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ABSTRACT 

     There is agreement in the learning disability (LD) literature that reading problems in 

children can be attributed to difficulties in coding linguistic information. One explanation 

for this is that students with LD have impaired verbal memory ability. However, the 

specific mechanisms underlying these memory impairments are not well understood, 

especially in adolescents. The purpose of the current study was to compare the memory 

performance of adolescent students with specific reading disabilities (RD) to normal 

adolescent readers on a newly developed verbal learning test. The Bergen-Tucson Verbal 

Learning Test (BTVLT), English version, modeled after the California Verbal Learning 

Test (CVLT), is a multiple trial test designed to measure memory acquisition, retention, 

retrieval, and forgetting rates, as well as the ability to organize and retrieve the 

information from memory according to the phonological (surface) and semantic (lexical) 

features of words. Twenty subjects with RD and 20 control subjects with a mean age of 

15.2 years, matched for age, gender, and ethnicity, participated in the study. Results 

indicated that the RD group learned significantly fewer list items and did so at a slower 

rate than the controls. Although the RD group was equally able to retain information once 

learned, they did demonstrate inefficient elaborative rehearsal strategies. The RD group 

also recalled fewer words in both the semantic and phonetic cued recall conditions, but 

the effect size was significantly greater in the phonetic cued recall condition. Taken 

together, the data suggest that students with RD have less efficient rehearsal and 

encoding mechanisms but normal retention. Retrieval also appears normal except under 

conditions that require information to be recalled based on phonetic codes. 
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CHAPTER 1 

INTRODUCTION 

     Memory is defined as the ability to process, store, and retrieve information. It is a core 

component of general intelligence and learning and is essential for everyday functioning. 

Daily tasks and activities such as cooking, driving a car, and grocery shopping involve 

the ability to use previously learned information. Consequently, memory impairments can 

lead to difficulties in daily living and significantly interfere with the quality of life.  

     Individuals with learning disabilities (LD) have been shown to demonstrate significant 

memory problems. For example, research has consistently demonstrated differences 

between students with LD and students without LD on tasks that require the 

memorization and retrieval of letters, words, digits, and sentences that are presented in an 

auditory format (O’Shaughnessy & Swanson, 1998). Because the academic rigors 

experienced by school-age children place high demands on memory, the inability to 

remember information can result in poor academic achievement. In addition to academic 

impacts, there is also evidence that memory deficits in these students may impair their 

performance on everyday non-academic tasks (McNamara & Wong, 2003).    

      Although students with LD consistently show verbal memory impairments, the 

reasons for the impairments are not well understood. Several early studies cited problems 

in automatic processing mechanisms, or “over-learned” cognitive functions that aid in 

memory coding (Ackerman & Dykman, 1982; Sternberg & Wagner, 1982). Findings 

from these studies indicate that students with LD lack the ability to perform spontaneous 

analysis of presented information. Other studies, however, have demonstrated that 
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memory deficits may be the result of impairments in effortful cognitive processes, such 

as the inability to organize information or utilize strategies for remembering (Scruggs & 

Mastropieri, 1989). Still, other investigators have hypothesized that memory deficits are 

the result of problems with specific memory functions such as the acquisition, retention, 

and retrieval of information from memory systems. However, the results of these studies 

have been equivocal. While some investigators have demonstrated that memory deficits 

result from the inability to access or retrieve previously learned information (McNamara 

& Wong, 2003), others have shown that the impairments are because of difficulties in the 

initial acquisition phases of learning (Kramer, Knee, & Delis, 2000). 

     Further explanations for memory deficits in this population have come from studies 

that have shown students with LD to have difficulty processing specific linguistic 

components of words. For example, there is ample evidence that students with LD are not 

able to efficiently use or access phonological codes (Siegel, 1993a: Stanovich & Siegel, 

1994). Findings from these studies suggest that students with LD have difficulty using the 

sound units of words to organize, store, and retrieve information in memory. In contrast, 

other studies have suggested that students with LD do not utilize semantic codes 

efficiently making it difficult for them to use the meaning of words to store and retrieve 

information from memory (Swanson, 1984a). However, there is only scattered and 

moderately suggestive evidence that this is the case as other studies have shown that 

these students can utilize semantic components to facilitate recall under certain 

conditions (Lee & Obrzut, 1994). To date, however, it is unclear to what extent students  
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with LD are able to use semantic codes when learning and memorizing information and 

how this compares to their ability to utilize phonetic codes.      

Statement of the Problem 

     Verbal memory deficits in LD populations, especially in students with reading 

problems, are well established in the literature. Compared with normally achieving peers, 

students with LD are deficient on serial and free recall tasks and are less able to use 

strategies for remembering information, such as rehearsal, chunking, and organizing or 

clustering (Lee & Obrzut, 1994). However, there are a number of gaps in the literature 

that need further exploration in order to better understand the cognitive dimensions of 

memory impairments in this population. Specifically, it is unclear whether LD memory 

deficits are the result of problems with the acquisition, retention, or retrieval of 

information. In addition, questions remain regarding how specific linguistic components 

of information, such as phonetic and semantic features of words, contribute to memory 

problems in this population.  

     Currently, a substantial body of literature exists regarding remedial and instructional 

programs for LD populations. However, a better understanding of the basic memory 

processes of these students is needed in order to further the development and refinement 

of these programs. In addition, most of the existing research has examined memory 

processes in young or latency-age students with LD, with few studies examining the 

memory performance of adolescent students.  
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Purpose of the Study 

     The purpose of this study was to examine the learning and memory performance of 

students with reading disabilities (RD) and normal adolescent readers on a newly 

developed verbal learning task designed to measure memory acquisition, retention, 

retrieval, and forgetting rates. In addition, it was of interest to investigate the groups’ 

ability to organize and retrieve information from memory according to phonological 

(surface) and semantic (lexical) features of words. Findings from this study will 

contribute to the current knowledge base regarding learning and memory processes in RD 

adolescents that can help guide instructional practices and interventions.  

Research Questions 

     This study has five research questions. The following questions are related to specific 

memory mechanisms: 

1. Are there differences between students with and without RD in the rate at which 

they learn verbal information?  This question addresses the acquisition of new 

information.      

2. Are there differences between students with and without RD in terms of rehearsal 

and encoding processes. This question is answered by examining serial position 

effects.  

3. Are there differences between students with and without RD in the ability to  

retain information?  This question addresses the ability to store the information in 

 memory until it is needed.  
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4. Are there differences between students with and without RD in the ability to 

retrieve information from memory?   

The following question is related to the linguistic features of verbal information: 

5. Are there differences between students with and without RD in their ability to 

utilize semantic and phonetic features of words to facilitate recall? 

Definition of Terms 

     Because of the variety of the research in the area of memory and LD, key terms and 

their meanings may have been used differently across studies. For the purpose of clarity, 

the following terms and definitions as they pertain to the current project are defined 

below. 

Learning Disability (LD):  This is a general term that refers to a heterogeneous 

group of disorders manifest by difficulties in the acquisition and use of listening, 

speaking, reading, writing, spelling, reasoning, or doing mathematics. Learning 

disabilities are assumed to be caused by central nervous system dysfunction and are not 

the result of other conditions such as sensory impairment, mental retardation, or serious 

emotional disturbance.  It is also not the result of cultural differences or inefficient or 

inappropriate educational instruction.  

Reading Disability:  (RD) This term is used to describe a more specific type of 

LD in which academic difficulties are limited to the written form of language. Also  

known as developmental dyslexia, these students typically have average overall 

intelligence but demonstrate a significant impairment in the ability to decode and/or 

comprehend written text.     
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    Acquisition:   This is the process of material being “written” into long-term 

memory. In the current study, acquisition is measured by assessing the degree to which 

subjects are able to learn items from the verbal learning task over trials.  

      Retention:   This is the ability to hold information in memory until it is needed. In 

the literature, retention has been used interchangeably with storage.  

      Retrieval:  The recall of previously stored information. This requires subjects to 

access the stored information, bring it into conscious awareness, and articulate the 

information or items correctly.  

      Free Recall:  The experimental paradigm in which no structure is suggested. 

Subjects are asked to recall previously learned items in any order they choose. 

      Cued Recall:  The experimental paradigm in which subjects are given clues about  

information in order to help facilitate recall.  

Organizational Clustering:  Grouping or categorizing information in memory 

based on features or attributes of the information. In the current study, stimulus words  

can be grouped phonetically by initial consonant sounds (e.g., S/H/K,C) or semantically 

by category (e.g., animals, body parts).  

Recognition: The experimental paradigm in which subjects are given the names of 

items and then asked to remember if the items were on the original recall list by saying 

either “yes” or “no”.   Recognition tasks are believed to aid in the retrieval process.  
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Summary 

     The purpose of the current study was to examine the memory performance of students 

with reading disabilities (RD) and normal adolescent readers on a newly developed 

verbal learning task. Several aspects of memory were measured including acquisition, 

retention, retrieval, and forgetting rates, as well as the ability to organize and retrieve the 

information from memory according to phonological (surface) and semantic (lexical) 

features of words. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

Introduction 

     In order to provide a context for the current study this chapter will review research in 

the area of LD memory processes. The review will begin with a brief discussion of the 

nature of developmental reading disabilities (RD). This will be followed by a review of 

existing literature regarding memory acquisition, storage, and retrieval processes as well 

as phonological and semantic memory coding performance in the RD population.   

The Nature of Reading Disabilities 

     Learning disability (LD) is a generic term for a wide range of learning and academic 

problems. Historically, LD has been defined as a learning disorder in which underlying 

psychological or neurocognitive deficits are responsible for a variety of academic and 

learning problems, including reading, spelling, written expression, and mathematical 

computation. Of the learning problems, developmental reading disability (RD) accounts 

for approximately 80% of the initial LD placements in special education and remains the 

most common academic problem of school age children (Meyer, 2000).                        

     In much of the literature, RD is used synonymously with the term developmental 

dyslexia. However, this has remained controversial as researchers and clinicians have not 

been able to agree on a common definition for dyslexia. Berninger (2001) concluded that 

dyslexia is characterized by intact higher level cognitive processes within the functional 

reading system but underdeveloped word reading ability which typically results in slow 

and less automatic reading skills and impaired reading comprehension. A more recent 
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definition proposed by the International Dyslexia Association regards dyslexia as a 

specific learning disability that can be distinguished from other learning disorders 

because of the failure to develop age appropriate reading skills despite normal 

intelligence and adequate reading instruction (Lyon, Shaywitz, & Shaywitz, 2003). The 

main characteristics, according to this definition, are problems with accurate word 

recognition and fluency, as well as spelling and decoding. Dyslexia is believed to be 

neurobiological in origin.     

     The exact nature of RD is unclear and the apparent heterogeneity of the disorder has 

led to conflicting hypotheses regarding possible causes. Early accounts attributed low 

level visual perceptual or visual memory deficits to developmental reading impairments 

(Hinshelwood, 1917). During this period, frequently observed reading behaviors such as 

letter reversal and sequencing errors were regarded as evidence for visual-perceptual 

processing problems. Today, there is evidence that problems with orthography are 

characteristic of some students with RD (Bell & Worthington, 2002; Mather, 1999). 

However, evidence in support of a purely visual-perceptual theory of RD remains 

equivocal. While several studies have implicated visual-spatial memory and visual-

orthographic processing problems in students with RD (Badian, 2005; Eden, Stein, 

Wood, & 1995), others have suggested that the visual-perceptual processes and memory 

systems in these students are intact (Kibby, Marks, Morgan, & Long, 2004; Von Karolyi, 

2001).  

