness-of-fit statistics were analyzed to determine adequate fit of sample data 

to each model. Furthermore, path coefficients were examined to detem1ine the purest 

measures of factors. Path coefficient loadings of. 71 and greater (indicating 

approximately 50% overlapping variance) are considered excellent; loadings between .63 

and .70 are considered very good; .55 to .62 are considered good; .45 to .54 are 

considered fair; and .32 to .44 are considered poor (Comrey & Lee, 1992). Additionally, 

Tabachnick and Fidell (2001) suggested that only loadings of .32 and higher are 

interpretable. In addition to using these general guidelines, statistical significance tests 

for path coet1icients can be obtained as at value with a c01Tesponding probability statistic 

(P value). 

Research question one. Atkinson and Shiffrin's multimodal model of memory 

(Model One) was examined to determine how well their model of short-term memory and 

long-tem1 memory retrieval fit with the WJ III COG, WRAML-2, and NEPSY II data. 

Examination of the fit indices (adjusted chi-square, PNFL NNFI, CFL RMSEA, SRMR, 

or ECVI) for Atkinson and Shiffrin's multimodal model of memory (Model One) suggest 

that this model was a poor fit. The majority of path coefficients for Model One \Vere not 

interpretable, and of the ones that could be interpreted most fell in the "'poor'' to ""fair" 

range. The poor fit of this model suggests that a more complex theory than short-tem1 

and long-tem1 memory constructs best describes memory within this sample. 

Research question two. Baddeley and Hitch's (l 974) model of working memory 

(Model Two) was examined to determine how well this model of working memory fit 
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\vith the WJ III COG, NEPSY II, and WRAML-2 sample data. Baddeley and Hitch's 

(1974) model was developed to include three factors: the visuospatial sketchpad, 

phonological loop, and a short-tem1 memory store known as the central executive. Model 

Two was not a good fit as none of the fit indices fell within an acceptable range. More 

than half of the path coefficients were not interpretable; most of the coefficients that were 

interpretable fell below the "good" fit range. The results of this analysis are not surprising 

due to the limited nature of working memory in comparison to more comprehensive 

conceptualizations of memory. 

Research question three. Model Three was developed to represent Stratum II of 

CHC theory (McGrew, 2005) using memory subtests from the WJ III COG, NEPSY II, 

and WRAML-2. Five of the seven broad abilities were included in this model (Short

Tenn Memory, Long-Term Storage and Retrieval, Auditory Processing, Visual-Spatial 

Processing, and Crystallized Intelligence). The WJ III COG is the only one of the three 

test batteries to directly apply CHC theory to individual subtests. The test authors have 

published external validity and CF A studies supporting the Working Memory clinical 

cluster from the WJ III COG (Schrank & Flanagan, 2003). Additionally, research has 

demonstrated that overall, the fit of the W J III COG sub tests and cluster scores to the 

CHC theory is strong (McGrew et al., 2007). Despite this research, fit indices did not fall 

within an acceptable range for the sample data. For Model Three the majority of path 

coefficients were not interpretable. However, on one of the six factors, Crystallized 

Intelligence, both coefficients that make up this factor (General Infom1ation and Verbal 
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Comprehension) loaded as excellent. This suggests that the subtests comprising this 

factor may be measuring the same constrnct. 

Research question four. The last model (Model Four) was developed to 

represent the fit of memory subtests with the memory components of the School 

Neuropsychology Conceptual model (Miller, 2007, 201 0; Miller & Maricle, 2012).0f the 

four proposed models, Model Four had the greatest number of interpretable path 

coet1icients; however, only 15 of the 33 path coefficients were interpretable. Path 

coefficients in Model Four ranged from "poor" to "excellent." Similar to the Crystallized 

Intelligence factor from the CHC model, General Infom1ation (WJ Ill COG) and Verbal 

Comprehension (WJ III COG), which make up the SNP Model's Semantic Memory 

factor, both loaded as "excellent." While many fit indices did not meet acceptable cut off 

criteria, the adjusted chi-square (x2 = 9.313) and the parsimony normed fit index (PNFI = 

.517) fell closest to acceptable ranges for Model Four. 

Of the models utilized in the cunent study, Model Four appears to best explain 

the latent structure of memory in the clinical sample of children used in this study; 

however, it is still not an ideal model. 

Final model four modified. In order to potentially improve the overall factor 

loadings of the SNP Model (Model Four), a modified a posteriori version of model four 

was developed. After analyzing the statistical structure of the model analysis, as well as 

the theoretical meaningfulness of the data, a modified model was specified. While the 

original Model Four was detem1ined to be the best fit from the original CF A. the initial 
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fit for each of the models was not deemed acceptable; therefore each of the models were 

run with modifications. These modifications allowed the error variance of strongly 

related items to con-elate within a latent construct, to reduce the impact of 

multicollinearity. These strongly related items were the following: Nan-ative Memory 

Free and Cued Recall (NEPSY II) with Nan-ative Memory Free Recall (NEPS Y I I); Story 

Memory (WRAML-2) with Verbal Learning (WRAML-2); Verbal Leaming Delayed 

Recall (WRAML-2) with Story Memory Delayed Recall (WRAML-2); Memory for 

Faces Total (NEPSY II) with Design Memory Recognition (WRAML-2); Design 

Memory (WRAML-2) with Picture Memory (WRAML-2); Memory for Faces Delayed 

(NEPSY II) with Memory for Names Total (NEPSY II); Story Memory Delayed 

Recognition (WRAML II) with List Memory Delayed Total Correct (NEPSY II). 