     Today, it is generally recognized that there is no single underlying cause of RD. In 

fact, there is evidence of subtypes of RD, each with differing cognitive profiles (Howes, 
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Bigler, Lawson, & Burlingame, 1999).  However, the most consistent evidence to date 

suggests that RD is associated with deficits in the ability to effectively process the 

phonological aspects of language. A large body of research has shown deficient 

performance by students with RD on tasks that involve phonological awareness, 

phonemic segmentation, syllabic perception, sound blending, and rhyme judgment (Catts, 

1996; Fletcher, et al., 1994; Stanovich & Siegel, 1994; Wolf and Bowers, 1999). In 

addition, studies from other countries have demonstrated phonological deficits in Chinese 

and German children (Chan, Ho, Tsang, Lee, & Chung, 2006; Landerl & Wimmer, H., 

2000).  

     Neuroanatomical and functional neuroimaging studies support the notion that RD is a 

phonological, language based disorder (Howes, Bigler, Burlingame, & Lawson, 2004). 

Although reduced brain activity in students with RD has been observed in right-

hemisphere temporal and occipital areas of the brain which are thought to serve visual 

systems, the most frequently observed cortical inactivity during reading tasks has been in 

the left-hemisphere language processing centers of the brain (Habib, 2000). Studies have 

also demonstrated hemispheric symmetry and reversed asymmetry (right > left), as well 

as irregularities in brain structures such as the planum temporale and angular gyrus, 

structures believed to be responsible for processing word sounds (Alarcon, Pennington,  

Filipek, & Defries, 2000; Anderson, Brown, & Tallal, 1993). Additionally, it has been 

reported that short term storage of phonological information/speech sounds is correlated 

with reversed asymmetry of the planum temporale in children with neurodevelopmental 

disorders (Kirby, Kroese, Morgan, Hiemenz, Cohen, & Hynd, 2003). Anomalous 
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development in the posterior perisylvian region has also been correlated in adults with 

phonological short term memory deficits (Ramus, et al., 2003).               

Memory in Reading Disabilities 

     Although the reasons for deficient phonological processing in RD populations are 

unclear, research has shown an association between phonological deficits and memory 

impairment, especially short-term memory (Fowler, 1991; McCallum, Bell, Wood, 

Below, Choate, & McCane, 2006). In a meta-analysis of the literature, O’Shaughnessy 

and Swanson (1998) reviewed forty-one studies that had examined the performance of 

immediate memory in students with LD. The review concluded that LD groups, 

consisting mostly of students with RD, consistently performed poorly on tasks requiring 

the memorization of verbal information. By contrast, memory tasks that were visual or 

otherwise low in verbal meaning did not produce large group differences. Additionally, 

findings of the review indicated that memory tasks requiring serial recall produced the 

largest effect size between the groups, and that the memory deficits in students with LD 

were found to be independent of age, indicating that memory problems persist across the 

lifespan.  

     More recently, poor working memory performance in students with RD has been 

implicated as a correlate of reading problems (Kibby, Marks, Morgan & Long, 2004; 

Masoura, 2007; Swanson, & Sachse-Lee, 2001). Unlike short-term memory, working 

memory has been viewed as a dynamic system that serves as storage for information 

while supporting other cognitive activities involved in the memory process. Engle, Kane, 

and Tuholski (1999) described working memory as “a system consisting of  (a) a store in 
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the form of long term memory (LTM) traces active above a threshold, (b) processes for 

achieving and maintaining that activation, and (c) controlled attention” (p.104). It has 

been argued that working memory correlates with decoding and other phonological tasks 

(Gottardo, Stanovich,  & Siegel, 1996). In one study, Swanson (1992) correlated the 

performance of 5- to 18-year old students with LD on the Reading Recognition subtest of 

the Peabody Individual Achievement Test-Revised (PIAT-R) and various measures of 

working and short-term memory. Results showed that scores on the achievement test 

were more highly correlated with working memory than was short-term memory 

performance. This finding was replicated by Kail and Hall (2001) who gave 7-to13-year-

old students with LD several short-term and working memory tasks as well as a reading 

decoding task. Subsequent factor analysis distinguished short-term memory tasks from 

working memory tasks. In addition, the working memory tasks were correlated with word 

decoding skills, but short-term memory tasks were not.  

     Baddeley’s (1986, 1996) multiple component model of working memory has proven 

to be useful for examining memory performance in students with LD (Kibby, et al., 

2004). According to this model, working memory is a three component system. The first 

component, known as the central executive, is a limited capacity system that is 

responsible for coordinating activity within the overall cognitive system. This component 

is aligned with the constructs of focused awareness and attention which help to regulate 

the flow of information through the memory system. In addition, it aids in the storage of 

information when the other systems become overloaded. The central executive interacts 

with two passive “slave” storage systems for the temporary retention of information. The 
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first is the visual-spatial sketchpad that is responsible for temporarily storing visual and 

spatial information as well as playing a key role in the generation and manipulation of 

mental images. The second system, the phonological loop, is responsible for maintaining 

verbally coded information and consists of two parts. The first is the phonological store 

that is responsible for holding verbally coded information in immediate awareness. The 

second part is the articulatory control which helps to maintain verbal information by 

means of rehearsal. The functioning of the phonological loop in students with RD has 

been shown to be impaired, especially for verbal memory span (Baddeley, 1998; 

Snowling, 1991) and word storage based on sounds (Berninger, et al. 2006).  

     Although there is compelling evidence for memory deficits in the RD population, the 

specific mechanisms underlying these impairments are not well understood. There are 

two general areas of debate that are germane to the current study. The first concerns 

whether there is a dysfunction in specific memory systems. Poor performance on verbal 

learning and memory tasks could be the result of problems in the acquisition, 

retention/storage, or retrieval of information. The second question is related to whether or 

not poor memory performance is related to a difficulty coding specific aspects of verbal 

information, such as semantic or phonetic features.        

Specific Memory Mechanisms 

     Research has provided evidence for the possibility that students with RD perform 

poorly on verbal memory tasks because they are unable to access verbal codes 

(Shankweiler & Crain, 1986; Swanson, 1987; Vellutino & Scanlon, 1987). Verbal codes 

are defined as descriptors that help to place and store verbal stimulus into long term 
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memory (Swanson, 1987). The inability of students with RD to access the appropriate 

codes has been referred to as the accessibility hypothesis (Swanson, Reffel, & Trahan, 

1991). However, the inability to access verbal codes may be related to several memory 

processes, including acquisition and encoding, storage, and the retrieval of information.  

Studies in Support of a Retrieval Deficit 

     Several studies have provided evidence that verbal memory impairments in RD 

populations are due to difficulties in retrieving information once it has been stored.        

In one such study, Fletcher (1985) used a selective reminding paradigm to compare four 

subgroups of students with LD to normally achieving peers on verbal and non-verbal 

memory tasks. The selective reminding paradigm is a multiple trial free-recall learning 

task in which subsequent trial presentations include only words not yet learned. 

According to Buschke (1973), this method allows for the separation of storage and 

retrieval processes. The rationale is that information that can be recalled without 

reminding has entered long-term store and forgetting after entry into long-term is a 

retrieval error. Using this method, Fletcher found that students with combined reading 

and spelling deficits were able to store information to a normal degree, but failed to 

retrieve information relative to the control group. 

     Swanson, Reffel, and Trahan (1991) examined memory performance in younger and 

older students with RD in both naturalistic and laboratory settings. The naturalistic 

setting memory tasks included recall from a dance episode, a library episode, as well as 

recall of task episodes involving everyday objects such as coins and telephones. The 

laboratory tasks involved a sentence span task, a rhyming working memory task, and a 
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visual working memory matrix. The performance of students with RD on both the 

laboratory and everyday memory measures were significantly lower than the non-reading 

disabled group at both age levels. However, both RD age groups were able to improve 

memory recall performance to almost a normal degree under conditions that were 

designed to facilitate item accessibility. It was concluded that since the RD groups were 

able to retrieve information when given cues, the poor memory performance was the 

result of difficulties accessing information, not one of initial storage of information. The 

authors further concluded that their results were consistent with the Encoding Specific 

Principle (Tulving & Watkins, 1975) which asserts that trace information remains in 

memory in some form, but subjects vary in their ability to access the information.  

     In a similar study, McNamara and Wong (2003) examined whether the use of cues 

would increase memory retrieval for students with RD on academic recall measures and 

everyday information. Similar to the Swanson et al. (1991) study, various recall measures 

including sentence listening span, rhyming words memory task, and a visual matrix task 

were combined with measures of everyday tasks such as recall of common signs, objects, 

and coins. Students in grades 5 and 6 were compared on free and cued recall performance 

across measures. In the free recall condition, students with RD recalled less information 

than the control students across all academic and everyday information measures. 

However, group differences disappeared in the cued recall conditions indicating that the 

students with RD had encoded and stored the information, but needed prompts to help 

retrieve it. The results of this study, as in the Swanson, study, support the retrieval  
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deficiency hypothesis that memory deficits in RD populations are the result of inefficient 

retrieval mechanisms not of encoding or storage deficits.    

     Several studies have investigated the possibility that verbal memory impairments in 

the RD population is due to less effective rehearsal strategies that lead to a diminished 

ability to retrieve information from memory. For example, Wong, Wong, & Foth (1977) 

found that students with LD demonstrated less semantic clustering than did NLD 

counterparts during free recall, but did demonstrate similar degrees of clustering during 

cued recall trials, a finding that was later replicated by Wong (1982).       

Studies in Support of an Acquisition/Encoding or Storage Deficit 

     While there has been evidence for rehearsal/retrieval deficits in RD populations, 

others have argued that memory deficits in this population are the result of initial 

encoding and storage problems. Evidence in favor of this position have come from 

studies that have used a serial position paradigm in order to examine rehearsal and 

encoding processes. The assumption of this method is that words in the recency region of 

a list are retrieved from short-term memory since they are the last presented and thus 

require less rehearsal to encode. Words in the primary, and especially the middle region, 

are more difficult to learn and require more rehearsal in order to encode into long-term 

memory (Klatzky, 1980; Tulving and Thompson, 1973). In one such study, Bauer (1977) 

used a single trial immediate and delayed recall design to examine the serial position 

effects of poor readers and normal readers 9 to 10 years of age. Bauer reported that with 

the immediate recall of longer word lists, the poor readers demonstrated fewer primacy 

effects than did the control group, but both groups demonstrated similar recency effects. 
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It was concluded that the reason for impaired primacy recall by the poor readers was the 

result of inefficient rehearsal of test items. This inefficiency made it more difficult for the 

poor reader to transfer the information into long-term memory.  

     In a related study, Tarver, Hallahan, Kauffman, and Ball (1976) calculated the serial 

recall of both central and incidental information of students with and without LD at two 

different ages. In the younger group (8-years), the serial position curve of the control 

group revealed the common primacy-recency effect whereas the students with LD 

demonstrated a recency effect only. In the older group (10-13 years), the students with 

LD demonstrated both primacy and recency effects. For all age groups, an analysis of 

central recall (attention to specific items based on the experimenter’s instructions) 

revealed a constant age related increase in overall recall and primacy performance. Based 

on this finding, Tarver and colleagues concluded that the students with LD were slow to 

develop effective verbal encoding and thus learned the list items at a slower rate than did 

the control group. This finding was also reported by Nelson and Warrington (1980) who 

used a recognition paradigm to examine long-term, short-term, and semantic memory 

processes in dyslexic children 8 to 14 years of age. The results of this study indicated that 

the dyslexic children had significantly poorer performance than the normal readers on the  

recognition task. Because recognition paradigms are believed to aid memory retrieval, 

deficits in recognition tasks are thought to be evidence of an encoding problem, not one 

of retrieval.            
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     Vellutino, Scanlon, and Tazman (1988) compared memory performance of second- 

and sixth-grade students with and without LD during cued and not cued recall conditions. 

Four word lists each consisting of six different taxonomic categories with five exemplars 

from each category were used. The lists were presented in two conditions:  1) not cued 

and random without category labels, and 2) cued and blocked with items from a given 

category presented with a category label. Retrieval was either random and not cued, in 

which subjects were simply asked to recall as many items as possible, or cued and 

blocked in which subjects were provided with category labels one at a time and then 

asked to recall words from that category. Cues were given during either initial storage 

only, during retrieval only, or during initial storage and retrieval. The results supported 

the findings of previous studies that semantic memory performance deficits were not 

significant among the second-grade students, but they were for the sixth-grade students. 

Moreover, group differences in category recall were more reliable at the sixth-grade 

level, indicating that semantic memory deficits better differentiate students with LD at 

older rather than younger ages. Analysis of the cued conditions indicated that deficits in 

semantic memory performance were attributed to a failure to initially store (encode) the 

information rather than difficulties in memory retrieval. Evidence for this came from the 

fact that cuing at storage did not bring the LD group to a level comparable to the control 

group.  

     Swanson (1993) compared the performance of LD subtypes across a variety of 

memory measures to determine whether working memory (WM) differences in students 

with LD represent a specific or generalized deficit, and whether these problems are 
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attributable to process or storage constraints. Students with RD, arithmetic disabilities  

(AD), and age-matched controls were compared on WM tasks involving verbal and 

visual-spatial stimuli under initial, gain, and maintenance conditions. A broad array of 

WM tasks were utilized, including rhyming, story recall, semantic association, auditory 

digit sequencing, phrase or sentence sequencing, semantic categorization, visual mapping 

and directions, and spatial organization. Instructional enhancements, or probes, were also 

administered to help facilitate the retrieval of task items and provide a measure of storage 

efficiency. Overall results indicated that the RD and AD groups performed more poorly 

than did the control group across initial, gain, and maintenance conditions on all memory 

tasks. Swanson reported that this was evidence of a generalized WM deficit in students 

with LD since performance decrements were not limited to specific domains (e.g., verbal 

vs. visual-spatial). A second finding was that ability group differences were attributable 

to storage constraints. Swanson provided two main reasons for this conclusion. First, the 

processing instructions that were provided to the students should have enhanced the 

retrieval of the LD groups. However, this did not happen indicating that the memory 

decrement was the result of the inability to initially store information. Second, since 

group differences were comparable in terms of processing efficiency, the residual 

differences were a reflection of storage capacity problems.       

      Swanson, Ashbaker, and Lee (1996) conducted two experiments that were also 

designed to examine process versus storage functions in students with and without LD. 

Verbal and visual-spatial WM measures were used under initial, gain, and maintenance 

conditions. In order to determine whether a processing or storage deficit was responsible 
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for WM problems, probes and cues were used across conditions. The authors reasoned 

that if WM deficits in the LD group were due to processing problems, then the use of 

probes and cues should bring recall ability to the same level as the control group. If, 

however, the deficits were the result of storage problems, then the probes and cues would 

not result in the same level of recall performance.  

     In the first experiment, story retelling, visual matrix, and auditory digit sequence tasks 

were used to measure WM. Subjects were scored on initial performance, as well as gain, 

maintenance, and probe conditions.  The findings supported the notion that WM 

problems in LD were related to storage deficits.                   

     In the second experiment, students completed standard short-term memory (STM) 

tasks (word and digit span) and visual and verbal WM tasks under initial, gain, and 

maintenance conditions with probes. A reading/listening comprehension tasks was also 

used. The aim of this experiment was to determine the extent to which group differences 

were related to a general or verbal (phonological) storage system deficit. Overall, 

deficiencies were found for students with LD on both the STM and WM tasks across all 

three conditions. Taken together, Swanson and colleagues concluded that WM deficits in 

students with LD are related to a generalized storage problem. Evidence for this 

conclusion came mainly from the finding that increased cognitive demands weakened 

WM performance among Students with LD, and the fact that they did not benefit from 

memory probes that were believed to enhance memory retrieval.  

     In a more recent study, Kramer, Knee, and Delis (2000) examined verbal learning in 

dyslexic and normal readers with a mean age of 9-years using the California Verbal 
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Learning Test-Children’s Version (CVLT-C). Three primary areas of verbal learning: 

recall and recognition, use of learning strategies, and interference effects. The CVLT-C 

requires each student to learn a list of semantically related words over five trials. A 

second list is interposed between the initial presentation of the target list and the delayed 

recall trial in order to assess interference effects. Overall, results of this study revealed 

that the dyslexic group was impaired in their ability to learn new verbal material. 

Specifically, they were less able to accurately recall target items and had a slower rate of 

learning across the five trials. In addition, the dyslexic students performed significantly 

worse on the recognition task that did the control group. Because recognition tasks are 

assumed to aid in the retrieval process, the poor performance by the dyslexic group was 

taken to mean that their poor recall was not related to a retrieval deficit. Finally, there 

were no differences in the rate of forgetting between the two groups, indicating that once 

the information was learned, the dyslexic group was able to retain it to a normal degree.       

     Finally, a series of studies using mathematical modeling examined the acquisition, 

retention, or storage processes, in LD and normal children. In the first study, Howe, 

Brainerd, and Kingma (1985) had second- and sixth-grade students with and without LD 

learn pictures and words to a criterion. Overall, the students with LD in both grades had 

more difficulty storing the verbal and visual items than did the control group. However, 

once the information was stored in memory, the LD group was able to retrieve it to the 

same level as the control group.  This finding was replicated in a second study (Brainerd, 

Kingma, and Howe, 1986). In this study, storage deficits were markedly greater in the 

second-grade students with LD than the sixth-grade students with LD. Similarly, 
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Brainerd and Reyna (1990) found that students with LD demonstrated higher rates of 

storage failure relative to normally achieving peers. In a review of these and related 

studies, Brainerd and Reyna (1991) concluded that difficulties in acquisition and storage, 

not retrieval, are what differentiates students with LD from students without LD. 

Phonological and Semantic Processes in Reading Disabilities 

     In addition to possible encoding, storage, and retrieval problems in RD populations, 

other research suggests that memory impairments may be the result of the inability to 

code specific aspects of words in memory, like semantic and phonetic features. Since 

studies have demonstrated that reading ability requires the use of semantic and 

phonologic processes for word identification, memory deficits in these areas may lead to 

impaired reading (Stringer & Stanovich, 2000; Vellutino, Scanlon, & Spearing, 1995). 

However, the interaction between semantic and phonetic memory processes is unclear, 

although some have argued that there are separate phonological and lexical/semantic 

memory stores (Matrin, Shelton, & Yaffee, 1994). Computer modeling of the reading 

process has also suggested that semantic and phonological processing ability are separate 

sub-skills in reading (Harm & Seidenberg, 1999; Manis, Seidenberg, Doi, McBride-

Chang, & Peterson, 1996).    

Phonological Memory Studies 

      There is highly convergent evidence that students with RD tend to be deficient in 

their use of phonological codes. Much of the research on memory problems related to 

phonological coding has come from studies that have investigated the extent to which 

good and poor readers are able to recall similar and dissimilar sounding words.  



 31

In an early study, Shankweiler, Liberman, Mark, Fowler, and Fischer (1979) compared 

superior, marginal, and poor readers on the ability to recall rhyming and non-rhyming 

letter strings. Results showed that the superior readers had more difficulty recalling the 

rhyming strings than they did the non-rhyming strings. The poor readers, however, did 

not differ on the ability to recall rhyming vs. non-rhyming strings. It was concluded that 

the superior reader’s performance was disrupted by the confusability of the task because 

they rely on the sound units, or phonological aspects of the words, whereas the poor 

readers were not affected because they did not have adequate access to a phonological 

code. This finding, known as the “confusability hypothesis”, was supported in two 

subsequent studies.  

     In the first study, Bryne and Shea (1979) conducted two experiments comparing poor 

and normal readers’ use of semantic and surface (phonological) codes in memory. The 

first task involved the use of a continuous word list in which some words were identical 

to, semantically related to, or rhymed with words presented earlier in the list. The second 

task involved the use of a continuous list of pseudowords with some later pseudowords 

repeated or related to earlier items as rhymes. Subjects were asked to indicate whether 

they had heard certain target/pseudowords earlier in the list. On the word list, poor 

readers made almost no errors on the rhyming and rhyming control words, indicating that 

they were not affected by the confusability factor. However, they did make significantly 

more errors on words that were sematically related to the antecedent words, suggesting 

that they were more dependent on the semantic features of the words for memory coding. 

On the second task when semantic coding was impossible, the poor readers relied to a 
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greater degree on the phonemic features of the words. Taken together the investigators 

concluded that poor readers are more sensitive to the phonological elements of linguistic 

stimuli when it does not have meaning.  

      The second study conducted by Siegel and Linder (1985) provided support for 

deficient memory coding for phonological information in young poor readers. In this 

study, students were administered several verbal serial recall tasks involving either visual 

or auditory presentation of rhyming and non-rhyming letter strings. In the younger group 

(ages 7 and 8), students with RD did not demonstrate recall differences between rhyming 

and non-rhyming letters but the non-RD did. In the older group (9-13 years), both the  

students with and without RD had difficulty recalling the rhyming letter strings. It was 

concluded that difficulty accessing phonological codes may be a characteristic of younger 

children with RD, but not the older children who appear to be using a phonetic-based 

coding system, but have more general deficits in STM.    

     Waterman and Lewandoski (1993) provided support for a phonological memory 

coding deficit in poor readers, demonstrating that older poor readers have the ability to 

use a phonological code, but utilize it inefficiently. In this study, two age groups (8-10 

and 14-16) of LD and non-disabled readers were compared on a pseudo word recognition 

task (Lindamood Auditory Conceptualization Test) with only phonological information 

available for coding, and a memory recognition task in which both semantic and 

phonological information were available for coding. On the pseudo word task, poor 

readers were as susceptible to phonemic confusability as were the good readers. On the 

memory recognition task, poor readers made significantly more errors than the good 
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readers suggesting that they were less sensitive to phonological codes. Overall findings 

suggested that poor readers do not have a strong phonological system for coding auditory 

information in memory. In terms of age effects, the investigators reported that the 

findings held for both age groups with one exception: older poor readers made slightly 

more pseudo word rhyming errors on the memory recognition tasks than did younger 

poor readers. Thus, it appeared that older poor readers may become more phonologically 

sensitive with age but do not apply these phonetic skills efficiently or effectively. 

     In a more recent study, Desroches, Joanisse, and Robertson (2006) investigated the 

ability of dyslexic children to recall rhyming words on a recognition task. Reasoning that 

the metalinguistic tasks typically used in the assessment of phonological deficits in 

dyslexia are confounded by attention, the researchers used an eye-tracking measure. This 

method allowed the researchers to track the eye movements of the dyslexic subjects 

during the auditory word recognition tasks. The dyslexic group failed to show slowed eye 

movements that were common with controls during the recognition task involving targets 

and distractors, suggesting that the dyslexic group had not encoded the rhyme 

relationship. This was confirmed in a follow-up phonological awareness task in which the  

dyslexic group demonstrated poor judgment of initial word sounds. Taken together, these 

results were reported to be evidence of impaired rhyme knowledge and phonological 

coding deficits in dyslexic readers.     