Preliminary analyses of the six individual constructs of Model Four (i.e., Verbal 

Immediate Memory, Visual Immediate Memory, Verbal Delayed Long-Tenn Memory, 

Visual Delayed Long-Te1m Memory, and Verbal Visual Associative Learning and 

Memory) required modifications by allowing the variables to covary. No modifications 

were needed for Semantic Memory. After making the necessary modifications to Model 

Four, it was shown that the modified SNP model was a better fit than the original model. 

In the modified Model Four, indicators of fit and path coefficients were generally higher 

and more conclusive, suggesting that the modified fourth model represents the best 

statistical overall fit. The chi-square statistic for the modified SNP model of memory was 

significant (adjusted x2 = 7. 732, df = 467). While the x2 ratio remained above the 
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suggested criterion of 3.0 for an acceptable fit (Bollen, 1989), it was considerably lower 

than the chi-square statistic from the original Model Four. The remaining index values 

(PNFI of .569, NNFI of .630, CFI of .673, RMSEA of .087, SR.MR of .094, and ECVI of 

4.263) were improved when compared to the original Model Four. 

Although the modified fourth model represents the best statistical fit overall, some 

of the individual factors indicate stronger fit than others. The factor with the strongest fit 

to sample data was Semantic Memory, suggesting that the path coefficients encompassed 

within this factor measure the same construct. Only one of the path coefficients within 

the Visual Delayed Long-Tenn memory factor was interpretable. Similarly only one path 

coefficient for Visual Immediate Memory was interpretable. In future research, it may be 

necessary to move these items, in addition to others that loaded very poorly, to a different 

construct or remove them completely from the model. 

As mentioned previously, based on preliminary analyses, there were relationships 

between the independent variables (gender, race, and broad diagnosis). Therefore, 

subsets within Model Four with modifications were identified to detennine whether 

differences exist among subsets. The fit indices for gender indicate that Model Four with 

modifications is a better model for males in this sample data than females. This model 

does not appear to be a good fit for females based on inadequate fit indices. 

According to fit indices, this model is also an overall better fit for races other than 

Caucasians. It is not clear why this might occur, as research indicates that race negatively 

affects minorities on cognitive assessment results, particularly on verbal indexes 



(Schacter, Gilbert, & Wegner, 2007; Rowe, 2005). Interestingly, all of the subtcsts from 

the W J III COG were interpretable for Caucasians, with the exception of Picture 

Recognition, with 6 out of 9 subtests falling in the "good" to "'excellent" range. This 

suggests that the WJ III COG may a good measure for Caucasians in a clinical 

population. There is also the possibility that with minor modifications to the SNP model, 

the WJ III COG may be more closely aligned with the SNP model than CHC theory (the 

underlying theory of the WJIII COG), particularly for clinical populations. 

When comparing the LD sample to participants with other diagnoses, the fit 

indices are decent for both LD and other diagnoses, although they are a slightly better fit 

for LD participants. Once again, the WJ III COG has the highest percentage of strong 

path coefiicients with both LD and other diagnoses, indicating that the WJ III COG may 

be a good test battery for individuals in a clinical population, and the modified Model 

Four may be a good way of conceptualizing memory constructs with necessary 

adjustments. 

The modifications made for Model Four were subsequently tested on Models 

One, Two, and Three to dete1mine whether those models improved. While the 

modifications did improve the original models for Model One, Model Two, and Model 

Three (e.g., Model One modified was a better fit than Model One). CF A demonstrated 

that Model Four with modifications remained the best fitting model and the most logical 

statistically. While Model Four with modifications was the best fit of the four models, it 

is still not an ideal model based on the fit indices. 
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Assumptions and Limitations 

There are several limitations that should be noted within the current study. This 

study utilized archival data that was collected from numerous professionals in the field of 

school psychology from across the United States. Due to the nature of using archival 

data, random assignment was not possible; therefore, a non-experimental research design 

was utilized. 

While this study has a large sample size, the lack of experimental control resulted 

in missing data. Therefore, multiple imputation regression techniques were required to 

account for the missing data. Multiple imputation has become increasingly popular and is 

a \Vell-supp01ied method of obtaining valid inferences from missing data (Rubin. 1987). 

With the use of multiple imputation techniques, the sample size and statistical power of 

the study should not be significantly affected (Comrey & Lee, 1996). It should be noted; 

however, that the large sample size may have affected the validity of some of the 

goodness-of-fit statistics (BaITett, 2007). To address this concern, concurrent multiple 

goodness-of-fit tests were run. 