Semantic Memory Studies 

     In addition to coding information in memory by sound, it can also be coded by 

meaning. Semantic coding has been defined as “the use of word meanings, and semantic 
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attributes in general, to facilitate storage and retrieval of spoken and printed words from 

lexical memory” (Vellutino, Scanlon, & Spearing, 1995, p. 77). This ability is a critical 

aspect of reading and some researchers have suggested it may be the cause of poor 

reading ability. However, the research findings exploring semantic memory coding in the 

RD population have been mixed. 

     An early study by Waller (1976) investigated semantic memory performance by 

having fifth-grade students with and without LD read a series of sentences. Following a 

five minute buffer activity, the student were then asked to complete a sentence 

recognition task that consisted of the original sentences and distractor sentences that were 

related semantically to the original or the tense of the sentence was changed. Waller 

reported that although both the LD and non-LD groups relied on semantic information for 

retention, the reading disabled subjects relied more on the semantic information for clues 

about correct sentence presentation. However, in the recognition condition, the LD group 

made errors on sentences in which the tense was changed. Similarly, Jorm (1979) argued 

that semantic processing was intact in LD groups and that it served as a method of storing 

and accessing information during reading. 

     In another study by Dallago and Moely (1980), students with and without LD were 

compared on free and cued recall tasks using semantically related stimulus presented 

visually on cards. In the condition requiring a free sort (recall) of the cards with self-

imposed organization on the stimulus, the performance of the students with LD was 

worse than the control group and showed less categorical organization. On a second 

recall trial in which subjects were provided with cues for grouping items semantically, 
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recall rates for the LD group were comparable to the control group. The authors 

concluded that LD group lacked sufficient organizational ability for semantic stimulus 

and they had difficulty spontaneously generating effective memory strategies. However, 

when they were provided with ways of grouping items together they could perform at a 

near average level. Similarly, Cermak (1983) compared two age groups (8 to 10 and 12 to 

16 years) of poor and good readers on tasks designed to measure the learning, retention, 

and retrieval of phonetic and semantic information. Cermak reported that the younger 

group of poor readers were unable to discern the semantic content of the word lists 

relative to the good readers and as a result their storage and retrieval of information are 

ultimately impaired. The older poor readers, whose semantic recall was still below the 

good readers, were able to improve their performance through appropriate instruction. 

Thus, older poor readers were able to access semantic codes if cued to do so.  

     In another study, Ceci (1984) had 7, 10, and 13-year old students with and without LD 

learn lists of 38 words. Each list contained four semantically related words, two of which 

were presented contiguously and two that were not. The students were then given free 

recall instructions without mention of the semantically related words. Results showed that 

the younger control group and all ages of the students with LD were less likely to recall 

the non-contiguous semantically related words than they were the contiguous words. 

Older control group were significantly more likely to accurately recall the semantically 

related words than were the same age students with LD. 

     Other studies have found group differences in semantic coding only under certain 

circumstances. For example, Swanson (1984a) conducted three experiments in which LD 
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and control groups were compared on word recall using semantically related and 

uncategorizable words under low, high, and intermediate effort conditions. The students 

with LD were found to have difficulty activating the distinctive features of the words 

from memory, primarily under the high demand condition. Thus, Swanson argued that 

students with LD are able to activate a limited number of critical semantic word features 

at recall if the task demands are not too great. Swanson further asserted that students with 

LD were unable to activate semantic features under high demand conditions because of 

limited attentional resources.  

     In another study, Swanson (1984b) suggested that poor performance by students with 

LD on semantic memory tasks might be the result of an inability to interconnect verbal 

semantic codes with visual representations. In two experiments, students with and  

without LD were compared on the ability to recall complex visual designs. Each design 

was paired with an unrelated, related, or irrelevant word. The pairing was designed to 

measure the amount of semantic clustering that students would use to facilitate recall. 

The results indicated that the students with LD performed comparably to the control 

group when using visual codes at recall, but when presented with the verbal or semantic 

codes, the students with LD insisted on using only the visual codes. The results were 

interpreted as a breakdown of a visual to semantic coding route in students with LD. 

Specifically, these students were unable to activate semantic representations to facilitate 

recall.               

     Additional evidence for semantic coding difficulties in LD has come from 

developmental studies. These studies have found that group differences on semantic 
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memory tasks are a function of age, with older students demonstrating more significant 

impairments than younger students.  In one study, Vellutino and Scanlon (1985) 

hypothesized that students with LD would perform less well than controls on a measure 

of abstract word recall than they would on recall of concrete words. The results were 

confirmed for the younger students with LD, but not for the older students with LD, who 

performed worse on both types of word lists. The authors suggested that the younger 

students made less semantic errors than the older ones because the early stages of reading 

depend less on semantic skill and more on phonological awareness. As children get older 

and semantic ability becomes a more important skill, the students with LD show semantic 

deficits because of protracted reading ability.  

     Lee and Obrzut (1994) provided evidence that students with LD are able to utilize 

semantic codes during memory retrieval, at least to some extent. Second and sixth-grade 

students with and without LD were asked to generate individual word lists with the help 

of the examiner. The first list was composed of words that were associated by frequency. 

The examiner then asked each student to say another word that “went with” the stimulus 

word. The second list was generated by having individual students name members of a 

category. For example, students were asked “Tell me some pieces of furniture”. From 

these lists the experimenters made shorter lists for students to learn five to ten days after 

the initial list generation. It was hypothesized that students with LD would show less 

semantic clustering at recall than would the control group. However, findings revealed 

the opposite. In fact, the students with LD demonstrated more clustering of the category 

word lists than the control group. Lee and Obrzut speculated that the knowledge base of 
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the students with LD and their familiarity with the stimulus items significantly enhanced 

memory performance. It was further hypothesized that the result of previous studies that 

have shown semantic organization differences between the groups could be attributed to 

the words used rather than to semantic memory weaknesses.   

     In another study, Vellutino, Scanlon, and Spearing (1995) compared second and sixth- 

grade students on various verbal and visual tests measuring semantic development. The 

results showed that younger students with and without LD did not differ on semantic 

coding performance. However, the older sixth-grade students with LD performed 

significantly worse than the same age control group. These results suggest that semantic 

memory deficits in LD may not be the cause of reading problems, but are the result of 

prolonged reading difficulties that become worse with age. Additionally, this study found 

that students were able to perform significantly better on semantic memory tasks when 

the words used were high in referential meaning. 

Summary of the Literature 

     To date, the most consistent evidence in the literature suggests that RD is associated 

with deficits in the ability to effectively process the phonological aspects of language. In 

addition, students with RD have been shown to have memory impairments, especially for 

verbal information. However, the reasons for this are not well understood. One possibility 

is that verbal memory impairments are the result of problems in the acquisition, retention, 

or retrieval of information from memory. While some studies have demonstrated retrieval 

deficits in these students, other studies have provided evidence for acquisition and 

storage problems.  Alternatively, memory problems may be the result of the inability to 
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utilize memory organizational skills with regard to specific linguistic components of 

verbal information, such as phonetic and semantic features. Although there is ample 

evidence of phonological based memory problems in students with RD, the results are 

mixed in regards to their ability to use semantic features to facilitate memory recall. 

Additionally, much of the memory research with these students has used latency age 

subjects, with few studies examining adolescent populations. The purpose of the current 

study is to examine the learning and memory performance of adolescents with and 

without RD on a newly developed verbal learning task, the Bergen Tucson Verbal 

Learning Tests – English Version (BTVLT).  Several aspects of learning and memory are 

measured including the acquisition, retention, and retrieval of information, and the ability 

to organize and retrieve the information from memory according to phonological 

(surface) and semantic (lexical) features. 

 

 

 

 

 

 

 

 

 

 



 40

CHAPTER 3 

METHODOLOGY  

     This chapter presents a detailed description of the methodology used in gathering the 

data for this study, including subject selection, materials used, and experimental 

procedures, and the manner in which the data were analyzed. 

Participants 

     A total of forty adolescent students, 20 students with reading disabilities (RD) and 20 

students without reading disabilities (NRD) ranging from 13 to 16-years of age from a 

school district in the Southwest region (Arizona) of the United States participated in the 

study. Both groups were matched for age, gender, ethnicity, and overall IQ. The mean 

age of the students with RD was 15 years 2 months (SD = .58) and the mean age of the 

NRD group was 15 years 3 months (SD = .64). Both groups consisted of 13 boys and 7 

girls. With regard to ethnicity, each group consisted of 17 Caucasian and 3 Hispanic 

students.  

     Several individual characteristics served as exclusionary criteria for participation in 

the study. First, since many schools in the school district used serve students of diverse 

cultural, ethnic, and language backgrounds, care was taken to include only subjects 

whose first language was English. Students with a history of second language acquisition 

or bilingual services were not included in the study. Second, because of the verbal and 

attention demands of the test procedures, students who had documented speech and  

language disorders or Attention Deficit/Hyperactivity Disorder (ADD/ADHD) were also  
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excluded. Finally, students who had physical disabilities, sensory or motor impairments, 

or emotional/psychiatric disorders were not included in the study.   

     Prior to the final selection and testing of subjects, permission to work with individual 

students was obtained from a number of sources. First, permission was obtained from 

individual schools located within the entire school district. Following this, permission 

was obtained from building principals and teachers. Next, written consent was obtained 

from the parents of potential subjects. Finally, written assent was obtained from each 

subject prior to the start of any testing procedures.  

Students with Reading Disabilities 

     The students with RD group consisted of twenty students who had been identified as 

learning disabled (LD) by the home school district and were currently receiving special 

education services through an Individualized Education Plan (IEP). Determination of 

special education eligibility is based on Arizona Department of Education guidelines that 

include a significant discrepancy between overall intelligence (IQ) and achievement in 

one or more academic areas. Special education eligibility is determined by a multi-

disciplinary team evaluation (MET). This evaluation includes a comprehensive psycho-

educational assessment, teacher reports and observations, standardized and informal 

assessment results, and information provided by the parent regarding developmental, 

health and medical, and social history. Eligibility determination is usually made by the 

MET that includes teachers, special educators, a school psychologist, a school 

administrator, and parents.  
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     After obtaining permission from school districts and individual school building 

principals, special education teachers were asked to identify students who may be eligible 

for inclusion in the students with RD sample pool. Specifically, they were asked to 

identify students who had significant reading problems. Written consent forms were then 

sent home with these students for their parents to review. Students who returned the 

forms with parental permission were then added to the potential pool.  

     Because students with LD in special education settings typically represent a 

heterogeneous group, it was assumed that special education teachers would recommend 

potential subjects who had a variety of learning problems. However, since the focus of 

this study was specific to students with reading disorders, care was taken when reviewing 

special education files to ensure that the following criteria were met. First, the students 

with RD had full scale IQ scores in the average range with standard scores between 90 

and 110. Second, these students exhibited a significant discrepancy between overall IQ 

and achievement test score in the area of overall reading ability as measured by the most 

recent standardized reading assessment. A significant discrepancy was determined by 

using a regression table provided by the Arizona Department of Education. The 

regression method is a commonly used way for determining special education eligibility. 

IQ and achievement scores were obtained from psycho-educational assessments 

completed within the last three years. Because of serious limitations with the IQ-

achievement discrepancy definition of LD (Fletcher, Coulter, Reschly, & Vaughn, 2004), 

a skill deficit criterion was also used for inclusion in the students with RD group in order 

to demonstrate deficiencies in sight word identification and phonological processing. 
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This included a standard score of 80 or lower on both the Letter-Word Identification and 

Word Attack subtests of the Woodcock-Johnson Tests of Achievement-Third Edition 

(WJ III ACH).      

Non-Reading Disabled Students     

     Subjects for the NRD group were found by asking general education English teachers 

to identify average achieving students who did not evidence academic or behavioral 

problems. Written consent forms were then sent home to parents for review. Since IQ 

scores were not readily available for the students in this group, the Reynolds Intellectual 

Screening Test (RIST), which provides a valid and reliable estimate of overall intellectual 

ability, was administered to each student.  Students with RIST Composite standard scores 

in the average range (standard scores of 90-110) were included in this group.  

     In addition, each student in the NRD group was administered both the Letter-Word 

Identification and Word Attack subtests of the Woodcock-Johnson Tests of 

Achievement-Third Edition (WJ III ACH). Students whose standard scores were in the 

average range (90-110) were included in the study. 

Materials 

     The RIST is a brief screening instrument designed to estimate overall intelligence 

(Reynolds & Kamphaus, 2003). It consists of two subtests that yield a composite 

intelligence score. The test-retest reliability of the RIST for the age group used in this  

study (13-16 years) is .84. Criterion related validity reported in the RIAS/RIST manual 

indicates that the RIST Index correlates .83 with the WISC-III Full Scale IQ. 
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     The first subtest, Guess What (GWH), is a verbal task that measures “vocabulary 

knowledge in combination with reasoning skills that are predicated on language 

development and a fund of information” (Reynolds & Kamphaus, 2003, p. 23). On this 

task, students are asked to listen to brief questions containing clues about a subject. 

Students are then asked to guess what the subject is based on the clues. The median 

reliability coefficient for this subtest based on age is .92.  

     The second subtest, Odd Item Out (OIO), is a nonverbal reasoning test. Students are 

presented with a picture card containing several drawings. One drawing on every card has 

distinguishing characteristics that make it different from the other drawings.   Students 

have two chances to identify the drawing that is different. The median reliability 

coefficient for this subtest based on age is .94.  

     In addition to the RIST, two subtests from the Woodcock-Johnson Tests of 

Achievement, Third Edition (Woodcock, McGrew, & Mather, 2001) were also used: 

Letter-Word Identification and Word Attack. The rationale for using these subtests was to 

demonstrate deficient basic reading skills in the students with RD and average basic 

reading skills in the NRD group.  

     Letter-Word Identification is a measure of sight-word ability in which students are 

asked to read individual words of increasing difficulty. The median reliability of this 

subtest is .91. The Word Attack subtest requires that students read individually presented 

pseudowords of increasing complexity. This subtest is a measure of the ability to use 

phonic and structural analysis skills when reading. Word Attack has a median reliability 

of .87 in the 5 to 19 year-old range. Studies of reading performance with various dyslexic 
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subtypes have demonstrated that 75%-80% of these students show deficits on 

pseudoword decoding tasks like Word Attack (Manis, 1996). In addition, Bell, 

McCallum, and Cox (2003) concluded that phonetic decoding is the best indicator for 

diagnosing reading problems. 

     The Bergen-Tucson Verbal Learning Test (BTVLT) is used to assess verbal learning 

and various aspects of memory performance. Specifically, the BTVLT is designed to 

measure the acquisition, retention, and retrieval of verbally presented words over 

multiple trials. The test was originally designed for cross-cultural purposes allowing for 

performance comparisons between English and Norwegian speaking subjects. Thus, the 

words on the BVLT retain the exact meaning in English and Norwegian languages.  

     This task consists of three separate word lists. The first word list, the target list, is 

composed of sixteen simple nouns that are balanced with regard to both initial consonant 

sound and semantic content, thus allowing for either phonological or semantic clustering 

of items. The sixteen items can be clustered into four semantic categories: body parts, 

utensils/tools, animals, and food. Phonetically, items can be clustered into four categories 

based on initial consonant sounds: c/k, f, s, and h. Target list word items are presented in 

Table 1.  
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__________________________________________________________________ 

Table 1. 

Target List Items from the BTVLT 

__________________________________________________________________ 

Semantic Groupings 

Body Parts      Utensils            Animals           Edibles 

Claw  Scissors Frog  Soup 

Hand  Hammer Cow  Hazelnut 

Finger  File  Sheep  Figs 

Shoulder Kettle  Horse  Cabbage 

Initial Consonant (phonetic) Groupings 

C/K                  F                      S                     H  

Claw  Frog  Soup  Hazelnut 

Cow  Figs  Scissors Hand 

Cabbage File  Sheep  Hammer 

Can  Finger  Shoulder Horse 

_______________________________________________________________________ 

     The second word list is a distracter or foil list that consists of sixteen new items that 

are related either semantically or phonetically to items on the target list. Students are 

exposed to this list for one trial only.  

     The final list on the BTVLT consists of all of the words on the target list and the foil 

list, plus new words. This list is presented in a recognition format in which subjects are 
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asked to say “yes” if the word was on the target list or ‘no” if it was not. Individual word 

items from the foil list and the recognition list are presented in Table 2. 

_______________________________________________________________________ 

Table 2. 

Foil and Recognition Test Items from the BTVLT 

_______________________________________________________________________ 

Foil List (words on List B and Recognition List) 

Semantic Groupings 

Body Parts Utensils           Animals            Edibles 

Nose  Bowl  Dog  Coffee 

Hand   Knife  Fish  Cake 

Hair  Pliers  Dolphin Apple 

Skin     Pencil  Lamb  Pepper 

Heel  Drill  Bird  Walnut 

Phonetic Groupings 

C/K_________F___________S__________H____________________________ 

Coffee  Ferry  Shoe  Heel 

Cake  Fish  Seal  Hair 

Ketchup    Fog  Skin  Hand 

Card    Sand 

________________________________________________________________________ 
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Design and Procedure 

     Each student was tested individually in two sessions. In the first session, it was 

explained to the students that they were being asked to participate in a research study 

about how adolescents learn different types of information. They were also told that their 

parents had agreed to allow them to participate, but that their participation was 

completely voluntary and that they could withdraw from the study at any time during the 

testing. Following this introduction, the IQ screening test was administered to the NRD 

subjects, followed by the administration of the reading measures. All students then 

participated in the first half of the verbal learning task. After this, a thirty-minute break 

was taken which was followed by the delayed recall and recognition tasks.  

Procedure for the Verbal Learning Tasks 

     Seated across the table from the student and following a brief introduction to the 

nature of the tasks, the examiner reading from a script, said the following: “I am going to   

read you a list of words that I would like you to repeat back to me. It is a rather long list, 

so you must listen carefully. You can say the words back to me in any order you would 

like, but it is important that you try to remember as many words as possible. I will read 

the whole list, and then it is your turn to repeat the list. Are you ready?”  The examiner  

read the list of words at the rate of 1 word per second . The order of recalled items were 

marked on the scoring sheet as were any repeated words. This procedure was repeated 

five times.  

     Following the first five trials, the examiner then said the following: “I will now read 

you another list with new words. You should try to remember these words too, so you can 
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repeat them back to me again afterwards.”  The examiner then read list B at the rate of 

one word per second. Immediately after the student repeated list B, the examiner said: 

“Can you repeat back to me again the first list of words I read to you?”  These responses 

were recorded as well.  

     Immediately following this the examiner read the following instructions for the cued 

recall condition: “I will give you a couple of key-words to see if those will help you to 

remember even more words. The examiner said, “On the first list, which animals/body 

parts/edibles/utensils/ were on the list? Tell me as many as you can remember for that 

category.”  Next, the examiner said, “Now tell me as many words as you can that started 

with the S, H, F, K/C sound.”  For this cue, the sounds of the initial consonant was 

pronounced for the student to provide the phonetic cue. Each student was cued for two  

semantic categories and two phonetic categories, in counterbalanced order between 

students. 

     Following this, a thirty minute break was taken in which the student returned to class. 

After the break when the student returned to the testing room, the examiner said:  “We 

will go back to the list of words I asked you to remember. Can you repeat as many words 

as possible from the first list that I read to you ?  You can repeat them in any order.”  

Following this, the examiner then gave directions for the delayed cued recall condition by 

saying: “On the first list, which animals/body parts/edibles/utensils/ were on the list? Tell 

me as many as you can remember for that category.”  Next, the examiner said, “Now tell 

me as many words as you can that started with the S, H, F, K/C sound.”  For this cue, the 

sounds of the initial consonant were pronounced for the student to provide the phonetic 
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cue. Each student was cued for two the semantic categories and two phonetic categories 

that were used in the brief delayed recall condition.  

     Finally, the examiner gave the directions for the recognition condition:  “I will now 

read you a longer list of words. This time I will ask you to just tell me if each word was  

on the original list. If the word I read was on the first list, say YES. If it was not on the 

list, say NO”. Responses were recorded on the BTVLT protocol. 

Data Analysis 

     The purpose of this study is to compare learning and memory processes, such as 

acquisition, retention, and retrieval of information, as well as the ability to use phonetic 

and semantic features of words to facilitate recall in RD and NRD adolescents. The data 

were analyzed using appropriate Statistical Packages for the Social Sciences (SPSS).  

     Preliminary data analysis included determining differences between the RD and NRD 

groups on the variables of age, full-scale IQ, and achievement scores on the Letter-Word 

Identification and Word Attack sub-tests. This was done by completing separate 

ANOVAs on each variable. 

     A repeated measures design was used in the analysis of the data. This approach was 

used for several reasons. First, the BTVLT is a learning task that utilizes multiple trials. 

Thus, each subject is measured on the same characteristic under different conditions 

across time. A second reason that a repeated measure design was used is that it provides a 

way of accounting for subject variation, thus reducing error variance. Third, since the 

sample members were difficult to recruit for this study, a repeated measures design was  

economical because subjects are measured under all conditions, requiring fewer subjects 
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to retain the sensitivity to effects that a completely randomized or between-subjects 

design would require.  

     In order to answer the five research questions, the following analyses were conducted. 

1. Are there differences between students with and without RD in the rate at which 

they learn verbal information?  This question addresses the acquisition of new 

information.  

     Verbal learning, or the acquisition of information, was measured by examining the 

rate of learning over the firsts five trials of the BVLT. This was analyzed with a repeated-

measure ANOVA with Trial as the within subject variable and Student (RD vs. NRD) as 

the between subjects variable. This was followed by completing univariate analysis 

(independent sample t-tests) of individual learning trials in order to examine differences 

between the groups across the learning trials.     

2. Are there differences between students with and without RD in terms of 

rehearsal and encoding processes? 

     The analysis of serial position effects provides information about the strategies that 

students use to help them memorize information. Serial positions in memory research 

have traditionally been defined primacy, middle, and recency (Klasky, 1980). For the 

current study, the primacy region was defined as the first four words on the list, the  

middle region was defined as the next eight words, and the recency region was the last 

four  words. Statistical analysis of serial position effects consisted of a repeated measures 

ANOVA with Student (RD vs. NRD) as the between groups variable and Region 

(primacy vs. middle vs. recency) as the within-subjects variable. One way ANOVAs 
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were then completed to determine differences between the groups in each specific region.   

3. Are there differences between students with and without RD in the ability to 

retain information?  This question addresses the ability to store the information 

in memory until it is needed.  

     The retention of information in memory was measured by examining the degree to 

which students were able to free recall information during the brief and 30-minute delay 

conditions. This was assessed with three repeated-measure ANOVAs. In the first 

analysis, the number of words recalled on Trail 5 was compared to the number of words 

recalled on Trial 6, the brief delay trial. The second analysis compared the number of 

words recalled on Trial 5 to Trial 7, the 30-minute delayed recall trial. Finally, both the 

brief recall (Trial 6) and delayed recall (Trial 7) were contrasted.  