The data collected in this research are assumed to have been administered and 

scored in standardized and valid manner, consistent with the procedures recommended in 

the administration manuals of the WJ III COG, NEPSY IL and WRAML-2. This 

expectation is reasonable because each of the professionals are licensed school 

psychologists who are a part of the same training program; however, it is possible due to 

the use of archival data that the data may have been subject to errors in administration, 
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scoring, and/or data-entry procedures. A second assumption is that the clinical diagnosis 

assigned to each participant is accurate. However, this could be considered an area of 

variability in the current study because the individual diagnoses of disorders often reside 

in the clinical judgment of individual practitioners. 

The sample data from the cunent study encompassed a variety of clinical 

diagnoses and the sample was not representative of the general population of children in 

the United States. As a result, consideration should be taken before applying the research 

findings to other populations or circumstances. While the clinical sample may not be 

generalizable to a typically developing population, the data were collected from varied 

geographic regions and demographic backgrounds, which may positively impact 

generalizability. 

Additionally, the theoretical models developed in this study have not been wel !

researched. Consequently, the results of the current study cannot be compared to other 

research studies nor can they be suppo11ed by prior studies. Based on the potentially 

limited validity, the results of this research should be interpreted with this in mind. 

Lastly, there is an inherent weakness in the use of confim1atory factor analysis. 

By using CFA to test the fit of theoretical models, there is no way to determine causality 

or examine other models outside of the study that may be a better fit. Thus, there is 

always the possibility that a different, unspecified model may be a better fit for the data. 

Therefore, the results that a particular model is the best fit for the sample data cannot be 

made with absolute certainty. 
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Recommendations for Future Research 

This is an initial study aimed at enhancing the literature regarding the validity of 

memory subtests from the WJ III COG, NEPSY II , and WRAML-2 in a mixed clinical 

sample of children. In addition, it compares initial data from these measures to four 

theories of memory functioning. This information provides a novel and important 

contribution to the field of school neuropsychology. Since this is an original study, 

replication is necessary to detem1ine the validity of the results and to truly establish the 

fit with current theoretical models. In future studies, generalizability may be increased 

through several recommended methods. First, a non-clinical sample may provide 

important infom1ation as a baseline for understanding the applicability of the four 

theories to a '"typical" population of children. Additionally, other theoretical models 

should be alternatively tested. This research used confirmatory factor anafysis. which 

restricts the analysis strictly to the suggested models. While the selected theories of 

memory are empirically-based and well-supported, there may be other theories that are a 

better fit for conceptualizing memory. Future research should consider other theories that 

may provide plausible theoretical constmcts. Lastly, CF A demonstrated that the SNP 

Model (Model Four) was the best out of the four models of memory that were analyzed. 

However, this model was not statistically acceptable; therefore, the model was modified. 

The modified Model Four was a better fit than the original Model FouL although it was 

still not ideal. Therefore, future directions should entail deciphering which constructs 

may need to be removed, and/or what items should be removed or moved to another 
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construct. An Exploratory Factor Analysis would be beneficial for future research to 

explore the factor structure and determine the factor loadings of the WJ IlI COG, NEPSY 

II, and WRAML-2. 

Summary 

In conclusion, the primary goal of the current study was to further examine the 

concmTent validity of memory tasks across the WJ III COG, NEPSY II, and WRAML-2 

and predict the utility of using these tasks in a clinical population of children. In addition, 

the study examined the fit of memory tasks from the three neurocognitive assessment 

batteries to four empirically-based theories of memory. Preliminary analyses revealed 

that gender and broad clinical diagnosis of participants significantly influenced 

performance on multiple subtests. Preliminary analyses also supported the internal 

consistency of the memory subtests within the WJ III COG, NEPSY II, and WRAML-2. 

Intra-battery correlations revealed that different memory skills appear to be measured on 

these instruments. While some subtests have significant positive correlations, others 

revealed negative relationships, suggesting that they are measuring different abilities and 

are not interchangeable, nor comparable. 

Overall, the SNP model (Miller, 2007, 20 IO; Miller & Maricle~ 2012) indicated 

the best fit with sample data when compared to Atkinson and Shiffrin's (1968) 

multimodal model of memory, Baddeley and Hitch' s (197 4) working memory model, and 

the Cattell-Hom-Can-oll (CHC) theory of cognitive abilities (McGrew, 2005). HmveveL 

the SNP model needed to be modified, thereby producing a better fitting model. The 
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modified SNP model is still not an ideal model based on fit indices and more research is 

needed to explore the possibility of removing items and/or moving items into a different 

construct ,vithin this model. Despite the comprehensive neuropsychological theories in 

existence, it does not appear that current theory is supporting the assessment measures 

that are used when assessing a cJinical population of children. Additionally, while the 

sample of children utilized in this study perfonned differently than the standardization 

sample on specific subtests from the three test instrnments, co1Telational analyses 

revealed the reliable use of most of these subtests within a clinical population. More 

research is necessary to substantiate the findings of this research and to generalize these 

results to other populations and test batteries. 
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