4. Are there differences between students with and without RD in terms of the 

retrieval of information from memory?   

     In order to assess the degree to which students were able to retrieve information from 

memory, a one-way ANOVA was conducted to compare the total number of correctly 

identified words from the recognition word list. A one-way ANOVA was also completed 

number of words recalled according in order to assess differences in false positive rates 

between the two groups  

5. Are there differences between students with and without RD in the ability to 

utilize the semantic and phonetic features of words to facilitate recall? 

     This question was examined in a combined analysis. First, the total number of 

semantic and phonetic words recalled from the brief and delayed cued recall conditions 
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was analyzed with a repeated measures ANOVA. Next, repeated measure ANOVAs 

compared the two groups on the number of words recalled according semantic and 

phonetic cues in the brief delay and 30-minute delayed conditions. Next, semantic and 

phonetic cued recall performance in the brief and 30-minute delayed conditions were 

contrasted with repeated measures ANOVAs in order to determined differences in recall 

over time.   
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 CHAPTER 4  

RESULTS 

     This chapter presents the results of the statistical analysis of the research study. First, 

demographic data regarding the study participants will be presented, followed by a 

presentation of each analysis by research question.  

Analysis of Sample Characteristics 

     Twenty students with RD and 20 students without RD (NRD) participated in the 

study. Separate analysis of variances (ANOVAs) were conducted to examine differences 

between the groups on the characteristics of age, Full Scale IQ, and scores on the Letter-

Word Identification and Word-Attack subtests of the Woodcock-Johnson Tests of 

Achievement-Third Edition (WJ III ACH). As shown in Table 3, there were no 

significant differences for age or Full Scale IQ. However, there were significant 

differences at the .05 level for Letter-Word, F(1, 38) = 218.56, p = .0001, and Word 

Attack scores between the groups, F(1, 38) = 245.67, p = .0001. The RD group scored 

significantly lower on these two tests, indicating difficulties with sight-word 

identification and the ability to use phonic and structural analysis skills when decoding.  
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___________________________________________________________________ 

Table 3. 

Age, Full Scale IQ, and WJ III Scores 

_____________________________________________________________________ 

      ______RD______    _____     NRD_____ 
Variable        M  SD                M       SD     
_____________________________________________________________________ 

Age                                                       15.23             .584             15.34             .646 

Full Scale IQ      97.07  5.14        100.64       4.01 

Letter-Word Identification    75.83*           5.88            101.72*          1.15 

Word Attack      69.92*           7.53            98.38*       2.33  

____________________________________________________________________          

* p < .01.     

 
Analysis of Research Questions 

      The following research questions were of interest in this study and pertain to the 

acquisition of new information, rehearsal and encoding processes, retention of 

information, retrieval of information from memory, and the ability to utilize semantic and 

phonetic features of words to facilitate recall.  

Research Question 1: Rate of Learning 

     Are there differences between students with and without RD in regards to the rate at 

which they learn verbal information?  This question addresses the acquisition of new 

information. 
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     In order to answer this question, the total number of words recalled and the rate of 

acquisition over the initial five trials of the BTVLT were analyzed with a repeated 

measures ANOVA with Trial as the within subjects variable and Group (RD vs. NRD) as 

the between groups variable. The mean number of words recalled by group is displayed 

in Table 4.  

     Using an a priori alpha level of .05, the main effect for Group, F(1, 39) = 14.33,  

p = .001, η2 = .275, and Trial, F(1, 39) = 16.25, p = .0001, η2 = .808 were significant. The 

Group by Trial interaction was also significant, F(1, 39) = 3.53, p =.017, η2 = .085. These 

results indicate a difference between the groups with the RD group recalling significantly 

fewer words than the NRD group across trials. Univariate analysis of individual trials 

indicated no significant difference between the groups on trial 1, t(39) = 2.01, p = .051. 

However, the NRD group recalled significantly more words on or trial 2, t(39) = 2.37, p 

= .023, trial 3, t(38) = 3.34, p = .002, trial 4, t(38) = 2.75, p =.009, and trial 5, t(38) = 

4.25, p = .0001. These results show that the students with RD learned fewer words and 

did so at a slower rate than did the NRD students. In addition, the gap between the groups 

became more apparent with each learning trial. 
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________________________________________________________________________ 

Table 4  
________________________________________________________________________ 
 
Mean Number of Words Recalled on Trials One to Five  
________________________________________________________________________ 

 
Group                Trial One   Trial Two Trial Three Trial Four  Trial Five 

   M      SD   M      SD  M        SD        M      SD        M      SD 
________________________________________________________________________ 
 
Reading   5.30   1.38      7.15   2.08*     8.60**  2.39  10.02** 2.05  10.23**  2.31 
Disabled 
 
Non-Reading    6.10   1.11      8.40   1.09*   10.64**  1.18  11.62** 1.72  12.92** 1.55       
Disabled 
 
 
 

* p <  .05.  ** p < .01. 

 

Research Question 2: Rehearsal and Encoding 

     Are there differences between students with and without RD in terms of rehearsal and 

encoding processes?  This was analyzed by determining the proportion of words recalled 

from the primacy (first four words), middle (middle eight words), and the recency (last 

four words) regions by group. The proportion of words recalled by region is shown in 

Table 5.  

     The proportion of words recalled by region was analyzed with a repeated measures 

ANOVA with Region (primacy vs. middle vs. recency) as the within-groups variable and 

Group (RD vs. NRD) as the between groups variables. The main effect for Group was not 

significant, F(1, 38) = .895, p =.350, η2 = .023, but the main effect for Region was,  
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F(2, 38) = 10.52, p =.0001, η2 = .429. The Group by Region interaction was also 

significant, F(2, 39) = 10.52, p =.0001, η2 = .217. Post hoc univariate analyses indicated 

that although the students with RD recalled more words from the primacy, F(1, 39) = 

5.32, p = .027, η2 = .123, and recency regions, F(1, 39) = 5.57, p = .024, η2 = .128, the 

NRD group recalled significantly more words from the middle region, F(1, 39) = 19.17,  

p = .001, η2 = .335. Since words in the middle region are assumed to require more 

elaborative rehearsal in order to be encoded into memory, the RD group’s lower recall 

rates from this region indicate that they were less efficient or used such strategies to a 

lesser degree than the NRD group.  

________________________________________________________________________ 
 
Table 5 
________________________________________________________________________ 
 
Proportion of Words Recalled by Region  
________________________________________________________________________ 

 
   Primacy Middle  Recency 
Group            
________________________________________________________________________ 
 
Reading            .300*     .358**   .296*                         
Disabled 
 
Non-Reading          .283*              .460**             .243*  
Disabled 
 
______________________________________________________________________ 
 
* p < .05.  **p < .01. 
 

 

 



 59

Research Question 3: Retaining/Storing 

     Are there differences between students with and without RD in the ability to retain 

information?  This question was addressed by completing three separate analyses 

comparing the number of words recalled on the brief and 30-minute delayed recall 

conditions, as well as contrasting the two delayed recall conditions. See Table 6 for the 

number of words recalled on trials 5 and 6.  

     The first analysis was a repeated measures ANOVA to determine if there was a 

difference between the number of words recalled on trial 5 (the last learning trial) and 

trial 6 (the brief delay). Trial (trial 5 vs. trial 6 brief delay) was the within-subject 

variable and Group (RD vs. NRD) was the between groups variable. The main effect for 

Trial F(1, 38) = 30.04, p = .0001, and Group, F(1, 38) = 6.785, p = .013, were significant 

at the a priori .05 level, indicating that the NRD group recalled more words on trial 5. 

The Group by Trial interaction was also significant, F(1, 38) = 12.94, p = .001. The 

reason for the interaction was that NRD group’s recall rate dropped significantly from 

trial 5 to trial 6, while the RD group’s recall from trial 5 to trial 6 did not. Although the 

NRD group recalled significantly more words on trial 5 than did the RD group, there was 

no significant difference between the groups on the number of words recalled on the brief 

delay trial 6, F(1, 39) = .564, p = .457. These results indicate that the RD group was able 

to retain the information over a brief delay.  
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________________________________________________________________________ 

Table 6  
________________________________________________________________________ 
 
Mean Number of Words Recalled on Trials Five and Six (brief recall) 
________________________________________________________________________ 

 
Group                             Trial Five                        Trial Six 

                       M       SD                               M       SD           
________________________________________________________________________ 
 
Reading           10.25*    2.31                      9.70     2.43 
Disabled 
 
Non-Reading                       12.90*    1.55                          10.25    2.19      
Disabled 
 
________________________________________________________________________ 
 
* p < .01. 
 

      The second analysis was a repeated measures ANOVA to determine if there was a 

difference between the mean number of words recalled on trial 5 (the last learning trial) 

and trial 7 (the long 30-minute delay). Table 7 presents the mean number of words 

recalled on trials 5 and 7. 

     Trial (Trial 5 vs. Trial 7 long delay) were the within-subject variable and Group (RD 

vs. NRD) was the between subjects variable. Main effects for Trial, F(1, 38) = 11.83, p = 

.001, and Group F(1, 38) = 7.75, p = .008, were significant at the a priori .05 level. The 

Group by Trial interaction was also significant, F(1, 38) = 13.11, p = .001. The reason for 

the interaction was that NRD group’s recall rate dropped significantly from trial 5 to trial 

7, while the RD group’s recall from trial 5 to trial 7 did not. Univariate analysis of trial 7 

show that there was no significant difference between the groups on the number of words 
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recalled on the long-delay trial, F(1, 39) = .906, p = .347. Since the RD group did not 

demonstrate a significant difference in the number of words recalled from trial 5 to trial 

7, this indicates that they were able to retain the information over a 30-minute delay.    

________________________________________________________________________ 
 
Table 7  
________________________________________________________________________ 
 
Mean Number of Words Recalled on Trials Five and Seven (30- minute delayed recall)  
(N = 20)  
________________________________________________________________________ 

 
Group                             Trial Five                        Trial Seven 

                       M       SD                                M      SD           
________________________________________________________________________ 
 
Reading           10.25*    2.31                      10.30    2.38 
Disabled 
 
Non-Reading                        12.90*    1.55                          10.95    1.90      
Disabled 
 
_____________________________________________________________________ 
 
* p < .01. 
 

       The third analysis was a repeated measure ANOVA in which both delayed 

conditions (brief and 30-minute delay) were contrasted. In this ANOVA, Trial (trial 6 

brief delay vs. trial 7 long delay) was the within-subject variable and Group (RD vs. 

NRD) was the between subjects variable. Table 8 presents the number of words recalled 

on trials 6 and 7.  

     The main effects for Trial, F(1, 38) = 5.786, p = .021, was significant, but not for  

Group, F(1, 38) = .840, p = .356. The Group by Trial interaction was also not significant, 
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F(1, 38) = .034, p = .854. These results indicate that both groups were equally able to 

retain what they had originally learned.  

________________________________________________________________________ 
 
Table 8  
________________________________________________________________________ 
 
Mean Number of Words Recalled on Trials Six and Seven (contrast of delayed 
conditions)   
________________________________________________________________________ 

 
Group                             Trial Six                        Trial Seven 

                       M       SD                                M      SD           
________________________________________________________________________ 
 
Reading            9.70    2.43                      10.3    2.38 
Disabled 
 
Non-Reading                      10.25     2.19                             10.9    1.90      
Disabled 
______________________________________________________________________ 
 
 

Research Question 4: Retrieval 

     Are there differences between students with and without RD in terms of the retrieval 

of information from memory? This was analyzed by completing a one way ANOVA to 

determine mean differences in the recognition condition. Table 9 presents the mean 

number of correctly recalled words in the recognition condition.  

     Although the NRD group recognized more target words than did the RD group, it 

failed to reach significance at the a-priori .05 alpha level, F(1, 38) = .925, p = .342.  The 

mean number of false positives was higher for the RD than the NRD group, but this  

difference failed to reach statistical significance, F(1, 38) = 1.63, p = .110. These results  
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indicate that the RD group was as equally able as the NRD group to retrieve words from 

memory and the RD group was not impaired by interference effects.  

________________________________________________________________________ 
 
Table 9  
________________________________________________________________________ 
 
Word Recognition Trial (30-Minute Delay) and False Positive Hits   
________________________________________________________________________ 

 
Group                             Recognition Correct              False Positives 

                             M            SD                        M           SD           
________________________________________________________________________ 
 
Reading                 14.55       1.66                      1.30        2.84  
Disabled 
 
Non-Reading                              15.00       1.20                      0.21        0.53  
Disabled 
________________________________________________________________________ 
 

Research Question 5: Semantic and Phonetic Differences 

     Are there differences between RD and normally achieving students in their ability to 

utilize the semantic and phonetic features of words to facilitate recall? 

    This question was addressed in the following ways. First, a repeated measures  

ANOVA was computed to compare the total number of words recalled from the semantic  

and phonetic cued-recall conditions. Table 10 represents the mean number of words 

recalled in the combined semantic and phonetic trials.  

     Trial (semantic and phonetic) was the within-subjects variable and Group (RD vs. 

NRD) was the between groups variable. The main effect for Trial approached but did not 

reach significance, F(1, 38) = 3.63, p = .064, η2 = .087. The main effect for Group,  
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F(1, 38) = 34.92,  p = .0001, η2 = .479, and the Group by Trial interaction were 

significant, F(1, 38) = 9.88, p = .003, η2 = .206. Post hoc analysis of total number of 

semantic words F(1, 39) = 5.84, p = .021, η2 = .133, and the total number of phonetic 

words, F(1, 39) = 42.81, p = .0001, η2 = .530 were both significant. These results  

indicate that the students with RD were at a clear disadvantage when attempting to recall 

words based on phonetic features. 

________________________________________________________________________ 

 
Table 10  
 
Combined Cued Recall of Semantic and Phonetic Conditions   
________________________________________________________________________ 
 
Group                                 Semantic                           Phonetic  

                          M         SD                          M         SD           
________________________________________________________________________ 
 
Reading              10.71 *    2.42         8.30**     2.22 
Disabled 
 
Non-Reading                           12.52*     2.28                   13.12**    2.45     
Disabled  
 
________________________________________________________________________ 
 
*   p < .05.  ** p < .01. 
 

     Two repeated measures ANOVAs were then computed to contrast cued recall for 

semantic and phonetic in brief and delayed conditions.  

     In the analysis of the brief delayed condition, cue (semantic vs. phonetic) was the 

within-subjects variable and Group (RD vs. NRD) was the between-subjects variable. 

The Trial main effect failed to reach significance, F(1, 38) = 2.13, p = .147, η2 = .054, but 
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the main effect for Group was, F(1, 38) = 23.26, p = .001, η2 = .380. The Group by Trial 

interaction was also significant, F(1, 38) = 5.51, p = .024, η2 = .127. These results 

indicate that the RD group recalled significantly fewer words than did the NRD group by 

semantic and phonetic cues, and that this difference was greater in the phonetic condition. 

Table 11 represents the mean number of semantic and phonetic words recalled in the 

brief cued recall condition. 

________________________________________________________________________ 

 
Table 11  
________________________________________________________________________ 
 
Mean Number of Words Recalled on Cued Recall Brief Delay   
________________________________________________________________________ 

 
Group                             Semantic Trial          Phonetic Trial 

                          M         SD                          M         SD           
________________________________________________________________________ 
 
Reading               5.30*      1.45         4.20**      1.28 
Disabled 
 
Non-Reading                            6.15*      1.13                    6.40**      1.50      
Disabled 
 
____________________________________________________________________ 
 
* p < .05.  ** p < .01. 
  

    The analysis of the 30-minute delayed condition, cue (semantic vs. phonetic) was the 

within-subjects variable and Group (RD vs. NRD) was the between-subjects variable. 

The Trail main effect approached but did not reach significance F(1, 38) = 3.29, p =.078, 

η
2 = .080, but the main effect for Group did, F(1, 38) = 32.90, p = .001, η2 = .464. The 
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Group by Trial interaction was also significant, F(1, 38) = 13.16, p = .001, η2 = .257. 

These results show that the RD group recalled fewer semantic and phonetic words when 

cued than did the NRD group, and this difference was greater in the phonetic condition. 

Table 12 represents the mean number of semantic and phonetic words recalled in the 30-

minute delayed cued recall condition. 

 
Table 12  
________________________________________________________________________ 
 
Mean Number of Words Recalled in the Cued Recall 30-Minute Delay   
________________________________________________________________________ 

 
Group                             Semantic Trial          Phonetic Trial 

                          M         SD                          M         SD           
________________________________________________________________________ 
 
Reading               5.50*      1.14         4.15**      1.30 
Disabled 
 
Non-Reading                            6.30*      1.12                    6.75**      1.29      
Disabled 
 

________________________________________________________________________

* p < .05.  * p < .01.  

 

     Separate repeated measures ANOVAs of the semantic brief and 30-minute delayed 

conditions did not result in a significant Group by Trial interaction, F(1, 38) = .040,  

p =.843, η2 = .001, nor did the phonetic brief and 30-minute delayed conditions, F(1, 38) 

= 1.02,  p = .318, η2 =.026. These results indicate that although the NRD group recalled 

significantly more words by semantic and phonetic cues in both the brief and 30-minute  



 67

delayed conditions, there was not a significant difference within each group on the 

number of words recalled in the brief or 30-minute delayed conditions. 
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CHAPTER 5 

DISCUSSION  

     This chapter summarizes the results which were obtained from this study and 

discusses how the results are related to previous research findings. The chapter also 

discusses practical implications of the findings, the limitations of this study, and 

recommendations for future research.  

Summary of the Purpose of the Study 

     Although there is substantial agreement in the literature that reading problems in 

children can be attributed to difficulties in coding linguistic information, the reasons for 

this are not clear. One explanation is that students with RD have impaired verbal memory 

ability. However, the specific mechanisms underlying these memory impairments are not 

well understood, especially in adolescents. There continues to be debate about whether 

memory problems are the result of impairments in the acquisition, storage, or retrieval of 

information. In addition it is unclear how well students with RD are able to utilize 

memory organizational skills with regard to specific linguistic components of verbal 

information, such as phonetic and semantic features. Thus, the purpose of the current 

study was to examine the memory performance of students with and without RD on a 

newly developed verbal learning task. The Bergen-Tucson Verbal Learning Test 

(BTVLT), English version, modeled after the California Verbal Learning Test (CVLT), is 

designed to measure memory acquisition, retention, retrieval, and forgetting rates, as well 

as the ability to organize and retrieve the information from memory according to the  

phonological (surface) and semantic (lexical) features of words. Twenty students with 
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RD and 20 controls with a mean age of 15.2, matched for age, gender, and ethnicity, 

participated in the study.  

Results of the Study 

     The first question in the study was: are there differences between students with RD 

and normally achieving students in the rate at which they learn verbal information?  This 

question addresses the acquisition, or learning, of information over time. Acquisition 

involves the encoding of information and depositing it into memory for later recall. This 

question was analyzed by examining the total number of words learned on each of the 

five initial learning trials of the BTVLT. The results indicated that the students with RD 

had significantly lower levels of recall across trials and a slower rate of learning than did 

the control group. This result is consistent with Kramer et al. (2000) who compared 

elementary school age dyslexic and normal readers on the California Verbal Learning 

Test (CVLT), a multi-trial learning task that is similar in function to the BTVLT. In the 

current study, differences between the two groups increased with each learning trial. 

Although there were no significant differences in the mean number of words recalled on 

trial 1, differences emerged on trials 3, 4, and 5 with the gap widening on each trial. This 

finding is consistent with Brainerd and Reyna (1991) who concluded that RD and NRD 

groups are equivalent in the early stages of learning when it comes to depositing 

information into memory. However, as learning progresses, students with RD fall further  

behind. The reason for this, however, is unclear. One explanation is that the students with 

RD have difficulty getting information into memory because of storage limitations 

(Brainerd & Reyna, 1991; Swanson, 1993).  
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     The second question of interest in this study was: are there differences between 

student with and without RD in terms of rehearsal and encoding processes?  This 

question was answered by examining serial position effects for the two groups. Using this 

method, the 16-item learning list of the BTVLT was divided into three parts: 1) the 

primacy region consisted of the first four words presented, 2) the middle region consisted 

of the middle eight words of the list, and 3) the recency region consisted of the last four 

words presented on the list. The assumption of this method is that words in the recency 

region of a list are retrieved from short-term memory since they are the last ones 

presented and require less rehearsal to encode. Words in the middle region are the most 

difficult to learn because they compete with earlier and recently presented items, thus 

they require more rehearsal in order to be encoded and deposited into long-term memory 

(Klatzky, 1980; Tulving and Thompson, 1973). In the current study, the control group 

recalled significantly more words from the middle region than did the students with RD. 

This result indicated that the NRD group was more efficient than the RD group at using 

elaborative rehearsal strategies for encoding information. This finding is consistent with a 

number of studies that also reported deficient elaborative rehearsal strategies in students 

with RD using a serial position paradigm (Cermak, 1983; Kramer, et al., 2000; Swanson, 

1983; Wong, 1982). However, it was also found that the students with RD in this study 

recalled significantly more words from the primacy and recency regions than did the 

NRD group. This finding is not consistent with previous research results. One possible 

explanation for recency effect is that since the students with RD lack more sophisticated  
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or efficient rehearsal strategies, they tend to rely more on short-term memory and focus 

on more recently presented items because they are easier to recall.  

     A third research question of interest in this study was: are there differences between 

students with and without RD in the ability to retain information?  This question 

addresses the ability to retain or store information in memory until it is needed and was 

addressed by comparing the number of words recalled in the brief and delayed free recall 

conditions. Results indicated that the NRD group recalled significantly more words on 

trial 5, the last learning trial, than did the RD group. However, there were no significant 

differences found between the groups on trials 6 (brief delay) and 7 (30-minute delay). 

This finding suggests that the RD group was able to recall words from long term memory 

to the same degree as the NRD group, thus providing evidence that the RD group could 

retain information over time. This result replicates findings from the Kramer et al. (2000) 

study that used the California Verbal Learning Test (CVLT), a standardized measure that 

is similar in structure to the BTVLT. In that study, students with RD were able to free 

recall words to a similar degree in the brief and delayed recall conditions.     

     The fourth research question in this study was: are there differences between with 

students with and without RD in the ability to retrieve information from memory?  This 

question was answered by examining the number of words recalled in the recognition 

condition of the learning task. Traditionally, recognition paradigms are believed to aid 

memory retrieval and deficits in recognition tasks are thought to be evidence of an 

encoding problem, not one of retrieval (Klasky, 1980). However, in this study, there were 

no differences found between the groups in terms of recognition recall. Although the 
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NRD group was able to recall more words, the difference between the groups failed to 

reach statistical significance. This indicates that the RD group was able to retrieve words 

from memory, following a long delay, with the same efficiency as the NLD group. This 

finding supports previous research that has demonstrated normal retrieval rates in RD 

populations (Kramer, et al., 2000).  

     The final research question of interest in this study was: are there differences between 

students with and without RD in the ability to utilize the semantic and phonetic features 

of words to facilitate recall?  There is highly convergent evidence that students with RD 

are deficient in their use of phonological codes, especially the ability to recall similar and 

dissimilar sounding words (Siegel & Linder, 1985; Waterman & Lewandoski, 1993). 

However, the ability of these students to use semantic aspects of words to facilitate recall 

is less clear. The BTVLT measured this ability by using a cued-recall method consisting 

of a brief and 30-minute delayed cued task based on either semantic or phonetic features 

of words. Overall, the NRD group was significantly more effective recalling words based 

on semantic and phonetic features. Differences between the groups based on semantic 

features were smaller than differences based on phonetic features, suggesting that the 

students with RD could utilize semantic cues to facilitate recall more effectively than 

they could by phonetic features. This is partially consistent with Lee and Obrzut (1994) 

who reported that students with RD were able to recall items by semantic cues given the 

right conditions, such as familiarity with test items. Contrasts of the brief and 30-minute 

delayed cued recall conditions indicated that the RD group was equally impaired in brief 

and long delayed recall of words based on semantic and phonemic features.  
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Summary and Discussion 

     Taken together, the results of this study indicate that adolescent students with RD 

have significant verbal learning impairments. Specifically, their performance on the 

BTVLT provides evidence for deficiencies in certain areas of learning and specific 

mechanisms of memory function. The adolescent group in this study was deficient in the 

ability to learn new information as demonstrated by lower levels of free recall across 

multiple learning trials. This finding is consistent with previous studies that have 

suggested the locus of memory problems in RD populations to be at the acquisition or 

initial learning stage (Brainerd & Reyna, 1991; Kramer, et al., 2000; Swanson, Ashbaker, 

& Lee, 1996). In addition, a significant interaction between the groups on trials 1-5 

indicated that as the learning trials progressed, the students with RD fell further behind. 

This result, also consistent with previous studies, indicates that students with RD become 

more disadvantaged as learning progresses (Brainerd & Reyna, 1991).    

     Several studies have suggested that students with RD perform poorly on learning and 

memory tests because they have inefficient elaborative rehearsal (Bauer, 1977; Bauer, 

1982; Wong, 1982). In the current study, an analysis of serial positions demonstrated that 

the students with RD recalled significantly fewer words from the middle region of the 

word list, a finding that is consistent with the inefficient elaborative rehearsal hypothesis. 

Because they fail to use efficient strategies to help them encode verbal information into 

long term memory, their overall performance on the free recall tasks was below that of 

the same age NRD group. It can be argued that poor recall performance may be the result 

of either an inability to maintain the information in memory or a problem with retrieving 
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when the task demands it. The results of this study, however, do not support either view. 

First, there was no significant difference between the groups on the brief and 30-minute 

delayed free recall trials. This is evidence that the students with RD were equally able to 

retain and retrieve the information that they had originally learned. Second, there was not 

a significant difference between the groups in the recognition condition indicating that 

both groups were able to retrieve information effectively.      

     In addition to examining the role of specific mechanisms in memory functioning of 

students with RD, another objective of this study was to investigate the ability of these 

students to use semantic and phonetic features of words to facilitate recall of word list 

items on the BTVLT.  Currently, a large body of research has demonstrated that students 

with RD are deficient on tasks that involve phonological awareness, phonemic 

segmentation, syllabic perception, sound blending, and rhyme judgment (Catts, 1996; 

Fletcher et al., 1994; Stanovich & Siegel, 1994; Wolf & Bowers, 1999). There is also 

evidence of memory deficits involving phonological information (Siegel & Linder, 1985; 

Waterman & Lewandowski, 1993). Findings from this study are consistent with previous 

research demonstrating significant deficits in the ability to utilize phonetic features of 

words to facilitate recall.  

     How does this particular finding regarding word features coincide with the other 

findings from the study?  Historically, cued recall paradigms are believed to improve 

recall if information has already been encoded into memory. As demonstrated on the first 

five learning trials, the students with RD had a more difficult time learning list items, 

presumably because of inefficient rehearsal strategies. However, once learned, the group 
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was able to retain and retrieve the words to a normal degree in the delayed free recall 

conditions. In the cued recall conditions, the students with RD showed significant 

impairment in the ability to recall words from memory based on phonetic features. 

However, their performance in the brief and delayed cued recall conditions did not differ, 

indicating that they were able to retain and retrieve the information, although to a lesser 

degree than the control group. Based on current theories of working memory, it can be 

hypothesized that the impairment in the students with RD in this study was related to the 

phonological loop. The first component of the phonological loop is a store that is 

responsible for holding verbally coded information in immediate awareness. The second 

component, the articulatory loop, helps to maintain verbal information by means of 

rehearsal. Since the students with RD were less efficient at elaborative rehearsal, it is 

possible that their poor performance in the phonetic cued recall was partially the result of 

impaired articulatory control. Also, poor performance in the cued recall condition 

indicates that they had difficulty with aspects of the phonological loop that are related to 

the coding of speech sounds. This is consistent with their low scores on the measures of 

phonological awareness and structural analysis, indicating phonological based problems.      

     Much of the research on phonological and memory problems in students with RD has 

utilized elementary age or younger school children. The current study adds to the existing 

literature by exploring these processes in adolescent students. In a previous study, Siegel 

and Linder (1985) concluded that difficulty accessing phonological codes are more 

characteristic of younger readers, but as they reach adolescents they can use a phonetic-

based coding system, although less efficiently than normal readers. Waterman and 
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Lewandoski (1993) reported similar results, demonstrating that older poor readers used a 

phonological code to facilitate recall, but did so inefficiently. Vellutino, Scanlon, and 

Spearing (1995) argued that phonological coding errors are a probable cause of reading 

difficulties, but as RD children age they are able to take advantage, to some degree, of 

phonological cues. Semantic coding errors, on the other hand, become more apparent as 

children get older, most likely the result of prolonged reading difficulties. In the current 

study, the adolescents with RD were better able to utilize semantic codes in order to 

recall information than they were phonetic information. The current results indicate that 

adolescents, at least the ones in this sample, were impaired when it came to accessing 

phonological codes, as evidenced by the effect size regarding phonetic utilization. 

Educational Implications 

    Interventions for use with students with learning disabilities currently exist in the 

literature (Wanzek & Vaughn, 2007).  However, the current study yields findings that 

may contribute to intervention strategies for use with students who experience RD and 

demonstrate significant phonological processing deficits. Since the RD group in this 

study was shown to have impaired verbal learning, it may be helpful to provide such 

students with a multi-modal learning approach. Visual presentation of learning material 

and visual strategies may help to compensate for a verbal weakness. Also, combining 

visual with verbal instruction would maximize the learning experience for these students. 

For example, oral instructions and presentations should be supplemented with visual 

diagrams, maps, and pictures, to help aid in the encoding, storing, and retention of 

material. Since students with RD are less efficient at rehearsing to-be-learned 
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information, teaching them specific strategies or ways of remembering information 

would improve their ability to recall the information at a later date. Finally, since students 

with RD have impaired phonological processes, they can be instructed in orthographic 

techniques, such as memorizing common words in text, which would emphasize their 

strengths and reduce the need for decoding.        

Limitations of the Study and Directions for Future Research 

     Several limitations of this study need to be noted. First, the sample size in this study 

was small. Many studies of learning and memory processes in LD populations have 

frequently used larger sample sizes than the one in this study. It is commonly assumed 

that statistical power of a test increases with sample size. Thus, this study might be 

viewed as less powerful than studies with more abundant sample sizes. However, it has 

also been argued that increased observations, or data points, also increase power (Keppel, 

1991). Thus, although only 40 students participated in the study (20 in each group), the 

multiple trial learning task allowed for multiple observations, or data points, thereby 

increasing the power of the study. 

     In terms of methodology, this study utilized a repeated measures design. Additional 

research should utilize a within subjects factorial design that would explore more 

completely the relationships between factors of the cued recall conditions.    

     Another limitation is that the students who participated in the study came from a  

middle-class, suburban school district, making generalization of the results difficult.  
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Future research with the BTVLT should utilize a more diverse sample from various 

ethnic and socio-economic areas in order to confirm the results found in the current 

study.       

     In terms of measures, The BTVLT is a newly developed instrument designed to 

measure various aspects of learning and memory. As of yet, there have been no studies  

that have explored the technical properties of the instrument. In addition, the BTVLT is 

not a standardized instrument and theoretical implications from this study must be further 

explored through future studies that attempt to replicate the current findings.   

     The results of this study suggest that not all components of verbal learning are 

impaired in students with RD. For example, although they have difficulty acquiring new 

information, they are able to retain and retrieve what they have already learned. They can 

utilize semantic features of words to facilitate recall to some degree, but cannot do so 

with phonetic features. It must also be noted that the student with RD who participated in 

this study were selected based on a specific skills deficit profile, that is, poor word 

identification and nonsense word decoding skills. Other researchers have demonstrated 

that although dyslexic readers have impaired memory functions, they do not all exhibit 

the same types of learning patterns (Howes, et al., 1999). With these considerations in 

mind, future research should examine how patterns of verbal learning and memory vary 

across different subtypes of RD, as well as other learning disabilities and neurological 

conditions.  
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APPENDIX A:  BTVLT Coding Form 

 
 
Immediate Free Recall 
 

List A A1 A2 A3 A4 A5 List B B A6 
CLAW      COFFEE   
FROG      FERRY   
SOUP      SHOE   
HAZELNUT      HEEL   
SCISSORS      BOWL   
HAND      DOG   
FIGS      NOSE   
COW      PENCIL   
HAMMER      CAKE   
CABBAGE      FISH   
SHEEP      SEAL   
FILE      SKIN   
HORSE      APPLE   
FINGER       DOLPHIN   
CAN      HAIR   
SHOULDER      PEPPER   
Sum correct         
Sum errors         

 
 
Cued recall: 
 
Semantic cue 1 
 
 
Semantic cue 2 
 
 
Phonetic cue 1 
 
 
Phonetic cue 2 
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APPENDIX B:  BTVLT Delayed Free Recall Coding Form 
 
 
Delayed Free Recall 

List A A1 
CLAW  
FROG  
SOUP  
HAZELNUT  
SCISSORS  
HAND  
FIGS  
COW  
HAMMER  
CABBAGE  
SHEEP  
FILE  
HORSE  
FINGER  
CAN  
SHOULDER  
Sum correct  
Sum errors  
 
 
Delayed Cued recall: 
 
Semantic cue 1 
 
 
Semantic cue 2 
 
 
Phonetic cue 1 
 
 
Phonetic cue 2 
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APPENDIX C:  BTVLT Recognition Condition Coding Form 
 
Recognition 

Probe Yes No Probe Yes No Probe Yes No 
Coffee   CLAW   Ferry   
Ketchup   FROG   Fog   
SOUP   Shoe   Whale   
Heel   HAZELNUT   Wheel   
Knife   Dog   FIGS   
SCISSORS   Walnut   HAND   
Pliers   Bird   Bowl   
Pencil   Card   COW   
SHEEP   Cake   Orange   
Lamb   HAMMER   Fish   
Seal   Sand   CABBAGE   
FILE   Nose   Skin   
HORSE   Onion   Apple   
Pepper   Melon   CAN   
FINGER   Hair   Peas   
Drill   SHOULDER   Dolphin   
Sum   Sum   Sum   
Sum total false positive  
Sum total correct  
 
UPPER CASE = List A 
Lower case = list B 
False positive = number of Yes-responses to words not on List A. 
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